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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 MadisonlBrant 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. 



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 loadfugs 
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 MadisonlBrant 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 mgIL and 0.170 mgIL, respectively. This is considerably 
higher than the 0.02 mgIL 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 DiagnosticlF easibility Study was to detennine sources of impainnents to these lakes and 
to examine the way the lakes function as hydrologic systems. Lake Madison, Brant Lake and 
Lake Hennan fonn 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 stonn 
sewer water quality data had been collected. The main components of the assessment consisted 
of inlake water quality monitoring, algae sampling, tributary monitoring, stonn 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 pennanent 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 pennanent 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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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 (Lake 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 MadisonlBrant 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). 
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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 detennine the 
long-tenn 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: 
1. Evaluate and quantify the loadings from the four main tributaries. 
2. Define critical cells within each subwatershed. 
3. Quantify the nutrient loadings from each feedlot and priority rank each feedlot 
4. Estimate the effect of the sediment control structures on reducing sediment loadings to Lake 

Herman. 

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 Hennan 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 of217 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 
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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 northem part of the watershed. High fecal colifonn 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. 
5) Continue to monitor and maintain riprapping installed during MIP for Lake Herman shoreline 

stabilization. 
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METHODS AND MATERIALS 

Hydrologic Data 

Eleven tributary locations were chosen for collecting hydrologic and nutrient infonnation 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 detennine 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 LMTI through LMT4 were placed at 
certain locations above Madison to detennine 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 detennine 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 
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Procedures for Field Samplers. The South Dakota State Health Laboratory in Pierre, SD, 
analyzed all samples. The purpose of these samples was to develop nutrient and sediment 
loadings to determine critical areas in the watershed. 

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

Total Alkalinity 
Ammonia 
Fecal Coliform 

Total Solids 
Nitrate-Nitrite 
Total Phosphorus 

Total Suspended Solids 
Total Kjeldahl Nitrogen 
Total Dissolved Phosphorus 

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

Unionized Ammonia 
Total Dissolved Solids 

Organic Nitrogen 
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 
Field pH 

Air Temperature 

Water Quality Parameters Defined: 

Dissolved Oxygen 

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 (N03+2) 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 LMTI 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 BL T8 which is the outlet of Lake Madison. The final 
discussion will include the water quality trends and loadings associated with Sites BLT9, 
BL TI 0, Brant Lake, and BL TIl (outlet of Brant Lake). 

Sites on Silver Creek were numbered in consecutive order progressing downstream from the 
outlet of Lake Herman (Site LMTI) to the outlet of Brant Lake (Site LMTII). Sites LMT3, 4, 7, 
and IO 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) Wannwater 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). 

* 

** 

*** 

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 anyone 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 anyone sample from 
Mayl to September 30. 
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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 (BL TIl). Of the 14 exceedances, 9 were associated with 
pH. The maximum exceedance of the pH standard >6.0 < 9.0 su was 9.39 suo 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 Site 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 rol. Site LMT2, LMT5, and 
LMT6 counts were significantly greater than the 2,000 fecal colonies per 100 ml standard, 
ranging from 2600 to 4200 per 100 mI. 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 Watering 
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* 

* 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 
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 
was near the Madison's Wastewater 
Treatment Facility, and Bourne 
Slough. In addition, it was used to 
determine the magnitude of nutrient 
and sediment loadings entering -Lake 
Madison from this major 
subwatershed. AGNPS indicated that 
the total surface area draining to this 
point (Site LMT6) is approximately 
25,480 acres. Site LMT6 is influenced 
by all upstream sites (LMTI-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 LMT5 
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 coloniesl100 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 
LMT5. Phosphorus concentrations ranged from 0.171 mgIL to 0.397 mgIL for Site LMT6 (mean 
= 0.309 mgIL) and the range for Site LMT5 phosphorus concentrations was 0.167 to 0.402 mgIL 
(mean = 0.310 mg/L). The maximum concentration at Site LMT6 of 0.397 mgIL occurred on 
April 17 whereas the maximum concentration at Site LMT5 of 0.402 mgIL occurred on August 
7. As can be seen on Figure 14, total phosphorus at Site LMT6 was slightly lower than Site 
LMT5. 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 
LMT5, 0.134 mgIL vs. 0.150 mgIL. 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 
(R2 = 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 mgIL vs. 39 mgIL, respectively. This was in contrast to the phosphorus 
concentrations discussed above. The Site LMT6 suspended solids maximum of 106 mgIL 
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 (R2 = 
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 (R2 = 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 mgIL to 2.8 mgIL with low variability. Site LMT6 concentrations were 
not significantly different from those at Site LMT5 upstream. Nitrates, which can be an indicator 
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of animal wastes as well as fertilizer 
runoff, were variable and did not exhibit 
any trends throughout 1995. However, the 
2.8 mg/L maximum concentration occurred 
during snowmelt runoff with relatively 
high concentrations of total suspended 
solids, total phosphorus, and dissolved 
phosphorus. There were also observations 
of relatively high nitrate levels during the 
summer months. These observations (1.5 
mg/L and 0.5 mg/L) were accompanied by 
high fecal coliform, suspended solids, and 
phosphorus concentrations. When high 
dissolved phosphorus and fecal coliform 
are present together, it this is usually an 
indication of animal waste material. 

Seasonal Total Pbospborus Loadings ror Site LMT6 
Lake MadiOD Watenbed 

Sum ...... 
32% 

Figure 4. 

Sprin: 
49% 

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 LMT5 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 = -0.331bs/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 LMTI-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 LMT5 from the city storm sewers 
would be increased due to streambank erosion. 

Site LMT5 Water Quality 

Site LMT5 is located approximately 
1.5 miles southeast of the city of 
Madison on Silver Creek. This 
monitoring site was placed 
downstream of the confluence of 
Silver Creek and Memorial Creek 
(Figure 5). It is also located 
approximately 2 miles upstream from 
Site LMT6. Near this monitoring 
station is the city of Madison's 
Wastewater Treatment Facility. The 
storm sewers from the city of Madison 
also discharge into the Silver and 
Memorial Creek at various points 
within the city limits. Between the 
confluence of Silver and Memorial 
Creek and Site LMT5 (Figure 5) there 
is a small area in which some Figure 5. Location of Site LMT5. 
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. 

The Site LMT5 (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 21,002.9Ibs ofTP. This 
number was then subtracted from the total phosphorus loadings from Site LMT5 (23,953.8 -
21,002.9 = 2,956 lbs of TP). The 2,956 lbs represents the gain in total phosphorus between the 
upstream sites (LMT2, 3 and 4) and the downstream Site LMT5. The total phosphorus export 
coefficient for the 3,480 acres was 0.85 lb/acre (2,956 Ibs/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 ofTP). Site 
LMT5 fecal colifonns, 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 
colifonns (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 LMT3 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 (R2 = 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). How~ver, 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 LMT5. 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 LMT5. 

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 
LMT5. 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 
sorted sand and gravel southeast of 
Lake Madison. Recharge to the Figure 6. Location of the North Skunk Creek 

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 LMT5, 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 ft or 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 
LMT5 was 0.24 lb/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 
LMT5. 

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 

18 

I 
I ' 



the differences in the relative export coefficients. The effect of storm sewers on Silver Creek and 
Lake Madison will be discussed later in the report. 

Site LMT 4 Water Quality 

Site LMT4 (Memorial Creek) drains 
from the north. According to the data 
collected for the Agricultural Nonpoint 
Source computer program (AGNPS) the 
subwatershed size for Memorial Creek 
at the sampling site was 13,880 acres 
(Figure 8). Landuse is primarily 
agricultural in this subwatershed but 
some constant impairments were 
revealed. 

Median fecal coliform counts for Site 
LMT4 were 165 colonies per 100 ml 
but the mean was 574 colonies per 100 
ml primarily because of a single isolated 
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 LMT 4 
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. 

In addition to high fecal coliform coUIits during 1995, Site LMT4 consistently had high 
concentrations of nitrates+nitrites (mean = 1.15 mgIL, 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 mgIL and the mean concentration was 
0.322 mgIL. 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 mgIL). The pH levels ranged 
from 7.7 to 8.2 su, and dissolved oxygen ranged from 5.1mgIL to 11.6 mgIL (Table 7). 

The high nutrients (TP mean = 0.322 mgIL) 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 (R2 = 0.003,df=11). Mean and median suspended 
solids concentrations (mean = 22 mgIL, median = 17 mgIL) were relatively low in comparison to 
the other six sites included in this discussion. The median suspended solids concentration (TSS 
= 17 mgIL) was only higher than Site LMT3 (TSS = 7 mgIL). 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 (lbslacre) 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 
lbs/acre was relatively high in comparison to 
the other sites (Table 6). Most of the loadings 
occurred during the spring snowmelt and rains, 
which is when the higher phosphorus 
concentrations were observed (Figure 9). There. 
was a very significant relationship exhibited 
between total dissolved phosphorus and total 
phosphorus samples collected from Site LMT4 
(R2=0.87) which is indicative of the high 
percentage of dissolved phosphorus (79%). 
This was also confinned by the lower 
suspended solids export coefficient calculated 
from the total loadings (26.26Ibs/acre). 

The different fonns of nitrogen at Site LMT4 

-26% 

Figure 9 

Seasonal Talal Phospho"," Loadinp far Site LMT4 
LoR MadiOll Watersbed 

FoIl 

"2] -53% 

had higher export coefficients than at any of the other Silver Creek monitoring sites excluding 
Site LMTI (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. 

Site LMT3 Water Quality 

Site LMT3 is a small unnamed tributary 
that drains from the northwest of Madison, 
SD. Site LMT3 was located on Olive 
Street in the extreme northwest part of the 
city of Madison and was not influenced by 
any runoff from the city's stonn sewers. 
This tributary also merges with Memorial 
Creek approximately Y2 mile downstream 
from where Site LMT3 was located 
(Figure 10). The landuse characteristics of 
this subwatershed were primarily intensive 
small grain. There was a partial grassed 
waterway near the center of a field which 
served as the primary drainage area for this Figure 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 
approximately 1400 acres. A total of 426 acre­
feet of water were discharged through LMT3 
during the course of 1995. However, some 
difficulty was experienced with the monitoring 
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. 

As with the other sites, the majority of the 

Figure 11. 

_lI,ydrologic: Loadiap lor Site LMTJ 

~-.%Summ<r 
0""011 

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 mgIL. 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 mgIL to a 
maximum of 24 mgIL (Table 7). The mean concentration for TP at Site LMT3 was 0.164 mgIL 
and the mean for dissolved phosphorus (TDP) was 0.144 mgIL (Table 7). TP concentrations 
were significantly lower during the sampli!tg 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 (R2 =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 mgIL although the median 
was 0.1 mgIL. Nitrates ranged from 0.1 to 1.4 mgIL, respectively. Nitrate+nitrites exceeded 1.0 
mgIL 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 fecal colifonn 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 ofO.09Ib/acre TP. This was 
minor in comparison to other sections of the watershed where 1.0 lb/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 lb/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 lb/acre and 
0.82Ib/acre, respectively. These export coefficients were also low. 

Sites LMTI and LMT2 Water Quality 

Site LMT1 and LMT2, the final two tributary sites, were located furthest upstream of Lake 
Madison (Figure 12). Site LMTI is located on the outlet of Lake Hennan which is the primary 
source of Silver Creek. The water for Lake Hennan is derived from the 44,000-acre watershed 
previously identified in Figure 1. A stage monitor was placed in the outlet of Lake Hennan 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 Hennan Watershed. Site LMT2 is located approximately 1 mile 
downstream of the Lake Hennan outlet (LMTl) 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 LMTI during 1995 was 0.265 mg/L 
whereas downstream Site LMT2 exhibited 
a higher mean of 0.312 mg/L. Figure 14 
on page 27 shows the range of phosphorus 
concentrations for all of the Silver Creek 
Sites between Lake Hennan and Lake 
Madison. As can be seen, Sites LMT2, 4, 
5, and LMT6 were not significantly 
different during 1995. Site LMTI 
exhibited higher phosphorus 
concentrations during spring whereas Site 
LMT2 did not show any particular 
seasonal trend. The maximum total 
phosphorus concentration for Site LMT1 
was 0.321 mgIL and the minimum 
concentration was 0.059 mg/L. The 
maximum and minimum concentrations 
were observed from samples collected on 

Figure 12. Location of Site LMT1 and LMT2 

22 



, 
! 
L 

I 
t: 

I. 

( 

I 

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 mgIL. In comparison, Site LMTI phosphorus 
concentrations ranged from a minimum concentration of 0.157 mgIL to a maximum 
concentration of 0.403 mgIL from samples collected on June 5 and March 14, 1995, respectively. 
The maximum concentrations for Site 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 mgIL) in comparison to Site LMT1 (mean = 0.106 mgIL). In fact, the minimum 
concentration 0.040 mgIL for Site LMT1 occurred on March 14, 1995, which was the same date 
when the maximum concentration of 0.216 mgIL was observed from Site LMTI. Concentrations 
for both Site LMT1 and LMTI declined during the spring due to dilution from the spring runoff. 
After the spring runoff in June concentrations increased to >0.100 mgIL 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 mgIL to 70 mgIL for Site LMT1. 
Downstream, Site LMT2 ranged from 4 mgIL to 80 mgIL. The mean concentrations were 28 

. mgIL and 35 mgIL for Site 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 mgIL. There was a decrease in dissolved oxygen to 3.9 mgIL 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 R2 values in a regression analysis range from 0 
to 1. An R2 value of 1 would indicate that all of the variability within the total phosphorus 
concentrations is due to the suspended solids concentrations. The R2 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 LMT2 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 LMTI and LMT2 was 0.18 mg/L and 0.92 mg/L, 
respectively. Site LMTI was consistently below 0.3 mg/L whereas Site LMT2 exhibited 
periodic spikes >0.90 mgIL throughout the sampling year. In fact, Site LMT2 exhibited the 
highest concentration for Sites LMTI-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 LMTI. Site LMTI 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 
mgIL with a mean of 0.18 mg/L (Table 7, page 29). The maximum concentration at Site LMT2 
(1.22 mgIL) 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 mgIL to 
0.3 mgIL. This same phenomenon occurred at Site LMTI which exhibited a maximum 
concentration of 0.23 mgIL 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 signific~tly higher at Site LMT2 when compared to LMTl, 
2.79 mgIL vs. 1.83 mgIL (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 LMT2 exhibited the second highest mean total nitrogen concentrations for all (11) of the 
tributary sites. The highest mean concentration was 3.51 mgIL observed at Site LMT7 which 
will be discussed later. This particular parameter was also significantly higher at Site LMT2 
when compared to LMTI (Table 7). 

The remaining parameters did not exhibit any extreme values or significant differences between 
Site LMTI and Site LMT2. Table 7 on page 29 shows the minimum, maximum, mean, median, 
and standard deviation for each parameter collected from Sites LMTI through LMT6. 

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 LMTI to 1,269 tons of suspended solids loadings at Site LMT2. This represents an 
increase of 19%. Total phosphorus (TP) loadings increased from site LMTI (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 LMTI and LMT2. The fecal colifonn mean counts 
were also higher at LMT2 than at LMTI. 

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 
LMT2 drains 1,720 acres in addition to the watershed area drained through the outlet of Lake 
Hennan (44,000 acres). To detennine the phosphorus export coefficient for the 1,720 acres, the 
total phosphorus loadings discharged from Site LMT2 was subtracted from Site LMTI (15,689-
13,029 = 2,660 lbs) (Table 6). The increase of 2,660 lbs of phosphorus was then divided by the 
1,720 acres located between Site LMTI and LMT2. The phosphorus export coefficient for this 
1,720 acre- (Site LMT2) would be 1.55 lbs 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 240.51bs ofTSS/acre. 

SITE BY SITE COMPARISONS (LMTI-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 stonn sewers. However, in the data discussed later in this report, 
in the urban water quality sections, the nutrient, sediment and fecal colifonn bacteria 
concentrations were very high. Total phosphorus concentrations exceeded 1.0 mg/L in many­
instances. Site LMT5, 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 LMT5. 

The maximum concentration ofTP (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 
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Site LMT 4 which was significantly higher than all of the sites. There was a significant increase 
in total dissolved phosphorus between Site LMTI 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 LMT5 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 MADISONIBRANT 314 
1994·1996 
SITE Watershed WATER TALKAL TSOL TDSOL TSSOL AMMO UN·AMM 

acres acre·feet 1bs/year 1bs/year 1bs/year Lbs/year 1bs/year Ibs/year 

LMTl 19677.48 7927131.83 63902956.14 61790517.1~ 2125037.68 2667.68 420.20 

LMT2 1720 20610.48 8685747.99 67866876.61 65347759.3E 2538691.4(] 4281.30 291.46 

LMTJ 1400 425.85 227869.33 1796227.67 1787380.64 8891.58 23.17 0.78 

LMT4 15280 6610.07 3001371.17 21644417.6C 21279893.25 364524.35 417.73 11.24 

LMT5 20480 29463.54 12593249.49 98420054.4~ 94762080.13 3657974.33 4085.32 307.95 
LMT6 25480 30334.96 12811513.27 99473779.8' 94436132.55 5037647.2 3597.44 293.67 

Export CoetTcients 

Site Watershed WATER TALKAL TSOL TDSOL TSSOL AMMO UN·AMM 

acres feet 1bs/ac/yr Ibs/ac/yr Ibs/ac/yr Lbs/ac/yr Ibs/ac/yr Ibs/ac/yr 

LMT2 1720 0.54 441.06 2304.60 2068.16 240.50 0.94 ·0,07 

LMT3 1400 0.30 162.76 1283.02 1276.70 6.35 0.02 0.00 

LMT4 13880 0.48 216.24 1559.40 1533.13 26.26 0.03 0.00 

LMT5 3480 0.52 194.90 2043.83 1823.86 214.33 ·0.18 0.00 

LMT6 5000 0.17 43.65 210.75 ·65.19 275.93 ·0.10 0.00 
- ----

.--, 

N03+2 TKN·N Org Nitro Tot Nitro TP04P TDP04P 
Ibs/year Ibs/year Ibs/year Ibs/year Ibs/year Ibs/year 

11839.23 76748.77 70146.23 83472.82 13029.14 4599.7(] 

38288.85 89202.17 84627.26 127719.39 15689.29 5909.85 

321.63 822.12 798.95 1143.97 12U9 111.98 
19483.68 18753.37 18335.63 38117.30 5192.37 4466.72 
56000.89 96699.30 92613.98 152700.19 23953.83 11335.09 
52735.78 107179.74 103520.22 160194.87 23350.93 9670.52 

N03+2 TKN·N OrgNitro Tot Nitro TP04P TDP04P 
Ibs/ac/yr Ibs/ac/yr Ibs/ac/yr Ibs/ac/yr Ibs/ac/yr Ibs/ac/yr 

15.38 7.24 8.42 25.72 1.55 0.76 

0.23 0.59 0.57 0.82 0.09 0.08 

1.40 1.35 1.32 2.75 0.37 0.32 

·0.60 ·3.47 ·3.20 ·4.10 0.85 0.24 

·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. 

Units 

LMTl mean 
median 

maximum 
minimum 
StDev 

LMT2 mean 
median 
maximum 
minimum 
StDev 

LMT3 mean 
median 
maximum 
minimum 
StDev 

LMT4 mean 
median 
maximum 
minimum 
StDev 

LMTS mean 
median 
maximum 
minimum 
StDev 

LMT6 mean 
median 
maximum 
minimum 
StDev 

WTEMP ATEMP 
. 0C OF 

10.3 56.9 
6.0 52.0 

25.0 82.0 
1.5 32.0 
8.4 16.6 

9.8 55.3 
6.0 51.0 

24.0 79.0 
1.0 36.0 
8.2 16.7 

9.7 55.5 
7.0 51.0 

24.0 86.0 
2.0 34.0 
7.9 17.3 

9.8 54.8 
7.0 52.0 

23.5 82.0 
1.0 33.0 
7.7 16.4 

10.6 55.9 
8.5 56.0 

23.5 85.0 
1.0 22.0 
7.7 21.0 

10.6 59.0 
8.5 62.0 

24.0 88.0 
1.0 34.0 
8.5 19.8 

DO 
mgIL 

10.6 
10.4 

15.8 
5.9 
3.1 
9.1 
9.8 

12.2 
3.9 
2.5 

8.7 
8.6 

13.4 
4.4 
2.8 

8.8 
8.7 

11.6 
5.1 
2.0 

9.7 
10.4 
12.2 
6.2 
2.0 

10.1 
10.9 
12.8 
6.6 
2.1 

FPH FECAL 
su perlOOml 

8.86 25 
8.90 10 

9.16 130 
8.40 10 
0.28 37 

8.52 389 
8.66 20 
9.1..: 3100 
7.91 10 
0.43 972 

7.88 243 
7.86 IS 
8.38 2000 
7.47 10 
0.25 623 

7.98 574 
7.98 165 
8.20 3900 
7.70 10 
0.15 1192 

8.37 452 
8.34 15 
8.95 2600 
7.83 10 
0.32 821 

8.38 663 
8.37 120 
8.84 4200 
8.06 10 
0.23 1345 

TALK 
mgIL 

140 
150 

163 
25 
39 

.158 
158 
171 
139 

11 

184 
179 
264 
109 
56 

163 
153 
232 
90 
40 

154 
156 
169 
130 

11 

164 
164 
177 
146 

8 

TS 
mglL 

1076 
1159 

1327 
142 
324 

1166 
1198 
1353 
826 
153 

1536 
1682 
2069 
994 
340 

1181 
1150 
1607 
693 
272 

1156 
1182 
1379 
800 
164 

1210 
1223 
1449 
902 
166 

TDS 
mgIL 

1048 
1136 
1291 
140 
315 

1130 
1176 
1281 
817 
142 

1527 
1679 
2067 
977 
342 

1159 
1133 
1531 
686 
265 

1117 
1147 
1319 
790 
149 

1146 
1155 
1346 
858 
144 

TSS 
mgIL 

28 
28 

70 
2 

17 

35 
34 
80 
4 

26 

9 
7 

24 
2 
7 

22 
17 
76 
6 

20 
39 
35 
72 

7 
21 

64 
68 

106 
5 
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AMM UN-AMM 
mgIL mgIL 

0.07 0.0072 
0.02 0.0037 

0.23 0.0196 
0.02 0.0014 
0.07 0.0059 

0.18 0.0047 
0.02 0.0034 
1.22 0.0133 
0.02 0.0008 
0.35 0.0043 

0.02 0.0004 
0.02 0.0002 
0.02 0.0011 
0.02 0.0001 
0.00 0.0003 

0.06 0.0007 
0.02 0.0004 
0.39 0.0023 
0.02 0.0001 
0.11 0.0007 

0.10 0.0030 
0.03 0.0019 
0.58 0.0075 
0.02 0.0007 
0.16 0.0027 

0.09 0.0032 
0.04 0.0016 
0.53 0.0099 
0.02 0.0008 
0.15 0.0034 

N03+2 
mgIL 

0.18 
0.20 

0.30 
0.10 
0.08 
0.92 
0.50 
3.40 
0.20 
0.93 

0.47 
0.10 
1.40 
0.10 
0.53 

US 
0.80 
2.80 
0.10 
0.90 
0.90 
0.50 
2.80 
0.20 
0.76 

0.87 
0.50 
2.80 
0.20 
0.77 

TKN 
mgIL 

1.65 
1.85 
2.42 
0.56 
0.59 

1.87 
1.84 
2.75 
0.92 
0.47 

0.87 
0.85 
1.45 
0.22 
0.35 

1.35 
1.35 
2.48 
0.31 
0.54 
1.53 
1.58 
2.45 
0.59 
0.50 

1.58 
1.59 
2.25 
1.01 
0.36 

Or-Nit 
mgIL 

1.58 
1.83 
2.40 
0.33 
0.62 

1.69 
1.64 
2.28 
0.90 
0.37 

0.85 
0.83 
1.43 
0.20 
0.35 

1.30 
1.33 
2.09 
0.29 
0.47 
1.43 
1.55 
2.04 
0.57 
0.41 

1.49 
1.53 
1.93 
0.99 
0.30 

T-Nit 
mgIL 

1.83 
1.95 

2.52 
0.76 
0.57 

2.79 
2.48 
5.78 
1.32 
1.23 
1.34 
0.97 
2.55 
0.32 
0.78 

2.50 
1.94 
4.42 
1.11 
1.14 
2.43 
2.08 
4.50 
0.99 
1.00 

2.46 
2.18 
4.39 
1.41 
0.88 

TP04P TDP04P 
mg/L mgIL 

0.265 0.106 
0.296 0.092 
0.321 0.175 
0.059 0.040 
0.080 0.052 
0.312 0.132 
0.318 0.151 
0.403 0.216 
0.157 0.052 
0.064 0.061 
0.164 0.144 
0.155 0.125 
0.420 0.351 
0.052 0.069 
0.100 0.082 

0.322 0.255 
0.312 0.246 
0.528 0.414 
0.128 0.089 
0.115 0.099 
0.310 0.150 
0.321 0.134 
0.402 0.253 
0.167 0.075 
0.074 0.060 

0.309 0.134 
0.328 0.128 
0.397 0.214 
0.171 0.052 
0.070 0.056 



LMT7 Water Quality 

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

This small unnamed tributary drains a 
relatively small subwatershed and drains 
rather quickly during thunderstorms. 
This tributary does not run for any great 
length of time and provides its loadings 
to the lake within a very short duration, 
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 mgIL for suspended solids was collected. A high total phosphorus 
concentration (1.26 mgIL) 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. . 

On April 18, 1995, the maximum suspended solids concentration was collected from Site LMT7. 
Concentration reached a maximum of 936 mgIL which is far in excess of the limit allowed in the 
South Dakota water quality standards. Nitrates/nitrites (N03+2) 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;;:: 9.8Ibslacre. Heavy fertilization together with organic nitrogen found within 
a small wetland near this site may have oontributed 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 mgIL of suspended solids was observed. 

The total phosphorus (TP) mean of 0.255 mgIL was skewed due to the one sampling event in 
which the TP concentration reached 1.26 mgIL as discussed in the previous paragraph. The 
median, which is the middle value in a series of numbers, was significantly smaller at 
0.141mgIL. The TP median value from LMT7 was the lowest observed for any of the tributary 
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sites (LMTI-BLTll) (Table 9). A regression analysis was conducted between total phosphorus 
and total suspended solids revealing a very strong relationship (R2 = 0.92, df=l1). 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 mgIL. However, 6 of the 12 samples collected during 1995 were 
<0.200 mg/L. 

The total dissolved phosphorus (TDP) mean of 0.120 mgIL 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 mgIL) 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 mgIL 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 (R2 = 0.20, df = 11). The average dissolved 
phosphorus fraction constituted 76% of the total phosphorus concentration. 

Nitrates (N03+2) exceeded 2.0 mgIL 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 mgIL. 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 oflivestock until the last two samples 
of 1995. Counts of 590 and 1000 fecal coliform per 100 m1 were obtained from those samples. 
Placement of cattle in a small pasture upstream of Site LMT7 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-LMT6. 
However, the 217 colonies per 100 ml was larger than the individual mean concentrations 
recorded for Sites BL T8-BL TIl (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 
LMT7 were 165.68 lbs/ac/yr for suspended solids, 3.82 lbs/ac/yr for total nitrogen, and 0.34 
lbs/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 BL TIl. One item that must 
be considered when comparing suspended solids coefficients is that BLT8, BLT9, and BL TIl 
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 BL T 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 lbs/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 lbs of phosphorus into Lake Madison. The total 
phosphorus export coefficient for LMT7 was not significantly different from a subwatershedof 
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. 

BLT8 - 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 BL T8 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 BL TS should be different, 
comparatively speaking, due to the 
location on the outlet of Lake Madison. 
The water quality from the outlet of Lake 
Madison is not only determined by how 
much material was deposited in the lake 
but also by the amount of this material 
that was used in the biological processes 
within the lake. The same can be said of 
Site BL T9 due to its location on the 
outlet of Round Lake. The material 
discharged from Lake Madison (Site 
BLTS) was either deposited in Round 
Lake, used in biological process for 
growth, or transported into Brant Lake. 

Lake Madison acts as a sediment and 
nutrient sink retaining a high percentage 
of the nutrients and sediment discharged 

Figure 16. Location of Site BL TS. 

into its basin. The outlet water quality is a function of what has been discharged into the lake. 
BLTS 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 (R2 = 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 coloniesllOOml during 
the course of the investigation. However, there were several samples that exhibited 
concentrations ranging between 10 fecal colonies/l00 ml to 50 fecal colonies/l00ml 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 BL TS of 20 
colonies/l00ml was lower than any other site (Tables 6-7). 

The suspended solids (TSS) concentrations at Site BLTS, were relatively low as well (11 mgIL). 
The lowest mean TSS concentrations was exhibited by site LMT3 (9 mgIL). However, BLTS 
exhibited the next lowest mean for this variable. The median was actually lower at S mgIL. 
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 BL TS. The mean ammonia 
concentration was 0.27 mgIL 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 mgIL. 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 mgIL. 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 mgIL) 
and Site LMT8 (0.202 mgIL), a similar reduction in dissolved phosphorus did not occur (LMT6 
= 0.134 mgIL, BLT8 = 0.133 mgIL). 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 (R2 = 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 BL T8 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 BL T8. The lake is using some of the nitrates earlier in the season 
as biomass increases, Site BL T8 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 MADISONIBRANT 314 1994-1996 

Water TALKAL TSOL TDSOL TSSOL AMMON UN-AMM 
SITE ftC-ft 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 
BLT8 32748.53 14294688.32 90537698.88 89671033.15 858245.24 21892.01 1590.98 
BLT9 34207.47 14971166.93 97073551.04 93063325.39 3926639.23 18869.99 1210.03 
BLTlO 709.90 510411.86 2593728.58 2481797.39 111921.07 41.02 1.36 
BLTll 44282.67 19622076.69 119246010.01 115374508.82 3788739.05 15696.38 1339.99 

Export Coefficients - Ibs/ac/yr 

Subwater-
SITE shed Acres TALKAL TSOL TDSOL TSSOL AMMON UN-AMM 

LMT7 1920 304.52 2238.74 2072.04 165.68 0.05 0.00 

BLT8 36120 395.76 2506.58 2482.59 23.76 0.61 0.04 

BLT9 38760 386.25 2504.48 2401.01 101.31 0.49 0.03 

BLTlO 1800 283.56 1440.96 1378.78 62.18 0.02 0.00 

BLTll 44000 445.96 2710.14 2622.15 86.11 0.36 0.03 

N03+2 TKN-N Org-N Tot-N TP04P TDP04P 
Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr 

4000.44 3329.62 3234.90 7326.97 643.46 251.15 
12847.09 125159.11 102879.75 138023.04 15358.34 10399.65 
18105.33 140401.88 121752.68 158396.82 22040.89 7151.44 

1203.43 1527.95 1486.93 2726.11 630.77 454.47 
22312.42 164055.63 148267.29 186735.88 21066.99 7349.88 

N03+2 TKN-N Org-N Tot-N TP04P TDP04P 

2.08 1.73 1.68 3.82 0.34 0.13 
0.36 3.47 2.85 3.82 0.43 0.29 
0.47 3.62 3.14 4.09 0.57 0.18 

0.67 0.85 0.83 1.51 0.35 0.25 

0.51 3.73 3.37 4.24 0.48 0.17 
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Table 9. Descriptive Statistics for water quality parameters collected at sites LMT7-BLT11 for the Lake MadisonlBrant diagnostic/feasibility study. 

Units 

LMT7 mean 

median 
maximum 
minimum 
StDev 

BLT8 mean 
median 
maximum 
minimum 
StDev 

BLT9 mean 
median 
maximum 

minimum 
StDev 

BLTlO mean 
median 

maximum 
minimum 

StDev 

BLTll mean 

median 
maximum 
minimum 
StDev 

WTEMP ATEMP 

OC OF 

7.9 54.3 

4.0 51.0 
23.5 84.0 

1.0 34.0 
8.6 '18.8 

9.1 51.1 
5.3 46.5 

25.0 82.0 
2.0 32.0 
7.4 17.0 

8.5 49.6 
4.5 44.5 

26.3 88.0 

1.0 24.0 

8.8 20.1 

7.9 53.5 

3.8 50.0 

24.5 91.0 
1.0 24.0 

8.5 22.6 

9.1 52.6 

5.4 48.0 

26.5 84.0 

2.0 21.0 

8.3 22.0 

DO 

mgIL 

10.5 

11.0 
13.5 
4.3 
2.8 

9.2 
10.1 
14.3 
3.6 
3.2 

10.3 
11.0 

13.4 
6.0 
2.5 

10.5 
10.9 

13.2 
6.7 
2.0 

11.1 

11.7 
14.2 
7.4 
2.3 

FPH FECAL TALK TS TDS TSS AMM UN·AMM N03+2 TKN·N Or·Nit 

su perlOOml mgIL mgIL mgIL mgIL mgIL mgIL mgIL mgIL mgIL 

8.01 217 254 2017 1914 103 0.05 0.0007 2.28 1.24 l.l9 

8.00 30 286 2031 1914 9 0.02 0.0005 2.25 1.21 l.l5 
8.25 1000 315 2569 2556 936 0.15 0.0016 3.60 2.08 2.06 
7.82 10 126 1433 1087 3 0.02 0.0001 0.70 0.63 0.61 
0.13 349 66 393 485 293 0.05 0.0005 0.92 0.50 0.49 

8.51 20 178 973 962 II 0.27 0.0117 0.18 1.65 1.38 
8.63 10 169 936 925 8 0.17 0.0049 0.15 1.65 1.37 

9.09 50 221 1206 1198 29 0.80 0.0583 0.30 2.29 1.78 

7.77 10 151 860 856 4 0.02 0.0010 0.10 1.20 0.89 

0.46 14 25 113 117 8 0.30 0.0181 0.09 0.38 0.32 

8.62 26 181 974 936 38 0.17 0.0085 0.29 1.78 1.61 

8.60 10 173 943 886 30 0.11 0.0052 0.20 1.80 1.76 

9.22 100 243 1208 1144 98 0.46 0.0295 0.70 2.24 2.05 

8.08 10 147 844 826 16 0.02 0.0008 0.10 1.03 1.01 

0040 30 31 120 114 26 0.17 0.0098 0.23 0.35 0.36 

8.16 96 256 1337 1293 44 0.03 0.0007 0.84 0.84 0.81 

8.19 75 254 1404 1388 16 0.02 0.0006 0.95 0.88 0.86 

8.39 320 340 1654 1646 296 0.09 0.0017 1.40 1.42 1.33 

7.91 10 140 691 680 7 0.02 0.0002 0.30 0.10 0.08 

0.15 101 69 283 318 89 0.02 0.0005 0.39 0.35 0.34 

8.72 II 169 898 869 29 0.08 0.0055 0.21 1.33 1.26 

8.65 10 163 897 858 21 0.03 0.0030 0.15 1.35 1.31 

9.35 20 199 1153 1088 88 0.32 0.0238 0.40 2.06 2.04 

8.29 10 136 606 597 7 0.02 0.0011 0.10 0.69 0.61 

0.31 3 19 146 134 27 0.10 0.0068 0.13 0.41 0.44 
-

T·Nit 

mgIL 

3.52 

3.29 
4.79 
2.22 
0.86 

1.83 
1.81 
2.59 
1.30 
0.45 

2.07 
1.96 
2.94 
1.13 
0.52 

1.68 
1.57 
2.82 
1.01 
0.55 

1.54 
1.58 
2.16 
0.79 
0.38 

TP04P TDP04P 

mgIL mgIL 

0.255 0.120 

0.141 0.104 
1.260 0.259 
0.052 0.052 
0.363 0.069 

0.202 0.133 
0.194 0.121 
0.339 0.303 
0.112 0.023! 
0.068 0.094 

0.241 0.081 1 

0.216 0.073: 
0.402 0.2141 

0.171 0.043 1 

0.074 
1 

0.051i 

0.423 0.2491 
0.281 0.230' 

1.400 0.4051 
0.190 0.134 

0.363 0.081 

0.171 0.059 
0.150 0.064 

0.350 0.117 
0.105 0.023 
0.071 0.030 
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Table 8 shows the amount of material discharged from Lake Madison (BL T8). Although 
this table shows the export coefficients from Site BL T8, coefficients for lake outlets such 
as Lakes Herman (LMT1), Madison (BL T8) and Brant (BL Til) should not be compared 
to coefficients calculated for tributaries sites such as LMT7 and BL T1 0 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 BL T8. The nitrate loadings for LMT6 and BL T8 decreased by 
75.6% during the same time period (Table 8). 
Only Site LMT6 and BL T8 were included in 
comparisons as LMT6 is the largest 
contributor to Lake Madison. LMT7 loadings 
will be included in the overall budget 
calculations later in the report. 

There was an 8.3% increase in total dissolved 
phosphorus loadings between LMT6 and 
LMT8 in contrast to the reduction in total 
phosphorus loadings. This may have been 
due to the algal blooms and other vegetation 
undergoing decomposition. An 83% 
reduction also occurred for the sediment 
loadings between LMT6 and BLT8 during 
1995. 

In contrast to the other sites, Site BL T8 
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 
BLT8 but oIily 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 

BL T9 monitored the water quality 
and discharge of Round Lake, which 
is a small 152 acre (61.5 ha) lake 
immediately downstream of Lake 
Madison (Figure 19). Excluding the 
ungauged runoff from the shoreline 
and 1-2 small but relatively 
insignificant tributaries, Round 
Lake receives its water primarily 
from Lake Madison. According to 
the AGNPS computer model, the 
subwatershed area is 38,760 acres 
(15,686.2 ha) which includes 
everything from the Lake Herman 
outlet to the outlet of Round Lake. 

The water quality of Round Lake is 
greatly affected by the discharge Figure 19. Location of Site BLT9. 
from Lake Madison. Although the 
mean ammonia (NH3) concentration 
from Round Lake is less than the mean from the outlet of Lake Madison (BL T8) (0.168 
mgfL vs. 0.27 mglL) it is very similar in its trends. During the month of April, all of the 
concentrations dropped to 0.02 mgfL 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 mgfL to a 
minimum of 0.02 mgfL (Table 9). The maximum concentration of un-ionized ammonia, 
which can be highly toxic to fish, never exceeded 0.03 mgfL (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. 

The pH of Site BLT9 ranged from minimum of 8.08 su to a maximum of 9.22 suo The 
maximum pH occurred during the late summer when the maximum temperatures were 
also observed (Table 9). Incidentally, the minimum alkalinity concentration of 147 mgfL 
occurred on this date as well. Natural waters can range from 20 to 200 mgfL (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 BL T8 (0.17 
mgIL vs. 0.27 mgIL), the other nitrogen parameters were all slightly higher (Table 9). 
The concentrations at Site BL T9 are greatly effected by the water quality and discharge 
from Site BL T8. 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. 

SeasoaaI Hyd ........ Laadinp ror Site BLT9 
LaIe Madison ' 

Figure 20 

Total phosphorus was not significantly different 
between BLT8 and BL T9. The total phosphorus 
mean at Site BL T8 was 0.202 mgIL whereas the 
mean concentration for Site BL T9 was 0.241 mgIL 
(Table 9). The maximum value for Site BLT8 was 
0.339 mgIL that occurred on August 8, 1995. The 
maximum value for Site BLT9 was 0.402 mgIL and 
occurred on the same date. The dissolved 
phosphorus mean for Site BLT9 of 0.081 mgIL was 
significantly lower than mean from Site BL T8 
which was 0.133 mgIL. The dissolved fraction of 
total phosphorus was also lower at Site BL T9 
(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 BL T9 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~.31,df=11). The suspended 
solids concentrations at Site BL T9 ranged from 16 
mgIL to 98 mgIL and the mean concentration was 
38 mgIL. Site BL T8 ranged from 4 mgIL to 29 
mgIL and the mean was 11 mgIL (Table 9). 

Seasonal Total Phosphorus Loadings for Site BLT9 
Lake Madion Watershed 

Suauaer 
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. As is 
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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 BL T8. 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 
BL T8. . This constituted a 15% increase in overall total nitrogen loadings. 

BLTIO Water Quality 

BL Tl 0 is a small 1,800 acre (728.5 ha) 
subwatershed that drains from the 
northeastern part of the Brant Lake 
watershed. Some steep banks with 
pasture and small com and grain 
cropping practices characterize this 
watershed (Figure 22). This site can be 
compared to the smaller tributary sites 
already discussed such as LMT3, 
LMT4, and LMT7. 

BL Tl 0 fecal coliform concentrations 
ranged from 10 to 320 
coliforms/l00ml. The mean and 
median were 96 and 75 
coloniesll00ml, respectively (Table 9). 
Concentrations were 200 coliform per 
100 ml or less during the spring. The 

Figure 22. Location of Site BLTI0. 

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 BLTIO; 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 BLTI0 (R2 = 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 ofthe watershed 
(Site LMT3 = 84%). The dissolved phosphorus mean and median at BLTI0 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 mgIL. 
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 mgIL. In addition, there was an excessive total phosphorus 
concentration of 0.566 mg/L, a suspended solids concentration of 296 mg/L, 100 fecal 
colifonnl100ml, 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 BLTI0 in Tons/year. 

BLTI0 Actual AGNPS 
TSS 56 479 
TN 1.4 3.4 
TP 0.3 1.3 
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cell with sediment nitrogen 2 9.8 
lbs/acre and one critical cell with 
sediment phosphorus 2 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. 

Seasooal TOOIIl'bosp!orus loaIings lOr Site BLTIO 

Brant lake Fall 

Sumrer 
24"10 

Figure 23. 

4% 

Spring 
72'10 

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 
BLTlO. 

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 -BL TIl can be found on Table 8. In comparison 
to the other subwatersheds (LMT3, 4, and 7), of similar size, the sediment export 
coefficient (lbs/acre/yr) for BL T1 0 is relatively high at 62.2 lbs/acre/yr primarily due to 
high land slopes (Figure 21). The nutrient export coefficients for both phosphorus and 
nitrogen (lbs/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 BLTll Water Quality 

The BL TIl 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 ofthe 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 
(BL TIl). The mean concentration of fecal coliform for the outlet was 11 fecal 
coliforml100·ml and the median was 10 fecal coliforml100 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 
this location and the discharge 
could be readily collected due to 
its location near a county road. 

The suspended solids mean was 
29 mg/L and may have been 
lower if the gauging station had 
been placed on the immediate 
outfall of Brant Lake. The 
median was 20.5 mgIL and there 
was one observation at 88 mg/L. 
This was probably due to a large 
discharge from the lake during 
the month of April which was the 
month with the highest 
discharge. A regression analysis 
conducted between suspended 
solids and total phosphorus 

Figure 24. Location of Site BL TIl. 

observations indicated that there was a definite relationship, although not extremely 
significant, between these two variables (R2=0.58, d.f.=10, n=ll). Another regression 
analysis was conducted between suspended solids and instantaneous discharge (cfs). Site 
BL TIl 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 (R2=0.1O, d.f.=10, n=ll). 

The mean total phosphorus concentration for Site BL TIl was 0.171 mgIL (median=0.150 
mgIL). The largest total phosphorus concentration of 0.236 mgIL and the largest 
suspended solids concentrations (88 mgIL) were collected on the same date. At the same 
time the total dissolved phosphorus concentration was comparatively low at 0.033 mgIL. 
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 mgIL at Site LMT3 which was the lowest mean concentration observed for 
all of the tributary sites. 

Total nitrogen was less than 2.0 mgIL in all except 2 of the 11 samples. 2.16 mgIL and 
2.17 mgIL were the only two observations >2.0 mgIL. Nitrate+nitrite and ammonia 
concentrations did not exhibit any excessive concentrations during the project. In fact, 
the maximuni. nitrate+nitrite concentrations did not exceed 0.4 mgIL. 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,OOO-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 (R2=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 mgIL whereas the summer months (June-

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

BLTll Actual AGNPS 
TSS 1894 817 
TN 93.4 88.0 
TP 10.5 14.9 

August) had a significantly higher mean concentration of 40.5 mgIL. 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 lbs/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 

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 lID 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 BLTI0) 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 
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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-ftl1920 ac = 0.4387 ftlyr) 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 
ftlyr 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 BL Tl 0 subwatershed was used for the two smaller subwatersheds 
located in the Brant Lake Subwatershed (729 acres and 1 080 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 BLTI0 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 (lbs/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. Tl).e 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 R2 = 0.98, and BLT8 R2 = 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 ftlacre 
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 

(ac-ft) 

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 BL Tl 0 
was used on the two ungauged tributaries (720 and 1080 acres). 

Table 14. HYDROLOGIC BUDGET - Brant Lake 

Input 
Sources 
Precipitation 
BLT9 
BLTlO 

Groundwater 
Ungauged 
Runoff 

-----

Load (ac-ft) 

450 

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 R2 
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 
loading data collected during 1995 
from Site LMT6, suspended solids 
(sediment) do not appear to be an 
impairment for Lake Madison. 
According to the data collected, 
including all of the inputs in Table 6, 
Lake Madison shows·· less than one 
;:acre-foot of sediment per year 
.\entering the lake from all documented 
sources. Assuming that the sediment 
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 
pounds per cubic feet (Uniform Silt = 
135 lbs/ff) (Kuck, 1998). The cubic 
feet were then converted to acre-feet 
for a total of 0.94 ac-ft of sediment. 
There may be more sediment entering 
Lake Madison from the bedload of a 
stream. However, all tributary 
samples collected during this 
investigation were collected with a 
suspended sediment sampler (DENR 
SOP,1998). This sampling method is 
much more "accurate for calculating 
sediment loadings than using the 
simple grab sample method. If the 
amount of suspended solids entering 
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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 intemalloadings. 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 of38 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 
Lake was very similar to that of Lake 
Madison as well. The total amount of 
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. 

Figure 28 
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Nitrogen Budget 

Lake Madison 

Nitrogen is water soluble which makes 
it very difficult to estimate 
groundwater contributions. Depending 
on the time of year and the agricultural 
practices on the surface of the land, 
nitrogen concentrations can vary 
greatly. For the purpose of this study, 
a total nitrogen concentration of 3.83 
mgIL was used for the groundwater 
input. Most of this was in an inorganic 
form (>90%), i.e. nitrate+nitrite 
(N03+2) or N2. This concentration of 
nitrogen was estimated from 
groundwater samples collected from 
wells located northwest of the lake. 
The wells are used for monitoring the 

Figure 29 
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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 kglha/yr (11.685 lbs/ac/yr) 
and constituted' 15% of the overall nitrogen budget (USEP A, 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 lbs. 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 (NH3)' 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 (N2) 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 (N03+2). 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 lbs. 
BLT8 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 

As stated in the Round Lake discussion, 
organic nitrogen was the predominant 
species discharged into Brant Lake. For 
the total nitrogen budget of Brant Lake, 
BL T9 constituted 60% of the budget. 
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 
in the organic portion of the nitrogen 
budget. 

The inputs of nitrogen to Brant Lake 

34% 

Figure 30 
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totaled 264,740.6lbs whereas the outputs totaled 186,740.0 lbs This increased the inlake 
volume of total nitrogen for Brant Lake by a total of78,000.6lbs 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 lbs 
(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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Mean total phosphorus concentration 
from groundwater samples collected in 
1995 was 0.063 mgIL. This 
concentration was then multiplied by the 
amount of groundwater discharged to 
each of the individua11akes. 

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 
the lake as welL 

Figure 31 
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Lake Madison retained 9,828.2 Ibs of total phosphorus during 1995. More phosphorus 
entered the lake than left the lake through external sources (BL T8). 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 Ibs of phosphorus from 
external sources. It discharged a total of 22,040.89 Ibs. 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, 400/0-
DP) during the summer as well. 
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Brant Lake 

The primary contributor of total phosphorus to Brant Lake was Round Lake (BL T9) 
(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 BL T9. When ungauged runoff and 
BL T1 0 were added, they contributed approximately 6% of the total phosphorus budget as 
well. BLTlO 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 
total phosphorus during 1995. 1,754.2 
Ibs of total dissolved phosphorus also 
accumulated in Brant Lake. During the 
summer, Brant Lake discharged over 
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 
higher TP concentrations occurred 
during the summer. 

GrolUldw.!ter 
6% 

BLTlO 

3% 

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 (USEP A, 1992(2)). 

During 1995, three samples were collected between upstream Site LMT2 and 
downstream Site LMT5 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 4th Street to sample 
the water quality from the small industrial section of the city (Site LMC-l). 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. 

55 



VI 
0\ 

TIIUM 
tIoItftWI .. 

Madison 1 
N 

To ~2!1. 
ukeMHlHn 

Figure 33. Location of urban sampling sites and nearest tributary monitoring sites within the city of Madison. 
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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 
Total Phosphorus 
Chromium 

TotalSuspended Solids 
Dissolved Phosphorus 
Lead 
pH 

Concentrations of Parameters in Stormwater Runoff 

Ammonia 
Cadmium 
Mercury 

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-l, 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-l) 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-l samples (Table 15). This scenario was not 
observed with the total dissolved phosphorus concentrations. The mean dissolved 
phosphorus concentrations for LMC-l, 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-l on June 30, 
1997. Mean concentrations were 661, 463, and 538 mg/L for Site LMC-l, 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 (USEP A, 
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 (R2=O.80,df=47). 
Another regression analysis indicated that there was not a significant relationship 
between suspended solids and the dissolved phosphorus concentrations (R2=0.06,df=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-l, 2, and 3, respectively. The 
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highest mean observed from the tributary sites in 1995 was 0.27 mg/b from the outlet of 
Lake Madison (BL T8). 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 (J.lg/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 J.lg/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 J.lg/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 J.lg/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 J.lg/L with a mean of 3.2 J.lg/L. Hexavalent chromium 
concentrations ranged from a minimum of 1.00 J.lg/L to a maximum of 1.8 J.lg/L collected 
from Site LMC-3. The highest mean concentration of 1.12 J.lg/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 1.0~gIL. Hexavalent 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 ~g/L 
(LMC-2) to a maximum concentration of 109.00 ~g/L (LMC-1). The mean 
concentrations for Sites LMC-1, 2, and 3 were 47.18, 16.22, and 46.62 ~gIL, 

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 ~gIL and suburban areas at 18 ~g/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 
~g/l and but concentrations reaching 400 I-lgIL 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 «O.2l-lg/L). There were 
two samples with mercury higher than 0.2 ~g/l. The concentration in these two samples 
was 0.3 and 0.4 ~gIL. 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 811 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 

60 



j 

J 

I I , 
! 

! 

J 

f 
A 
\ 

I , 
I 
~ 

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 mgIL su /IOOmL mgIL mgIL mgIL mgIL mgIL Ilg/I* Ilg/I Ilg/I Ilg/I Ilg/I 

LMC-l Mean 21.5 4.96 7.57 79,144 661 0.368 0.0076 1.152 0.176 0.950 1.00 47.18 0.200 124 

LMC-l Median 24.0 4.80 7.55 40,000 550 0.430 0.0058 1.035 0.170 0.750 1.00 29.25 0.200 128 

LMC-l Min 10.4 3.00 7.03 10 192 0.020 0.0001 0.718 0.067 0.500 1.00 21.20 0.200 85 

LMC-l Max 25.0 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-l StDev 5.2 1.44 0.32 121,143 426 0.267 0.0073 0.407 0.059 0.562 0.00 41.42 0.000 23 

LMC-2 Mean 19.3 6.49 7.67 2,555,780 463 0.359 0.0099 0.645 0.140 0.656 1.00 16.22 0.213 118 

LMC-2 Median 21.0 5.40 7.80 47,000 304 0.300 0.0074 0.620 0.152 0.500 1.00 8.00 0.200 105 

LMC-2 Min 9.0 4.40 6.71 10 12 0.120 0.0007 0.167 0.060 0.500 1.00 1.00 0.200 65 
0\ 

LMC-2 Max 25.0 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 tv 

LMC-2 StDev 5.2 2.15 0.45 6,097,051 466 0.200 0.0094 0.406 0.051 0.343 0.00 24.33 0.035 42 

LMC-3 Mean 20.6 6.53 7.52 32,532 538 0.443 0.0077 1.001 0.181 1.240 1.12 46.62 0.220 99 

LMC-3 Median 21.5 6.10 7.58 21,500 407 0.410 0.0061 0.907 0.162 0.950 1.00 55.00 0.200 95 

LMC-3 Min 13.0 1.20 6.66 10 70 0.140 0.0005 0.338 0.082 0.500 1.00 22.80 0.200 80 

LMC-3 Max 25.0 11.80 8.23 120,000 1512 1.170 0.0153 2.070 0.415 3.000 1.80 62.40 0.400 125 

LMC-3 StDev 3.7 2.96 0.53 44,809 431 0.306 0.0052 0.628 0.107 0.853 0.27 17.12 0.063 12 

N = 12 for LMC-l, 9 for LMC-2, and 10 for LMC-3. 

* = micrograms/liter = 10-3 milligrams/liter or 10-6 grams/liter. 

** = most probable number (mpn). 
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Table 16. 
Map Landuse 

Designation Zone Category 

RG20 General Residence Residential 
RD60 Duplex Residence Residential 
RS90 Single Family Residence Residential 
MR Manufactured Housing Residential 
HB Highway Business Commercial 
BG General Business Commercial 

~ 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: 

Where: Li 
P 
CF 

RVi 
Ci 
Ai 

= 
= 
= 

= 
= 
= 

Annual pollutant load (lb/yr) 
Annual precipitation (inlyr) 
Correction factor that adjusts for storms where no runoff 
occms (a value of 0.9 is typically used) 
Weighted-average runoff coefficient for the landuse area 
Event-mean concentration of pollutant (mgIL) 
Catchment area (acres) 

The numbers 12 and 2.72 are unit conversion factors. 

Each of the parameters 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. 

Equation 2: RVi = 0.05 + 0.009 x I 

Where: Weighted-average runoff coefficient 
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 (el), 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 (AI). 

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 e~ch 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 lbs using the 1995 rainfall data, versus 2,961lbs using the 1997 rainfall data 
(Tables 18 andI9). 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 lbs of total phosphorus was observed between the upstream sites and Site LMT5 
during 1995 (23,954 - 21,003 = 2,951). This increase of 2,951lbs 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 

Land Use Annual Loads Area Lbs Ibs Lbs Ibs 
Commercial Simple: minimum 180.91 10705 18 149 54 

Simple: maximum 1459418 1044 1891 624 
Simple: mean 522588 367 888 168 

Industrial Simple: minimum 223.82 9956 17 139 50 
Simple: maximum 1357296 971 1759 581 
Simple: mean 486020 341 826 156 

Residential Simple: minimum 1657.49 35984 60 501 180 
Simple: maximum 4905820 3508 6357 2099 
Simple: mean 1756674 1232 2985 565 

Agricultural Simple: minimum 100.62 1519 3 21 8 
Simple: maximum 207126 148 268 89 
Simple: mean 74168 52 126 24 

Parks & Simple: minimum 51.62 779 I 11 4 
Recreation Simple: maximum 106260 76 138 45 

Simple: mean 38049 27 65 12 
Totals Simple: minimum 2214.46 58943 98 820 295 

Simple: maximum 8035920 5747 10413 3438 
Simple: mean 2877499 2018 4889 926 

Cadmium Chromium Lead Mercury Hardness 
Ibs Ibs Ibs Ibs Ibs 

446 892 892 178 57984 
2676 1606 97235 357 294381 

884 928 35744 187 111796 
415 830 830 166 53927 

2489 1493 90431 332 273782 
822 863 33243 174 103973 

1499 2999 2999 600 194913 
8996 5398 326855 1199 989560 
2971 3121 120153 629 375801 

63 127 127 25 8229 
380 228 13800 51 41780 
125 132 5073 27 15866 
32 65 65 13 4222 

195 117 7080 26 21434 
64 68 2603 14 8140 

2456 4912 4912 982 319276 
14736 8841 535401 1965 1620937 
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 
Land Use Annual Loads Area lbs lbs Lbs lbs 
Commercial Simple: minimum 180.91 6483 11 90 32 

Simple: maximum 883793 632 1145 378 
Simple: mean 316468 222 538 102 

Industrial Simple: minimum 223.82 6029 10 84 30 
Simple: maximum 821950 588 1065 352 
Simple: mean 294323 206 500 95 

Residential Simple: minimum 1657.49 21791 36 303 109 
Simple: maximum 2970861 2125 3850 1271 
Simple: mean 1063805 746 1808 342 

Agricultural Simple: minimum 100.62 920 2 13 5 
Simple: maximum 125431 90 163 54 
Simple: mean 44914 32 76 14 

Parks & Simple: minimum 51.62 472 1 7 2 
Recreation Simple: maximum 64349 46 83 28 

Simple: mean 23042 16 39 7 
Totals Simple: minimum 2214.46 35695 59 497 178 

Simple: maximum 4866383 3480 6306 2082 
Simple: mean 1742552 1222 2961 561 

... _ ... _ .... _-------- -------

Cadmium Chromium Lead Mercury Hardness 
lbs lbs lbs lbs lbs 

270 540 540 108 35114 
1621 972 58883 216 178271 
535 562 21646 113 67701 
251 502 502 100 32657 

1507 904 54763 201 165797 
498 523 20131 105 62964 
908 1816 1816 363 118035 

5448 3269 197936 726 599257 
1799 1890 72762 381 227577 

38 77 77 15 4984 
230 138 8357 31 25301 

76 80 3072 16 9608 
20 39 39 8 2557 

118 71 4287 16 12980 
39 41 1576 8 4929 

1487 2975 2975 595 193347 
8924 5354 324227 1190 981605 
2948 3096 119187 624 372780 



Table 20. Total Loadings for 4 pollutants TSS AMM TP TDP 
from the City of Madison lbs/yr lbs/yr lbs/yr Lbs/yr 
Above City - Sum ofLMT2, 3, &4 2912107 4722 21003 10489 
CITY Load - 1995 Mean Cone 2877499 2018 4889 926 
CITY Load - 1995 Min Cone 58943 98 820 295 
CITY Load - 1995 Max Cone 8035920 5747 10413 3438 
Site LMT5 (below the City) 3657974 4085 23954 11335 
City = (Above City minus Site LMT5) 745867 -637 2951 846 
SiteLMT6 5037647 3597 23351 9671 
% of Site LMT6 Load = (CityILMT6)* 1 00 15% -18% 13% 9% 
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INLAKEDATA 

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 
Ammonia 
Fecal Coliform 
Chloride* 

Total Solids 
Nitrate-Nitrite 
Total Phosphorus 

Total Suspended Solids 
Total Kjeldahl Nitrogen 
Total Dissolved Phosphorus 

* Chloride samples were collected 
parameter for human waste. 

at Site LM1A only and intended as a marker 

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 Parrneters 

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 C02, 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 CaC03 (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 (IT). 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 mgIL (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 (NH40H) can be highly toxic to many organisms, especially fish 
(Wetzel, ·1983). Un-ionized ammonia is calculated from the total ammonia 
concentrations (mgIL), pH (su) and water temperature eC). 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 (NH3) can be biologically 
converted into nitrate (N03) through nitrifying bacteria (Nitrosomonas). Bacteria are 
also responsible for denitrification which takes place when nitrate and nitrite are 
converted to N2, 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 t40ugh 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) Wannwater 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 parame~er, 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 

* 
** 

*** 

Parameter Limits 
Un-ionized Ammonia** < 0.04 mg!L 
Dissolved Oxygen* >5.0mg!L 
pH* > 6.0 and < 9.0 su 
Suspended Solids** <90mg!L 
Total Dissolved Solids** <2500mg!L 
Temperature* < 26.67°C 
Fecal Coliform*** < 400/100 m1 (grab sampJ~ 
Alkalinity* * < 750 mg/L 
Nitrates <50mg!L 
Sulfates <500mg!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 anyone 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 anyone sample from May! 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 mgIL 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 8.99for 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 cas,e 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 replenismnent 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-IA (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 coliformsll OOml. 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 (QAlQC) 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 (3.350xl07 m3). 

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 si.unpling period was June through September. 
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Average DO concentrations from all Lake Madison surface sites was 8.52 mgIL whereas 
the bottom concentrations were slightly less at 7.55 mglL. The minimum concentration 
recorded during the monitoring of 1994 and 1995 was 2.90 mgIL. 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 O2) 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 Aphanizomenonjlos-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 jlos-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-Chi-a· Cor-Chi-a· WT DO FpH FEC TALK TS TDS TSS AMM UN-AMM N03+2 TKN O-N T-N TP TDP 
mglm3 mglm3 C mgIL su flOOml mgIL mgIL mgIL mgIL mgIL mgIL mgIL mgIL mgIL mglL mglL mglL 

LMIA Mean 148.85 146.13 13.4 8.02 8.22 72 205 1363 1321 42 0.16 0.0036 0.72 2.43 2.28 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 2.44 2.42 3.02 0.328 0.047 

Minimum 12.40 10.84 1.0 3.20 6.07 10 154 1148 1080 3 0.02 0.0001 0.10 1.28 0.73 1.70 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 3.98 5.00 0.523 0.366 
StDev 126.65 132.72 9.4 3.59 0.87 154 63 247 267 27 0.24 0.0035 1.23 0.85 1.03 0.97 0.132 0.107 

LMI Mean 62.13 59.23 14.0 8.73 8.27 25 168 1041 1025 16 0.30 0.0203 0.23 2.21 1.90 2.44 0.283 0.221 
Surface Median 39.51 30.35 16.0 8.90 8.23 10 175 1045 1044 12 0.28 0.0086 0.10 1.96 1.51 2.26 0.276 0.210 

Minimum 0.33 0.72 0.0 4.60 6.39 10 0 880 840 1 0.02 0.0001 0.10 1.17 1.15 1.27 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 4.57 4.29 4.67 0.540 0.701 
StDev 74.64 78.43 8.7 2.34 0.70 49 48 130 132 11 0.27 0.0315 0.19 0.92 0.94 0.87 0.127 0.167 

LM1 Mean 13.9 7.41 8.25 50 177 1050 1031 19 0.34 0.0216 0.25 1.94 1.60 2.19 0.273 0.199 
Bottom Median 14.0 7.20 8.26 10 172 1054 1050 15 0.31 0.0112 0.10 1.98 1.45 2.16 0.282 0.218 

Minimum 2.5 3.30 6.90 10 129 906 853 2 0.02 0.0005 0.10 1.02 1.00 1.12 0.118 0.010 
Maximum 25.3 13.60 9.13 340 237 1377 1365 60 0.88 0.1374 0.90 3.23 2.64 3.53 0.450 0.365 
StDev 8.1 2.63 0.56 104 28 133 139 16 0.30 0.0345 0.25 0.56 0.46 0.55 0.104 0.112 

LM2 Mean 79.55 82.53 13.9 8.81 8.33 10 175 1020 1004 16 0.24 0.0152 0.17 2.12 1.88 2.28 0.257 0.169 
-..J 
-..J Surface Median 44.56 46.97 15.0 8.20 8.48 10 169 1049 1044 13 0.13 0.0058 0.10 1.85 1.63 2.03 0.276 0.198 

Minimum 0.00 0.00 1.0 3.40 6.02 10 142 859 841 3 0.02 0.0000 0.10 0.72 0.70 0.82 0.079 0.020 

Maximum 47G.68 454.45 25.2 14.40 9.42 10 231 1224 1219 54 0.74 0.1034 0.30 5.96 5.94 6.06 0.430 0.293 

StDev 113.19 112.46 8.6 2.53 0.82 0 27 109 108 12 0.25 0.0250 0.09 1.08 1.12 1.06 0.100 0.095 

LM2 Mean 13.9 7.64 8.29 10 173 1021 1005 16 0.28 0.0190 0.17 1.72 1.44 1.90 0.255 0.194 

Bottom Median 14.0 7.60 8.49 10 166 1027 1021 11 0.21 0.0068 0.10 1.75 1.39 1.95 0.286 0.223 

Minimum 3.0 2.90 6.44 10 104 888 849 2 0.02 0.0002 0.10 1.08 0.94 1.18 0.085 0.010 

Maximum 25.0 12.20 9.17 10 239 1226 1218 42 0.81 0.1003 0.30 2.46 2.21 2.66 0.413 0.325 

StDev 7.9 2.31 0.67 0 31 103 106 1J 0.25 0.0264 0.09 0.40 0.34 0.43 0.091 0.102 

LM3 Mean 45.26 46.36 13.8 8.38 8.32 17 166 1007 995 11 0.23 0.0139 0.16 1.83 1.59 1.99 0.223. 0.165 

Surface Median 22.11 20.95 16.0 8.00 8.45 10 167 1009 1003 i2 0.05 0.0031 0.10 1.79 1.54 2.02 0.242 0.196 

Minimum 0.33 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 222.44 225.42 25.0 14.20 9.27 90 230 1170 1163 24 0.74 0.0822 0.30 2.70 2.57 2.80 0.486 0.316 

StDev 56.63 57.94 8.5 2.42 0.71 19 48 90 91 6 0.26 0.0213 0.09 0.43 0.38 0.46 0.095 0.096 

LM3 Mean 13.9 7.61 8.33 16 177 1011 998 13 0.27 0.0159 0.15 1.76 1.49 1.91 0.236 0.173 

Bottom Median 14.0 7.50 8.45 10 170 1010 1002 10 0.11 0.0040 0.10 1.79 1.40 1.92 0.253 0.193 

Minimum 3.5 3.40 7.25 10 149 875 845 2 0.02 .. 0.0006 0.01 1.18 0.99 1.28 0.089 0.010 

Maximum 25.0 14.60 9.25 110 235 1200 1191 40 0.84 0.1186 0.30 2.73 2.32 2.83 0.433 0.307 

StDev 7.8 2.66 0.58 24 26 94 98 10 0.29 0.0281 0.09 0.45 0.33 0.50 0.096 0.094 

• Corrected and Uncorrected Chlorophyll a concentrations collected from the surface sites only. 



Lake Madison pH M ..... nuents 
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 
observed pH was collected from site 
the surface at Site LM2 (PH = 6.02) 
(Table 22). During these periods the 
dissolved oxygen concentration was 
reduced and the lake began to go 
anoxic although the dissolved oxygen 
concentrations never dropped below 
3.0 mg/L. The lack of light (snow 
cover) reduced the photosynthetic 
activity resulting in lower dissolved 
oxygen levels. 

~ ~ UI1UM J.Illm 4Itm &10195 WI,," ItnMS 1I"" .... 
Figure 35. pH measurements from Lake 
Madison, 1994-95. 

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. 

Alkalinity 

The mean concentration for bottom samples 
was 176 mg/L whereas the mean surface 
concentration was 180. There was no 
significant difference between the surface and 
bottom samples. The mean for Site LMT1A 
(Figure 34) was slightly higher than the rest 
of the sites (mean = 205.1 mgIL). The range 
for the bottom sites was 104 - 239 mg/L 
whereas the range for the surface sites 
including site LMTIA was 127-319 mg/L. 
Site LMIA exhibited the most variation 

Table 23. Dissolved oxygen and total alkalinity 
concentrations and pH measurements for all Lake 
Madison inlake sampling sites sampled on 1/03/95. 

Site D.O. (mg/L) pH (su) TALK(mg/L) 

LMIA 3.4 6.07 319 

LMIB 6.5 6.90 222 

LM2B 7.8 6.44 216 

LM3B 4.6 7.30 219 

LMIS 8.9 6.39 219 

LM2S 8.2 6.02 223 

LM3S 7.6 7.05 217 

where the range was 154 to 319 mgIL. 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 mgIL (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 mgIL for surface 
samples. A significant difference was not observed between surface and bottom sites. 
Concentrations at Site LMIA 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 LMIA (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 (R2=0.002, df=56). 

Total suspended solids averages for surface and bottom sites were 19.6 mgIL and 15.6 
mg/L, respectively. However, if Site LMIA is not included in the calculation for the 
surface mean, the mean concentration drops to 14.5 mgIL. 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 mgIL 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 
mgIL. The mean concentration for the surface sites was 0.24 mgIL. 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 mgIL 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 mgIL standard as discussed previously. The 
maximum concentration observed from Lake Madison was 0.1374 mgIL (Table 22). This 
sample was collected from the bottom of Site LM 1 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 mgIL. 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 mgIL) (Table 22). During the months of 
January and February there was a slight increase in concentrations (from 0.1 to 0.3 mgIL) 
for all of the inlake sites excluding Site LM1A. Site LM1A had a much larger increase in 
N03+2 from 0.1 to 3.7 mgIL. 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 
LMIA, 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 LMIA was again significantly different from the 
main part of the lake. Because of the larger amounts of vegetation within Bourne Slough, I 
organic nitrogen was higher. Organic nitrogen means ranged from a minimum of 0.94 l . 
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 higheslconcentration 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 \ 
t 

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 mgIL 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 mgIL). 
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 (N2) for their growth, the focus of nutrient reduction should -
be on phosphorus. 

Total Phosphorus 

Inlake phosphorus concentrations in Lake Madison averaged 0.254 mgIL (median 0.270 
mgIL) in the surface samples, excluding Site LM1A, and averaged 0.271 mgIL (median 
0.273 mg/L) for the surface samples when Site LM1A is included. The bottom samples 
averaged 0.254 mgIL (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 mgIL (Site LM2S) to 0.540 mgIL (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 micro zone (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 
a significant load to the lake from this 
source at this point there may be 
periodic pulses that occur when 
conditions are right. The concentrations 
during the next sampling date 
completely dropped below inlake Lake 
Madison levels. This sampling 
somewhat coincides with the low 
concentrations of dissolved oxygen. 

The remaining sites all followed a very 
similar pattern as is indicated on Figure 
36. Phosphorus concentrations drop 
during the winter and early spring and 

Lake Madison Total Phosphorus Concentrations 

0.5 +---t\-----;;;=--...... ~-----I\-D----I 

0.1 +---------"'lEr-~----j 
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Figure 36. Lake Madison Total Phosphorus 
Concentrations. 

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 " i 
mgIL) than the surface samples (0.171 mgIL). The average concentration of Site LM1A 
was significantly less than any of the other inlake sites (mean 0.093 mgIL). 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 LM 1 A had 
a relatively strong relationship (R2=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 (R2=0.001,df=9). 

The dissolved phosphorus concentrations from the inlake sites, excluding Site LM1A,) 
ranged from a minimum of 0.01 mgIL collected from various sites to a maximum of I 
0.365 mgIL 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 
dissolved phosphorus from all surface 
and bottom samples (0.170 mgIL) 
available to algae is almost 9 times the 
amount necessary to stimulate algal 
growth. 

Limiting Nutrient 

If an organism (algae) is to survive in a 
given environment, it must have the 
necessary" nutrients and environment to 
maintain itself and be able to reproduce. 

T .... ~ .. T ............ na_ LoIro_ 
~---------------------~ 

z~ __________________ ~~ 

.~--------------------~ 

.".. , .... , -
Figure 37 

If an essential material approaches a critical minimum, this material will be the limiting 
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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 of7:1 (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 (1.990) 
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 
ratio less than 7 is nitrogen limited as 
well. The calculated mean inorganic 
ratio was 4.5 (median 3.1). These ratios 
indicate that Lake Madison is a nitrogen 
limited lake (Figure 37 and 38). 
However, blue green algae can assimilate 
usable nitrogen from the organic fraction 
of nitrogen (Wetzel, 1983). To see if the 
blue green algae were still limited by 
nitrogen, assuming they were using their 
own nitrogen, total nitrogen (organic and 
inorganic) was divided by dissolved 
phosphorus. Using the ratio limitation 
for the inorganic parameters, (7: 1), the 
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 
nutrient. Although thi~ indicates that 
algal growth in Lake Madison is limited 
by dissolved phosphorus, there are other 
environmental parameters which could be 
affecting the growth rates of blue green 
algal blooms such as photoperiod, 
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 oflakes 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. Oyer 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. 
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Long Term Trends (Lake Madison) 

Long-tenn 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 
biomass. Chlorophyll a samples were 
collected each time a surface sample was 
collected during the project. In addition, 
the statewide lake assessment in 1991 
and 1992 collected chlorophyll a and 
phosphorus samples. Due to light 
restrictions, chlorophyll a concentrations 
near the bottom of a lake are not 
representative of the nutrients in the 

Table 26. Lake Madison Chlorophyll a 
concentrations (mglm\ 

Site~ LM1 LM2 LM3 

Mean 62.1 79.5 45.3 
Median 39.5 44.6 22.1 

Minimum 0.3 0.0 0.3 
Maximum 291.1 470.7 222.4 

StDev 74.6 113.2 56.6 

LM1A 

148.8 
134.9 

12.4 
408.6 
126.7 

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 LMIA had less 
pronounced increases during this time period but exhibited a large increase later in 
September. Chlorophyll concentrations at Site LMIA were significantly larger than at 
the other three inlake sites. The mean concentration of 148.8 mg/m3 from Bourne Slough 
is significantly higher than 
the next highest mean 
collected from Site LM2 
(Table 26). Bourne Slough 
also exhibited slightly 
higher concentrations in the 
winter, primarily due to 
clear ice and the availability 
of bioavailable phosphorus 
(dissolved phosphorus). 

Typically, chlorophyll a 
increases with increasing 
phosphorus concentrations. 
However, other variables 
can play'a role in how the 
distribution of algae and 
chlorophyll a may occur. 

ChIoropbyU a Concentrations for Lake Madison 
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For instance, water turbidity may be an impairment in the lake, which results in the 
reduction oflight 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 (R2=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 (R2=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 
excluded from the analysis. 

Site LMIA exhibited a 
significant relationship between 
chlorophyll a and total 
phosphorus. However, Site 
LMIA total phosphorus and 
chlorophyll a concentrations 
were both significantly different 
from the three inlake monitoring 
sites for Lake Madison. LMIA 
was not included m the 
regression analysis. Other 
factors that may have effected 
the relationship between total 
phosphorus and chlorophyll a at 

Total Pbospborus to ChloropbyU Using AU Data 
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Figure 43 

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 intake 
phosphorus concentrations. 
The prediction of chlorophyll a 
levels through the use of intake 
phosphorus concentrations can 
best be explained by Equation 
3: 

{Equation3} LOglOY= -5.738 
+ 3.099(LoglOX) -

Log of Total Phospborus to Log of CbIoropbyU a Relationship 
She LMl, Lake Madison 
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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/m3 to 470.7 mg/m3• Application of this equation in 
predicting chlorophyll a concentrations using total phosphorus values should be kept 
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 
and bottom samples. The average 
concentrations for the surface and 
bottom samples were 9.83 and 8.91 
mgIL, respectively. In contrast to 
the dissolved oxygen data for Lake 
Madison, there were no incidences of 
anoxia documented during the study. 
In fact, Brant Lake was 
supersaturated in oxygen during the 
winter months (D.O. = 15.8 mgIL). 

BrODt Lake DiIlOlved Oxygen 
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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 mgIL dissolved 
oxygen standard. However, these exceedances were only recorded from samples 
collected on the bottom. Both observations of the exceedances (4.8 mgIL and 3.1 mgIL) 
occurred during the summer. 

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 

89 



and 9.14, respectively, on this same 
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date. The only explanation for this 
instance is that a late algae bloom 
occurred driving the pH up. The 
predominant chemical species is ( 
HC03 - and col) as a result of the 
uptake of C02 (Carbon Dioxide). 
After the algal growth occurs, the 
lake is allowed to equilibrate and pH 
shifts back down or below 9.00 to 
the 8.00 range where the 
predominant carbonate species is the 
bicarbonate ion (HC03). Brant Lake 
usually· recovers quickly in these 
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Figure 46 

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 BL5 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. 

Un-Chl-a Cor-Chl-a WT DO FpH FEC TALK TS TDS TSS AMM UN-AMM N03+2 TKN O-N T-N TP TDP 
mglm3 mglm3 C mgIL su /100 ml mgIL mgIL mglL mglL mgIL mglL mgIL mgIL mglL mglL mgIL mgIL 

BL4 Mean 43.2 43.2 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 25.3 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 2.3 1.4 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 153.4 168.3 26.0 15.80 9.14 20 234 1221 1190 31 0.46 0.0322 0.40 2.93 2.78 3.23 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 9.31 8.31 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 8.31 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 0.008 

Maximum 24.0 15.80 9.21 50 236 1105 1091 41 0.46 0.0751 0.40 2.30 2.23 2.40 0.296 0.935 

StDev 7.7 3.16 0.57 12 25 233 229 10 0.14 0.0176 0.11 0.36 0.36 0.37 0.061 0.202 
\0 - BL5 Mean 32.5 32.7 14.1 9.61 8.38 13 181 888 875 13 0.17 0.0134 0.19 1.61 1.44 1.80 0.165 0.115 

Surface Median 13.4 13.0 16.5 9.10 8.39 10 166 959 942 15 0.21 0.0049 0.10 1.60 1.34 1.79 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 218.1 223.3 27.0 15.40 9.32 70 232 1034 1027 28 0.45 0.0868 0.40 2.74 2.59 2.84 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 0.43 0.41 0.43 0.076 0.064 

BL5 Mean 13.6 8.50 8.26 10 173 893 879 14 0.19 0.0134 0.19 1.52 1.33 1.71 0.167 0.121 

Bottom Median 12.5 9.00 8.29 10 172 938 936 12 0.21 0.0047 . 0.10 1.54 1.37 1.72 0.173 0.146 

Minimum 3.0 3.10 7.04 10 0 0 0 0 0.02 0.0005 0.10 0.87 0.85 0.97 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 2.39 0.283 0.226 

StDev 8.0 2.32 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 mgIL with a median of 
947 mgIL. 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 mgIL 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 mgIL. The maximum concentrations were 41 mgIL and 
31 mgIL 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 susp'ended 
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 mgIL (median 0.19 mg/L). The surface samples 
averaged 0.16 mg/L (median 0.14 mgIL). 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 mgIL) for all 
ammonia samples was greater than 50% of the overall mean of 0.17 mgIL. The 
concentrations ranged from 0.02 mgIL to a maximum of 0.47 mgIL 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 mgIL 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 mgIL collected from 
Site BL5 on 7/26/95 and a minimum of 0.0005 mgIL 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 mgIL 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 mgIL, 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 mgIL and 1.37 mg/L, respectively. The highest concentration of organic 
nitrogen (2.78 mgIL) 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 mgIL 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 mgIL and 1.75 mgIL, respectively. 

Total Phosphorus 

As with the nutrients and solids 
parameters discussed thus far, there 
have been no significant differences 
exhibited in phosphorus between sites 
or depths (Figure 47). Inlake 
phosphorus concentrations in Brant 
Lake averaged 0.170 mgIL (median 
0.157 mgIL) in the surface samples 
and 0.174 mgIL (median 0.167 mgIL) 
in the bottom samples (Table 27). 
There was some variance between the 
samples. The samples ranged between 
a minimum of 0.052 mgIL from the 
surface of Site BL5 to a maximum 
value of 0.346 mgIL from the surface 
of the Site BL5 as well. 

Brant Lake Total Phosphorus ConmItntions 
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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 mgIL 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 (R2=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 (~=O.03,df=71). The average 
concentration of all the inlake dissolved phosphorus samples was 0.112 mgIL, 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 N2 (nitrogen) provided there is enough phosphorus available to 
sustain their growth (Wetzel, 1983). This is why when nitrogen may be the limiting 
factor it is easier to control the severity of algal blooms through phosphorus management. 

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-NlDiss 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 N2 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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Figure 51 

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-eutrophic 
range of the index. The secchi depth 
and chlorophyll a are in the far end of 
the eutrophic range of the index (Table 
28 and Figure 51). 

Chlorophyll a 

Statistical analysis was used to 
determine if there was a significant 

Table 28. Average Trophic State Index Levels 
for Brant Lake 
Parameter Secchi Chlorophyll Total 

Depth a Phosphorus 
Mean 61.85 58.96 76.76 

Median 61.29 60.94 77.63 
Standard 9.26 12.79 6.65 
Deviation 

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 BL5. 
The means were 43.2 mg/m3 

(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 minimrun of 0 
mg/m3 sampled on February 
22,· 1995 to a maximrun of 
218.1 mg/m3 sampled on 
September 26, 1995. As 
expected, chlorophyll a 

Brant Lake Summer Chlorophyll a Concentrations 
::: r·---····--·----.. ··--··------.... -·-·-··-·-····--··-·--·.----------.--.. -------.----.. --.-........... ~ .:--..... -.................... ; 
110 

'0' 
I .. 

" 90 

" so 

" 70 

~~ 
8 " '0 

1lI1319O 6/11191 

Figure 52 

I ::~ I l "Composite • 

• 

• 

1212Bf91 7fum Ifl1193 8119193 3nf94 91%319-4 4111m 10128195 5/1'/96 

D ... 

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 srunmers 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 srunmer 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· maximrun 
concentration of218.1 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 srunmer 
of 1992 (July) ranged into the 
upper eutrophic range (63.3 -
TSI). However, during the 
srunmer of 1993 the 
chlorophyll a samples stayed 
in lower eutrophic­
mesotrophic range due to the 
extensive flooding which 
may have flushed andlor 
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 Phosphol1lS to QIIorophylJ Relationship 
UsingAII Data 

~r--------------------------------, 

• 
~~------------------------------~ 

i i.O>l~1 E'~~----------------~------------~ -w-
1 
~ .. • • 
eloo~------------------------------~ 
.i 
\1 • 

• • 
100 I~ 300 3~ 400 

Total Pbospborus (mg/m3) 

Figure 53 

97 



large degree on the nutrient 
content of the lake. 

Chlorophyll a and total 
phosphorus may be 
expected to have a direct 
relationship in regard to 
increasing concentrations. 
Typically, as total 
phosphorus increases so 
does chlorophyll a. 
However, as shown in 
Figure 53, there seems to be 
little relationship between 
phosphorus and chlorophyll 
a in data from 1991 through 
1995 (R2 value of 0.12). 
The fact that the lake may 

Figure 54 
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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 R2 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 norm3:lize 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 (R2 = 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 mgIL and 0.346 mgIL) 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 R2 was 
improved to a value of 0;58 (n=12). A log transformation on this dataset 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 mgIL to 0.293 mgIL. 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 
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) (P~ 

2) [P} 

3) Tp 

4) Tw 

= Average inlake total phosphorus concentration 

= Average concentration of total phosphorus which flow into the 
lake 

= Average residence time of inlake total phosphorus 

= Average residence time of lake water 

Data collected during the project (1994 and 1995) provided enough information to 

estimate [p ~, [p}, and T w. In order to estimate the residence time of total phosphorus 
- -

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

{Equation 5} [p).t = [i. ][1>} 

{Equation6} (Tp)=~(r.) 

Values for [p ~, [p}, T w were determined in the following manner: 

(P ~ was determined by averaging all of the surface total phosphorus samples from 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 that entered the lake. The values 
for both of these numbers came from tributaries, groundwater, and the atmosphere. 

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

T w = 27 ,153acre - foet / = 158.4 days = 0.434 year 
/40,10Iacre - foet I 234days 
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The final values for [p ~ and [p} are: 

[p~ = 0.254 mg/L [p} = 0.231 mgIL 

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

\Tp = -- (0.434) = 0.478 years = 175 days (-) [0.254] 
0.231 

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 Tp 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 a 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 InputPhos InLake Phos Percent Phosphorus Chlorophyll 

Inputs Concentration Concentration I 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 
1 -, Inlake phosphorus concentratIOns must be converted from mgIL to mglm before usmg EquatIOn 1 to 
predict chlorophyll a. 
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Predicted Reduction of Chlorophyll a and Phosphorus 

Lake Madison 

90 

~ 

80 
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30 

Predicted Reduction using total Phosphorus 
load divided by the total hydrologic load to 

20 
derive an inflow concentration of 0.231 mg/l. 

Reduction Response Model Based on 

10 Total Phosphorus / ChlorophyUa 
Relationship from Inlake Site LM2 (R2 = 0.64, df.=9). 

0 

0% 10% 20% 30% 40% 50% 60% 70% 80"10 90% 100% 

Percent Reduction 

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 (Tp) was calculated using the same manner 
described previously through the use of Equation 5 and 6. 

{Equation 5} !P¥ = [i: ]11'} 

{Equation 6} (1',)= ~1(T.) 

Values for [P]A., f?}, T w were: 
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[P ~ was detennined 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. 

Tw 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/55 da 0 15 
w - /46,969acre _ feet / 234days = ys =. year 

The final values for [p ~ and [P} are: 

[p~ = 0.170mgIL [P} = 0.196 mgIL 

By placing the numbers in the proper places as discussed in Equation 3, 1;, would be: 

,Tp = -- (0.150) = 0.13 year =47 days (,-) [0.170] 
0.196 

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 Tp 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 mgIL. 
The 50% reduction would also lower the chlorophyll TSI value to the rnesotrophic 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 
1 . j Inlake phosphorus concentratIOns must be converted from mg/L to mg/m before usmg EquatIon 1 to 
predict chlorophyll a. 

Predicted Reduction of Chlorophyll a and Phosphorus 

for Brant Lake 
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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)(Pj)(Rv){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(1) 
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 Toolsfor 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 mgIL 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 
0.8421Ibs/yr/acre and dissolved phosphorus was calculated as 0.4373 lbs/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 lbs = (0.8421 
Ibs/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 equa125,186.5Ibs. 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 lbs. 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 approxiniately 1.5 lbs of P20S 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 lbs of P20S 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 efiluent depending on the 
design of the specific onsite system. Phosphorus removal from the efiluent 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) efiluent on the 
nutrient load to a lake can be relatively important. Septic system efiluent 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 
efiluent 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 mgIL 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). 

W1 out etergent 
detergent only 
detergent only 
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Phosphorus Export for Permanent Residence: 

[(0 5 kg - P 4 capita) (1 1 kg - P 4 capita 0 50 P d )] 4 2 kg - P . x + . x x . etergent =. 
capita - yr residence capita - yr residence residence - yr 

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

[( kg -P 4 capita J ( kg -P 4 capita ,] kg -P 0.5 x + 1.1 x xO.50Pdetergent xO.50ccupancy=2.1----=:.--
capita- yr residence capita- 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: 

kg-P 
4.2. x 63residence=264.6kg-P(583.41bs-P) 

resIdence 
kg-P 

2.1. x200residence=420.0kg-P(926.llbs-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 Ihs) to 513.5-kg P (1,132.3 Ihs) 
could potentially be delivered to Brant Lake over a I-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. 
Sawhneyand 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 modem 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. 

Defmitions: 

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

Number of Fish> quality length 
PSD= x 100 

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

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 ofa 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 of561,800 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 Ill. 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 fmgerlings 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. 

4. 

5. 

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

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

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 fishennan 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/acre 25 year event) is much lower than the calculated subwatershed mean value of 0.76 
tons/acre 25 year event. This difference can probably be attributed to the impact of the 
routing of sediment through the MadisonIRoundlBrant 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 MadisonlBrant watershed, 75 (6.8%) had sediment erosion yields greater than 
8.0 tons/acre 25 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. 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 MadisonlBrant watershed to the outlet of Brant 
Lake is .0011 tons/acre 25 year event for total nitrogen and .0003 tons/acre 25 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 MadisonIRoundlBrant lakes. 
However, the average subwatershed nutrient deliverability rate within the MadisonlBrant 
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.lacre 
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 
MadisonlBrant 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 lbs. to 26,952 lbs. (27.7% reduction) and the total nitrogen load into 
Madison Lake was reduced from 115,884 lbs. to 77,089 lbs. (33.5% reduction). When 
this scenario was applied to Brant Lake, the total phosphorous load into Brant Lake was 
reduced from 34,812Ibs. to 21,328 lbs. (38.7% reduction) and the total nitrogen load into 
Brant Lake was reduced from 118,900 lbs. to 73,115Ibs. (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 MadisonlBrant 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 MadisonlBrant 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 suo In addition, at 
Site LMT2 there was one sample which exceeded the dissolved oxygen standard of 4.0 
mgIL and one sample that exceeded the unionized ammonia standard of 0.05 mgIL. The 
remaining three tributary exceedances surpassed the standard of 2,000 fecal coliform per 
100 ml for anyone 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 paraineters 
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 suo 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 BL5). 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 100mi 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 LMTI is the outlet of Lake Hennan and Site LMT2 is located approximately 2 miles 
downstream in Silver Creek (Figure 58). There were significantly larger nutrient and 
fecal colifonn concentrations collected from Site LMT2 compared to Site LMT1. These 
higher concentrations at Site LMT2 resulted in very higher export coefficients per unit 
area (lbs/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 colifonn. These high 

Figure 58. Lake Madison and Brant Lake Watersheds and Tributary Monitoring 
Sites. 
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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 playa 
role in the higher export coefficients. 

Site LMT5 is located downstream from the city of Madison and Sites LMTI-LMT4 
(Figure58). A 7.5-ton nitrogen loss in loadings occurred between the upstream sites and 
Site LMT5. 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 LMT5 (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 LMT7 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 mgIL) was also recorded from this site. This site 
also consistently exhibited very high nitrate-nitrite concentrations indicating agricultural 
runoff probably due to fertilizers. 

Site BL T8 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 BL T9 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 BL T9 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 BL Tl 0 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 BLTII 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 MadisonlBrant 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 lbsl 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 
LMTI 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 
lbs/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. 
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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 USEP A 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 USEP A Simple Method, which was 820 lbs to 10,413 lbs of 
phosphorus. The 2,915 lbs 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 mgIL and 0.170 mgIL, 
respectively. This is considerably higher than the requirement to initiate intense blue­
green algal blooms which is 0.02 mgIL. 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 detennine 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-Tenn 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 a 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., Oscil/atoria 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, Oscil/atoria, 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 a (R2= 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 R2 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 a 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. 

Lake 
Madison 

Brant 
Lake 

Percent Reduction in nutrients if: 
AGNPS Cells 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 

Nitrogen (lbs) 115,884 15.2% 33.4% 36.3% 
Phosphorus (lbs) 37,285 15.1% 27.7% 32.5% 

Nitrogen (lbs) 118,900 20.7% 38.5% 39.6% 
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 
CENEXlLand 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 modem 
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 detennine 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 costlbenefit analysis of sediment removal can be completed. 
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EXECUTIVE SUMMARY 

The MadisonlBrant watershed is located in eastern South Dakota and includes ~e city of Madison, South 
Dakota. The size of the MadisonlBrant 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 MadisonlBrant 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 MadisonlBrant 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 siiment, 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 MadisonlBrant watershed has a very low sediment deliverability rate at the outlet of Brant 
Lake (.07 tonslacre25yearevenJ. This is equivalent to a load of3015 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 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. The mean subwatershed sediment 
deliverability rate in the MadisonIBrant watershed was estimated to be 0.74 tOns/aCr~5yearevent. 

When a detailed subwatershed analysis was performed, six of the 23 subwatersheds analyzed appe8!ed 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 MadisonIBrant watershed (at the Brant Lake outlet) has a 
total nitrogen (soluble + sediment bound) deliverability rate of .0011 tons/acr~5 year event' and a total 
phosphorus (soluble + sediment bound) deliverability rate of .0003 tons/acre25 year event. However, the 
mean subwatershed nutrient deliverability rate within the MadisonlBrant 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, six of the nineteen subwatersheds analyzed appeared to have high 
nutrient deliverability rates. Subwatershed 3(#477) high nutrient rate of .0084 tons/acr~5 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 thai 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 MadisonIBrant watershed, 75 had sediment erosion yield greater than 8.0 tons/acr~ 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 rangelarid 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.lacre and sediment phosphorus yield 
greater than 4.9 lbs.lacre. 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). It 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 th~ir 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 MadisonIBrant watershed. 

Potential contributions of sediment from gully, riparian areas, wind and nutrients from septic systems within 
the MadisonlBrant watershed were not evaluated as part of the computer Illodeling assessment phase. 
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MADISONIBRANT 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 MadisonlBrant 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 MadisonlBrant watershed is located in eastern South Dakota and includes the city of Madison, South 
Dakota (page 20). The size of the MadisonlBrant 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 MadisonlBrant 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. 

AGNPSGOALS 

The primary objectives of running AGNPS model on the MadisonlBrant 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 QF 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 ParkCreekN.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.B. Tributary to Madison Lake (LMT 7) 
7 36,120 982 Outlet of Madison Lake (BL T 8) 
8 38,760 1043 Inlet to Brant Lake (BL T 9) 
9 1800 1048 N.B. Tributary to Brant Lake (BLT 10) 

Brant Lake Outlet 10 44,000 1075 Outlet of Brant Lake (BL T 11) 
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Based upon fluid flow directions and drainage patterns, fifteen (15) secondary subwatersheds were delineated. 

SUBWATERSHED 
11 
12 
l3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

DRAlNAGEAREA 
600 

1520 
240 
280 
120 
280 

25,520 
240 
160 
880 
320 
240 
760 

38,920 
1080 

MadisonIBrant Subwatershed per acre loadings 

MEDIAN 
sros 
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.076 

.066 

OUTLET CELL # 
643 

.189 

.262 

2 

646 
674 
680 
713 
714 
738 
775 
776 
783 
817 
822 

1047 
1059 
1090 

2.26 
3.03 

2.32 
4.55 

DESCRIPTION 
Tributary to Madison Lake 
Tributary to Madison Lake 
Tributary to Madison Lake 
Tributary to Madison Lake 
Tributary to Madison Lake 
Tributary to Madison Lake 
Tributary to Madiscn Lake 
Tributary to Madison Lake 
Tributary to Madison Lake 
Tributary to Madison Lake 
Tributary to Madison Lake 
Tributary to Madison Lake 

Tributary to Brant Lake 
Tributary to Brant Lake 
Tributary to Brant Lake 

0.67 
0.88 

0.77 
1.34 
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MadisonIBrant Subwatershed total loadings 

... - 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 of2.2" (E.I. = 26.8), 3 annual rainfall events of 1.6" (E.I. = 13.4) and a series of 11 small 
rainfall events of .9" (E.I. = 3.9) for atotafR" factor of 109.9. Rainfall events of less than .9" were modeled and found to 
produce insignificant amounts of sediment and nutrient yields. 

SEDIMENT YIELD RESULTS 

The AGNPS data indicates that the MadisonIBrantwatershedhas a very low sedimentdeliverabilityrate at the 
outlet of Brant Lake (.07 tons/acre 25 yearevenJ· This is equivalent to a load of3015 tons of sediment. However, 
there are a nwnber of individual subwatersheds which have elevated sediment deliverability rates. The mean 

. subwatershed sediment deliverability rate within the MadisonIBrant watershed was estimated to be 0.76 
tons/acre 25 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 for a 25 year storm event is: 

SUBWA TERSHED EST. % TOTAL SEDIMENT LOADING 
6 (#823) 8.7% 

16 (#714) 2.2% 
20 (#783) 5.9% 
22 (#822) 2.0% 

23 (#1047) 4.2% 
25 (#1090) 4.8% 

Totals 27.8% 
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% OF WATERSHED AREA 
5.9% 
0.9% 
2.7% 
0.7% 
1.8% 
2.5% 

14.5% 

3 

# OF CRITICAL CELLS 
5 
1 
4 
o 
3 
5 

18 of75 (24%) 
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SEDIMENT ANALYSIS 

Subwatersheds6(#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 deliverabilityrate 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 leavelthe 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 25 year event appears to be very low. However, this low rate under estimates the status of . I 
erosion and sediment deliverabilityrates throughout the watershed. 

The impact of sediment erosion derived from gully erosion, riparian areas, wind and their deliverabilityto 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 

TheAGNPSdataindicatesthattheMadisonlBrantwatershed (at Brant Lake outlet) has a total nitrogen r.· 'Ii, I 

(soluble + sediment bound)deliverabilityrate of .0011 tons/acre 25 year event' and a total phosphorus (soluble + I 
sediment bound) deliverabilityrate of .0003 tons/acre 25 year event • The total amount of nutrients delivered from 
the MadisonlBrant watershed for a 25 year event is estimated to be 50.2 tons of nitrogen and 12.3 tons of f ii' 

phosphorus. However, the mean subwatershednutrient deliverabilityrate within the MadisonlBrantwatershed I 
was estimated to be .0022 tons/acre 25 year event for nitrogen 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 
lbslacre of nitrogen and more than 2 lbslacre 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 25 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 subwatersheds20(#783),23(#1047) and 18(#1030) are associated with nutrients from agricultural 
lands which are utilized as cropland and where fertilizer is applied. 
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Overall, the total nutrients delivered from the MadisonIBrant watershed is high when adjusted for its watershed 
size and deliverability system (mean of .0022 tons/acre 25 year event for nitrogen and .0008 tons/acre 25 year event for 
phosphorus). The most likely source of nutrients is probably from fertilization practices on cropland, sediment 
attached nutrients and from animal feeding operations within the watershed. 

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

Prioritv Erosion Cells Priorib: Feeding Areas Priorib: Nitrogen Cells Priorib: Phos~horus Cells 
(erosion >8.0 tons/acre) (AGNPS ranking >30) (Sed.Nit. > 9.8 lbs/acre) (Sed.Phos. > 4.9 lbs/acre) 

37 10.06tons/acre 984 (52) * 88 10.321bs/ac. * 88 5.16 lbs/ac. 
182 8.66 " 982 (50) * 113 10.79 * 113 5.39 " 

*222 15.77 " 11 (49) * 149 10.27 " * 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 19.50 * 222 9.75 
298 15.16 " 188 (42) * 233 18.99 * 233 9.49 

*322 9.57 " 1051 (39) * 264 17.19 * 264 8.59 " 
*324 10.83 " 806 (39) * 282 12.81 * 282 6.40 
*341 9.53 " 162 (39) * 310 10.35 " * 310 5.18 
*352 11.26 " 195 (39) * 322 12.72 * 322 6.36.' 
*370 13.86 " 68 (38) * 333 10.24 * 333 5.12 
*487 13.86 " 64 (37) * 337 10.27 *3375.14 
494 10.83 " 99 (37) * 341 12.72 " * 341 6.36 " 

*528 10.94 " 155 (36) * 352 14.64 * 352 7.32 
562 11.69 " 458 (35) * 369 11.31 * 369 5.65 
581 10.83 " 730 (35) * 370 17.67 * 370 8.84 
602 10.40 " 666 (34) * 378 10.35 * 378 5.18 
636 13.86 " 813 (34) * 394 10.00 " * 394 5.00 
648 9.53 " 638 (34) * 486 10.32 " * 486 5.16 
700 9.53 " 846 (31) * 487 17.49 " * 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 14.93 " * 528 7.47 
747 66.48 " * 554 10.20 *554 5.10 

*748 10.40 " * 612 10.16 " * 612 5.08 
749 32.80 " * 620 11.31 " * 620 5.65 
752 9.10 " * 628 11.31 " * 628 5.65 

*759 9.53 " 636 11.14 " 636 5.57 
767 18.90 " * 655 10.47 " *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 10.53 " * 719 5.26 " 

*826 9.53 " 747 29.50 " 747 14.75 
*830 11.26 " * 748 13.45 " * 748 6.73 
*835 15.16 " * 759 12.82 * 759 6.41 " 
*840 13.86 " * 791 10.08 * 791 5.04 " 
857 27.01 " * 809 10.07 *809 5.03 
858 15.16 " 824 9.90 " 824 4.95 

*860 9.96 " 825 9.98 825 4.99 
861.33.76 " * 826 12.81 * 826 6.40 
*862 15.16 " * 830 14.75 " *830 7.37 " 
*867 11.69 " * 835 19.42 " * 835 9.71 
874 13.86 " * 840 17.62 " *840 8.81 

*886 9.53 " * 842 10.79 " *842 5.39 
889 9.53 " 857 15.29 " 857 7.65 
892 13.86 " 858 12.77 858 6.03 

*901 9.53 " * 860 13.27 * 860 6.63 
903 8.66 * 862 19.37 " *862 9.69 
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Priority Erosion Cells Priority Nitrogen Cells Priority PhosRhorus Cells 
(erosion >8.0 tons/acre) (Sed.Nit. > 9.8 lbs/acre) (Sed.Phos. > 4.9 lbs/acre) 

*904 9.53 It * 867 15.43 * 867 7.71 
913 9.53 874 10.02 874 5.01 

*914 15.16 It * 885 9.90 * 885 4.95 " 
915 15.16 " * 886 12.81 * 886 6.40 
917 9.53 * 891 10.56 * 891 5.28 

*941 9.10 " 892 9.82 892 4.91 " 
*942 9.96 " * 900 11.31 *900 5.65 
*961 14.73 " * 901 12.85 * 901 6.43 
963 25.08 " * 904 12.81 *904 6.40 " 
964 12.99 " 913 11.93 913 5.97 
974 32.80 " * 914 19.37 * 914 9.69 
993 9.96 " * 941 12.34 * 941 6.17 " 

*100514.73 It * 942 13.11 *942 6.56 
1009 29.07 " * 961 18.83 * 961 9.42 
*1013 9.53 " *1005 18.79 * 1005 9.40 
1028 11.26 It * 1013 12.89 * 1013 6.44 
*102918.33 " * 1029 21.34 * 102910.67 
*103310.83 " *1033 14.51 * 1033 7.26 
*1034 8.66 " * 1034 11.97 * 1034 5.9~ " 
*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 ofNPS cell yield data, the following critical cell yield criteria was established: 

sediment erosion rate ~ 8.0 tons! acre 
sediment nitrogen cell yields ~ 9.8lbs!acre 
sediment phosphorus cell yields ~ 4.9 lbs!acre 

An analysis of the MadisonlBrant 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, apd 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(# 1 047) 
and 25(# 1 090). 

The model estimated that there are 74 cells which have a total sediment nitrogen yield greater than 9.8 lbs.lacre 
and a total sediment phosphorus yield greater than 4.9 lbs.lacre. This is approximately 6.7% of the cells 
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 YEAREVEND 

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 contributingsignificantlevels (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 # 1 051 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 37,285Ibs. to 26,952Ibs. (27.7% reduction) and the total 
nitrogen load into Madison Lake was reduced from 115,884Ibs. to 77,089Ibs. (33.5% reduction). When this was 
applied to Brant Lake, the total phosphorous load into Brant Lake was reduced from 34,812Ibs. to 21,328 lbs. 
(38.7% reduction) and the total nitrogen load into Brant Lake was reduced from 118,900 lbs. to 73, 1151bs. (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 

~·-~~1lie· waterslieaoeevaluafed:~~Offier posSible sourcesoInumentToadfugs nonnoaere(fffifoiighthis-srudyWerelliose--
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 MadisonlBrantwatershed 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 25 year 

evenJ. This rate is equivalentto 3015 tons of sediment. This rate (.07 tons/acre25 yearevenJ is much lower than 
the calculated subwatershed mean value of 0.76 tons/acre2S year event- This difference can probably be attributed 
to the impact of the routing of sediment through the MadisonIRoundIBrant 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 deliverabilityrates throughout the watershed. 

When a detailed subwatershed analysis was performed, six of the 23 subwatershe.ds analyzed appeared to have 
very high sediment deliverabilityrates. Subwatersheds6(#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 
MadisonIBrant watershed, 75 (6.8%) had sediment erosion yields greater than 8.0 tons/acre 25 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 MadisonIBrant watershed to the outlet of Brant Lake is .0011 tons/acre 
25 year event for total nitrogen and .0003 tons/acre 25 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 MadisonIRoundIBrant 
lakes. However, the average subwatershed nutrient deliverability rate within the MadisonlBrant watershed 
was estimated to be .0022 tons/acre 25 year event for nitrogen and .0008 tons/acre 2S 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 Ibs.lacre and 
sediment phosphorus yields greater than 4.9 lbs.lacre. 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 subwatersheds 16(#714), 19(#776),20(#783),22(#822) and 23(#1047). 
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 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 
MadisonlBrant 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 may be 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 37,2851bs. to 
26,9521bs. (27.7% reduction) and the total nitrogen load into Madison Lake was reduced from 115,884Ibs. to 
77 ,0891bs. (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 Ibs. (38.7% reduction) and the total nitrogen load into 
Brant Lake was reduced from 118,900 lbs. to 73,115 lbs. (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 MadisonlBrant 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 MadisonlBrant watershed. 

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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FEEDING AREA ANALYSIS 

Cell # 8 Cell # 11 
Nitrogen Concentration(ppm) 11.61 Nitrogen Concentration (ppm) 44.456 
Phosphorus Concentration (ppm) 6.593 Phosphorus Concentration (ppm) 9.363 
COD concentration(ppm) 313.07 COD concentration(ppm) 872.08 
Nitrogen mass (lbs) 36.938 Nitrogen mass (lbs) 209.22 
Phosphorus mass (lbs) 20.976 Phosphorus mass (lbs) 44.066 
COD mass (lbs) 996.12 COD mass (lbs) 4104.2 
Animal feedlot rating number 30 Animal feedlot rating number 49 

Cell # 19 Cell # 38 
Nitrogen Concentration (ppm) 11.167 Nitrogen Concentration (ppm) 8.266 
Phosphorus Concentration (ppm) 3.503 Phosphorus Concentration (ppm) 2.805 
COD concentration (ppm) 148.22 COD concentration (ppm) 121.32 
Nitrogen mass (lbs) 63.903 Nitrogen mass (lbs) 54.211 
Phosphorus mass (lbs) 20.047 Phosphorus mass (lbs) 18.397 
COD mass (lbs) 848.24 COD mass (lbs) 795.69 
Animal feedlot rating number 24 Animal feedlot rating number 26 

Cell # 64 Cell # 65 
Nitrogen Concentration (ppm) 11.924 Nitrogen Concentration (ppm) 17.03 
Phosphorus Concentration (ppm) 4.347 Phosphorus Concentration (ppm) 5.26 
COD concentration (ppm) 192.95 COD concentration (ppm) 361.95 
Nitrogen mass (lbs) 101.26 Nitrogen mass (lbs) 53.866 
Phosphorus mass (lbs) 36.919 Phosphorus mass (lbs) 16.637 
COD mass (lbs) 1638.5 COD mass (lbs) 1144.9 
Animal feedlot rating number 37 Animal feedlot rating number 31 

Cell # 68 Cell # 89 
Nitrogen Concentration (ppm) 62.4 Nitrogen Concentration (ppm) 30.36 
Phosphorus Concentration (ppm) 8.16 Phosphorus Concentration (ppm) 11.623 
COD concentration (ppm) 1296 COD concentration(ppm) 528.45 
Nitrogen mass (lbs) 100.65 Nitrogen mass (lbs) 168.21 
Phosphorus mass (lbs) 13.162 Phosphorus mass (lbs) 64.402 
COD mass (lbs) 2090.5 COD mass (lbs) 2928 
Animal feedlot rating number 38 Animal feedlot rating number 45 

Cell # 99 Cell # 155 
Nitrogen Concentration (ppm) 29.378 Nitrogen Concentration (ppm) 21.753 
Phosphorus Concentration (ppm) 10.961 Phosphorus Concentration (ppm) 4.813 
COD concentration (ppm) 485.4 COD concentration(ppm) 420.56 
Nitrogen mass (lbs) 109.94 Nitrogen mass (lbs) 85.42 
Phosphorus mass (lbs) 41.02 Phosphorus mass (lbs) 18.899 
COD mass (lbs) 1816.6 COD mass (lbs) 1651.4 
Animal feedlot rating number 37 Animal feedlot rating number 36 

Cell # 161 Cell # 162 
Nitrogen Concentration (ppm) 6.226 Nitrogen Concentration (ppm) 18.988 
Phosphorus Concentration (ppm ) 2.146 Phosphorus Concentration (ppm) 6.027 
COD concentration(ppm) 94.862 COD concentration(ppm) 258.65 
Nitrogen mass (lbs) 43.199 Nitrogen mass (lbs) 152.56 
Phosphorus mass (lbs) 14.888 Phosphorus mass (lbs) 48.423 
COD mass (lbs) 658.16 COD mass (lbs) 2078.2 
Animal feedlot rating number 23 Animal feedlot rating number 39 
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Cell # 188 Cell # 195 
Nitrogen Concentration (ppm) 100 Nitrogen Concentration(ppm) 44.719 
Phosphorus Concentration (ppm) 28.333 Phosphorus Concentration (ppm) 16.359 
COD concentration (ppm) 1500 COD concentration (ppm) 733.02 
Nitrogen mass (lbs) 181.22 Nitrogen mass (lbs) 128.63 
Phosphorus mass (lbs) 51.346 Phosphorus mass (lbs) 47.056 
COD mass (lbs) 2718.3 COD mass (lbs) 2108.5 
Animal feedlot rating number 42 Animal feedlot rating number 39 

Cell # 218 Cell # 240 
Nitrogen Concentration (ppm) 11.772 Nitrogen Concentration (ppm) 8.831 
Phosphorus Concentration (ppm) 2.201 Phosphorus Concentration (ppm) 1.97 
COD concentration (ppm) 225.28 COD concentration(ppm) 222.96 
Nitrogen mass (lbs) 10.781 Nitrogen mass (lbs) 12.392 
Phosphorus mass (lbs) 2.015 Phosphorus mass (lbs) 2.764 
COD mass (lbs) 206.31 COD mass (lbs) 312.86 
Animal feedlot rating number 7 Animal feedlot rating number 13 

Cell # 241 Cell # 247 
Nitrogen Concentration (ppm) 19.184 Nitrogen Concentration (ppm) 14.462 
Phosphorus Concentration (ppm) 5.379 Phosphorus Concentration (ppm) 6.114 
COD concentration (ppm) 481.36 COD concentration (ppm) 277.28 
Nitrogen mass (lbs) 26.315 Nitrogen mass (lbs) 28.13 
Phosphorus mass (lbs) 7.378 Phosphorus mass (lbs) 11.892 
COD mass (lbs) 660.3 COD mass (lbs) 539.35 
Animal feedlot rating number 23 Animal feedlot rating number 20 

Cell # 273 Cell # 287 
Nitrogen Concentration(ppm) 12.127 Nitrogen Concentration (ppm) 34.596 
Phosphorus Concentration (ppm) 6.225 Phosphorus Concentration (ppm) 13.767 
COD concentration (ppm) 291.04 COD concentration (ppm) 630.65 
Nitrogen mass (lbs) 32.92 Nitrogen mass (lbs) 34.918 
Phosphorus mass (lbs) 16.898 Phosphorus mass (lbs) 13.896 
COD mass (lbs) 790.07 COD mass (lbs) 636.53 
Animal feedlot rating number 26 Animal feedlot rating number 22 

332 
Cell # Cell # 458 
Nitrogen Concentration (ppm) 10.436 Nitrogen Concentration (ppm) 2.607 
Phosphorus Concentration (ppm) 1.826 Phosphorus Concentration (ppm) 5.055 
COD concentration (ppm) 64.088 COD concentration (ppm) 263.47 
Nitrogen mass (lbs) 122.69 Nitrogen mass (lbs) 14.543 
Phosphorus mass (lbs) 21.471 Phosphorus mass (lbs) 28.2 
COD mass (lbs) 753.45 COD mass (lbs) 1469.9 
Animal feedlot rating number 4 Animal feedlot rating number 35 

Cell # 474 Cell # 573 
Nitrogen Concentration (ppm) 3.873 Nitrogen Concentration (ppm) 19.174 
Phosphorus Concentration (ppm) 4.632 Phosphorus Concentration (ppm) 7.248 
COD concentration(ppm) 239.84 COD concentration (ppm) 322.77 
Nitrogen mass (lbs) 56.077 Nitrogen mass (lbs) 54.286 
Phosphorus mass (lbs) 67.074 Phosphorus mass (lbs) 20.522 
COD mass (lbs) 3472.7 COD mass (lbs) 913.86 
Animal feedlot rating number 49 Animal feedlot rating number 27 
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Cell # 592 Cell # 615 
Nitrogen Concentration (ppm) 31.121 Nitrogen Concentration (ppm) 17.071 
Phosphorus Concentration (ppm) 13.968 Phosphorus Concentration (ppm) 7.175 
COD concentration(ppm) 647.13 COD concentration(ppm) 327.98 
Nitrogen mass (lbs) 387.15 Nitrogen mass (lbs) 47.3 
Phosphorus mass (lbs) 173.77 Phosphorus mass (lbs) 19.88 
COD mass (lbs) 8050.4 COD mass (lbs) 908.76 
Animal feedlot rating number 61 Animal feedlot rating number 28 

Cell # 638 Cell # 666 
Nitrogen Concentration (ppm) 18.355 Nitrogen Concentration (ppm) 15.585 
Phosphorus Concentration (ppm) 7.482 Phosphorus Concentration (ppm) 5.772 
COD concentration(ppm) 340.81 COD concentration(ppm) 257.27 
Nitrogen mass (lbs) 72.503 Nitrogen mass (lbs) 84.415 
Phosphorus mass (lbs) 29.553 Phosphorus mass (lbs) 31.266 
COD mass (lbs) 1346.2 COD mass (lbs) 1393.5 
Animal feedlot rating number 34 Animal feedlot rating number 34 

Cell # 672 Cell # 730 
Nitrogen Concentration (ppm) 10.527 Nitrogen Concentration (ppm) 42.637 
Phosphorus Concentration (ppm) 2.053 Phosphorus Concentration (ppm) 16.009 
COD concentration (ppm) 212.29 COD concentration (ppm) 727.27 
Nitrogen mass (lbs) 26.139 Nitrogen mass (lbs) 89.051 
Phosphorus mass (lbs) 5.098 Phosphorus mass (lbs) 33.436 
COD mass (lbs) 527.13 COD mass (lbs) 1519 
Animal feedlot rating number 20 Animal feedlot rating number 35 

Cell # 806 Cell # 813 
Nitrogen Concentration (ppm) 58.212 Nitrogen Concentration (ppm) 88.068 
Phosphorus Concentration (ppm) 24.655 Phosphorus Concentration (ppm) 35.065 
COD concentration (ppm) 1137.8 COD concentration (ppm) 1609.2 
Nitrogen mass (lbs) 107.81 Nitrogen mass (lbs) 88.321 
Phosphorus mass (lbs) 45.663 Phosphorus mass (lbs) 35.166 
COD mass (lbs) 2107.3 COD mass (lbs) 1613.9 
Animal feedlot rating number 39 Animal feedlot rating number 34 

Cell # 836 Cell # - 846 
Nitrogen Concentration (ppm) 21.599 Nitrogen Concentration (ppm) 41.198 
Phosphorus Concentration (ppm) 9.375 Phosphorus Concentration (ppm) 18.33 
COD concentration(ppm) 434.41 COD concentration (ppm) 849.06 
Nitrogen mass (lbs) 126.27 Nitrogen mass (lbs) 60.398 
Phosphorus mass (lbs) 54.811 Phosphorus mass (lbs) 26.872 
COD mass (lbs) 2539.7 COD mass (lbs) 1244.7 
Animal feedlot rating number 43 Animal feedlot rating number 31 

Cell # 949 Cell # 982 
Nitrogen Concentration (ppm) 12.557 Nitrogen Concentration (ppm) 30.764 
Phosphorus Concentration (ppm) 4.861 Phosphorus Concentration (ppm) 14.187 
COD concentration(ppm) 217.4 COD concentration(ppm) 662.59 
Nitrogen mass (lbs) 20.88 Nitrogen mass (lbs) 184.54 
Phosphorus mass (lbs) 8.083 Phosphorus mass (lbs) 85.098 
COD mass (lbs) 361.48 COD mass (lbs) 3974.5 
Animal feedlot rating number 15 Animal feedlot rating number 50 
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Cell # 983 Cell # 984 
Nitrogen Concentration (ppm) 17.474 Nitrogen Concentration (ppm) 13.574 
Phosphorus Concentration (ppm) 7.385 Phosphorus Concentration (ppm) 5.885 
COD concentration(ppm) 412.53 COD concentration (ppm) 272.13 
Nitrogen mass (lbs) 252.73 Nitrogen mass (lbs) 201.41 
Phosphorus mass (lbs) 106.81 Phosphorus mass (lbs) 87.323 
COD mass (lbs) 5966.5 COD mass (lbs) 4037.7 
Animal feedlot rating number 0 Animal feedlot rating number 52 

Cell # 1045 Cell # 1051 
Nitrogen Concentration (ppm) 33.309 Nitrogen Concentration (ppm) 17.064 
Phosphorus Concentration (ppm) 13.033 Phosphorus Concentration (ppm) 8.459 
COD concentration(ppm) 595.85 COD concentration (ppm) 396.07 
Nitrogen mass (lbs) 49.274 Nitrogen mass (lbs) 80.984 
Phosphorus mass (lbs) 19.28 Phosphorus mass (lbs) 40.l44 
COD mass (lbs) 881.43 COD mass (lbs) 1879.7 
Animal feedlot rating number 27 Animal feedlot rating number 39 

Cell # 1070 
Nitrogen Concentration (ppm) 6.596 
Phosphorus Concentration (ppm) 3.557 
COD concentration(ppm) 164.19 
Nitrogen mass (lbs) 14.247 
Phosphorus mass (lbs) 7.682 
COD mass (lbs) 354.63 
Animal feedlot rating number 14 
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RAINFALL SPECS FOR THE MADISONIBRANTWATERSHED STUDY 

EVENT RAINFALL ENERGY INTENSITY 

Monthly .9 3.9 

Semi-annual 1.6 13.4 

1 year 2.2 26.8 

5 year 3.4 69.1 

10 year 3.9 93.3 

25 year 4.6 133.5 

50 year 5.2 174.4 

100 year 5.7 213.0 

NRCS Rractorfor the MadisonIBrant watershed = 110 

Annual Loadings Calculations 

monthly events = 11 events x 3.9 = 42.9 

4 month event = 3 event x 13.4 = 40.2 

1 year event = 1 event x 26.8 = 26.8 

ModeledCumm. Reactor = 109.9 

POINT SOURCE LOADINGS FROM THE LAKE HERMAN WATERSHEDS 

3.93 ppm .78 ppm 1 6.6ppm 
3.78 lbs.!aere 1.23 lbs.!aere 76.84Ibs.!aere 

1 year 2907 efs 8.17 ppm 1.59 ppm 132.7 ppm 
1.63 lbs.!aere .43 lbs.!aere 20.721bs.!aere 

4-6 month 1503 efs 10.93 ppm 2.12 ppm 127.7 ppm 
1.07Ibs.!aere .27Ibs'!aere 10.21Ibs.!aere 

monthly 358 efs 14.87 ppm 2.85 ppm 101.0 ppm 
.35 lbs'!aere .09Ibs.!aere 1.88 Ibs.!aere 
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OVERVIEW OF AGNPS DATA INPUTS 

OVERVIEW 

Agricultural Nonpoint Source Pollution Model (AGNPS) is a computer simulation model developed to analyze the 
water quality of runoff from watersheds. The model predicts runoff volume and peak rate, eroded and delivered 
sediment, nitrogen, phosphorus, and chemical oxygen demand concentrations in the runoff and the sediment for a 
single storm event for all points in the watershed. Proceeding from the headwaters to the outlet, the pollutants are 
routed in a step-wise fashion so the flow at any point may be examined .. AGNPS is intended to be used as a tool to 
objectively evaluate the water quality of the runoff from agricultural watersheds and to present a means of 
objectively comparing different watersheds throughout the state. The model is intended for watersheds up to about 
320,000 acres (8000 cells @ 40 acres/cell). 

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

PRELUMrnNARYEXANUNATION 

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

1) Detailed topographic map of the watershed (USGS map 1:24,000) (figure 3). 
2) Establishthe drainage boundaries (figure 4). 
3) Divide watershed up into cells (40 acre, 1320 X 1320). Only those cells with greater than 50% of their area 

within the watershed boundary should be included (figure 5). 
4) Number the cells consecutively from one to the number of cells (begin at NW comer of watershed and precede 

west to east then north to south (figure 5). 
5) Establish the watershed drainage pattern from the cells (figure 5). 

DATA FILE 

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

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

b) Total number of cells in watershed 
c) Precipitation for a _. year, 24 hour rainfall 
d) Energy intensity value for storm event previously selected 
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Data input for each cell 
1) Cell number (figure 6) 
2) Receiving cell number (figure 6) 
3) SCS number: runoff curve number (tables 2-4), (use antecedent moisture condition II) 
4) Land slope (topographic maps) (figure 7), average slope if irregular, water or marsh = 0 
5) Slope shape factor (figure 8), water or marsh = 1 (uniform) 
6) Field slope length (figure 9), water or marsh = 0, for S.D. assume slope length area 1 
7) Channel slope (average), topo maps, if no definable channel, channel slope = 1/2 land slope, 

water or marsh = 0 
8) Channel sideslope, the average sideslope (%), assume 10% if unknown, water or marsh=O 9) 
9) Manning roughness coefficientfor the channel (table 5), If no channel exists within the cell, select a 

roughness coefficient appropriate for the predominant surface condition within the cell 
10) Soil erodibility factor (attachment 2) ,water or marsh = 0 
11) Cropping factor (table 6), assume conditions at storm or worst case condition (fallow or seedbed 

periods), water or marsh = .00, urban or residential = .01 
12) Practice factor (table 7), worst case = 1.0, water or marsh = 0 ,urban or residential = 1.0 
13) Surface condition constant (table 8), a value based on land use at the time of the storm to make 

adjustments for the time it takes overland runoff to channelize. 
14) Aspect (figure 10), a single digit indicating the principal direction of drainage from the cell (if no 

drainage = 0) 
15) Soil texture, major soil texture and number to indicate each are: 

Texture 

Water 
Sand 
Silt 

Clay 
Peat 

Input 
Parameter 

o 
1 
2 
3 
4 

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

Assume FertilizationOb.lacre) 

No fertilization 
Low Fertilization 
Average Fertilization 
High Fertilization 

avg. manure - low fertilization 
high manure - avg.fertilization 
water or marsh = 0 

N £ 

o 
50 
100 
200 

o 
20 
40 
80 

urban or residential = 0 (for average practices) 

o 
1 
2 
3 

17) Availability factor, (table 9) the percent of fertilizer left in the top half inch of soil at the time of the 
storm. Worst case 100%, water or marsh = 0, urban or residential = 100%. 

18) Point source indicator: indicator of feedlot within the cell (0 = no feedlot, 1 = feedlot) 
(attachment 3). 

C:\AGNPS\MADISONM.RPT 16 6/15/98, 3:23 PM 

\ I 

.\ 
\ 

r 
\ 



19) Gully source level: tons of gully erosion occurring in the cell or input from a sub-watershed 
(attachment 4). 

20) Chemical oxygen demand (COD) demand, (table 10) a value of COD for the land use in the cell. 
21) Impoundmentfactor: number of impoundment's in the cell (max. 13) (attachment 5) 

a) Area of drainage into the impoundment 
b) Outlet pipe (inches) 

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

DATA OUTPUT AT THE OUTLET OF EACH CELL 

Hydrology 
Runoffvolume 
Peak runoff rate 
Fraction of runoff generated within the cell 

Sediment Output 
Sediment yield 
Sediment concentration 
Sediment particle size distribution 
Upland erosion 
Amount of deposition 
Sediment generated within the cell 
Enrichment ratios by particle size 
Delivery ratios by particle size 

Chemical Output 
Nitrogen 

Sediment associated mass 
Concentration of soluble material 
Mass of soluble material 

Phosphorus 
Sediment associated mass 
Concentration of soluble material 
Mass of soluble material 

Chemical Oxygen Demand 
Concentration 
Mass 

P ARAMETERSENSITIVITY ANALYSIS 
The most sensitive parameters affecting sediment and chemical yields are: 
Land slope (LS) 
Soil.erodibility (K) 
Cover-management factor (C) 
Curve number (CN) 
Practice factor (P) 
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SOUTH DAKOTA STATEWIDE FISBERIES SURVEY 

2102-F21-R-29 

Name: Brant Lake County(ies): Lake 
Legal Description: Sections3, 4, 9, 10, Range 51W, Township 10SN 
Location from nearest town: .~ miles north of Chester, SD 

Dates of present survey: August 1-2, 1996 
Date last surveyed: July 24-26, 1995 
Most recent lake management plan: F21-R-28 Date: 1995 
Management classification: Warmwater Permanent 
Contour mapped: 1964 

Primary Game aud Forage Spl'cies SetOnd.lry and Other Species 
1. Walleye 1. Northern Pike 
2. Smallmouth Bass 2. Largemouth Bass 
3. Black Crappie 3. Bluegill 
4. Yellow Perch 4. Channel Catfish 
5. Black Bullhead 5. Bigmouth Buffalo 
6. 6. Carp 
7. 7. White Sucker 
8. 8. Spottail Shiner 

PHYSICAL CHARACTERISTICS 

Surface Area: 987 acres Watershed: 7,658 acres 
Maximum depth: 14 feet Mean depth: 11 feet 
Lake elevation at time of survey (from known benchmark): Full 

1. Describe ownership of lake and adjacent lakeshore property: 

Brant Lake is listed as a meandered lake and the fishery is managed by the South 
Dakota Department of Game, Fish and Parks. 

2. Describe watershed condition and percentages ofland use: 

The watershed consists of 93 percent cropland and 7 percent pastureland. 

3. Describe.aquatic vegetative condition: 

Very little vegetation was present during the survey. 
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4. Describe pollution problems: 

No problems were identified d~g the survey. 

S. Describe condition ofall structures, i.e. spillway, level regulators, boatramps, etc.: 

All structures were in good condition. 

CHEMICAL DATA 

1. Descn"be general water quality characteristics: 

Water quality was fairly good during the survey with a Secchidisk measurement of 1~ 
inches and only a small amount of algae present. 

BIOLOGICAL DATA 

Methods: 

1. Describe fish collection methods and show sampling locations by gear type 
(electrofishing, gill netting, frame nets, etc.) on the lake map. 

Brant Lake was sampled on August 1-2, 1996 with four, 3/4 inch, overnight frame net 
sets and four, 150 foot, overnight gill net sets. On August 28, 1996, seven quarter-arc 
pulls with a 6xl 00 foot, 114 inch bag seine were made. Netting results are listed in 
Tables 1-3, length frequencies in Figure 1 and sampling locations in Figure 2. 

Results and Discussion: 

Table 1. Total catch offour, 24 hour, 150 foot experimental gill net sets at Brant Lake, 
. Lake County, August 1-2, 1996. 

Species Number Percent CPUE 80% 3 Year PSD Mean 
C.L CPUE Wr 

AVI. 
WaUeye 107 43.7 26.8 +12.3 17.8 42 83 
YeUowPerch 66 26.9 16.5 +10.9 10.8 62 111 
White Sucker 40 16.3 10.0 +6.7 10.7 - -
Black BuUhead 11 4.5 2.8 +2.1 1.9 - -
Northern Pike 7 2.9 1.8 +0.8 1.1 - -
SmaUmouth Bass 6 2.4 1.5 +1.4 0.6 - -
Carp 3 1.2 0.8 +0.8 0.8 - -
Spottail Shiner 2 0.8 0.5 +0.8 0.8 - -
Bigmouth Buffalo 2 0.8 0.5 +0.5 0.2 - -
Shorthead Redhorse 1 0.4 0.3 +0.4 0.1 - -
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Table 2. Total catch offour, 24 hour, 3/4 inch mesh frame net sets at Brant Lake, Lake 
,County, August 1-2, 1996. 

Species Number Percent CPUE 80% 3 Year PSD 
C.L CPUE 

AVE. 

Smallmouth Bass 75 32.2 18.7 +14.0 7.4 7 
Black Bullhead 42 18.0 10.5 +12.6 4.3 -
Carp 29 12.4 7.2 +11.3 7.7 -
Yellow Perch 25 10.7 6.2 +3.4 2.5 -
Walleye 23 9.9 5.7 +5.2 3.5 -
White Sucker 16 6.9 4.0 +3.3 2.7 -
Northern Pike 9 3.9 2.2 +2.7 1.6 -
Black Crappie 6 2.6 1.5 +1.6 2.0 -
Bigmouth Buffalo 5 2.1 1.2 +0.8 2.0 -
Bluegill 1 0.4 0.2 +0.4 0.2 -
Channel Catfish 1 0.4 0.2 +0.4 0.1 -
Shorthead Redhorse 1 0.4 0.2 +0.4 0.1 -
Table 3. Total catch of seven quarter-arc seine pulls at Brant Lake, Lake County, 

August 28, 1996. 

Mean 
Wr 

99 
-
-
-
-
-
- , 

-
-
-
-
-

Species Number Percent ,CPUE 80% C.L 3 Year CPUE Avg. 
Johnny Darter 10 50.0 1.2 +0.7 0.7 
Fathead Minnow 4 20.0 0.5 +0.5 10.8 
S~ottail Shiner 3 15.0 0.4 +0.5 0.3 
Smallmouth Bass 1 5.0 0.1 +0.2 2.9 
Yellow Perch 1 5.0 0.1 +0.2 0.3 
Walleye 1 5.0 0.1 +0.2 0.3 

2. Brief narrative describing status of fish sampled, make references to' the tables. 
See Appendix A for explanations ofPSD, Wr and their normal values. 

Walleye gill net catch-per-unit-effort (CPUE) was 12.5 in 1994, increased to 14.2 in 
1995 and increased again to 26.8 in 1996 (Table 1). Proportional stock density (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 centimeters (em.) or 14 inches (in.) until 
Age 4 or 5 which is slower than average for South Dakota (Table 4). The length 
frequency histogram in Figure 1 illustrates an excellent size distribution of walleyes in 
the lake. 



SmaIlmouth bass frame net CPUE decreased from 2.3 in 1994 to 1.2 in 1995 then 
jumped to 18.7 in 1996 (Table 2). 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 (Table 5). The length frequency histogram shows that most 
smallmouth sampled were between 14-23 em. (5.5-9.1 in.) long. Shoreline seining only 
sampled one young-of-the-year (YOY) smallmouth (Table 3). 

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 14-27 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 and 7,026 adults in 1996 (Table 6) 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 shiners, carp, shorthead redhorse, bigmouth buffalo, bluegill, black 
crappie, channel catfish, Johnny darter and fathead minnows. Data concerning these 
species can be found in Tables 1-3. 

Table 4. Average back-calculated lengths, in mms., for each age class of walleye in Brant 
Lake, Lake County, 1996. 

Back-calculation A!e 
Year Class Ase N 1 2 3 4 5 
1995 1 0 0.00 
1994 2 13 162.77 204.53 
1993 3 16 156.21 227.60 282.53 
1992 4 17. 138.76 225.54 282.20 339.37 
1991 5 10 142.27 249.29 312.22 357.84 394.28 
All Classes 149.95 225.49 289.31 346.21 394.28 
SD Averase 163 289 389 450 508 

Table 5. Average back-calculated lengths, in mms., for each age class of small mouth bass 
in Brant Lake, Lake County, 1996. 

Back-calculation Age 
Year Class Age N 1 2 3 4 5 
1995 1 11 99.71 
1994 2 30 123.23 168.72 
1993 3 7 96.14 180.14 232.33 
1992 4 4 107.22 184.70 236.27 273.23 
1991 5 2 101.15 . 175.02 256.76 321.05 350.95 
All Classes 112.92 ·172.36 237.30 289.17 350.95 
SDAve!!Se 105 196 259 297 
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RECOMMENDATIONS 

1. Stock 1,974,000 walleye fry marked with oxytetracycline in 1997 as part ofa 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. 

s. 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 fishennan for removal. 

00l~8 



Table 6. Stocking record for Brant Lake, Lake County, 1986-1996. 

Year Number Species Size 

1986 50,000 Walleye Fingerling 
25,000 Walleye Fry 

1987 14,029 Smallmouth Bass Fingerling i 
25,000 Walleye Fry 

1988 30,845 Walleye Lrg. Fingerling 
50,000 Channel Catfish Fingerling 

1989 2,000,000 Walleye Fry 
100,000 Walleye Sml. Fingerling 
37,145 Walleye Lrg. Fingerling 

1990 25,000 Channel Catfish Fingerling 
24,984 Walleye Lrg. Fingerling 

1991 2,000,000 Walleye Fry 
100,000 Walleye Sml. Fingerling 

10,000 Largemouth Bass Med. Fingerling 

1992 60,000 Fathead Minnow Adult 
60,000 Smallmouth Bass Fry 

100,000 Walleye Sml. Fingerling 
50,500 Yellow Perch Fingerling 

1993 66,300 Black Crappie Fingerling 
157 Black Crappie Adult 

2,000,000 Walleye Fry 
100,000 Walleye Sml. Fingerling 

448 Walleye Lrg. Fingerling 

1995 50,000 Channel Catfish Fingerling 
56,200 Fathead Minnow Adult 

5,763 Yellow Perch Adult 

1996 11,662 Bluegill Juvenile 
1,980,000 Walleye Fry 

45,600 Yellow Perch Fingerling 
7,026 Yellow Perch Adult 
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Figure 1. . Length frequency graphs of selected species from Brant Lake, Lake County, 
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Appendix A. A brief explanation ofPSD and Wr. 

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

PSD = Number ofFish> quality length x 100 
Number of Fish> stock length 

PSD is unitless and usually calculated to the mearest whole digit. 

Size categories for selected species used in Region 3 lake surveys, in centimeters. 

Species Stock Quality Preferred Memorable Trophy 
Walleye 25 38 51 63 76 
Sau2er 20 30 38 51 63 
Northern Pike 35 53 71 86 112 
Yellow Perch 13 20 25 30 38 
Lar2emouth Bass 20 30 38 51 63 
Smallmouth Bass 18 28 35 43 51 
White Crappie 13 20 25 30 38 
Black Crappie 13 20 25 30 38 
Blue21l1 8 15 20 25 30 
Channel Catfish 28 41 61 71 91 
Black Bullhead 15 23 30 38 46 
Carp 28 41 53 66 84 

PSD vallues in the 40-70 range indicate the population is balanced. Values less than 40 
indicate a population dominated by small fish and values greater than 70 indicate a 
population comprised mainly oflarge fish. 

Relative weight (Wr) is a condition indice that quantifies fish condition (ie. 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 feedingrelationships. When mean Wr values are 
well above 100 for a size group, fish may not be making the best use of available prey. 
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SOUTH DAKOTA STATEWIDE FISHERIES SURVEY 

2102-F21-R-29 

Name: Lake Herman County(ies): Lake 
Legal Description: Sec. 10-11,14-15,22, R53, TI06 
Location from nearest town: 2 miles west of Madison, SD. 

Dates of present survey: July 22-24, 1996 
Date last surveyed: July 18-20, 1995 
Most recent lake management plan: F21-R-28 Date: 1995 
Management classification: Warmwater Marginal 
Contour mapped: 1967 

Plimary Gnme and Forage SlleC'ies Serondary and Other Species 
1. Walleye 1. Northern Pike 
2. Black Crappie 2. Carp 
3. Yellow Perch 3. Bluegill 
4. Black Bullhead 4. White Sucker 

PHYSICAL CHARACTERISTICS 

Surface Area: 1,350 Acres Watershed: 36,275 acres 
Maximum depth: 15 feet Mean depth: 5.5 feet 
Lake elevation at time of survey (from known benchmark): Full 

1. Describe ownership of lake and adjacent lakeshore property: 

Lake Herman is listed as a meandered lake and the fishery is managed by the South 
Dakota Department of Game, Fish and Parks. 

2. Describe watershed condition and percentages ofland use: 

The watershed contains 75 percent cropland and 25 percent pastureland. 

3. Describe aquatic vegetative condition: 

Very little submerged vegetation was present in the lake. Some emergent cattail can 
be found in the bay in the northwest corner. 

4. Describe pollution problems: 

No specific problems were identified. 
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5. Describe condition ofaIl structures, i.e. spillway, level regulators,-boatramps, etc.: 

The public boat ramp in Lake Herman State Park and the ramp located on the Fishing 
Access Area on the west side of the lake were in good condition. 

CHEMICAL DATA 

1; Describe general water quality characteristics: 

The Secchi disk measurement was only 6 inches due to high turbidity and a fairly 
significant algae bloom. 

BIOLOGICAL DATA 

Methods: 

1. Describe fish collection methods and show sampling locations by gear type 
(electrofishing, gill netting, frame nets, etc.) on the lake map. 

Lake Hennan was sampled on July 22-24, 1996, with ten, 3/4 inch, overnight frame 
net sets and four, 150 foot, overnight gill net sets. On August 28, 1996, eight 
quarter-arc pulls with a 6xl00 foot, 114 inch mesh bag seine were made. Netting 
results are listed in Tables 1-3, length frequencies in Figure 1 and sampling locations in 
Figure 2. 

Results and Discussion: 

Table 1. Total catch offoUr, 24 hour, 150 foot experimental gill net sets from 
Lake Hennan, Lake County, July 22-24, 1996. 

Species Number Percent CPUE 80% 3 Year PSD 
C.L QUE 

AV2. 
Walleye 285 53.4 71.3 +16.6 38.2 28 
Black Bullhead 128 24.0 32.0 +14.2 13.4 -
Yellow Perch 42 7.9 10.5 +5.7 10.3 32 
Carp 33 6.2 8.3 +4.6 7.8 -
White Sucker 21 3.9 5.3 +1.0 6.6 -
Northern Pike 13 2.4 3.3 +0.8 1.4 6 
Bi2mouth Buffalo 9 1.7 2.3 +2.2 0.8 -
Black Crappie 3 0.6 0.8 +1.2 1.1 -

OU1.34 
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Table 2. Total catch often, 24 hour, 3/4 inch mesh frame net sets at Lake Herman, Lake 
~ounty, July 22-24, 1996. 

Species Number Percent CPUE 80% 3 Year PSD Mean 
C~ CPUE Wr 

Avg. 
Black Bullhead 2232 78.6 223.2 +73.9 114.0 - -
Black Crappie 211 7.4 21.1 +6.9 13.1 96 116 
Walleye 209 7.3 20.9 +6.8 7.6 1 89 
Yellow Perch 57 2.0 5.7 +3.0 2.7 - -
Northern Pike 54 1.9 5.4 +1.4 2.3 - 91 
Carp 28 1.0 2.8 +0.8 7.4 - -
Bbrmouth Buffalo 27 1.0 2.7 +1.9 0.9 - -
White Sucker 19 0.7 1.9 +1.0 7.0 - -
Blue2ill 4 0.1 0.4 +0.4 0.2 - -

Table 3. Total catch of eight, quarter-arc seine pulls at Lake Herman, Lake County, 
August 28, 1996. 

Species Number Percent CPUE 800/0 C.L 3 Year CPUE Ave;. 
Fathead Minnow 101 70.1 12.6 +17.7 36.0 
Yellow Perch 18 12.5 2.3 +1.4 2.6 
Black Crappie 15 10.4 1.9 +1.5 1.0 
Walleye 10 6.9 1.3 +0.5 0.6 

2. Brief narrative describing status of fish sampled, make references to the tables. 
See Appendix A for explanations ofPSD, Wr and their nonnal values. 

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 (Table 1). 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 (cm.) or 14 inches (in.) 
between Age 3 and 4 which is nearly average for South Dakota waters (Table 4). The 
length frequency histogram in Figure 1 shows a large number of walleyes 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 (Table 5). Shoreline seining 
sampled 10 young-of-the-year walleye (Table 3). 

, 

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. 
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Black crappie frame net CPUE increased from 0.5 in 1994 to 17.6 in 1995 then to 21.1 
in 19Q6 (Table 2). The length ftequency histogram shows most of the fish were 
between 21-26 em. (8.3-10.2 in.) in length. Fifteen YOY crappies w~e sampled by 
shoreline seining. 

Other species sampled during .the survey included northern pike, carp, bigmouth 
buffalo, white sucker, black bullhead, bluegill, and fathead minnow. Data concerning 
these species can be viewed in Tables 1-3 and in Figure 1. 

Table 4. Average back-calculated lengths, in mms., for each age class of walleye in Lake 
Herman, Lake County, 1996. 

Back-calculatioD Age 
Year Age N 1 2 3 4 5 6 7 
Class 
1995 1 2 209.28 
1994 2 31 143.59 222.20 
1993 3 4 161.47 247.72 279.84 
1992 4 3 179.40 266.34 328.16 371.48 
1991 5 9 197.24 287.02 345.60 387.36 419.25 
1990 6 0 0.00 0.00 0.00 0.00 0.00 0.00 
1989 7 2 167.59 226.92 319.87 374.88 429.42 463.98 481.58 
All Classes 160.08 239.09 325.22 382.17 421.10 463.98 481.58 
SDAverage 163 289 389 450 508 547 587 

RECOMMENDA nONS 

1. At the time this report is being written, Lake Hennan oxygen levels are hovering 
around 1 mgll and winterkill is a real possibility. At this time, we are planning on 
stocking 2,700,000 walleye fly marked with oxytetracycline in 1997 as part of a study 
designed to establish walleye stocking criteria. Should winter kill occur, additional 
stockings of pantish will likely be made. 

2. Develop a habitat improvement plan for the lake that will benefit pantish and walleye 
reproduction and survival of the young, reduce the number of rough fish and improve 
water quality. 
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Table 5. s.tocking record for Lake Hennan, Lake County, 1986-1996. 

Year Number Species Size 

1986 600,000 Walleye Fry 
675,000 Northern Pike Fry 

5,000 Black Crappie Adult 
5,250 Yellow Perch Yearling 

200 Yellow Perch Adult 

1988 2,000,000 Walleye Fry 
1,000 Yellow Perch Adult 

1991 41,640 Yellow Perch Fingerling 
17,800 Walleye Lrg. Fingerling 
6,421 Walleye Med. Fingerling 

1992 170,000 Saugeye Sml. Fingerling 
145 Walleye Lrg. Fingerling 

162,500 Yellow Perch Fingerling 

1993 67,500 Saugeye Sml. Fingerling 
67,500 Walleye Sml. Fingerling 

1995 41,000 Fathead Minnow Adult 
135,000 Walleye Fingerling 

1996 2,707,000 Walleye Fry 
136,840 Yellow Perch Fingerling 

0(1137 
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Figure 1. Length frequency histograms of selected species from Lake Hennan, Lake 
.. County, 1996. . , 
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Figure 1 continued. Length frequency histograms of selected species from Lake Herman, 
Lake County, 1996. 
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Figure 2. Sampling Locations at Lake Herman, Lake Co~nty, 1996. 
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Appendix A. A brief explanation ofPSD and Wr. 

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

PSD = Number ofFish> quality length x 100 
Number of Fish> stock length 

PSD is unitless and usually calculated to the mearest whole digit. 

Size categories for selected species used in Region 3 lake surveys, in centimeters. 

Species Stock Quality Preferred Memorable Trophy 
Walleye 25 38 51 63 76 
Saueer 20 30 38 51 63 
Northern Pike 3S S3 71 86 112 
YeBowPerch 13 20 2S 30 38 
Largemouth Bass 20 30 38 51 63 
Smallmouth Bass 18 28 35 43 51 
White Crappie 13 20 25 30 38 
Black Cra]H!ie 13 20 25 30 38 
Bluegill 8 15 20 25 30 
Channel Catfish 28 41 61 71 91 
Black BuBhead 15 23 30 38 46 
Carp 28 41 53 66 84 

PSD vallues in the 40-70 range indicate the population is balanced. Values less than 40 
indicate a population dominated by small fish and values greater than 70 indicate a 
population comprised mainly of large fish. 

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

001~:1 
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SOUTH DAKOTA STATEWIDE FISHERIES SURVEY 

2102-F21-R-29 

Name: Lake Madison County (ia): Lake 
Leg81 Description: S21-23, 25-27, 36, RS2, TI06; S29-32, RSl, TI06 
Location from nearest ton: 5 miles southeast of Madison, SD 

Dates ofpraent survey: July 31-August 2, 1996 
Date last surveyed: July 24-26, 1995 
Most recent lake management plan: F21-R-24 Date: 1990 
Management classification: Warmwater Semi-Permanent 
Contour mapped: 1964 

Plimary G'lme aud Forage Sll('cies Second,try and Other Species 
1. Walleye 1. Northern Pike 
2. Ye110w Perch 2. Black Bullhead 
3. Bluegill 3. White Sucker 
4. Black Cralmie 4. CommonC~ 
5. Largemouth Bass 5. Saugeye 
6. 6. BigIllouth Buffalo 

PHYSICAL CHARACTERISTICS 

Surface Area: 2,799 acres Watershed: 29,191 acres 
Maximum depth: 16 feet Mean depth: 9.7 feet 
Lake elevation at time of survey (from known benchmark): Full 

1. Describe ownership of lake and adjacent lakeshore.property: 

Lake Madison is listed as a meandered lake and is managed by the South Dakota 
Department of Game, Fish, and Parks. The lakeshore is 95 percent privately owned 
with the remaining 5 percent state owned. 

2. Describe watershed condition and percentages ofland use: 

The watershed consists of 78 percent cropland and 22 percent grassland. 

3. Describe aquatic vegetative condition: 

Small, scattered clumps of common coontail could be found around the lake and 
cattail was common in Peninsula Bay and Bourne Slough. 
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4. Describe pollution problems: 

Reside~tial and agricultural runoff causes problems with water quality at times in the 
fonn of increased turbidity and algae blooms. 

5. Descnbe condition ofall struct!lres, i.e. spillway, level regulators, boatramps, etc.: 

All boat ramps and structures were in good condition. 

CHEMICAL DATA 

1. Describe general water quality characteristics: 

Water conditions were fairly good during the survey although algae·was concentrating 
on the windy side of the lake. The Secchi disk reading was 20 inches where algae 
wasn't a problem. 

BIOLOGICAL DATA 

Methods: 

1. Describe :fish collection methods and show sampling locations by gear type 
(electro:fishing, gill netting, frame nets, etc.) on the lake map. 

Lake Madison was sampled with ten, 3/4 inch, overnight frame net sets and three, 150 
foot, overnight gill net sets on July 31-August 2, 1996. One frame net did not :fish and 
was eliminated from the statistical analysis. Thirteen quarter arc pulls with a 6x 1 00 
foot, 114 inch mesh bag sehte were made on August 28, 1996. Netting results are 
listed in Tables 1-3, length frequencies in Figure 1 and sampling locations in Figure 2. 

Results and Discussion: 

Table 1. Total catch of three, 24 hour, 150 foot overnight gill net sets at Lake Madison, 
Lake County, July 31-August 2, 1996. 

Species Number Percent CPUE 80% 3 Year PSD Mean 
C.L CPUE Wr 

Avg. 
Yellow Perch 134 52.3 44.7 +27.4 36.9 0 114 
Walleye 96 37.5 32 +8.2 26.8 15 91 
White Sucker 12 4.7 4.0 +2.9 2.8 - -
Carp 6 2.3 2.0 +0.0 3.5 - -
Black Bullhead 6 2.3 2.0 +1.1 0.8 - -
Bigmouth Buffalo 1 0.4 0.3 +0.6 0.1 - -
Black Crappie 1 0.4 0.3 +0.6 0.1 - -

OU1-.13 



Table,. 2. Total catch of nine-, 24 hour, 3/4 inch mesh overnight frame net sets at Lake 
Madison, Lake County, July 31-August 2, 1996. 

Species Number Percent CPUE 80~. 3 Year PSD Mean 
C.L CPUE Wr 

Avg. 
Carp 187 33.1 20.8 +6.4 27.4 96 -
Black Bullhead 132 23.4 14.7 +12.5 6.1 59 -
Walleye 105 18.6 11.7 +5.7 6.8 19 92 
Yellow Perch 60 10.6 6.7 +2.5 10.9 16 -
White Sucker 30 5.3 3.3 +1.6 2.4 - -
Bigmouth Buffalo 22 3.9 2.4 +0.9 2.3 - --
Black Crappie 21 3.7 2.3 +1.2 1.7 - 121 
Bluegill 4 0.7 0.4 +0.3 0.2 - -
Northern Pike 4 0.7 0.4 +0.3 0.8 - -
-=ten nets were set but one did not fish. 

Table 3. Total catch of thirteen quarter-arc seine pulls at Lake Madison, Lake County, 
August 28, .1996. 

SJl_ecies Number Percent CPUE 80% C.L 3 Year CPUE Avg. 
Walleye 82 62.6 6.3 +4.4 3.5 
Fathead Minnow 25 19.1 1.9 +1.4 67.5 
Yellow Perch 10 7.6 0.8 +0.7 7.9 
Crappie spp. 8 6.1 0.6 +0.6 2.0 
Bluegill 2 1.5 0.2 +0.2 0.1 
White Sucker 2 1.5 0.2 +0.2 1.3 
Johnny Darter 1 0.8 0.1 +0.1 0.1 
Black Bullhead 1 0.8 0.1 +0.1 0.03 

2. Brief narrative describing status of fish sampled, make references to the tables. 
See Appendix A for explanations ofPSD, Wr and their normal values. 

Walleye catch-per-unit-effort (CPUE) in the gill nets was 12.5 in 1994, increased to 
36.0 in 1995, then decreased slightly to 32 in 1996 (Table 1). Growth rates are below 
average for South Dakota water with walleyes reaching 35.6 centimeters (em.) 
sometime between their fourth and fifth year (Table 4). The length frequency 
histogram for walleyes in Figure 1 shows most walleyes ranging in size from 27-42 em. 
(10.6-16.5 in.). Shoreline seining sampled eighty-two young-of-the-year (YOY) 
walleye that may have come from a stocking of561,800 fingerlings in 1996 (Table 5). 



Gill net CPUB 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 in 
Figure 1 shows two main year classes, one ranging in size from 13-19 cm. (5.1-7.5 in.) 
and one from 20-25 em. (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 can be viewed in Tables 1-3. 

Table 4. Average back-calculated lengths, in mms., for each age class of walleye in Lake 
Madison, Lake County, 1996. 

Back-calculation Age 
Year Age N 1 2 3 4 5 6 7 8 
Class 
1995 1 0 0.00 
1994 2 3 124.14 210.38 
1993 3 22 141.34 216.83 256.79 
1992 4 13 146.85 230.35 270.77 309.83 
1991 5 20 156.70 228.21 276.51 313.36 342.28 
1990 6 13 155.45 227.25 294.80 334.24 362.77 384.64 
1989 7 7 146.96 216.42 284.39 327.56 357.37 386.33 407.H> 
1988 8 3 179.27 250.40 296.89 348.88 388.52 421.53 444.70 463.35 
1987 9 2 151.37 227.86 287.84 371.99 429.19 474.68 499.07 511.91 
1986 10 1 185.27 273.39 376.84 449.63 499.44 545.42 602.89 637.37 
All Classes 150.00 225.12 276.12 324.97 360.58 402.46 444.99 508.54 
SD Average 163 289 389 450 508 547 587 

RECOMMENDATIONS 

1. Stock 28,000 yellow perch adults in 1997 to increase and maintain gill net CPUB 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. 

2. 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 removals and watershed management. 
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Table 5. Stocking record for Lake Madison, Lake County, 1986-1996. 

Year Number Species Size 

1986 700,000 Walleye Fry 

1987 138,000 Walleye Sml. Fingerling 

1988 35,000 Largemouth Bass Fingerling 

1989 160,000 Walleye Sml. FingerJing 

1991 4,200,000 Walleye Fry 
150,000 Walleye Sml. Fingerling 

60 Walleye Adult 
75,341 Yellow Perch Fingerling 

1992 300,000 Walleye Sml. Fingerling 
34 Walleye Adult 

19,625 Yellow Perch Fingerling 

1993 283,766 Yellow Perch Fingerling 

1994 101,400 Fathead Minnow Adult 
300,000 Walleye Fry 
354,000 Walleye Sml. Fingerling 

1995 192,700 Fathead Minnow Adult 
11 Walleye Adult 

501 Walleye Lrg. Fingerling 
42,537 Yellow Perch Adult 

141,725 Yellow Perch Fingerling 

1996 189,400 Bluegill Fingerling 
561,800 Walleye Sml. Fingerling 
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Figure 1. ,Length frequency histo~ of selected species sampled in Lake Madison, 
Lake County, 1996. 
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Figure 1 continued. Length frequency histograms of selected species sampled in Lake 
Madison, Lake County, 1996. 
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Appendix A. A brief explanation ofPSD and Wr. 

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

PSD = Number ofFish> quality length x 100 
Number ofFish> stock length 

PSD is unitless and usually calculated to the mearest whole digit. 

Size categories for selected species used in Region 3 lake surveys, in centimeters. 

Species Stock Quality Preferred Memorable Trophy 
Walleye 25 38 51 63 76 
Sau~er 20 30 38 51 63 
Northern Pike 35 53 71 86 112 
Yellow Perch 13 20 25 30 38 
Largemouth Bass 20 30 38 51 63 
Smallmouth Bass 18 28 35 43 51 
White Crappie 13 20 25 30 38 
Black Crappie 13 20 25 30 38 
Bluegill 

. 
8 15 20 25 30 

Channel Catfish 28 41 61 71 91 
Black Bullhead 15 23 30 38 46 
Carp 28 41 53 66 84 

PSD vallues in the 40-70 range indicate the population is balanced. Values less than 40 
indicate a population dominated by small fish and values greater than 70 indicate a 
population comprised mainly of large fish. 

Relative weight (Wr) is a condition indice that quantifies fish condition (ie. 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. 
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1994-1995314 LAKE MADISONILAKE BRANT IN-LAKE SAMPLING DATA 

DEPTH Date Site UnCorr Chl-a OIT,,",-a WTEMP ATEMI DISOX FPH FECAL TALKAL TSOl TDSOL TSSOL AMMON UN-AMMO~ N03+ TKN-~ O-Nitr T-Nitro TP04F TDP04P Secch. 
Units mgtm3 mgtm3 C F mgIL su 1100 mL mgIL mgIL mgIL mgIL mgIL mgll mgIL mgIL mgIL mgIL mgIL mgIL inches 

Surface 0811711994 I 172.86 182.07 22.1 15.0 9.10 8.61 10 119 920 888 32 0.28 0.04981 0.10 4.51 4.29 4.61 0.533 0.333 18 
Surface 0911211994 I 101.56 21.38 22.0 18.0 8.90 8.08 10 184 913 886 21 0.02 0.00105 0.10 3.21 3.25 3.31 0.366 0.210 21 
Surface 09/2611994 I 24.12 25.29 16.0 52.0 6.60 8.11 10 184 925 915 10 0.55 0.02016 0.10 1.14 1.19 1.84 0.346 0.306 34 
Surface 1011111994 I 66.61 68.64 12.0 54.0 9.10 1.68 10 186 935 919 16 0.24 0.00248 0.10 2.41 2.23 2.51 0.323 0.250 34 
Surface 10125/1994 I 68.34 72.25 8.6 36.0 9.40 1.38 10 186 915 901 8 0.32 0.00128 0.10 2.02 1.10 2.12 0.210 0.426 42 
Surface 0110311995 I 0.34 0.72 0.0 -6.0 8.90 6.39 10 219 1021 1010 II 0.45 0.00009 0.30 1.96 1.51 2.26 0.216 0.213 108 
Surface 0112411995 I 0.33 0.12 1.0 25.0 6.80 1.61 10 221 1045 1044 I 0.13 0.00306 0.30 2.03 1.30 2.33 0.310 0.290 120 
Surface 0212111995 I 0.67 0.72 2.0 34.0 5.00 1.10 10 230 1071 1015 2 0.11 0.00375 0.30 2.25 1.48 2.55 0.219 0.246 108 
Surface 04/0511995 I 63.32 57.08 4.0 36.0 13.60 8.21 10 116 911 909 8 0.03 0.00055 0.40 1.97 1.94 2.31 0.188 0.059 30 
Surface 0411911995 I 45.18 38.81 6.8 50.0 11.40 8.69 210 0 880 840 40 0.02 0.00132 0.80 1.49 1.47 2.29 0.253 0.046 12 
Surface 05/0111995 I 33.84 30.35 9.9 51.0 11.60 9.02 10 121 986 961 25 0.02 0.00324 0.10 1.11 1.15 1.21 0.108 0.010 25 
Surface 0513011995 I 6.37 5.78 16.0 70.0 8.00 8.23 100 151 1091 1092 5 0.38 0.01815 0.50 1.55 1.11 2.05 0.115 0.089 60 
Surface 0611211995 I 2.35 1.45 11.0 12.0 1.40 8.16 10 162 1282 1213 9 0.41 0.02061 0.30 1.88 1.41 2.18 0.131 0.085 41 
Surface 0612611995 I 29.82 30.35 23.0 10.0 1.10 8.62 10 166 1096 1011 25 0.11 0.01811 0.30 1.11 1.60 2.01 0.184 0.092 24 
Surface 0111111995 I 85.43 86.70 26.0 84.0 12.40 9.09 10 142 I lSI 1139 12 0.02 0.00858 0.10 1.81 1.85 1.91 0.121 0.039 42 
Surface 0712511995 I 1.37 1.23 25.0 81.0 4.60 8.28 10 158 1090 1081 9 0.82 0.08022 0.10 2.17 1.35 2.27 0.420 0.101 30 

Surface 0812111995 I 291.12 305.62 25.5 83.0 8.30 8.91 10 110 1364 1333 31 0.34 0.12061 0.10 4.42 4.08 4.52 0.540 0.339 28 

Surface 0911811995 I 118.59 124.99 18.3 66.0 8.10 9.11 10 169 1084 1062 22 0.03 0.00933 0.10 1.43 1.40 1.53 0.331 0.204 30. 

Surface 1011811995 I 11.0 52.0 8.90 8.98 10 115 1085 1010 15 0.14 0.02259 0.20 1.96 1.82 2.16 0.214 0.193 30 

LMI 

MEAN 6~.13 59.23 14.0 55.9 8.73 8.27 25 168 1041 1025 16 0.30 0.02030 0.23 2.21 1.90 2.44 0.283 0.221 44 

MEDIAN 39.51 30.35 16.0 54.0 8.90 8.23 10 115 1045 1044 12 0.28 0.00858 0.10 1.96 1.51 2.26 0.216 0.210 30 

MAXIMUM 291.12 305.62 26.0 84.0 13.60 9.11 210 230 1364 1333 40 0.82 0.12067 0.80 4.51 4.29 4.61 0.540 0.101 120 

MINIMUM 0.33 0.12 0.0 -6.0 4.60 6.39 10 0 880 840 I 0.02 0.00009 0.10 1.11 1.15 1.21 0.108 0.010 12 

STDEV 14.64 18.43 8.7 23.5 2.34 0.70 49 48 130 132 II 0.27 0.03151 0.19 0.92 0.94 0.81 0.127 0.161 32 

RANGE 290.79 304.90 26.0 90.0 9.00 2.12 200 230 484 493 39 0.80 0.12058 0.10 3.40 3.14 3.40 0.432 0.691 108 

Surface 0811711994 2 48.24 52.02 22.0 75.0 6.90 8.60 10 169 892 875 11 0.34 0.05271 0.10 2.93 2.59 3.03 0.430 0.293 30 

Surface 0911211994 2 99.50 121.38 22.0 77.0 8.00 8.15 10 181 903 871 32 0.02 0.00122 0.10 2.10 2.08 2.20 0.213 0.198 22 

Surface 09/2611994 2 133.00 166.18 15.0 52.0 7.60 8.11 10 115 934 918 16 0.17 0.00519 0.10 1.93 1.16 2.03 0.280 0.206 34 

Surface 1011111994 2 96.48 98.26 12.0 54.0 9.70 7.16 10 190 925 915 10 0.13 0.00161 0.10 2.07 1.94 2.11 0.276 0.206 36 

Surface 1012511994 2 39.87 41.91 8.8 36.0 8.70 7.46 10 189 913 906 1 0.23 0.00112 0.10 1.85 1.62 1.95 0.213 0.213 60 

Surface 0110311995 2 0.33 0.12 1.0 -8.0 8.20 6.02 10 223 1034 1028 6 0.47 0.00004 0.30 1.83 1.36 2.13 0.283 0.246 120 

Surface 0112411995 2 0.00 0.12 1.5 23.0 6.50 1.48 10 231 1065 1062 3 0.11 0.00200 0.30 2.12 1.41 2.42 0.324 0.292 120 

Surface 021211199 2 0.67 0.00 1.0 41.0 3.40 1.65 10 229 1071 1065 6 0.74 0.00296 0.30 2.46 1.12 2.16 0.282· 0.266 108 

Surface 04/0511995 2 75.38 11.53 4.0 36.0 13.50 8.48 10 183 924 912 12 0.02 0.00061 0.30 1.58 1.56 1.88 0.194 0.043 30 

Surface 0411911995 2 31.83 27.46 6.8 68.0 11.50 8.83 10 146 859 841 18 0.02 0.00118 0.10 1.67 1.65 1.71 0.118 0.033 21 

Surface 05/0111995 2 23.12 19.51 9.0 51.0 11.10 9.00 10 144 916 895 21 0.02 0.00294 0.10 0.72 0.10 0.82 0.079 0.020 36 

Surface 05/3011995 2 1.01 0.12 16.0 66.0 8.00 8.22 10 153 1049 1044 5 0.44 0.02056 0.20 1.31 0.87 1.51 0.128 0.089 144 

Surface 0611211995 2 1.34 0.72 18.0 12.0 7.60 8.11 10 158 1224 1219 5 0.59 0.02848 0.30 1.71 1.12 2.01 0.118 0.095 60 

Surface 06/2611995 2 40.87 41.91 23.2 71.0 7.10 8.73 10 163 1097 1078 19 0.09 0.01907 0.30 1.56 1.47 1.86 0.164 0.082 30 

Surface 0111111995 2 470.68 454.45 25.0 82.0 14.40 9.42 10 142 1219 1165 54 0.02 0.01199 0.10 5.96 5.94 6.06 0.371 0.033 12 

Surface 0712511995 2 56.62 57.80 25.0 18.0 7.00 8.85 10 152 1016 1065 II 0.36 0.10338 0.10 2.03 1.61 2.13 0.292 0.243 42 

Surface 08/2111995 2 220.77 231.20 25.2 81.0 9.80 9.18 10 161 1113 1086 21 0.02 0.00933 0.10 3.15 3.13 3.25 0.412 0.263 30 

Surface 0911811995 2 92.13 98.98 18.3 63.0 8.50 9.16 10 166 1076 1051 19 0.02 0.00673 0.10 1.51 1.49 1.61 0.320 0.181 34 

Surface 1011811995 2 11.0 52.0 9.20 9.02 10 I1S 1081 1068 13 0.09 0.01568 0.10 1.12 1.63 1.82 0.260 0.197 54 

LM2 

MEAN 79.55 82.53 13.9 56.3 8.81 8.33 10 175 1020 1004 16 0.24 0.01516 0.17 2.12 1.88 2.28 0.257 0.169 54 

MEDIAN 44.56 46.91 15.0 63.0 8.20 8.48 10 169 1049 1044 13 0.13 0.00579 0.10 1.85 1.63 2:03 0.276 0.198 36 

MAXIMUM 41Q.68 454.45 25.2 82.0 14.40 9.42 10 231 1224 1219 54 0.74 0.10338 0.30 5.96 5.94 6.06 0.430 0.293 144 

MINIMUM 0.00 0.00 1.0 -8.0 3.40 6.02 10 142 859 841 3 0.02 0.00004 0.10 0.12 0.70 0.82 0.079 0.020 12 

STDEV 113.19 112.46 8.6 23.1 2.53 0.82 0 27 109 108 12 0.25 0.02504 0.09 1.08 1.12 1.06 0.100 0.095 39 

RANGE 410.68 454.45 24.2 90.0 11.00 3.40 0 89 365 378 51 0.12 0.10334 0.20 5.24 5.24 5.24 0.351 0.213 132 



UbYT" Pate Site UnCorr ChI-a UtIf\,;DI .. a WTEMP ATEMP D1S0X FPH FECAL TALKAL TSOL TDSOLT IUN-AMMur NU3+ ITKN-~ IU-Nltro IT-Nllre I'''~e I ,uev4f ISec<:hi 1-. 
Umts mg/m3 mg/m3 C F mg/L su 1l00mL mg/L mg/L mg/L mg/L mg/L mgil mg/L mg/L mg/L mg/L mg/L mg/L inches 

Sulface 08/1711994 3 6.70 5.78 22.2 74.0 6.80 8.45 10 166 946 930 16 0.41 0.04760 0.10 2.70 2.29 2.80 0.486 0.316 33 
Sulface 09/1311994 3 104.86 108.38 21.0 71.0 8.20 8.13 10 167 908 884 24 0.05 0.00272 0.10 2.00 1.95 2.10 0.253 0.196 24 
Sulface 0912611994 3 91.79 98.26 16.0 51.0 8.00 8.23 90 172 929 916 13 0.02 0.00096 0.10 1.40 1.38 1.50 0.230 0.193 36 
Sulface 10/1111994 3 85.43 88.87 11.5 54.0 9.40 7.76 30 193 923 911 12 0.05 0.00060 0.10 1.79 1.74 1.89 0.260 0.213 42 
Sulface 10/2511994 3 28.81 32.s! 8.8 32.0 8.80 7.\3 10 192 920 909 11 0.29 0.00066 0.10 1.92 1.63 2.02 0.273 0.240 42 
Sulface 01103/1995 3 0.34 0.00 1.5 -2.0 7.60 7.05 10 217 1001 993 8 0.44 0.00046 0.30 1.79 1.35 2.09 0.263 0.246 120 
Sulface 0112411995 3 0.33 0.72 1.0 23.0 4.90 7.11 10 224 1014 1012 2 0.71 0.00082 0.30 2.22 I.S! 2.52 0.277 0.262 120 
Sulface 0212111995 3 0.67 1.45 1.5 40.0 3.80 7.65 10 230 1051 1049 2 0.74 0.00309 0.20 2.28 1.54 2.48 0.282 0.249 108 
Sulface 04/0511995 3 83.08 80.92 4.0 38.0 14.20 8.53 10 191 935 921 14 0.02 0.00075 0.20 1.78 1.76 1.98 0.190 0.039 30 
Sulface 04/1911995 3 21.44 18.79 6.2 66.0 10.60 8.66 10 148 864 852 12 0.02 0.00118 0.10 1.70 1.68 1.80 0.125 0.023 27 
Sulface 05/0111995 3 17.09 15.17 9.0 52.0 10.20 8.79 10 150 914 900 14 0.02 0.00192 0.10 1.07 1.05 1.17 0.085 0.013 40 
Sulface 05/3011995 3' 1.68 2.17 16.0 66.0 7.80 8.23 10 150 1009 1003 6 0.42 0.02006 0.30 1.52 1.10 1.82 0.115 0.082 156 
Sulface 0611211995 3 2.01 2.17 18.0 76.0 7.60 8.16 10 o 1170 1163 7 0.63 0.02975 0.30 1.99 1.36 2.29 0.112 0.089 42 
Sulface 0612611995 3 22.78 22.40 23.0 71.0 6.50 8.45 10 161 1084 1071 13 0.27 0.03297 0.30 1.89 1.62 2.19 0.144 0.085 34 
Sulface 0711111995 3 222.44 225.42 24.0 82.0 12.60 9.27 10 152 1159 1137 22 0.02 0.00994 0.10 2.59 2.57 2.69 0.112 0.036 42 
Sulface 07/2511995 3 61.64 67.19 25.0 77.0 7.00 8.99 10 148 1056 1046 10 0.23 0.08220 0.10 1.98 1.75 2.08 0.230 0.171 42 
Sulface 0812111995 3 19.43 19.51 25.0 76.0 7.80 9.08 10 163 1087 1079 8 0.04 0.01625 0.10 1.18 1.14 1.28 0.299 0.274 60 

Sulface 0911811995 3 44.22 44.10 18.0 62.0 8.20 9.21 30 167 1079 1065 14 0.02 0.00715 0.10 1.56 1.54 1.66 0.264 0.204 42 

Sulface 1011811995 3 11.0 51.0 9.30 9.13 20 170 1082 1072 10 0.02 0.00427 0.10 1.33 1.31 1.43 0.242 0.197 96 

LM3 

MEAN 45.26 46.36 13.8 55.8 8.38 8.32 17 166 1007 995 II 0.23 0.01386 0.16 1.83 1.59 1.99 0.223 0.165 60 

MEDIAN 22.11 20.95 16.0 62.0 8.00 8.45 10 167 1009 1003 12 0.05 0.00309 0.10 1.79 1.54 2.02 0.242 0.196 42 

MAXIMUM 222.44 225.42 25.0 82.0 14.20 9.27 90 230 1170 1163 24 0.74 0.08220 0.30 2.70 2.57 2.80 0.486 0.316 156 

MINIMUM 0.33 0.00 1.0 -2.0 3.80 7.05 10 0 864 852 2 0.62 0.00046 0.10 1.07 1.05 1.17 0.085 0.013 24 

STDEV 56.63 57.94 8.5 21.9 2.42 0.71 19 48 90 91 6 0.26 0.02135 0.09 0.43 0.38 0.46 0.095 0.096 39 

RANGE 222.11 225.42 24.0 84.0 10.40 2.22 80 230 306 311 22 0.72 0.08173 0.20 1.63 1.52 1.63 0.401 0.303 132 

Sulface 0811711994 4 22.78 23.12 22.5 80.0 7.20 8.50 10 188 0 0 0 0.23 0.03010 0.10 2.44 2.21 2.54 0.296 0.223 20 

Sulface 0911211994 4 153.43 168.34 22.5 86.0 10.20 8.26 10 194 1221 1190 31 0.02 0.00159 0.10 2.70 2.68 2.80 0.233 0.126 15 

Sulface 09/2611994 4 4.36 3.61 16.5 60.0 6.80 7.92 10 189 870 862 8 0.28 0.00696 0.10 1.43 1.15 1.53 0.196 0.160 32 

Sulface 10/1111994 4 23.79 23.84 12.5 66.0 9.20 7.31 10 195 882 867 15 0.28 0.00129 0.20 1.86 1.58 2.06 0.240 0.\80 36 

Sulface 1012511994 4 12.73 12.28 9.2 42.0 9.50 7.01 10 203 874 857 17 0.46 0.00082 0.30 1.65 1.19 1.95 0.213 0.166 30 

Sulface 0110411995 4 38.19 36.85 1.0 0.0 15.80 8.67 10 222 965 959 6 0.02 0.00081 0.30 1.45 1.43 1.75 0.180 0.113 4 

Sulface 0112511995 4 111.56 112.71 1.0 26.0 15.80 8.50 10 234 974 963 II 0.15 0.00415 0.30 2.93 2.78 3.23 0.259 0.160 24 

Sulface 0212211995 4 27.47 26.73 1.0 41.0 13.20 8.20 10 231 1033 1025 8 0.15 0.00211 0.40 1.69 1.54 2.09 0.197 0.148 24 

Sulface 04/05/1995 4 26.80 24.57 5.0 42.0 12.80 8.37 10 195 898 887 II 0.02 0.00057 0.40 1.19 1.17 1.59 0.121 0.036 36 

Sulface 0411911995 4 21.11 18.06 5.5 58.0 11.20 8.63 10 157 828 809 19 0.02 0.00105 0.10 1.33 1.31 1.43 0.092 0.026 29 

Sulface 05/0111995 4 6.70 5.06 9.2 55.0 9.50 8.57 10 154 883 876 7 0.02 0.00122 0.10 0.76 0.74 0.86 0.069 0.020 72 

Sulface 05/3011995 4 2.68 1.45 16.0 76.0 8.20 8.26 20 159 938 930 8 0.27 0.01377 0.20 1.11 0.84 1.31 0.079 0.066 54 

Sulface 0611211995 4 2.35 1.45 18.0 84.0 7.80 8.22 10 159 1046 1041 5 0.40 0.02153 0.20 1.78 1.38 1.98 0.131 0.124 36 
-

Sulface 06/2611995 4 17.09 15.90 22.2 69.0 6.40 8.33 10 165 991 967 24 0.22 0.01993 0.30 1.56 1.34 1.86 0.144 0.079 24 

Sulface 07/1111995 4 28.81 28.90 26.0 94.0 13.20 9.04 10 152 1033 1025 8 0.02 0.00802 0.10 1.36 1.34 1.46 0.069 0.046 60 

Sulface 0712611995 4 119.93 127.88 24.0 73.0 8.50 8.84 10 156 978 964 14 0.12 0.03220 0.10 2.09 1.97 2.19 0.213 0.131 36 

Sulface 08/2211995 4 1IS.91 106.93 26.0 81.0 7.80 8.81 10 170 1048 1021 27 0.08 0.02262 0.10 2.33 2.25 2.43 0.285 0.150 24 

Sulface 09/2011995 4 41.71 40.82 17.0 55.0 7.90 8.87 10 166 981 954 27 0.03 0.00573 0.10 1.16 1.13 1.26 0.158 0.095 24 

Sulface 1011811995 4 11.0 55.0 9.80 9.14 10 158 1007 983 24 0.06 0.01306 0.10 1.29 1.23 1.39 0.133 0.060 30 

LM4 

MEAN 43.19 43.25 14.0 60.2 10.04 8.39 II 181 918 904 14 0.15 0.00987 0.19 1.69 1.54 1.88 0.174 0.111 32 

MEDIAN 25.30 24.21 16.0 60.0 9.50 8.50 10 170 974 959 'II 0.12 0.00573 0.10 1.56 1.34 1.86 0.180 0.124 30 

MAXIMUM 1S3.43 168.34 26.0 94.0 15.80 9.14 20 234 1221 1190 31 0.46 0.03220 0.40 2.93 2.78 3.23 0.296 0.223 72 

MINIMUM 2.35 1.45 1.0 0.0 6.40 7.01 10 152 0 0 0 0.02 0.00057 0.10 0.76 0.74 0.86 0.069 0.020 4 

STDEV 47.15 49.83 8.7 23.1 2.88 0.54 2 27 240 236 9 0.14 0.01054 0.11 0.58 0.58 0.59 0.071 0.058 16 

RANGE 151.09 166.90 25.0 94.0 9.40 2.13 10 82 1221 1190 31 0.44 0.03163 0.30 2.17 2.04 2.37 0.227 0.203 68 
-
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Uni .. mBfm3 mBfm3 C F mg/L su ll00mL mg/L mg/L mg/L mg/L mg/L mg/l mg/L mg/L mg/L mg/L mg/L mg/L inches 

Surface 08117/1994 5 8.04 5.78 22.1 80.0 7.20 8.39 10 190 0 0 0 0.23 0.02346 0.10 2.38 2.15 2.48 0.346 0.236 33 
Surface 09/13/1994 5 42.21 47.69 22.0 85.0 7.80 8.05 10 189 852 835 17 0.09 0.00441 0.10 1.65 1.56 1.75 0:193 0.190 16 
Surface 0912611994 5 218.09 223.25 17.0 62.0 8.90 8.06 10 192 838 823 15 0.15 0.00529 0.10 2.74 2.59 2.14 0.293 0.150 24 
Isuiface 1011111994 5 19.77 19.51 13.0 67.0 9.10 7.45 70 194 876 859 17 0.28 0.00114 0.20 1.87 1.59 2.07 0.243 0.186 28 

Surface 1012511994 5 9.2 43.0 9.20 7.02 10 202 863 847 16 0.45 0.00082 0.30 1.63 1.18 1.93 0.213 0.180 30 

Surface 0110411995 5 21.44 21.68 1.0 10.0 15.40 1.51 10 226 965 957 8 0.02 0.00057 0.30 1.49 1.47 1.79 0.156 0.117 4 

Surface 01125/1995 5 7.37 7.23 1.0 25.0 14.20 8.30 10 232 959 953 6 0.23 0.00405 0.30 1.85 1.62 2.15 0.151 0.147 96 

Surface 0212211995 5 0.00 0.00 1.0 46.0 10.00 7.90 10 231 1024 1022 2 0.25 0.00177 0.40 1.54 1.29 1.94 0.171 0.144 22 

ISUfface 04I0S/1995 5 12.73 10.14 5.0 45.0 12.20 8.50 10 194 887 881 6 0.04 0.00152 0.40 1.17 1.13 1.57 0.134 0.675 48 

Sun ... 04119/1995 5 22.71 19." 5.5 66.0 11.60 8.62 10 164 833 815 18 0.02 0.00103 0.10 1.35 1.33 1.45 0.092 0.020 27 

ISurface 0510111995 5 6.03 5.06 9.2 55.0 9.50 8.62 10 160 875 864 11 0.02 0.00136 0.10 0.78 0.76 0.88 0.052 0.020 84 

ISUtfate 0513011995 5 2.01 1.45 16.5 74.0 8.20 8.25 10 160 926 922 4 0.26 0.01344 0.20 1.34 1.08 1.54 0.072 0.059 78 

lsun ... 0611211995 5 1.34 0.00 18.0 
--

82.0 7.80 8.23 10 
.-

161 1034 -I027 '··7 i---m '·0.02036 e----0:20 --m 1.34 1.91 0.085 0.012 -54" 
Surface 0612611995 5 20.77 20.23 22.2 68.0 6.20 8.29 10 165 993 965 28 0.21 0.01749 0.30 1.71 1.50 2.01 0.157 0.089 18 

Surface 07/1111995 5 14.09 87.42 27.0 92.0 13.20 9.15 10 147 1021 1005 16 0.02 0.00961 0.10 1.60 1.58 1.70 0.105 0.043 36 

Surface 0712611995 5 13.40 13.01 24.5 73.0 6.90 8.85 10 156 970 950 20 0.31 0.08679 0.10 1.24 0.93 1.34 0.213 0.151 12 

Surface 0812211995 5 10.OS 10.84 25.2 76.0 6.30 1.73 10 165 1027 1019 8 0.21 0.04969 0.10 1.49 1.28 1.59 0.204 0.168 36 

SUtface 0912011995 5 61.64 62.86 16.9 51.0 8.10 9.01 10 166 963 942 21 0.02 0.00489 0.10 1.70 1.68 1.80 0.155 0.088 24 

lsun ... 1011811995 5 11.0 54.0 10.80 9.32 10 151 968 947 21 0.02 0.00592 0.10 1.33 1.31 1.43 0.098 0.046 36 

LMS 
MEAN 32.46 32.73 14.1 60.7 9.61 8.38 13 181 888 875 13 0.17 0.01339 0.19 1.61 1.44 1.80 0.165 0.1lS 37 

M1IDIAN 13.40 13.01 16.5 66.0 9.10 8.39 10 166 959 942 15 0.21 0.00489 0.10 1.60 1.34 1.79 0.156 0.117 30 

MAXIMUM 218.09 223.25 27.0 92.0 15.40 9.32 70 232 1034 1027 28 0.45 0.08679 0.40 2.74 2.59 2.14 0.346 0.236 96 

MINIMUM 0.00 0.00 1.0 10.0 6.20 7.02 10 147 0 0 0 0.02 0.00057 0.10 0.78 0.76 0.88 0.052 0.020 4 

STDEV 52.86 54.58 8.7 20.9 2.66 0.56 14 27 226 223 8 0.14 0.02144 0.11 0.43 0.41 0.43 0.076 0.064 25 

RANGE 218.09 223.25 26.0 82.0 9.20 2.30 60 85 1034 1027 28 0.43 0.08623 0.30 1.96 1.83 1.96 0.294 0.216 92 

Surface 0811811994 IA 166.16 176.29 22.2 74.0 7.30 8.86 10 176 1221 1141 80 0.02 0.00505 0.10 3.07 3.05 3.17 0.523 0.047 6 

ISUtface 0911211994 IA 17C!.11 159.91 21.0 71.0 4.50 8.20 10 185 1151 1101 50 0.02 0.00127 0.10 3.15 3.13 3.2) 0.459 0.037 14 

Surface 1011111994 IA 359.12 315.09 11.0 56.0 9.50 7.61 10 165 1261 1179 82 0.02 0.00016 0.10 4.00 3.98 4.10 0.483 0.087 10 

ISUfface 0110311995 IA 1S.75 12.28 1.0 6.0 3.40 6.07 10 319 1626 1612 14 0.63 0.00007 0.50 1.79 1.16 2.29 0.501 0.366 42 

Surface 0112411995 1A 12.40 10.14 1.0 26.0 4.70 7.50 10 311 1806 1801 5 0.57 0.00162 3.70 1.30 0.73 5.00 0.250 0.244 41 

Surface 0212111995 IA 18.76 17.34 1.0 41.0 3.20 7.60 10 314 1881 1878 3 0.48 0.00171 3.20 1.28 0.80 4.48 0.207 0.171 48 

Surface 0410511995 IA 162.24 147.60 3.0 36.0 12.20 8.10 10 176 1276 1208 68 0.02 0.00026 0.40 2.30 2.28 2.70 0.328 0.026 12 

Surface 05123/1995 1A 75.04 67.92 14.8 49.0 7.60 8.61 30 168 1246 1216 30 0.02 0.00198 0.10 1.60 1.58 1.70 0.174 0.013 18 

Surface 0612611995 IA 107.54 95.37 21.0 71.0 5.60 8.22 550 182 1243 1211 32 0.17 0.01126 0.70 0.239 0.066 20 

Surface 0711111995 IA 103.15 100.43 26.0 80.0 11.60 9.06 220 158 1305 1267 38 0.02 0.00824 0.10 2.17 2.15 2.27 0.190 0.023 12 

Surface 01la1l1995 IA 186.60 166.90 24.0 76.0 12.50 8.92 20 175 1371 1333 44 0.02 0.00612 0.10 2.16 2.14 2.86 0.369 0.029 12 

Surface 09/1811995 IA 408.55 413.59 17.0 62.0 8.90 9.07 30 154 1148 1080 68 0.02 0.00544 0.10 3.19 3.17 3.29 0.496 0.011 8 

Surface 1011611995 IA 11.0 65.0 13.20 9.08 20 183 1174 1142 32 0.02 0.00390 0.10 2.57 2.55 2.67 0.277 0.095 18 

LMIA 
MEAN 148.85 146.13 13.4 54.8 8.02 8.22 72 205 1363 1321 42 0.16 0.00362 0.72 2.43 2.2B 3.15 0.346 0.094 20 

M1IDIAN 134.89 124.01 14.8 62.0 1.60 8.22 10 176 1261 1211 3B 0.02 0.00198 0.10 2.44 2.42 3.02 0.32B 0.047 14 

MAXIMUM 408.55 413.59 26.0 80.0 13.20 9.08 550 319 1881 1878 82 0.63 0.01126 3.70 4.00 3.98 5.00 0.523 0.366 4B 

MINIMUM 12.40 10.14 1.0 6.0 3.20 6.07 10 154 1141 1080 3 0.02 0.00007 0.10 1.2B 0.13 1.10 0.174 0.011 6 

STDEV 126.65 132.72 9.4 22.2 3.59 0.87 154 63 241 261 27 0.24 0.00345 1.23 0.85 1.03 0.91 0.132 0.101 14 

RANGE 396.15 402.75 25.0 74.0 10.00 3.01 540 165 733 798 79 0.61 0.01119 3.60 2.72 3.25 3.30 0.349 0.355 421 
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Units mglm3 mglm3 C F mgIL su llOOmL mgIL mgIL mgIL mgIL mgIL mgll mgIL mgIL mgIL mgIL mgIL mgIL inches 

Surface 06113/1995 RL6 19.0 76.0 7.20 8.14 10 153 1163 1135 28 0.55 0.02667 0.30 1.87 1.32 2.17 0.157 0.089 24. 

Bottom 08118/1994 I 22.0 75.0 5.80 8.43 10 171 916 894 22 0.35 0.03851 0.10 2.58 2.23 2.68 0.450 0.336 18 
BOllom 09113/1994 I 22.0 78.0 8.20 8.08 10 184 912 880 32 0.00000 0.10 2.04 2.04 2.14 0.280 0.193 21 
Bollom 0912611994 I 16.0 52.0 6.40 8.06 10 179 931 920 II 0.56 0.01836 0.10 2.01 1.45 2.11 0.363 0.300 

, 
34 

Bollom 1011111994 I 12.0 54.0 9.00 7.70 10 183 939 920 19 0.22 0.00237 0.10 2.60 2.38 2.70 0.333 0.240 34 
BOllom 1012511994 I 8.6 36.0 9.30 7.43 10 190 909 899 10 0.31 0.00139 0.10 1.88 1.57 1.98 0.266 0.230 42 
BOllom 0110311995 I 3.0 -6.0 6.50 6.90 10 222 1031 1009 22 0.59 0.00050 0.30 3.23 2.64 3.53 0.323 0.263 108 
Bollom 0112411995 I 2.5 25.0 5.40 7.90 10 231 1054 1050 4 0.88 0.00706 0.30 2.16 1.28 2.46 0.330 0.307 120 
Bollom 0212111995 I 3.2 34.0 3.30 7.70 237 1110 1108 2 0.83 0.00447 0.20 2.46 1.63 2.66 0.325 0.295 108 
BOllom 04/0511995 I 4.0 36.0 13.60 8.26 10 179 906 890 16 0.06 0.00123 0.30 1.98 1.92 2.28 0.167 0.049 30 
BOllom 04/1911995 I 4.4 50.0 10.40 8.55 340 135 913 853 60 0.02 0.00081 0.90 1.34 1.32 2.24 0.259 0.046 12 
BOllom 05/0111995 I 9.8 51.0 11.50 9.02 60 129 1010 975 35 0.02 0.00322 0.10 1.02 1.00 1.12 0.125 0.010 25 
BOllom 05/3011995 I 14.0 70.0 7.60 8.24 330 156 1097 1091 6 0.39 0.01648 0.90 1.43 1.04 2.33 0.118 0.098 60 
BOllom 0611211995 I 17.0 72.0 7.20 8.18 10 171 1298 1287 II 0.46 0.02114 0.30 1.86 1.40 2.16 0.125 0.092 36 
Bottom 0612611995 I 23.0 70.0 5.60 8.53 10 170 1124 1068 56 0.12 0.01719 0.30 1.40 1.28 1.70 0.220 0.105 26 
BOllom 07/1111995 I 23.0 84.0 5.20 8.52 10 160 I lSI 1146 5 0.08 0.01124 0.10 1.25 1.17 1.35 0.118 0.098 42 
Bollom 07/25/1995 I 24.8 81.0 4.30 8.33 30 156 1099 1086 13 0.81 0.08676 0.10 1.99 1.18 2.09 0.387 0.341 30 
Bollom 08/2111995 I 25.3 83.0 4.60 8.69 10 172 1377 \365 12 0.62 0.13739 0.10 2.44 1.82 2.54 0.423 0.365 10 

Bollom 09/1811995 I 18.4 66.0 7.90 9.13 10 169 1073 1056 17 0.05 0.01611 0.10 1.39 1.34 1.49 0.282 0.218 30 

Bollom 10/18/1995 I 11.0 52.0 8.90 9.02 10 174 1098 1083 15 0.14 0.02439 0.20 1.84 1.70 2.04 0.288 0.197 10 

BOTTOM LMI 

MEAN \3.9 55.9 7.41 8.25 50 177 1050 1031 19 0.36 0.02151 0.25 1.94 1.60 2.19 0.273 0.199 44 

MEDIAN 14.0 54.0 7.20 8.26 10 172 1054 1050 15 0.33 0.01124 0.10 1.98 1.45 2.16 0.282 0.218 10 

MAXIMUM 25.3 84.0 11.60 9.13 340 237 1377 1365 60 0.88 0.13739 0.90 3.23 2.64 1.53 0.450 0.365 120 

MINIMUM 2.5 -6.0 3.30 6.90 10 129 906 853 2 0.02 0.00000 0.10 1.02 1.00 1.12 0.118 0.010 12 

STDEV 8.1 23.5 2.63 0.56 104 28 \3J 139 16 0.30 0.03458 0.25 0.56 0.46 0.55 0.104 0.112 32 

RANGE 22.8 90.0 10.30 2.23 330 108 471 512 58 0.86 0.13739 0.80 2.21 1.64 2.41 0.332 0.355 108 

BOllom 0811811994 2 22.1 75.0 5.s0 8.60 10 170 912 891 21 0.31 0.04822 0.10 2.14 1.83 2.24 0.413 0.320 30 

Bollom 0911211994 2 22.0 77.0 7.90 8.15 10 178 910 883 27 0,02 0.00122 0.10 2.23 2.21 2.13 0.290 0.190 22 

Bollom 0912611994 2 16.0 52.0 7.40 8.21 10 173 935 924 II 0.21 0.00960 0.10 1.49 1.28 1.59 0.286 0.246 34 

Bollom 10/1111994 2 12.0 54.0 9.70 7.76 10 199 928 912 16 0.13 0.00161 0.10 2.12 1.99 2.22 0.293 0.236 36 

Bollom 10125/1994 2 9.0 36.0 8.60 7.52 10 189 911 903 8 0.23 0.00130 0.20 1.79 1.56 1.99 0.286 0.223 60 

Bollom 01103/1995 2 3.0 -8.0 7.80 6044 10 216 1012 1003 9 0.59 0.00017 0.30 1.98 1.39 2.28 0.303 0.283 120 

Bollom 01/24/1995 2 3.2 23.0 5040 7.70 10 225 1058 1053 5 0.81 0.00436 0.30 2.23 1.42 2.53 0.318 0.308 120 

Bollom 0212111995 2 4.0 41.0 2.90 7.60 239 1100 1098 2 0.65 0.00297 0.20 2046 1.81 2.66 0.325 0.325 108 

BOllom 04/0511995 2 4.0 38.0 12.20 8.49 10 104 937 926 II 0.02 0.00069 0.30 1.59 1.57 1.89 0.197 0.056 30 

Bollom 04/19/1995 2 5.0 68.0 10.40 8.68 10 148 888 849 39 0.02 0.00113 0.10 1.49 1.47 1.59 0.236 0.039 21 

Bollom 05/0111995 2 9.1 51.0 11.10 8.96 10 146 920 903 17 0.02 0.00273 0.10 1.08 1.06 1.18 0.085 0.010 36 

BOllom 05/3011995 2 14.0 66.0 7.20 8.16 10 153 1027 1021 6 0.48 0.01699 0.20 1.54 1.06 1.74 0.115 0.092 144 

Bollom 0611211995 2 17.0 72.0 7.20 8.19 10 159 1226 1218 8 0.63 0.02960 0.30 1.83 1.20 2.13 0.118 0.095 60 

Bollom 0612611995 2 23.1 71.0 7.60 8.66 10 164 1088 1062 26 0.10 0.01852 0.30 1.30 1.20 1.60 0.164 0.085 30 

Bollom 07/1111995 2 22.0 82.0 5.00 8.55 10 163 1194 1187 7 0.25 0.03503 0.10 1.31 1.06 1.41 0.164 0.262 12 

Bollom 07/2511995 2 24.5 78.0 4.80 8.66 10 160 1097 1055 42 0.50 0.10034 0.10 1.89 1.39 1.99 0.351 0.239 42 

BoHom 08/2111995 2 25.0 81.0 7.10 8.92 10 164 1108 100S 13 0.19 0.06104 0.10 1.13 0.94 1.23 0.361 0.296 30 

Bollom 09/1811995 2 18.2 63.0 8.20 9.17 10 166 1063 1047 16 0.02 0.00680 0.10 1.38 1.36 1.48 0.275 0.187 34 

Bollom 10/18/1995 2 11.0 52.0 9.10 9.05 10 171 1081 1070 II 0.10 0.01844 0.20 1.75 1.65 1.95 0.267 0.186 54 

BOTTOM LM2 

MEAN 13.9 56.4 7.64 8.29 10 173 1021 1005 16 0.28 0.01899 0.17 1.72 1.44 1.90 0.255 0.194 54 

MEDIAN 14.0 63.0 7.60 8.49 10 166 1027 1021 II 0.21 0.00680 0.10 1.75 1.39 1.95 0.286 0.223 36 

MAXIMUM 25.0 82.0 12.20 9.17 10 239 1226 1218 42 0.81 0.10034 0.30 2.46 2.21 2.66 0.413 0.325 144 

MINIMUM 3.0 -8.0 2.90 6.44 10 104 888 849 2 0.02 0.00017 0.10 1.08 0.94 1.18 0.085 0.010 12 

STDEV 7.9 23.0 2.31 0.67 0 31 103 106 II 0.25 0.02638 0.09 0040 0.34 0.43 0.091 0.102 39 

RANGE 22.0 90.0 9.30 2.73 0 135 338 369 40 0.79 0.10017 0.20 1.38 1.27 1.48 0.328 0.315 132 
-_.-
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Units mgtm3 mgtm3 C F mgIL su 1100 mL mgIL mgIL mgIL mgIL mgIL msfl mgIL mgIL mgIL mgIL mgIL mgIL inches 

BoUGm 08118/1994 3 21.8 74.0 5.90 8.45 20 170 977 937 40 0.41 0.04640 0.10 2.73 2.32 2.83 0.433 0.300 33 
Bottom 0911211994 3 21.0 71.0 8.50 8.13 10 177 897 874 23 0.02 0.00109 0.10 1.75 1.73 U5 0.253 0.193 24 
Bottom 09/2611994 3 16.0 51.0 8.20 8.24 10 173 921 912 9 0.02 0.00098 0.10 1.23 1.21 1.33 0.246 0.173 36 
Bottom 1011111994 3 12.0 54.0 9.60 7.78 10 193 919 908 II 0.05 0.00065 0.10 1.79 1.74 1.89 0.276 0.200 40 
BoUGm 10125/1994 3 8.7 32.0 8.80 7.25 10 188 913 904 9 0.30 0.00089 0.10 1.86 1.56 1.96 0.266 0.230 48 
BOUGm 01103/1995 3 4.0 -2.0 4.60 7.30 10 219 992 987 5 0.68 0.00156 0.30 2.01 1.33 2.31 0.306 0.276 120 
BoUGm 01/24/1995 3 35 23.0 4.60 7.83 10 231 1044 1041 3 0.84 0.00624 0.30 2.51 1.67 2.81 0.347 0.307 120 
BOllom 0212111995 3 35 40.0 3.40 7.60 235 1107 1102 5 0.78 0.00342 0.30 2.40 1.62 2.70 0.325 0.292 108 
BoUGm 04/05/1995 3 4.0 38.0 14.60 8.57 10 190 942 930 12 0.02 0.00082 0.20 1.75 1.73 1.95 0.197 0.043 20 
BOUGm 04/19/1995 3 5.0 66.0 10.40 8.62 10 ISO 875 845 30 0.02 0.00099 0.10 1.99 1.97 2.09 0.154 0.036 27 

Bottom 05/0111995 3 9.0 52.0 10.10 8.80 10 149 902 890 12 0.02 0.00196 0.10 1.24 1.22 1.34 0.089 0.010 40 
BoUGm 0513011995 3 14.0 66.0 6.80 8.15 10 151 1010 1002 8 0.44 0.01523 0.20 1.43 0.99 1.63 0.092 0.095 156 
BoUGm 0611211995 3 17.0 76.0 7.40 8.17 10 157 1200 1191 9 0.60 0.02698 0.20 1.87 1.27 2.07 0.112 0.089 42 
BoUGm 0612611995 3 23.0 71.0 6.40 8.45 10 165 1055 1038 17 0.28 0.03419 0.30 1.83 1.55 2.13 0.154 0.098 34 
Bottom 07/1111995 3 22.0 82.0 5.60 8.64 10 160 1Il7 1Il5 2 0.11 0.01837 0.10 1.\8 1.07 1.28 0.112 0.102 42 
Bottom 0712511995 3 25.0 77.0 4.50 8.84 10 153 1080 1062 18 0.42 0.11864 0.10 1.82 1.40 1.92 0.276 0.200 42 
BOUGm 0812111995 3 24.8 76.0 7.50 9.06 10 165 1072 1062 10 0.03 0.01175 0.01 1.42 1.39 1.43 0.328 0.266 60 
BoUGm 09/1811995 3 18.3 62.0 8.30 9.25 110 167 1081 1067 14 0.02 0.00768 0.10 1.41 1.39 1.51 0.260 0.183 42 
BoUGm 10/1811995 3 11.0 51.0 9.40 9.10 10 172 1079 1072 7 0.02 0.00405 0.10 1.\8 1.16 1.28 0.253 0.200 96 

BOTIOM LM3 
MEAN 13.9 55.8 7.61 8.33 16 177 1011 998 13 0.27 0.01589 0.15 1.76 1.49 1.91 0.236 0.173 59 
MEDIAN 14.0 62.0 7.50 8.45 10 170 1010 1002 10 0.11 0.00405 0.10 1.79 1.40 1.92 0.253 0.193 42 
MAXIMUM 25.0 82.0 14.60 9.25 110 235 1200 1191 40 0.84 0.11864 0.30 2.73 2.32 2.83 0.433 0.307 156 
MINIMUM 3.5 -2.0 3.40 7.25 10 149 875 845 2 0.02 0.00065 0.01 U8 0.99 1.28 0.089 0.010 20 
STDEV 7.8 21.9 2.66 0.58 24 26 94 98 10 0.29 0.02806 0.09 0.45 0.33 0.50 0.096 0.094 40 
RANGE 21.5 84.0 11.20 2.00 100 86 325 346 38 0.82 0.11800 0.29 1.55 1.33 US 0.344 0.297 136 

Bottom 0811711994 4 21.8 80.0 6.10 8.30 10 185 0 0 0 0.15 0.01243 0.10 2.30 2.15 2.40 0.286 0.220 20 
BoUGm 09113/1994 4 22.0 86.0 7.20 8.26 10 191 860 833 27 0.02 0.00154 0.10 2.25 2.23 2.35 0.240 0.023 IS 
BoUGm 09/2111994 4 16.2 60.0 6.87 7.95 10 186 881 871 10 0.28 0.00729 0.10 1.20 0.92 1.30 0.203 0.160 32 
BoUGm 1011111994 4 12.2 66.0 9.40 6.90 40 199 880 865 IS 0.27 0.00047 0.20 1.84 1.57 2.04 0.263 0.170 36 

BOUGm 10/25/1994 4 9.5 42.0 9.20 7.04 10 209 874 858 16 0.46 0.00090 0.30 1.59 1.\3 1.89 0.223 0.183 30 
BoUGm 01104/1995 4 2.0 0.0 15.80 8.53 10 223 952 946 6 0.02 0.00064 0.30 1.26 1.24 1.56 0.146 0.117 4 
BoUGm 0112511995 4 2.3 26.0 15.10 8.20 10 229 963 956 7 0.14 0.00219 0.30 1.73 1.59 2.03 0.184 24 
BoUGm 0212211995 4 3.0 41.0 13.30 8.10 10 236 1052 1046 6 0.13 0.00171 0.40 U9 1.46 1.99 0.171 0.008 24 
BoUGm 04/0511995 4 4.0 42.0 13.20 8.56 10 196 902 892 10 0.02 0.00080 0.40 1.27 1.25 1.67 0.141 0.046 36 
BOUGm 04/19/1995 4 5.0 58.0 1l.B0 8.62 SO 165 831 808 23 0.02 0.00099 0.10 1.44 1.42 1.54 0.121 0.036 29 
BoUGm 0510111995 4 9.2 55.0 9.60 855 10 ISS 916 901 IS 0.02 0.00117 0.10 0.98 0.96 1.08 0.092 0.016 72 
BOUGm 05/3011995 4 15.0 76.0 7.60 8.21 10 163 937 919 18 0.28 0.01191 0.20 1.37 1.09 U7 0.115 0.062 78 
BoUGm 0611211995 4 17.0 84.0 7.20 8.22 10 160 1105 1091 14 0.41 0.02057 0.20 1.94 1.53 2.14 0.108 0.079 36 
BoUGm 06/2611995 4 22.5 69.0 6.20 8.34 30 166 991 965 26 0.21 0.01981 0.30 1.49 1.28 1.79 0.157 0.075 24 
BOUGm 07/l11l995 4 21.0 94.0 4.80 8.31 10 164 1029 1014 IS 0.31 0.02487 0.20 1.49 1.18 1.69 0.151 0.105 60 
BoUGm 07/2611995 4 24.0 73.0 9.00 8.84 10 159 990 973 17 0.28 0.07513 0.24 2.13 l.B5 2.37 0.236 0.161 36 
BoUGm 08/2211995 4 22.5 81.0 6.80 8.81 -'10 --rn T082~ '--41 -0]0 0.02m 0.10 1.61 1.51 -•. 7f o.2%'--o.i6T --2'1 
BoUGm 09/2011995 4 17.0 55.0 8.00 8.93 10 169 995 969 26 0.03 0.00639 0.10 1.26 1.23 1.36 0.165 0.095 24 
BoUGm 10/18/1995 4 11.0 55.0 9.80 9.21 10 162 1006 982 24 0.07 0.01724 0.10 152 1.45 1.62 0.140 0.063 30 

BOTIOM LM4 
MEAN 13.5 60.2 9.31 8.31 IS 184 908 891 17 0.17 0.01208 0.20 1.59 1.42 1.79 0.181 0.099 33 
MEDIAN 15.0 60.0 9.00 8.31 10 172 952 946 IS 0.14 0.00639 0.20 1.52 1.42 1.71 0.165 0.087 30 
MAXIMUM 24.0 94.0 15.80 9.21 50 236 1105 1091 41 0.46 0.07513 0.40 2.30 2.23 2.40 0.296 0.220 78 
MINIMUM 2.0 0.0 4.80 6.90 10 ISS 0 0 0 0.02 0.00047 0.10 0.98 0.92 1.08 0.092 0.008 4 
SIDEV 7.7 23.1 3.16 0.57 12 25 233 229 10 0.14 0.01758 0.11 0.36 0.36 O.~ 0.061 0.064 IB 
RANGE 22.0. 94.0 11.00 2.31 40 81 1105 1091 41 0.44 0.07466 0.30 1.32 1.31 1.32 0.204 0.212 74 



UI>I'TI1 Dale 511e I uncorr Chi-a IUHr"m-a IWTBMI' IfECAL ITALKAL T501 I'uo>v .. IUN-AMMOIl N03+ ITKN- IU-Nlln: r"-","m I'r~. I 

Units mslm3 mglm3 C f ms/L IU Ii00mL ms/L ms/L m&'L Ims/L ms/L mg/l ms/L ms/L ms/L ms/L ms/L ms/L inches 

Bonom 0811711994 5 21.5 80.0 5.40 8.40 10 181 0 0 0 0.19 0.01903 0.10 2.29 2.10 2.39 0.283 0.226 33 
Bonom 0911311994 5 21.8 85.0 7.20 8.05 10 190 85B 840 18 0.11 0.00532 0.10 1.30 1.19 1.40 0.196 0.153 16 
Bonom 0912611994 5 9.2 42.0 9.20 7.04 10 195 863 851 12 0.25 0.00048 0.10 1.18 0.93 I.2B 0.206 0.170 30 
Bottom 1011111994 5 12.5 67.0 9.00 7.43 10 197 BB2 863 19 0.2B 0.00169 0.10 1.83 1.55 1.93 0.243 0.190 2B 
Bottom 10/2511994 5 9.5 43.0 9.20 7.04 10 203 B69 853 16 0.47 0.00092 0.30 1.60 1.13 1.90 0.216 0.176 30 
Bonom 0110411995 5 3.5 10.0 7.60 8.23 10 219 941 936 5 0.17 0.00313 0.30 1.54 1.37 1.84 0.173 0.146 4 
Bonom 0112:W1995 5 3.0 25.0 10.80 8.20 10 223 938 937 I 0.24 0.00397 0.40 1.60 1.36 2.00 0.168 0.151 96 
Bonom 0212211995 5 3.0 46.0 10.70 7.80 10 234 1030 1029 I 0.24 0.00160 0.40 1.72 1.48 2.12 .0.198 0.164 22 
Bonom 04/0511995 5 5.0 45.0 12.40 8.48 10 193 890 881 9 0.04 0.00146 0.40 1.22 1.18 1.62 0.138 0.092 48 
Bonom 0411911995 5 5.0 66.0 11.50 8.64 10 159 833 812 21 0.02 0.00104 0.10 1.52 1.50 1.62 0.098 0.023 27 

Bonom OSlOIII995 5 8.9 55.0 9.40 B.55 10 164 872 865 7 0.02 0.00114 0.10 0.87 0.85 0.97 0.069 0.016 84 

Bonom 0513011995 5 14.0 74.0 7.20 8.16 10 162 933 922 II 0.27 0.00956 0.20 1.51 1.24 1.71 0.095 0.072 7B 

Bonom 0611211995 5 17.0 82.0 7.60 8.26 10 o 1054 1045 9 0.37 0.02026 0.20 1.71 1.34 1.91 0.098 0.069 S4 

Bonom 0612611995 5 22.4 68.0 6.00 8.29 10 172 1011 972 39 0.24 0.02026 0.30 1.66 1.42 1.96 0.174 0.092 18 

Bonom 0711111995 5 25.0 92.0 9.80 8.61 10 158 1041 1009 32 0.08 0.01506 0.10 1.73 1.65 1.83 0.144 0.105 36 

Bonom 0712611995 5 24.1 73.0 6.60 8.80 10 160 966 946 20 0.35 0.08819 0.10 1.21 0.86 1.31 0.207 0.154 12 

Bonom 0812211995 5 25.0 76.0 3.10 8.75 10 166 1030 1023 7 0.21 0.05091 0.10 1.62 1.41 1.72 0.215 0.172 36 

Bottom 09l20I1995 5 17.0 51.0 8.00 8.98 10 166 978 958 20 0.02 0.00466 0.10 1.40 1.38 1.50 0.155 0.092 24 

Bonom 10111111995 5 11.0 54.0 10.80 9.32 10 153 972 950 22 0.02 0.00592 0.10 1.41 1.39 1.51 0.102 0.039 36 

B01iOM LM5 
MEAN 13.6 59.7 8.50 8.26 10 173 893 879 14 0.19 0.01340 0.19 1.52 1.33 1.71 0.167 0.121 37 

MEDIAN 12.5 66.0 9.00 8.29 10 172 938 936 12 0.21 0.00466 0.10 1.54 1.37 1.72 0.173 0.146 30 

MAXIMUM 25.0 92.0 12.40 9.32 10 234 1054 1045 39 0.47 0.08819 0.40 2.29 2.10 2.39 0.283 0.226 96 

MINIMUM 3.0 10.0 3.10 7.04 10 0 0 0 0 0.02 O.OOO4B 0.10 0.87 0.85 0.97 0.069 0.016 4 

STDEV 8.0 21.3 2.32 0.60 0 48 227 224 10 0.13 0.02183 0.12 0.30 0.29 0.34 0.057 0.060 25 

RANGE 22.0 82.0 9.30 2.28 0 234 1054 1045 39 0.45 0.08771 0.30 1.42 1.25 1.42 0.214 0.210 92 
_._- ----- -



Table 1. Biological Monitoring in Lake Madison (1995-96). 

Algae TI~e 26 June 1995 18 August 1995 12 February 1996 
Site LM-l SiteLM-3 SiteLM-l SiteLM-3 Site LM-l SiteLM-3 

Surface Surface Surface Surface Surface Surface 
cells/ml cells/ml cells/ml cells/ml cells/ml cells/ml 

Blue-Green Algae. 
Aphanizomenon jlos-aquae 20195 21350 94,000 39,800 0 0 

(577 fils*/ml) (610 fils/ml) (2350 (995 filS/ml) 
fils/ml) 

Microcystis aeruginosa 640 80 15,750 21,930 0 0 
Oscillatoria spp. 0 0 6,000 2,200 0 0 

Anabaena sp. 1560 920 0 0 0 0 

Chroococcus sp. 0 0 0 83 0 0 

unid entified small colonies 100 110 0 0 0 0 

unidentified large cells 40 0 0 0 0 0 

unidentified small filaments 0 0 0 0 0 10 

Total Blue-Green Algae 22535 22460 115,750 64,013 0 10 

Flagellated Algae 
Cryptomonas spp. 1 20 27 27 0 1 

Chroomonas spp. 170 410 0 0 120 2 

Carteria spp. 0 0 0 0 0 20 

Trachelomonas spp. 4 0 0 0 0 

unidentified small flagellates and 0 0 1,580 1,340 

misc. small single cells? 0 0 0 0 0 

Total Flagellated Algae 175 430 27 27 1,700 1,363 

*fils = filaments 



Table 1. Biological Monitoring in Lake Madison (1995-96) Cont. 

Algae Type 26 June 1995 18 August 1995 12 February 1996 
Site LM-l Site LM-3 Site LM-l Site LM-3 Site LM-l Site LM-3 

Surface Surface Surface Surface Surface Surface 
cells/ml cells/mt cells/ml cells/ml cells/ml cells/ml 

Diatoms 
Melosira granulata 20 30 0 0 0 0 

Stephanodiscus hantzschii? 680 300 0 0 0 0 
Stephanodiscus niagarae 4 0 0 0 0 0 
Stephanodiscus spp. 0 0 0 0 0 0 
Cyclotella meneghiniana? 20 30 0 0 0 0 
Gyrosigma sp. 0 1 0 0 0 0 
Nitzschia sp. 2 0 0 0 3 0 
Nitzschia acicularis 0 0 0 0 0 0 
unidentified pennate 
diatoms 2 3 0 0 0 0 

Navicula sp. 0 1 0 0 1 1 
unid. small centric diatoms 0 0 0 0 1 100 

Total Diatoms 728 365 0 0 5 101 
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Table 1. Biological Monitoring in Lake Madison (1995-96) Cont. 

Algae Tl:2e 26 June 1995 18 August 1995 12 February 1996 

Site LM-I SiteLM-3 Site LM-I SiteLM-3 Site LM-I SiteLM-3 
Surface Surface Surface Surface Surface Surface 
ceUs/ml cells/ml cells/ml cells/ml cells/ml cells/ml 

Green Algae 
Scenedesmus spp. 120 0 0 0 0 0 

Characium sp. 10 0 0 0 0 0 
Oocystis sp 4 6 0 0 0 0 

unidentified small green cells 0 0 0 0 0 0 

Total Green Algae 134 6 0 0 0 0 



Table 1. Biological Monitoring in Lake Madison (1995-96) Cont. 

Algae Type 26 June 1995 18 August 1995 12 February 1996 
Site LM-l Site LM-3 Site LM-l Site LM-3 Site LM-l Site LM-3 

Surface Surface Surface Surface Surface Surface 
cells/mt cells/mt cells/ml cells/ml cells/mt cells/mt 

unidentified single small round 
cells: 

greenlgreenishlblue-green 180 400 0 0 2 0 
cells 

brown cells 0 0 0 0 0 0 

blue-green cells 0 0 0 0 0 0 

Grand Total Algae 23,752 23,661 115,777 64,040 1,707 1,464 

----.....:..~ -·~~-T 
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Table 2. Biological Monitoring in Brant Lake (1995-96). 

Algae Type 26 June 1995 20 August 1995 13 February 1996 

Blue-Green' Algae 
Aphanizomenon jlos-aquae 

Microcystis aeruginosa 
Oscillatoria spp. 
Anabaena sp. 
Chroococcus sp. 
unid entified small colonies 
unidentified small cells 
unidentified small filaments 
Total Blue-Green Algae 

FlageDated Algae 

Site BL-4 Site BL-5 Site BL-4 Site BL-5 Site BL-4 Site BL-5 
Surface Surface Surface Surface Surface Surface 
cellslml cellslml cellslml cellslml cellslml cellslml 

22,074 15,327 
(566 fils· Iml) (393 fils/ml) 

0 0 
0 0 

2,080 2,520 
0 0 

120 140 
40 0 

0 0 

24,314 17,987 

96,800 
(2,420 filslml) 

0 
4,200 

0 
0 
0 
0 
0 

101,000 

162,400 
(4,060 filslml) 

0 
7,300 

0 
0 
0 
0 
0 

169,700 

o 

o 
o 
o 
o 
o 
o 
o 
o 

o 

o 
o 
o 
o 
o 
o 
o 
o 

Cryptomonas spp. 4 8 10 13 3 5 
Chroomonas spp. 200 540 0 0 360 80 

Carteria spp. 0 0 0 0 0 0 
Trachelomonasspp. 2 0 0 0 0 0 

unidentified small flagellates 
(and misc. small single cells?) 0 0 0 0 1,780 5,420 

Total Flagellated Algae 206 548 10 13 2,143 5,505. 

*fils = filaments 
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Table 2. Biological Monitoring in Brant Lake (1995-96) Cont. 

Algae Type 26 June 1995 20 August 1995 13 ¥ebruary 1996 

Diatoms 
Melosira granulata . 

Melosira varians 
Surirella sp. 
Fragilaria sp. 
Stephanodiscushantzschii? 
Stephanodiscus niagarae 
Synedrasp. 
Cyclotella meneghiniana? 
Gyrosigma sp. 
Nitzschia sp. 
Nitzschia acicularis 
Fragilaria capucina 
Gomphonema sp. 

uniddentified small and medium 
centric diatoms 
Total Diatoms 

. • fils = filaments 
•• col = colonies 

~ 

Site BL-4 Site BL-5 Site BL-4 Site BL-5 Site BL-4 Site BL-5 
Surface Surface Surface Surface Surface Surface 
cells/ml cells/ml cells/ml cells/ml cells/ml cells/ml 

30 3 0 20 0 0 

0 0 0 0 45 10 
2 0 0 0 4 4 
0 10 0 0 0 0 

480 980 0 0 0 0 
21 15 100 80 0 0 
0 0 0 0 36 7 

20 60 0 0 0 0 
1 0 0 0 0 0 

10 4 0 0 1 0 
0 10 0 0 0 0 
0 0 0 0 60 115 
0 0 0 0 6 0 

o o o o 2 43 

564 1082 100 100 154 179 ' 

-'"~~~ ~~" 
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Table 2. Biological Monitoring in Brant Lake (1995-96) Cont. 

Algae T;I1~e 26 June 1995 20 August 1995 13 February 1996 
Site BL-4 SiteBL-5 SiteBL-4 SiteBL-5 SiteBL-4 Site BL-5 
Surface Surface Surface Surface Surface Surface 
cells/ml cells/ml cells/ml cells/ml cells/ml cells/ml 

Green Algae 
Scenedesmus spp. 0 20 0 0 0 0 

Schroederia setigera 3 1 0 0 0 0 
Characium sp. 0 0 0 0 0 0 
Oocystis sp 40 6 0 0 0 0 

Quadrigu/a sp. 0 9 0 0 0 0 
Micractinium sp. 0 1 0 0 0 0 
Stigeoclonium sp. 0 0 0 0 0 46 

unidentified small green cells 10 0 0 0 0 0 
and/or colonies 
Total Green Algae 53 37 0 0 0 46 



Table 2. Biological Monitoring in Brant Lake (1995-96) Cont. 

Algae T!~e 26 June 1995 20 August 1995 13 February 1996 
Site BL-4 Site BL-5 Site BL-4 Site BL-5 Site BL-4 Site BL-5 
Surface Surface Surface Surface Surface Surface 
cells/ml cells/mt cells/ml cells/ml cells/ml cells/ml 

unidentified single small round 
cells: 

greenlgreenishlblue-green 
cells 520 582 0 0 0 0 

brown cells 0 0 0 0 0 0 

blue-green cells 0 0 0 0 0 0 

Grand Total Algae 25,137 19,654 101,110 169,813 2,297 5,730 
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SAMPLE DATA FOR LAKE MADISON 1994-1996 
LAKE MADISON TRIBUTARY SITES 

PROJECT DATB TIMB SITS DEPTH FLOW IiTBMP ATBMP DISOX FPH FBCAL TALKAL TSOL TDSOL TSSOL AMMON UN-AMMON N03 TI<N-N O-Nit T-Nit TP04P TDP04P 
CFS C F mg/L su /100 Img/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

Lake Madiso 14-Mar-95 125 LMT1 Surface 3.5 69.0 9.70 8.56 10 25 142 140 2 0.23 0.00888 0.20 0.56 0.33 0.76 0.059 0.040 
Lake Madiso ~0-Mar-95 1130 LMT1 Surface 5.04 6.0 44 .0 15.80 9.03 10 132 958 946 12 0.11 0.01395 0.20 2.07 1.96 2.27 0.315 0.161 
Lake Madiso ~7-Mar-95 930 LMT1 Surface 11.95 5.0 42.0 10.50 8.45 10 162 1159 1136 23 0.09 0.00306 0.20 2.27 2.18 2.47 0.321 O.lH 
Lake Madleo 03-j\l'r-95 900 LMTl Surface 14.24 5.0 44.0 15.10 9.09 10 153 1155 1126 29 0.02 0.00267 0.10 2.42 2.40 2.52 0.321 0.092 
Lake Mad180 ll-Al'r-95 800 LMT1 Surface 13.20 1.5 32.0 11.60 8.90 158 1176 1144 32 0.02 0.00139 0.10 1.85 1.83 1.95 0.305 o 052 
Lake M8d180 7-Apr-95 905 LMT1 Surface 63.31 5.5 49.0 10.40 9.13 20 150 1205 1175 30 0.02 0.00299 0.10 1.91 1.89 2.01 0.298 o.~ 
Lake Madiso ~4-Al'r-95 930 LMT1 Surface 203.45 8.0 52.0 13.20 9.16 10 136 1128 1058 70 0.02 0.00374 0.20 0.89 0.87 1. 09 0.289 0.062 1 
Lake Madiso 05-JUD-95 1020 LMT1 Surface 117.00 19.0 74.0 7.90 8.7S 20 150 1247 1219 28 0.07 0.01203 0.30 1.56 1.49 1.86 0.190 0.056, 
Lake Kadleo ~8-Jun-95 1255 LMT1 Surface 42.09 23.7 82.0 5.90 8.40 20 163 1327 1291 36 0.17 0.01960 0.30 1.33 1.16 1.63 0.226 0.118 
Lake Madlso 07-Aug-95 910 LMT1 Surface 14.90 25.0 77.0 7.20 9.13 130 161 1243 1215 28 0.02 0.00869 0.10 1.28 1.26 1.38 0.296 0.175' 
Lake Mad180 10-0ct-95 830 LMT1 Surface 100.68 11.5 61.0 9.60 8.83 10 148 1100 1082 18 0.02 0.00248 0.20 2.04 2.02 2.24 0.292 0.165 
Lake Kadleo 12-Mar-96 830 LMT1 Surface 4.5 38.0 20.00 9.55 10 154 1120 1106 14 0.06 0.01792 0.10 2.04 1.98 2.14 0.462 0.265 

Mean 58.59 9.9 55.3 11.41 8.92 24 141 1080 1053 27 0.07 0.00812 0.18 1.69 1.61 1.86 0.28 0.120 
Maximum 203.45 25.0 82.0 20.00 9.55 130 163 1327 1291 70 0.23 0.01960 0.30 2.42 2.40 2.52 0.46 0.265 
Minimum 5.04 1.5 32.0 5.90 8.40 10 25 142 140 2 0.02 0.00139 0.10 0.56 0.33 0.76 0.06 0.040 

Stnev 64.50 8.2 16.7 4.03 0.14 36 38 309 301 17 0.07 0.00644 0.08 0.57 0.61 0.55 0.09 0.068 

Lake Madiso 14-Mar-9S 1400 LMT2 Surface 6.0 71.0 8.20 7.91 10 159 826 817 9 1.22 0.01330 1.40 2.75 1.53 4.15 0.403 0.216 

Lake Madi80 120-Mar-95 1020 LMT2 Surface 5.92 3.5 39.0 10.80 8.19 10 139 956 952 4 0.20 0.00337 0.70 1.84 1.64 2.54 0.279 0.151 
Lake Mad180 127-Mar-95 1000 LMT2 Surface 16.88 4.0 37.0 9.80 7.97 30 171 1270 1257 13 0.10 0.00106 3.40 2.38 2.28 5.78 0.328 0.197 

Lake Madiso 03-ADr-95 920 LMT2 Surface 17.72 4.5 48.0 12.20 8.87 10 168 1198 1176 22 0.02 0.00163 0.30 2.08 2.06 2.38 0.285 0.095 
Lake Madieo ll-Al'r-95 1000 LMT2 Surface 21.11 1.0 36.0 11.20 8.66 158 1192 1158 34 0.02 0.00079 0.40 2.08 2.06 2.48 0.298 0.052 

Lake Mad1so 17-Apr-95 925 LMT2 Surface 58.80 5.0 43.0 10.30 8.99 10 155 1257 1199 58 0.02 0.00218 0.90 1.89 1.87 2.79 0.318 0.082 

Lake Madieo 124-Apr-95 1000 LMT2 Surface 165.30 7.5 51.0 11.60 9.12 10 141 1148 1068 80 0.02 0.00336 0.40 0.92 0.90 1.32 0.295 0.062 
Lake Madiso 05-Jun-95 1110 LMT2 Surface 125.74 20.0 74.0 6.40 8.35 SO 155 1244 1224 20 0.11 0.00898 0.50 1. 71 1.60 2.21 0.157 0.066 
Lake Madiso 8-Jun-95 1050 LMT2 Surface 61.45 21.8 76.0 3.90 8.11 3100 165 1353 1281 72 0.19 0.01047 1.50 1.62 1.43 3.12 0.361 0.180 
Lake Mad1so 07-Aug-95 950 LMT2 Surface 17.27 24.0 79.0 7.10 8.76 630 171 1261 1227 34 0.02 0.00467 0.20 1.58 1. S6 1.18 0.358 0.168 

~~e Madiso ~0-Oct-95 920 LMT2 Surface 84.34 10.8 54.0 8.80 8.75 30 153 1119 1075 .4 0.02 0.00201 0.40 1.10 1.68 2.10 0.352 0.179 

Lake Madi80 ~2-Mar-96 900 LMT2 Surface 3.0 45.0 17.40 9.39 10 154 1047 1034 13 0.30 0.06202 0.40 2.17 1.B7 2.57 0.482 0.315 

Mean 57.45 9.3 54.4 9.81 8.59 355 157 1156 1122 34 0.19 0.00949 0.88 1.89 1.71 2.77 0.33 0.147 

Maximum 165.30 24.0 79.0 17.40 9.39 3100 171 1353 1281 80 1.22 0.06202 3.40 2.75 2.28 5.78 0.48 0.315 

Minimum 5.92 1.0 36.0 3.90 7.91 10 139 826 817 4 0.02 0.00079 0.20 0.92 0.90 1.32 0.16 0.052 

StDev 53.59 8.1 16.2 3.40 0.48 929 10 150 138 25 0.34 0.01703 0.90 0.46 0.36 1.18 0.08 0.079 

Lake Madiso 14-Mar-95 1055 LMT3 surface 7.0 64.0 8.00 7.76 10 109 994 977 17 0.02 0.00017 1.10 1.45 1.43 2.55 0.420 0.351 

Lake Madieo ~0-Mar-95 1050 LMT3 Surface 3.2 36.0 10.70 8.03 10 225 1682 1679 3 0.02 0.00023 0.10 0.52 0.50 0.62 0.190 0.184 

Lake Madiso ~7-Mar-95 1020 LMT3 Surface 1.49 3.0 37.0 10.80 7.84 20 152 1717 1715 2 0.02 0.00015 1.00 1.10 1.08 2.10 0.220 0.203 

Lake Kadi80 03-Apr-95 945 LMT3 Surface 0.01 6.0 50.0 9.60 7.98 10 212 1744 1720 24 0.02 0.00026 0.10 0.72 0.70 0.92 0.100 0.069 

Lake Madleo ll-Apr-95 1020 LMT3 Surface 2.0 34.0 6.50 7.47 263 1788 1790 8 0.02 0.00006 0.10 0.87 0.85 0.97 0.089 0.085 

Lake Mad180 17-Apr-95 940 LMT3 Surface 2.40 4.0 47.0 11.20 7.99 10 136 1337 1334 3 0.02 0.00022 1.40 0.73 0.71 2.13 0.131 0.125 

Lake Mad180 ~4-Apr-95 1025 LMT3 Surface 0.71 8.5 51.0 13.40 8.38 10 179 1509 1501 8 0.02 0.00076 0.10 0.22 0.20 0.32 0.052 0.079 

Lake Kadieo OS-Jun-95 1135 LMT3 Surface 0.44 24.0 86.0 8.60 8.04 36 264 1771 1771 6 0.02 0.00110 0.10 0.92 0.90 1.02 0.092 0.069 

Lake Madi80 ~8-Jun-95 835 LMT3 Surface 8.80 18.0 72.0 4.60 7. S4 2000 111 1114 1098 16 0.02 0.00023 1.00 1.37 1.35 2.37 0.197 0.125 

Lake Madlso 07-Aug-95 840 LMT3 Surface 2.29 22.0 76.0 4.40 7.86 290 153 1163 1156 7 0.02 0.00064 0.10 0.85 0.83 0.95 0.157 0.139 

,Lake Madieo lO-Oct-95 950 LMT3 Surface 2.62 8.8 57.0 8.30 7.81 30 218 2069 2067 2 0.02 0.00022 0.10 0.83 0.81 0.93 0.155 0.158 

Lake Mad1so ,,2-Mor-96 930 LMT3 Surface 1.0 45.0 11.20 7.36 10 50 265 258 7 0.46 0.00095 0.80 1.89 1.43 2.69 0.439 0.358 

Mean 2.34 9.0 54.6 8.94 7.84 221 173 1430 1421 9 0.06 0.00042 0.50 0.96 0.90 1.46 0.19 0.162 

Maximum 8.80 24.0 86.0 lJ.40 8.38 2000 264 2069 2067 24 0.46 0.00110 1.40 1.89 1.43 2.69 0.44 0.358 

Minimum 0.01 1.0 34.0 4.40 7.36 10 SO 265 258 2 0.02 0.00006 0.10 0.22 0.20 0.32 0.05 0.069 

StDev 2.78 8.0 16:8 2.76 0.28 596 66 489 -- 491 7 0.13 0.00035 0.51 0.45 0.37 0.84 0.12 0.100 



PROJBcr OATH TIMB SITB DBPTII FLOW WTBMP ATBMP DISOX PPH nCAL TALKAL TSOL TDSOL TSSOL AMMON UN-AMMON N03 TICN-N O-Nit T-Nit TP04P TDP04P 
CPS C P Ima/L au 1100 • Img/L Img/L IM/L IIII!I/L IIII!I/L IIII!I/L Img/L Img/L Img/L Img/L Img/L Img/L 

Lake Madilo ~4-Mar-95 1030 LMT4 Surface 4.5 56.0 8.30 7.70 10 90 693 "6 7 0.39 0.00233 1.30 2.48 2.09 3.78 0.528 0.3" 
Lake Madiao ~0-Mar-9S 1115 LMT4 Surface 3.41 5.0 36.0 10.80 8.03 20 159 841 805 36 0.02 0.00026 0.30 1.57 1.55 1.87 0.436 0.305 
Lake Madilo ~7-Mar-9S 1040 LMT4 Surface 14.23 4.0 37.0 9.90 7.85 460 152 1465 1446 19 0.02 0.00016 2.80 1.62 1.60 4.42 0.358 0.279 
Lake Madilo 03-Apr-95 1000 LllT4 SUrface 5.77 7.0 52.0 10.40 8.15 10 178 1084 1069 15 0.02 0.00041 0.10 1.48 1.46 1.58 0.246 0.154 
Lake Madi"" ~1-M>r-9S 1030 LMT4 surface 1.15 1.0 33.0 11.60 7.90 232 1431 lU9 12 0.02 0.00014 0.90 1.04 1.02 1.94 0.128 0.089 
Lake Madiao 7-APr-95 955 LllT4 Surface 27.33 4.5 47.0 9.90 7.91 260 142 1150 1133 17 0.02 0.00019 2.50 1.10 1.08 3.60 0.285 0.246 
Lake Madiao 4-Apr-95 1035 LllT4 surface 26.74 9.0 52.0 8.70 7.92 10 143 1038 1019 19 0.02 0.00028 0.80 0.31 0.29 1.11 0.207 0.180' 
Lake MediaD 05-.JUn-95 1155 LMT4 Surface 12.24 21.0 74.0 8.20 8.15 180 227 1333 1327 6 0.02 0.00114 0.70 1.35 1.ll 2.05 0.272 0.233 
Lake MadilO ~8-.JUn-95 905 LllT4 Surface 19.80 19.1 73.0 5.70 7.98 3900 140 1607 1531 76 0.04 0.00137 2.00 1.70 1.66 3.70 0.312 0.197, 
Lake MedilO 07-Aug-95 1050 LMT4 surface 23.60 23.5 82.0 5.10 8.01 740 153 1109 1085 24 0.02 0.00099 0.50 1.08 1.06 1.58 0.328 0.328 : 

Lake MediaD 0-OCt-9S 1010 LMT4 Surface 47.04 9.2 61.0 8.50 8.20 150 180 1236 1226 10 0.02 0.00054 0.70 1.13 1.11 1.83 0.440 0.414 

Lake Madiao 2-Mer-96 1000 LMT4 Surfece· 1.0 51.0 11.50 7.61 80 77 379 366 13 0.72 0.00263 0.80 2.68 1.96 3.48 0.536 0.459, 

Mean 18.13 9.1 54.5 9.05 7.95 529 156 1114 1093 21 0.11 0.00087 1.12 1.46 1.35 2.58 0.34 0.272' 

MaXimum 47.04 23.5 82.0 11.60 8.20 3900 232 1607 1531 76 0.72 0.00263 2.80 2.68 2.09 4.42 0.54 o.~ 
Minimum 1.15 1.0 33.0 5.10 7.61 10 77 379 366 6 0.02 0.00014 0.10 0.31 0.29 1.11 0.13 0.089' 

StDav 13.88 7.8 15.7 2.08 0.18 1141 46 348 341 19 0.22 0.00086 0.87 0.64 0.48 1.12 0.13 0.111 

Lake M8dilo l'-Mar-95 1430 LMT5 Surface 10.5 65.0 9.00 7.83 10 130 800 790 10 0.58 0.00750 1.20 2.45 1.87 3.65 0.397 0.253 

Lake Madil" 120-Mar-9S 1255 LMT5 SUrface 9.38 5.0 33.0 11.30 8.18 10 1" 908 901 7 0.10 0.00186 0.50 1.58 1.48 2.08 0.259 0.134! 

Lake Madil .. 127-Mar-95 1110 LIlTS Surface 48.64 4.5 34.0 10.40 7.99 660 148 1233 1174 59 0.10 0.00116 2.80 1.70 1.60 4.50 0.364 0.177 

Lake Madia .. 03-Apr-95 1040 LIlTS surface 20.01 6.0 56.0 12.20 8.61 10 169 1169 1144 25 0.02 0.00105 0.20 2.06 2.04 2.26 0.230 0.102' 

Lake MediaD '11-Apr-95 1100 LMT5 SUrfece 13.65 1.0 22.0 11.80 8.40 163 1182 1141 35 0.03 0.00066 0.40 1.58 1.55 1.98 0.276 0.095 

Lake Madiao 117-Apr-95 1030 LMT5 surfece 103.67 5.0 46.0 10.80 8.64 20 150 1250 1190 60 0.02 0.0010' 1.30 1." 1.42 2.74 0.33' 0.128 

Lake MediI .. 124-Apr-95 1100 LIlTS Surface 201.41 8.5 52.0 10.90 8.95 10 144 1162 1090 72 0.02 0.00257 0.40 0.59 0.57 0.99 0.289 0.075 

Lake Madia .. 05-.JUn-95 1315 LMTS surfece 151.34 21.0 83.0 7.60 8.34 270 164 1273 1243 30 0.08 0.0068' 0.50 1.22 1.14 1.72 0.167 0.095 1 

Lake Madia .. 8-.JUn-9S 1120 LMTS surface 112.07 21.0 77.0 6.20 8.18 2600 156 1379 1319 60 0.12 0.00729 1.50 1.67 1.55 3.17 0.321 0.151: 

Lake Madiao 07-Au9-95 1050 LIlTS SUrface 63.03 23.5 85.0 6.90 8.33 920 161 1186 1154 32 0.02 0.00197 0.70 0.99 0.97 1.69 0.402 0.215' 

Lake Madiao O-Oct-9S 1040 LIlTS surface 90.44 11.0 62.0 9.20 8.58 10 163 1176 1138 38 0.02 0.00142 0.40 1.59 1.57 1.99 0.370 0.224i 

Lake Madia .. 112-Mar-96 1030 LMT5 Surface 2.5 Sl.O 12.40 8.84 30 118 689 663 26 0.55 0.03621 0.60 2.41 1.86 3.01 0.506 0.3691 

Mean 81.36 10.0 55.8 9.89 8.41 414 151 1117 1079 38 0.14 0.00580 0.88 1.61 1.47 2.48 0.33 O.~ 
MaxilllUftl 201.41 23.5 85.0 12.40 8.95 2600 169 1379 1319 72 0.58 0.03621 2.80 2.U 2.04 4.50 0.51 0.369 

Minimum 9.38 1.0 22.0 6.20 7.83 10 118 689 663 7 0.02 0.00066 0.20 0.59 0.57 0.99 0.17 0.0751 

StDav 63.04 7.8 20.0 2.10 0.33 790 15 206 194 21 0.20 0.00993 0.73 0.54 0.41 0.97 0.09 0.08S! -Lake MadisD 1S-Mar-95 1145 LllT6 Surface 8.5 67.0 10.40 8.06 10 157 902 858 44 0.53 0.00989 1.00 2.25 1.72 3.25 0.354 0.177! 

Lake Madiao 0-Mar-95 1325 LllT6 Surface 7.81 2.0 35.0 12.40 8.39 10 164 961 956 5 0.07 0.00164 0.50 1.35 1.28 1.85 0.213 0.118 

Lake Madiao 7-Mar-95 1140 LllT6 Surface 38.14 4.5 36.0 11.20 8.06 190 171 1449 1346 103 0.06 0,.00082 2.80 1.59 1.53 4.39 0.361 0.177: 

Lake Madia .. 03-Apr-95 1100 LllT6 Surface 20.31 7.0 62.0 12.80 8.59 10 177 1264 1158 106 0.02 0.00108 0.20 1.95 1.93 2.15 0.256 0.092 

Lake Madia 111-Apr-95 1130 LMT6 Surfece 25.12 1.0 34.0 11.50 8.37 167 1223 1155 68 0.04 0.00083 0.40 1.18 1.74 2.18 0.285 0.052 

Lake Madiac> 117-Apr-9S 1100 LllT6 Surface 85.20 5.0 46.0 11.20 8.56 50 155 1300 1208 92 0.02 0.00087 1.40 1.69 1.67 3.09 0.397 0.128 

Lake Madia .. 124-Apr-95 1130 LMT6 surface 188.48 8.7 54.0 10.90 8.84 10 146 1188 1100 88 0.02 0.00208 0.40 1.01 0.99 1.41 0.321 0.079 

Lake Madia., 05-.JUn-95 1400 LMT6 Surface 127.83 22.0 73.0 7.90 8.31 230 169 1217 1241 36 0.07 0.00600 0.50 1.31 1.24 1.81 0.171 0.079 

Lake Madia., 128-.JUn-95 1345 LllT6 Surface 93.80 23.0 88.0 6.60 8.29 4200 166 1416 1328 88 0.10 0.00878 1.50 1.48 1.38 2.98 0.338 0.148 

Lake Madia.DI 07-AUCI-95 1130 LMT6 SUrface 55.41 24.0 88.0 6.90 8.33 1700 163 1154 1118 36 0.02 0.00204 0.50 1.18 1.16 1.68 0.328 0.212 

Lake MadiaDl 0-OCt-95 1120 LMT6 SUrface 96.40 11.1 66.0 9.10 8.43 220 163 1118 1136 42 0.02 0.00104 0.40 1.82 1.80 2.22 0.373 0.21' 

Lake MadiaOl 3-Mar-96 1310 LMT6 Surface 5.0 63.0 11.80 8.61 20 131 830 748 82 0.43 0.02084 0.40 2.05 1.62 2.45 0.606 0.310 

Mean 73.85 10.2 59.3 10.23 8.40 605 161 1179 1113 66 0.12 0.00466 0.83 1.62 1.51 2.46 0.33 0.149 

Maximum 188.48 24.0 88.0 12.80 8.84 4200 177 1449 1346 106 0.53 0.02084 2.80 2.25 1.93 4.39 0.61 0.310 

Mini"""" 7.81 1.0 34.0 6.60 8.06 10 131 830 748 5 0.02 0.00082 0,20 1.01 0.99 1.41 0.17 0.052 

StDav 56.08 8.2 18~9 2.10 0.23 1290 12 193 179 32 0.17 0.00603 0.75 0.37 0.29 0.84 0.11 0.074 

."~--.....:::,." 4~~, .-"'fi~,- r"'~". ~-'~ r-<-::::::":"--', ~-,~.-., ,,'" 
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PROJBCT DATB 

Lake Madiao ~4-Mar-95 
Lake Madiao 121-Mar-95 
Lake Mediao 8-Mer-95 
Lake Madiao 04-ADr-95 

Lake Madiao 111-ADr-95 

Lake Madia., 118-ADr-95 
Lake Madiao 5-ADr-95 
Lake Madia., 06-Jun-95 
Lake Madlao 08-Aug-95 
Lake Madia., 111-Oct-95 
Lake Madla., 112-Mar-96 

Brant Lake 15-M8r-95 
Brant Lake 21-Mar-95 
Brant Lake 28-M8r-'5 
Brant Lake 04-ADr-95 
Brant Lake ll-ADr-95 
Brant Lake 18-ADr-95 
Brant Lake 25-Apr-95 

Brant Lake 06-Jun-95 
Brant Lake 08-Au9-95 
Brant Lake 11-Oct-95 
Brant Lake 13-Mar-96 

Brant Lake 15-Mar-95 
Brant Lake 21-Mar-95 
Brant Lake 28-Mar-95 

Brant Lake 04-ADr-95 
Brant Lake 12-ADr-95 
Brant Lake 18-ADr-95 
Brant Lake 25-Apr-95 

Brant Lake 06-Jun-95 
Brant Lake 08-Aug-95 

Brant Lake l1-Oct-95 

Brant Lake ll-Mar-96 

r<-'--

TIME 

910 

1130 

1330 
1145 

1345 

1125 
1125 

1150 

845 
840 

1130 

1115 
905 
920 

1110 

1420 
915 

905 
850 
910 

910 

830 

925 
935 

1005 
1000 

1140 
945 
935 
930 

1015 
1000 

910 

> 
J 

SITS 

UlT7 

UlT7 

U4T7 

UlT7 
UlT7 

LIIT7 
UlT7 
UlT7 
UlT7 

UlT7 
UlT7 

BLT8 
BLT8 
BLT8 
BLT8 
BLT8 
BLT8 

BLT8 
BLT8 

BLT8 
BLT8 
BLT8 

BLT9 

BLT9 
BLT9 
BLT9 

BLT9 
BLT9 

BLT9 
BLT9 
BLT9 
BLT9 
BLT9 

---,~, 

DBnK 

Surface 
SUrface 
Surface 
SUrface 
SUrface 

Surface 

Surface 
Surface 
Surface 
Surface 
surface 

Mean 
Maximum 
Mlnlmum 
StDev 

Surface 
SUrface 
Surface 
Surface 
Surface 
Surface 

Surface 
SUrface 

Surface 
Surface 

Surface 

Mean 
Maximum 
Mlnlmwn 
StDev 

SUrface 
Surface 
Surface 
Surface 
Surface 
Surface 
Surface 
Surface 
surface 
SUrface 
SUrface 

Mean 
Maxlmwn 

Mlnlmwn 
StDev 

,.z... _____ ~:._, :C"~':~ 

FLOW WTBMP ATBMP DISOX FPH FBCAL 
CPS C P img/L au /100 

0.92 1.0 51.0 10.00 7.12 30 
0.04 4.0 51.0 10.20 7.96 10 
1.74 4.0 '2.0 12.30 8.04 20 
0.30 1.5 36.0 13 .50 8.01 10 
0.14 1.0 34.0 12.10 7.88 

39.75 1.5 34.0 11.80 7.99 200 
3.07 10.0 70.0 13.20 8.25 10 
1.47 22.0 84.0 9.20 8.15 80 
0.45 23.5 80.0 4.30 7.92 590 
0.51 10.0 61.0 8.20 8.03 1000 

1.0 55.0 11.90 8.10 50 

4.14 7.2 5'.' 10.61 8.01 200 
39.75 23.5 84.0 ll.50 8.25 1000 

0.04 1.0 34.0 4.30 7.82 10 
12.30 8.4 17.8 2.67 0.12 333 

22.32 5.5 61.0 3.60 7.77 10 
23.58 4.5 42.0 6.80 7.86 30 
52.62 5.0 46.0 10.20 8.30 30 
38.06 5.0 32.0 14.30 8.87 10 
42.24 2.0 34.0 12.20 9.07 

98.77 5.0 35.0 10.80 8.64 10 
192.11 8.0 47.0 10.80 8.66 10 
167 .53 19.0 72.0 7.20 8.21 20 

55.44 25.0 82.0 6.60 8.61 50 
102.47 12.0 60.0 9.90 9.09 10 

4.0 53.0 13.60 8.37 10 

19.51 8.6 51.3 9.64 8.50 19 
192.11 25.0 82.0 14.30 9.09 50 

22.32 2.0 32.0 3.60 7.77 10 
59.75 7.2 16.2 3.27 0.44 14 

19.67 2.0 52.0 12.80 8.12 10 

11.15 2.8 39.0 11.20 8.27 10 

53.09 4.0 39.0 11.30 8.46 100 

23.73 2.0 24.0 12.50 9.01 10 
65.02 1.0 34.0 ll.40 9.04 10 
91.88 5.0 34.0 10.40 8.51 60 

197.43 8.8 50.0 10.70 8.68 10 

158.35 21.0 76.0 6.00 8.08 20 

61.66 26.3 88.0 '7.'70 9.22 20 

75.14 12.0 60.0 7.40 8.83 10 

3.0 46.0 13.80 8.45 970 

75.71 8.0 49.3 10.65 8.61 112 

197.43 26.3 88.0 ll.80 9.22 970 

11.15 1.0 24.0 6.00 8.08 10 

60.32 8.5 19.1 2.59 0.38 286 

./ 

TALKAL TSOL TDSOL TSSOL AMMON UN-AMMON N03 TlQI-N O-Nlt T-Nlt TP04P TDPOtP 
,mg/L mg/L ,mg/L mg/L mg/L mg/L ,mg/L ,mg/L mg/L mg/L mg/L illlg/L 

187 1433 1430 3 0.15 0.00089 2.90 1.23 1.08 4.13 0.220 0.164 
310 1800 1795 5 0.02 0.00021 2.20 0.63 0.61 2.83 0.052 0.052 
188 2459 2U9 10 0.02 0.00025 3.60 1.19 1.17 '.79 0.295 0.259 
282 2242 2234 8 0.02 0.00019 2.30 0.82 0.80 3.12 0.069 0.056 
290 2038 2033 5 0.02 0.00014 3.30 0.66 0.64 3.96 0.052 0.052 
126 2023 1087 936 0.12 0.00109 2.70 2.05 1.93 4.75 1.260 0.174 
238 1537 1529 8 0.02 0.00064 0.70 2.08 2.06 2.78 0.121 0.105 
299 1701 1691 10 0.02 0.00122 1.00 1.22 1.20 2.22 0.092 0.072 
315 2367 2331 36 0.04 0.00163 2.10 1.32 1.28 3.42 0.161 0.102 
308 2569 2556 II 0.02 0.00039 2.00 1.15 1.13 3.15 0.232 0.168 
105 612 590 22 0.33 0.00369 1.00 1.32 0.99 2.32 0.365 0.275 

241 1889 1793 96 0.07 0.00094 2.16 1.24 1.17 3.41 0.27 0.134 
315 2569 2556 936 0.33 0.00369 3.60 2.08 2.06 4.79 1.26 0.275 
105 612 590 3 0.02 0.00014 0.70 0.63 0.61 2.22 0.05 0.052 

77 564 609 279 0.10 0.00104 0.95 0.48 0.46 0.89 0.35 0.080 

211 999 992 7 0.80 0.00609 0.30 2.29 1.49 2.59 0.266 0.236 
190 860 856 4 0.64 0.00552 0.20 1.81 1.17 2.01 0.177 0.171 
194 928 920 8 0.38 0.00925 0.30 2.15 1.77 2.45 0.216 0.157 
221 943 930 13 0.02 0.00170 0.30 1.71 1.69 2.01 0.194 0.059 
169 891 862 29 0.02 0.00206 0.10 1.80 1.78 1.90 0.194 0.046 
151 882 862 20 0.02 0.00104 0.10 1.59 1.57 1.69 0.171 0.052 
153 879 863 16 0.02 0.00136 0.10 1.27 1.25 1.37 0.115 0.023 
159 1054 1049 5 0.48 0.02711 0.20 1.51 1.03 1.71 0.112 0.085 
158 1206 1198 8 0.31 0.0583' 0.10 1.20 0.89 1.30 0.339 0.303 
169 1089 1085 4 0.02 0.00423 0.10 1.21 1.19 1.31 0.232 0.193 
215 1291 1289 2 0.17 0.00447 0.'0 1.33 1.16 1.73 0.218 0.159 

181 1002 991 11 0.26 0.01101 0.20 1.62 1.36 1.82 0.20 0.ll5 
221 1291 1289 29 0.80 0.05834 0.40 2.29 1.78 2.59 0.34 0.303 
151 860 856 2 0.02 0.0010e 0.10 1.20 0.89 1.30 0.11 0.023 

26 14' 148 8 0.28 0.01734 0.11 0.37 0.31 0.43 0.06 0.089 

215 844 826 18 0.33 0.00'20 0.70 2.24 1.91 2.94 0.239 0.092 
197 857 839 18 0.37 0.00706 0.50 1.76 1.39 2.26 0.197 0.088 
192 919 899 20 0.19 0.00611 0.60 2.24 2.05 2.84 0.208 0.085 
243 966 940 26 0.02 0.00182 0.20 1.83 1.81 2.03 0.223 0.046 

156 888 842 46 0.02 0.00180 0.10 1.88 1.86 1.98 0.171 0.052 
156 971 873 98 0.02 0.00078 0.10 1.73 1.71 1.83 0.328 0.046 
160 903 869 34 0.02 0.00150 0.10 1.03 1.01 1.ll 0.180 0.043 

158 1093 1053 40 0.46 0.02247 0.30 1.54 1.08 1.84 0.187 0.085 
147 1208 1144 64 0.02 0.01017 0.10 1.84 1.82 1.94 0.402 0.060 

185 1093 1077 16 0.23 0.02951 0.20 1.66 1.43 1.86 0.271 0.214 

206 1263 1235 28 0.32 0.00930 0.30 2.66 2.3e 2.96 0.268 0.147 

183 1000 963 37 0.18 0.00861 0.29 1.86 1.67 2.15 0.24 0.087 

243 1263 1235 98 0.46 0.02951 0.70 2.66 2.34 2.96 0.40 0.214 

147 844 826 16 0.02 0.00078 0.10 1.03 1.01 1.ll 0.17 0.043 

31 143 141 --25 0.17 0.00930 0.22 0.42 0.41 0.56 0.07 0.052 



PROJECT DATB TIMB SITE DEPTH FLOW WTBMP ATBMP DISOX FPH FECAL TALJCAL TSOL TOSOL TSSOL AMMON UN-AMMON N03 TKN-N O-Nit T-Nit TP04P TDP04P 
CFS C F mg/L au /100 n mg/L mg/L mg/L mg/L mg/L !mgtL 'mgtL mgtL mg/L mg/L !mgtL mgtL 

Brant Lake 15-Mar-95 945 BLT10 Surface 0.12 2.5 54.0 10.40 7.91 100 140 691 680 11 0.09 0.00074 1.40 1.42 1.33 2.82 1.400 0.367 
Brant Lake 21-Mar-95 1100 BLTI0 Surface 4.5 46.0 11.90 8.23 10 255 1358 1351 7 0.04 0.00080 1.10 0.92 0.88 2.02 0.282 0.253 
Brant Lake 2a-Mar-9S 1150 BLTIO Surface 2.16 3.0 39.0 12.10 8.14 20 227 1489 1469 20 0.02 0.00029 1.10 0.10 0.08 1.20 0.279 0.230 

Brant Lake 04-Apr-95 1045 BLT10 Surface 0.55 1.0 24.0 13.20 8.32 50 253 1348 1339 9 0.02 0.00037 0.30 0.84 0.82 1.14 0.266 0.230 
Brant Lake 12-Apr-95 1300 BLT10 Sirface 0.69 1.0 35.0 11.30 7.95 10 301 1589 1565 24 0.02 0.00016 0.80 0.70 0.68 1.50 0.190 0.134 
Brant Lake 18-Apr-95 1100 BLT10 Surface 24.15 2.0 33.0 11.80 8.06 100 153 1098 802 296 0.02 0.00022 1.20 0.87 0.85 2.07 0.566 0.203 
Brant Lake 25-APr-95 1055 BLTI0 Surface 3.29 7.5 57.0 10.30 8.13 10 248 1195 1186 9 0.02 0.00040 O. SO 0.51 0.49 1.01 0.220 0.190 
Brant Lake 06-Jun-95 1115 BLTIO Surface 2.18 21.0 84.0 8.20 8.24 320 315 1450 1425 25 0.02 0.00138 0.30 1.09 1.07 1.39 0.312 0.259 
Brant Lake 08-Aug-9S 1145 BLT10 Surface 0.96 24.5 91.0 6.70 8.24 150 325 1497 1469 28 0.02 0.00174 0.60 1.04 1.02 1.64 0.478 0.405 
Brant Lake 11-0ct-95 1120 BLT10 Surface 0.44 11.5 72.0 9.50 8.39 190 340 1654 1646 8 0.02 0.00098 1.10 0.89 0.87 1.99 0.236 0.218 

Brant Lake 13-Mar-96 1100 BLT10 Surface 1.0 51.0 11.50 7.96 10 125 422 35' 68 0.86 0.00700 0.50 3.39 2.53 3.89 0.626 0.412 

Mean 3.84 7.2 53.3 10.63 8.1' 88 244 125. 1208 46 0.10 0.00128 0.81 1.07 0.97 1.88 0.44 0.26. 
Maximum 2 •. 15 24.5 91.0 13 .20 8.39 320 340 US. 1646 296 0.86 0.00700 1.40 3.39 2.53 3.89 1.40 0.412 

Minimum 0.12 1.0 24.0 6.70 7.91 10 125 .22 354 7 0.02 0.00016 0.30 0.10 0.08 1.01 0.19 0.13' 
StDGV 7.69 8.4 21.' 1.89 0.16 99 76 385 414 85 0.25 0.00196 0.39 0.84 0.61 0.85 0.35 0.091 

Brant Lake IS-Mar-9S 1325 BLTll Surface 8.80 3.5 69.0 9.70 8.56 10 136 606 597 9 0.08 0.00309 0.20 1.53 1.45 1. 73 0.151 0.0'6 

Brant Lake 21-Mar-95 1005 BLTII surface 16.96 5.8 41.0 14.24 8.57 10 177 775 768 7 0.06 0.00283 0.30 1.09 1.03 1.39 0.125 0.079 

Brant Lake 2a-Mar-9S 1035 BLTll Surface 58.50 5.0 41.0 11.60 8.46 10 196 863 849 14 0.16 0.00557 0.40 0.77 0.61 1.17 0.164 0.082 

Brant Lake 04-Apr-95 90S BLTll Surface 50.71 3.0 21.0 11.70 8.63 10 199 901 888 13 0.03 0.00130 0.40 1.31 1.28 1.71 0.148 0.066 

Brant Lake 12-Apr-95 1200 BLTll Surface 74.73 2.0 34.0 13.20 9.01 10 180 866 840 26 0.02 0.00182 0.10 1.74 1.72 1.84 0.138 0.023 

Brant Lake 18-APr-9S 1015 BLTl1 Surface 142.95 4.0 33.0 11.80 8.72 10 161 916 828 88 0.02 0.00114 0.10 1.35 1.33 1.45 0.236 0.033 

Brant Lake 25-APr-9S 1000 BLTl1 Surface 236.14 8.8 55.0 10.90 8.66 10 162 892 867 25 0.02 0.00144 0.10 0.69 0.67 0.79 0.151 0.030 

Brant Lake 06-Jun-9S 1005 BLTll Surface 213 .45 20.5 84.0 7.60 8.29 20 161 1005 989 16 0.32 0.02379 0.30 1.44 1.12 1. 74 0.105 0.062 

Brant Lake 08-Aug-9S 1100 BLTll Surface 106.75 26.5 83.0 7.40 8.98 10 163 1153 1088 65 0.02 0.00751 0.10 2.06 2.04 2.16 0.350 0.117 

Brant Lake 11-0ct-9S 1030 BLT11 surface 94.16 12.0 65.0 13.20 9.35 10 155 1007 979 28 0.02 0.00655 0.10 1.35 1.33 1.45 0.144 0.028 

Brant Lake 13·Mar-96 1000 BLTll Surface 6.0 51.0 8.70 8.25 10 193 1157 1133 24 0.25 0.00589 0.20 1.97 1.72 2.17 0.201 0.171 

Mean 100.32 8.8 52.5 10.91 8.68 11 171 922 893 29 0.09 0.00554 0.21 1.39 1.30 1.60 0.17 0.069 

Maximum 236.14 26.5 84.0 14.24 9.35 20 199 1157 1133 88 0.32 0.02379 0.40 2.06 2.04 2.17 0.35 0.171 

Minimum 8.80 2.0 21.0 7.40 8.25 10 136 606 597 7 0.02 0.00114 0.10 0.69 0.61 0.79 0.11 0.023 

StDev 7~_._tt --- --7.9 20.8 2.30 0.33 3 20 159 150 25 0.11 0.00648 0.12 0.44 0.44 0.41 0.07 0.044 
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lMl," 314 Loke MadiJonIBranI Loke OUIUty AnuHnqlOUoDly C!!!!In!! Dltl 

PROJECT TIME SAMP 

BRANT LAKE 1220 Grab 
Dupli_ 1230 Grab 
PERCENT DIFFERENCE 

LAKE MADSION 
Dupl_ 
PERCENT DIFFERENCE 

Lake Madison 
DupI-
PERCENT DIFFERENCE 

Bl1IltLake 
Dupli_ 
PERCENT DIFFERENCE 

BIllltLake 
Dupli_ 
PERCENT DIFFERENCE 

B .... tLake 
DuplI-
PERCENT DIFFERENCE 

LAKE MADSION 
DupI-
PERCENT DIFFERENCE 

RmmdLake 
Dupli_ 
PERCENT DIFFERENCE 

LAKE MADSION 
Dupli_ 
PERCENT DIFFERENCE 

BIllltLake 
Dup"-
PERCENT DIFFERENCE 

LAKE MADSION 
Dupli_ 
PERCENT DIFFERENCE 

LAKEMADSION 
DupU-
PERCENT DIFFERENCE 

Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Bionic 

1145 Grab 
1145 Grab 

1430 ·G .... 
1430 Grab 

1035 Grab 
Grab 

lOIS Grab 
1030 Grab 

lOSS Grab 
Grab 

940 Grab 
940 Grab 

1020 Grab 
1020 Grab 

845 Grab 
Grab 

910 Grab 
Grab 

900 Grab 
900 Grab-

1350 Grab 
1350 Grab 

1300 
ISS Grab 

1300 

DEP1H 

Surfilco 
Surfilco 

SurfiIco 
Sur&oo 

SUr&oo 
Surfilco 

Sur&oo 
Sur&oo 

SUr&oo 
Sur&oo 

Surfilco 
Surfilco 

Sur&oo 
Surfilco 

Sur&oo 
Surfico 

Sur&oo 
Surfico 

Sur&oo 
Sur&oo 

SurfiIco 
Sur&oo 

SurfiIco 
Surfilco 

-

DAm SII1I 
lIDi .. 
15.()ct-94 LM5 
15.()ct-94 LM5 

21-F0II-95 IA 
21-Feb-9S lAD 

I4-MaMl5 LMTS 
I4-Mar-95 LMT5 

21-Mar-9S BLTII 
21-Mar-9S BLTIID 

II-Apr-95 BLTII 
18-Apr-95 BLTIID 

25-Apr-95 BLTIO 
25-Apr-95 BLTIOD 

23-Moy-95 IA 
23-Moy-95 lAD 

13-lun-95 RL6 
13-lun-95 RL6 

1I-1uI-9S IA 
lI.Jul-9S lAD 

0I-Aua-95 BLTI 
0I-Aua-95 BLTI 

IloSep-95 IA 
IloSep-95 lAD 

16.()ct-95 IA 
16.()ct-95 lAD 

25.()ct-94 
15.()ct-94 LM3 
04-Apr-95 
I9-Apr-95 
26-100-95 lAB 

21-Aua-95 lAB 
1I.()ct-9S BLTIIB 

WATER 
TEMP 
C 

9.2 
9.2 
0.0 

1.0 
1.0 
0.0 

10.5 
10.5 
0.0 

5.0 

0.0 

4.0 
4.0 
0.0 

7.5 

0.0 

14.1 
14.1 
0.0 

19.0 
19.0 
0.0 

26.0 
26.0 
0.0 

15.0 

0.0 

17.0 
17.0 
0.0 

11.0 
11.0 
0.0 

1.7 

AlIt 
TEMP 
F 

TOTAL TOTAL 
DISSDLVEDFIELD FECAL TOTAL TOTAL DISSOLVESUSPENDED UNIONIZED 
OXYGEN pH COLIFORM ALKALlNnY SOLIDS SOLIDS SOLIDS AMMON AMMON N03+2 TKN-N TP04P TOP04P 
~_'" Ii00mL _mN!- _ _ ~_ 1IIs/!. __ I11I11h_ ms/L ms/L ms/L ms/L ms/L ms/L 

43.0 9.20 7.02 10 202 163 847 16 0.45 0.00012 0.30 1.63 0.213 
43.0 9.20 7.02 10 206 875 160 IS 0.45 0.00012 0.20 1.54 0.243 
0.0 0.00 0.00 0 2 I 2 6 0.00 0.00000 33.33 5.52 12.346 

41.0 
41.0 
0.0 

65.0 
65.0 
0.0 

41.0 

0.0 

33.0 
33.0 
0.0 

57.0 

0.0 

49.0 
49.0 
0.0 

76.0 
76.0 
0.0 

10.0 
10.0 
0.0 

12.0 

0.0 

62.0 
62.0 
0.0 

65.0 
65.0 
0.0 

32.0 

3.20 
3.20 
0.00 

9.00 
9.00 
0.00 

11.60 

0.00 

11.10 
11.10 
0.00 

10.30 

0.00 

7.60 
7.60 
0.00 

7.20 
7.20 
0.00 

11.60 
11.60 
0.00 

6.60 

0.00 

1.90 
1.90 
0.00 

13.20 
13.20 
0.00 

1.10 

11.50 

7.60 
7.60 
0.00 

7.13 
7.13 
0.00 

8.46 

0.00 

1.72 
8.72 
0.00 

1.13 

0.00 

1.61 
1.61 
0.00 

1.14 
1.14 
0.00 

9.06 
9.06 
0.00 

8.61 

0.00 

9.07 
9.07 
0.00 

9.01 
9.01 
0.00 

7.15 
7.15 
1.63 

10 
10 
o 

10 
10 
o 

10 
SO 
10 

10 
10 
o 

10 
10 
o 

30 
20 
33 

10 
10 
o 

220 
110 
50 

SO 
30 
40 

30 
70 
57 

20 
20 
o 

10 
10 
10 
10 
10 
10 
10 
10 

314 
305 

3 

130 
133 

2 

196 
191 

1 

161 
162 

1 

241 
247 

o 

161 
168 

o 

1S3 
141 

• 
1S8 
lSI 

o 

1S8 
158 

o 

154 
153 

1 

183 
III 

1 

5 
4 
4 
6 
7 
4 
4 

1181 
1862 

I 

800 
785 

2 

863 
165 

o 

916 
934 

2 

1195 
1217 

2 

1246 
1242 

o 

1163 
1196 

3 

1305 
1324 

1 

1206 
1201 

o 

1141 
1IS6 

I 

1174 
1171 

o 

3 
3 

21 
7 

22 
21 
27 
22 

1171 
1156 

1 

790 
777 

849 
ISS 

1 

821 
850 

3 

1116 
1205 

2 

1216 
1213 

o 

1135 
1172 

3 

1267 
1284 

1 

1198 
1195 

o 

1080 
1092 

1 

1142 
1137 

o 

2 
21 
6 

20 
21 
26 
21 

3 
6 

50 

10 
I 

20 

14 
10 
29 

88 
84 
5 

9 
12 
15 

30 
29 
3 

28 
24 
14 

38 
40 
5 

8 
6 

25 

61 
64 
6 

32 
34 
6 

I 
I 
I 
2 
I 
I 
I 

0.48 0.00171 
0.44 0.00157 
•• 33 8.3J333 

0.51 0.00750 
0.58 0.00750 
0.00 0.00000 

0.16 0.00557 
0.16 0.00000 
0.00 100.00000 

0.02 0.00114 
0.02 0.00114 
0.00 0.00000 

0.02 0.00040 
0.02 0.00000 
0.00 100.00000 

0.02 0.00198 
0.02 0.00000 
0.00 100.00000 

0.55 0.02667 
0.55 0.00000 
0.00 100.00000 

0.02 0.00824 
0.02 0.00824 
0.00 0.00000 

0.31 0.05134 
0.29 0.00000 
6.45 100.00000 

0.02 0.00544 
0.02 0.00544 
0.00 0.00000 

0.02 0.00390 
0.02 0.00000 
0.00 100.00000 

0.02 0.00000 
0.02 0.00006 
0.02 0.00002 
0.02 0.00061 
0.02 0.00000 
0.02 0.00000 
0.02 0.00000 
0.02 0.00000 

3.20 
3.30 
3.03 

1.20 
1.20 
0.00 

0.40 
0.40 
0.00 

0.10 
0.10 
0.00 

0.50 
0.40 

20.00 

0.10 
0.10 
0.00 

0.30 
0.30 
0.00 

0.10 
0.10 
0.00 

0.10 
0.10 
0.00 

0.10 
0.10 
0.00 

0.10 
0.10 
0.00 

o.m 
o.m 
~O 

o.m 
o.m 
o.m 
o.m 
o.m 

1.21 
1.09 

14.84 

2.45 
2.24 
8.57 

0.77 
HI 

49.01 

1.35 
1.45 
6.90 

0.5\ 
0.41 

19.61 

1.60 
1.47 
8.13 

1.17 
1.84 
1.60 

2.17 
2.06 
5.07 

1.20 
1.16 
3.33 

3.19 
3.70 

13.78 

2.57 
2.59 
0.77 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

0.207 
0.190 
8.Z13 

0.397 
0.377 
5.038 

0.164 
0.177 
7.345 

0.236 
0.210 

11.011 

0.220 
0.210 
0.000 

0.174 
0.171 
1.724 

0.157 
O.l6J 
2.484 

0.190 
0.117 
1.579 

0.339 
0.310 
8.m 

0.496 
0.479 
3.427 

0.277 
0.153 

,8.664 

0.001 
0.008 
0.001 
0.000 
0.001 
0.001 
0.001 
0.001 

0.110 
0.623 

71.108 

0.177 
0.177 
0.000 

0.153 
0.256 
1.172 

0.082 
0.015 
3.529 

0.033 
0.026 

21.212 

0.190 
0.187 
1.579 

0.013 
0.010 

23.077 

0.089 
0.092 
3.261 

0.023 
0.023 
0.000 

0.303 
0.299 
J.320 

0.011 
0.011 
0.000 

0.095 
0.084 

11.579 

0.001 
0.008 
0.008 
0.000 
0.001 
0.001 
0.001 
0.001 
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1994-1995 314 Lake Madlson/Brant Lake Groundwater Data 

PROJECT DATI! TIME sm SAMP DI!PTI! WTEMP ATEMP D1S0X FPH fECAL TALKAL TSOL TDSOL TSSOL AMMON UN-AMMON N03+Z TKN-N TP04P T.DISS. P04P 
C F mg/L 1\00 mL mg/L _ mgiL __ mgiL __ --"'giL mgiL mgiL mg/L mgiL mgiL mgiL 

MailiSonCitjWelIi-- -------.~.uaM94 930 A GI3b--- - ----26.S----- I. 1.46 JO lJO 326 324 2 NO 0.00000 NO 0.1 o.w 
Madl50nCltyWells 19.()ct-94 1025 C Grab 10 225 980 977 3 0.00000 o.sl O.IS] 
MadIson City Wells 19.()ct-94 1025 D Grab 10 2S5 1685 1682 3 0.00000 0.71 0.02 
Madison Cit)' Wells 19.()ct·94 950 E Gnb 10 330 lO68 2064" 0.00000 0.92 0.017 
Madison City Wells 19.Qct·94 950 f' Grab 10 325 1246 1244 2 0,00000 0.1 O,03J 
LakeMadlsonSan\taJyD 02-Nev-94 1100 5 Grab 14 7.28 10 253 2046 1986 60 0.02 0.00003 12.2 0.54 0.1 0.02 
LakeMadisonSan\taJyD 02-Nev-94 10306 Grab 15 7.36 10 ]02 1850 1438 412 0.02 0.00004 3 0.89 0.416 0_616 
MadIson City Well. 02-May-95 1040 A Grab 25.1 II 3.5 7.57 10 207 405 404 I 0.15 0.00111 3.1 0.1 0.008 
MadIson City Well. 02-May-95 940 C Grab 5.15 5 3.1 7.4] 10 209 1179 1176 ] 0.045 O.OOOIS 0.46 0.] 0.171 
MadIson City Well. 02-May-95 1000 D Grab 10.5 3.2 7.19 10 259 2252 2251 I 0.045 0.000\3 7.2 0.1 0.016 
MadIson City Wells 02-May-95 1010 I! Grab 8 10.2 7.29 10 246 2392 2390 2 0.045 0.00014 4.9 0.1 0.008 
MadIson City Well. 02-May-95 1020 F Gmb 10 8.2 7.17 10 194 1247 1245 2 0.045 0.00020 0.25 0'\ 0.016 
Lake MadIson San\taJy D 21-) .. -95 1548 5 Grab 10 0 0.02 0.00000 1.1 
Lake MadIson San\taJy D 21-) .. -95 1605 6 Grab 10 \360 \360 0.02 0.00000 5.5 
MadIson City Wells 1I-)u1-95 115 0 12 91 7.28 0 0.00000 0.059 
lnIake MadIson 1I-)u1-95 215 BS-I! 7.41 0 0.00000 0.02 
lnIake MadIson 1I-)u1-95 145 BS-W 7.41 0 0.00000 0,0\ 
MadIson City Well' 21-A .. -95 21S B 7.41 0 0.00000 0.062 
lnIakeMadison 21-Aug-9S 115 OS-I! 7.45 0 0.00000 0.029 
lnIake MadIson 21-Aug-95 140 BS-W 7.43 0 0.00000 0.008 
MadIson City Wells 18-5ep-9S \30 B 9.9 63 4.2 7.6 0 0.00000 0.07 
lnIake MadIson IS-5ep-95 210 BS-I! 12.5 62 6 7.48 0 0.00000 0.025 
InIakc MadIson 18-Scp-95 200 BS-W 12.5 62 0.9 7.4] 0 0.00000 0.008 
MadIson City Well. 16.()ct-9S 300 B 9.8 65 9.6 7.6 0 0.02 0.00014 0.8 0.42 0.046 
lnIake MadIson 16.()ct-95 340 OS-I! 13 65 6.3 0 0.02 0.00000 2.5 0.26 0.008 
lnIakeMadison 16.()ct-95 3200S-W 12 65 3.1 7.3 0 0.02 0.00009 7.5 0.41 0.02\ 
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1994·1997 314 Lake MadJsoaIBnuII Lake Ullran Samples 
Collecled 110m the Cil)' of MadIson SIOm Sew ... T .... 

TOTAL -... -DATB TIME srm SAMP DEFI1I WIEMP ATBMP D1SOX fPII FECAL TSSOL AMM UJIoAmm TPQIP DI5S.P04 l:admIum Iluomlum CIIIomium Lead [Mercuoy HanIaess 0ttII0P04 ZInc TALKAL TSOL TDSOL N03+2 TKN-II 
C I' mIL IU 1100m!. ImIL IIlIWL IlIWL IlIWL mlauWl - mlcroWl mlauWl mlcroWJ DWI mIL I_ !mIL mIL mIlL IIlIWL IlIWL 

0611"1996 1610 583n1 Grab SurI8co 8.50 6000 1114 0-46 1-090 0214 UO IUO 58.40 41.20 260 0.115 
0611"1996 1600 Unloa GlIb SurI8co B.13 B300 972 1.413 2.120 41.100 1.60 16.20 79.10 41.20 330 41.586 

08107/1995 1515 PAM GlIb SurI8co 100 41 

03127/1995 1400 PAM GlIb SurI8co 4.0 36.0 10.90 1.13 60 38 41.11 0.00168 0.33B 0.167 1.10 1.60 3.30 41.20 166 I24B 1210 3.00 2.0! 
0411311995 1325 PAM Grab SurI8co 6.0 56.0 12.30 8.81 90 56 0.02 0.00161 0.334 0.069 0.50 1.60 9.00 0.20 145 1136 1010 0.40 1.74 
0411711995 1300 PAM Grab Surface 5.5 47.0 11.60 B.94 20 62 41.01 0.00204 0.344 O.IIB 0.50 1.60 2.60 0.20 -62 

AWl 5.2 46.3 IUO 8.63 57 52 o.OS 0.00171 o.34S 41.118 156 1192 743 1.70 1.92 

0312711995 1000 LM1l Gnob surra .. 4.0 37.41 9.10 7.97 30 13 0.10 0.00106 0.328 0.197 171 1270 1257 3.40 2.38 
04111/1995 1000 LM1l Gnob -- 1.41 36.0 11.20 8.66 NA 34 41.02 0.00079 0.291 41.4152 15B 1192 1158 41.40 2.WI 
0411711995 92S LM1l Gnob SUIf ... 5.41 43.41 10.30 B.99 10 58 41.02 0.00218 0.318 0.0&2 US 1157 1199 41.90 1.89 

A'I 3.3 38.7 10.43 B.34 20 3S 41.05 41.00134 G.3IS 0.1141 161 1240 IlOS 1.57 2.12 

08107/1995 1520 WfP Grab Surface 620 41 

03/2711995 1040 LMr4 Gnob SurI8co 4.0 37.41 9.90 7.85 460 19 0.02 0.00016 0.358 0.279 152 1465 1446 2.10 1.62 
0411111995 1030 LMr4 Grab Swface 1.0 33.0 11.60 7.90 NA 12 0.02 0.00014 0.121 0.089 231 1431 1419 0.90 1.04 
0411711995 955 LMr4 Grab Surface 4.5 47.0 9.90 7.91 260 17 0.02 0.00019 0.215 0.246 142 1150 1133 1.50 1.10 

An U 3'-0 10A7 7.19 360 16 0.02 0.00017 0.257 O2OS 175 1349 1333 107 1.25 

03/27/1995 1345 WfP Onb SurI8co 4.0 36.0 11.30 8.02 330 28 0.02 0.00024 0.341 0.246 41.60 1.70 2.70 0.62 142 1373 1345 2.341 1.49 
0411311995 1350 WfP Onb Surface S.S 56.41 13.70 1.41 100 81 0.07 41.00227 0.243 41.102 41.50 2.20 5.10 0.20 170 lOIS 933 0.50 0.98 
0411711995 1140 WfP Onb -- 5.41 11.00 1.07 110 14 41.02 41.00029 0.262 41.216 2.40 1.60 1.70 0.412 ·14 

A •• 4.1 46.0 1100 8.17 203 41 0.04 0.410093 o.m UBI 156 1194 755 1.40 1.24 

03127/1995 1110 LMr5 Grab Surface 4.S 34.0 10.40 7.99 660 S9 0.10 0.00116 0.364 0.177 141 1233 1174 2.10 1.70 
0411111995 1100 LMfS Onb Surface 1.0 22.0 11.80 8.40 NA 3S 0.03 0.00066 0.276 41.095 163 1182 1147 0.40 1.58 
0411711995 1030 LMfS Gnob -- 5.0 46.0 10.10 8.64 20 60 0.02 0.00104 0.334 8.121 150 1250 1190 1.30 1.44 

A .. 3.5 34.0 11.00 1.34 340 51 O.OS 0.00095 0.325 U» 154 1222 1170 1.50 1.57 



11994·1997314 Lake I 
City. 

I~TI! lTIME ISITE 

05AlSlI997 15SO 72' 
05Al7/1997 1030 72' 
0512811997 1445 72' 
06I1V1997 1030 72' 
~_~72' 

06l20I1997 915 72' 
0613011997 1430 72' 
07117/1997 930 72' 
07131/1997 1600 72' 
OIll!SlI997 1345 72' 

0512811997 
06iiiii997 1330 Cen.tUn 

0611911997 1145 Cen.tUn 
0612011997 1000 Cen.tUn 
06l30I1997 1400 Cen.tUn 
07/14/1997 

1997 
1997 
1997 

0712411997 
0712611997 
0713111997 
08125119971 III 5 Isuan. 

Total 

IsAMP IDEPTirIWillMPIATI!MP -lDI50)( "'Iff" IfECAL ITS50L IAMM Un·Amm 
ITOTAL 

TP04P D1SS. ':=::l:e:c ILead IMemuyJiL8rdness ]OiiliOPOi"'IZ"'In-.-+'IT=CAL=KAL=-lcITS=oo-L 
'ft1g/I. __ lsu IWlOmL Img/L lin8IL Img/L Img/L Img/L Imlcrog/l Imlcrog/l Imlcrog/l Imlcrog/l Imlcrog/l Imgll Im&IL I m1croa/m&IL [II1g/I. 

LMC·3IMln 
ILMC.3Ii1f .. 

ILMC.IIM ... 

LMC-IIMla 
LMC-IIM .. 

LMe.2rA'1 

L1dC.2j~"" 
LMC·2IM .. 

7.80 
22.0 6.66 

16.0 50.0 11.80 8.23 
20.0 7.04 

_-"01 
22.0 70.0 6.20 7.52 462 0.41 
24.0 85.0 5.80 7.70 26000 1512 0.59 
25.0 75.0 5.60 7.58 120000 720 0.60 
21.0 65.0 7.80 8.12 10 532 0.19 
23.0 85.0 6.00 7.81 17000 268 0.17 
10.0 
20.6 66.9 6.53 7.n 32532 531 0.44 
21.51 70'01 6.101 7.58 

22.0 1.10 6.66 
215001 4071 0.41 

10 70 0.14 

25.01 15.01 1I.ltl Lll 
:J.7. 10.1 __ ~96_..o..S! 

UiML 15121 1.17 
~809 ....4!1 __ 0.31 

10.' 

24.1 
22.1 

W 
W 

25.1 
24.0 

21.1 
W 
W 

12.0 
21.5 

2i.O 
10.4 
~.O 

5.2 

22.0 
ru 
l8.O 

19.0 
25.0 
24.0 

9.0 

9.~ 

SO.O 
70.0 
80.0 
70.0 

85.0 

75.0 
70.0 
90.0 
65.0 
10.0 

.!S.O 

13.6 

'70.0 
50.0 
90.0 

11.2. 

~ 
6.00, 
5.60 
3.00 

4.80 
5.40 
7.60 
4.80 

.01.41) 

4.96 
4.80 
3.00 
1.60 
1.44 

7.60 

10.0 4.40 
90.0 5.00 
65.0 7.60 
85.0 5.00 

19.3/ 73.31 6.49 
2 .. 0 10.. 5.40 
9.01 50.01 4.40 
~.Ol 90.01 10.40 
5.2 13.0 2.15 

7.68 
7.69 

7J9 
-W 
1.59 

iTs 
7.43 
8.06 

7.4s 
8TI 

7.03 
7.SO 

7.57 
7.SS 
7.03 
U3 
T3i 

40000 

110000 
8000 
6000 

SOOOO 

10 

340000 

791, 
400 

3400 
1U 

6.71 670 
7.94 57000 
1.75 
1.18 31000 
7.95 240000 
7.31 
8.09 10 
7.82 ISOOOOOO 

7'''1 2555180 
7.80 41000 
1.711 10 

1.091 1-
0.45 _ 6097051 

292 
T9l 
!ill 
490 

1636 
S64 

644 
ill 

760 
m 
296 

864 

0.43 
--.::is 

0.96, 
0.43 

o:6f 
OJ 

0.45 
~ 
ti06 

0.09 
0.02 
0.27 

140 0.12 
304 0.58 
110 0.27 
12 0.21 

142 0,66 
S06 ii.S9 

1044 0.30 
536 0.14 

1376 0.30 

4631 0.36 
304 0.30, 

...!2j----.8.ll 
13761 0.66 
466 0.20 

0.000531 ~:!:~ 0.101 ~:: 
0.01242 0.654 0.101 0.80 
0.00178 1.040 0.230 0.90 
0.0047!L 2.0SO 0.415 2.SO 
0.00614 0.915 0.193 1.00 
0.01527 2.070 0.170 3.00 
0.01271 1.210 0.154 I.SO 
0.0101l 0.899 1.00 
0.00525 0.420 0.082 0.60 

--,,"00766 _1.001 _ 0.111 __ I • .%! 
0.006141 0.9071 0.1621 0.95 
0.00053 0.338 0.082 O.SO 

MImi L0701 UI51 3.00 
0.00517 0.628 O.IO! .... 85 

0.00392 1.030 
0.00922 0.718 
0.00782 1.930 
0.01083 0.887 
0.01l21 1.960 
0.00229 0.970 
0.00679 1.100 
0.02696 1.390 
0.00034 1.040 
0.00490 0.784 
0.00011 0.938 
0.00477 1.080 

1.00760 
1.00585 
1.00011 
1.02696 
1.00730 

0.00013 

0.308 
0.170 
0.227 

Cl.i9O 
Cl.i9O 

0.152, 
0.151 

0T70 
0.061 

0.166 
CJ.i46 

116 
i70 

.061 

.308 1 

.059' 

o,so 
~ 
2.W 

0.70 
2.W 

0.90 
0.90 

o:so 
0T0 
0T0 
o:so 
1.00 

0.95 
--u:75 

O.SO 
2.10 
0.56 

0.50 
o:so 
o:so 
o:so 
.o.SO 
O,SO 

D.9ii 
O.SO 
i:sii 

0.66 
0.007,,! -o.so 
0.000731 0.1671 0.0601 0.50 
0.026621 1.3401' 0.2091 1.50 
0.00940 0.406 0.051 0.34 

1.80 
1.30 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 

1.12 
1.00 
1.00 
1.80 
0.27 

22.80 
34.SO 
58.40 
55.00 

62.40 

"-62 
55.00 

----z:so 
62.40 
17.12 

1.001 l7.SO 
~ 21.20 
1.00 

1.00 
1.001 18.201 109.00 
1.00 
UiO 

1.00 
1.00 
1.001 31.00 

1.001 I 47.11 
1.00 ILlO 29.~ 

1.001 21.20 

1.001 I 109.00 
0.00 HDIVIOI 4"'2 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
0.00 

10.40 
J:OO 

8.00 
2.SO 

59.20 

16.22 
LOO 

...J.I!! 
59.20 
24.33 

0.20 95 
0.20 90 
0.20 90 
0.20 95 
0.20 125 
0.20 80 
0.40 95 
0.20 100 
0.20 110 
0.20 105 

~.~_Z"-- ,~ 

0.201 95 
0.20 10 

0.401 I~ 
_0.06 12 

0.20, 
0T0 
o:zo: 
o:w 
o:w 
.Jl.20 

0.: 

0.20 
o:w 

0.20 
o:w 

0.20 
0.20 
0.20 
0.20 
0.00 

0.20 

0,20 
o:w 
liTo 

0.20 
0.20 
0.20 
0.30 

0,: 
0.20 
0.20 
0.30 

--0:04 

160 
T30 
T30 
ill 
120 
ill 
110 

T40 
120 
8s 

100 
90 

124 
T2i 

85 
160 
23 

ISO 
T7ii 
8s 

160 
6s 

105 
90 

118 
lOS 
65 

170 
42 

_JIll 813 

107 

~L I NOJ+2ITKN•N 
,ft1g11. ,mg/L 

o·Stl 2.: 

122 



APPENDIX I 

, ! 



J 

J 

! 



Michelle Goodale 

Office o[Equalization 
Lake County Courthouse 
Madison, South Dakota 57042 

(605) 256-7605 

Please find the enclosed facts that you requested recently. 

Brant Lake 
Non-Ag Structures 
Non-Ag Land 
Non-Ag Totals 

Lake Madison 
Non-Ag Structures 
Non-Ag Land 
Non-Ag Totals 

MadisonC€t1:!y 
Non-Ag Structures 
Non-Ag Land 
Non-Ag Totals 

Lake County 
Non-Ag Structures 
Non-Ag Land 
Non-Ag Totals 

Lake County Ag Structures 
Ag Land 
Ag Totals 

Lake County Total Value 

5,992,000 
3,489,900 
9,481,900 

25,643,443 
8,496,550 

34,139,993 

102,579,178 
24,986,997 

127,566,175 

177,833,231 
43,441,838 

221,275,069 

6,099,500 
181,366,284 
187,465,784 

408,740,853 

These values are all subject to change in the next few months 
due to any action taken by the boards of equalization. 

£"7~4td~ 
Joyce Dragse'fh 
Deputy Director 
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LAKE MAD:I:SON 

Description of Size and Economic Structure of Potential 
User population: Lake Madison. 

A. :I:ntroduction 

The description of socio-econ9mic characteristics of the 
potential user population will follow using two foci for 
analysis. First will be an examination of an area within an 
80 mile radius surrounding Lake Madison. Secondly, will be a 
somewhat more focused analysis examining the same 
characteristics, but for those rural areas and communities 
within 40 miles of the lake (see Maps 1 and 2) . 

Map 1. Lake Madison User Population Areas (States and Counties) 

() = 4D Mile Radius 

0= 80 Mile Radius 
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B. Population Profile 

Lake Madison, located 2 miles south and 1.5 miles east of 
Madison, received its name from the city of Madison. Lake Madison 
covers an area of 4.37 mi2 with a maximum depth of 20 feet and an 
average depth of 10 feet. The northwestern part of Lake Madison is 
a State Recreation Area and is managed by the Parks Division of 
Game, Fish and Parks. It is used for picnicking, fishing, 
snowmobiling, swimming, boating, water skiing, bird watching, 
hunting and trapping. This area is used primarily by people within 
40 miles, but is also used by tourists and hunters. 

The number of potential users to be found within 80 miles of 
Lake Madison requires an examination of census data from twenty-nine 
South Dakota counties, nine Minnesota counties and three Iowa 
counties (see Map 1.). These 41 counties represent a total of 584 
townships and 198 communi ties (see Map 2.). In order to most 
accurately portray the characteristics of the population around; the 
Lake Madison user area, data from these townships and communities 
will be used. The 1990 U.S. Census of Population serves as the 
source of population numbers, 1989 data will be used for per capita 
and median family income information. 

The total population represented within the 80 mile radius of 
Lake Madison is 461,077 persons. Seventy-three percent (335,781) 
of these residents reside in South Dakota, 19% (87,271) reside in 
Minnesota with the remaining 9% (38,025) residing in Iowa. Sixty­
five percent (301,831) of these residents live in communities 
ranging in size from less tha:n 50 persons to a metropolitan area of 
over 100,000 people. The remaining 35% (159,246 persons) of the 
population live in open-country farms or acreages outside of 
incorporated city boundaries (see Appendix C: User Population 80 
Mile Radius). Figure 2 provides a profile of the 80 mile user 
population by age and sex distribution. 

A more focused examination of the user area (40 mile radius) 
incorporates 13 South Dakota counties (comprised of 140 townships 
and 52 communities, see map 2), and 3 Minnesota counties (comprised 
of 11 townships and 4 communities, see map 2). The total population 
represented in this area is 195,381 persons of which 155,478 (80%) 
reside in communities ranging from 6 persons (Arlington) to the 
largest community (Sioux Falls), located 32 miles southeast of the 
Lake, with 100,814 persons. Twenty percent (39,903) of the user 
population live on open-country farms or acreages outside of 
incorporated city boundaries (see Appendix A: User Population 40 
Mile Radius). The popUlation pyramid (Figure 1) represents the 
distribution of persons by age and sex within the 40 mile radius. 

The population pyramids representing both foci of analysis are 
indicative of the overall age and sex structure for the state of 
South Dakota. The pyramids for both the 40 and 80 mile foci are 
indicative of the stationary pyramid pattern that is characterized 
by roughly equal proportions of people at all age cohorts, with a 
tapering off at the older ages. In South Dakota, this pattern is 
associated with urban populations that have diverse economies. 
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Figure 1. Age Sex Structure for 40 Mile Radius 

Age Group 

0 - 4 
5 - 9 

10 - 14 
15 - 19 
20 - 24 
25 - 29 
30 - 34 
35 - 33 
40 - 44 
45 - 49 
50 - 54 
55 - 59 
60 - 64 
65 - 69 
70 - 74 
75 - 79 
80 - 84 
85+ 

Total: 

~5+ 
~8 - 84 
75 - 79 
78 - 74 
65 - 69 
68 - 64 
55 - 59 
58 - 54 
45 - 49 
48 - 44 
35 - 39 
38 - 34 
25 - 29 
28 - 24 
15 - 19 
18 - 14 
5 - 9 
8 - 4 

Total Population: 

", 

Total Males % Males Females 

14,692 7,540 3.86 7,152 
15,541 7,776 3.98 7,765 
13,962 6,942 3.55 7,020 
14,327 7,057 3.61 7,270 
16,237 8,118 4.15 8,119 
16,771 8,431 4.32 8,340 
16,751 8,385 4~29 8,366 
15,157 7,530 3.85 , 7,627 
12,215 6,211 3.18 6,004 

9,321 4,718 2.41 4,603 
7,768 3,673 1.88 4,095 
7,683 3,685 1.89 3,998 
8,003 3,858 1.97 4,145 
7,745 3,624 1. 85 4,121 
6,677 2,965 1.52 3,712 
5,203 2,058 1. 05 3,145 
3,681 1,316 0.67 2,365 
3,647 1,005 0.51 2,642 

195,381 94,892 48.57 100,489 

Males FeMales 

195,381 Age Sex Structure for 40 Mile Radius 

4 

% Females 

3.66 
3.97 
3.59 
3.72 
4.16 
4.27 
4.28 
3.90 
3.07 
2.36 
2.10 
2.05 
2.12 
2.11 
1.90 

; 1.61 
1.21 
1.35 

51.43 
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Figure 2. Age Sex Structure for 80 Mile Radius 

Age Group 

° - 4 
5 - 9 

10 - 14 
15 - 19 
20 - 24 
25 - 29 
30 - 34 
35 - 39 
40 - 44 
45 - 49 
50 - 54 
55 - 59 
60 - 64 
65 - 69 
70 - 74 
75 - 79 
80 - 84 
85+ 

Total: 

85+ 
80 - 84 
75 - 79 
70 - 74 
65 - 69 
60 - 64 
55 - 59 
50 - 54 
45 - 49 
40 - 44 
35 - 39 
30 - 34 
25 - 29 
20 - 24 
15 - 19 
10 - 14 
5 - 9 
0-4 

Total Population: 

Total Males %- Males Females 

33,371 17,165 3.72 16,206 
37,482 19,114 4.15 18,368 
35,489 18,265 3.96 17,224 
32,414 16,405 3.56 16,009 
29,886 15,258 3.31 14,628 
34,073 17,117 3.71 16,956 
36,824 18,488 4.01 18,336 
34,537 17,572 3.81 16,965 
27,857 14,180 3.08 13,677 
22,277 11,099 2.41 11,178 
19,394 9,353 2.03 10,041 
19,682 9,413 2.04 10,269 
21,243 10,242 2.22 11,001 
21,067 9,912 2.15 11,155 
18,679 8,399 1. 82 10,280 
15,167 6-,215 1.35 8,952 
10,912 4,026 0.87 6,886 
10,723 3,159 0.69 7,564 

461,077 225,382 48.88 235,695 

Males FeMales 

461,077 Age Sex Stl'uctUl'e fol' 80 Mile Radius 

5 
%- Females· 

3.51 
3.98 
3.74 
3.47 
3.17 
3.68 
3.98 
3.68 
2.97 
2.42 
2.18 
2.23 
2.39 
2.42 
2.23 
1. 94 

; 1.49 
1. 64 

51.12 



c. Employment Profile 

80 Mile Radius 

Residents of the larger user area are for the most part 
employed in non-manufacturing type occupations (86.5%) (see 
Table 2). These occupations are represented by agriculture, 
ag business, education and service industries. Unemployment 
rates for both the larger user area (80 mile radius = 3.2%) 
and more local area (40 mile radius = 2.9%) are below the 
State average of 4.2% and substantially below the National 
average of 6.3%. 

Per capita income for the larger user area was that of 
$11,425 and for the more central area $12,194. As can be seen 
from table 2, both are below the National average of $14,420 
and slightly above the State average of $10,661. (See 
Appendices Band D for detailed township and community per 
capita income data.) 

A more recognizable comparison of economic status would 
be that of median family income. Table 1 reflects the 
variation among counties and states. One will note the 
substantial differences between the South Dakota state average 
and that of the United States. 
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Table 1. REAL MEDIAN FAMILY INCOME 1989 

soom DAKOTA COUNTIES 

Aurora, SD 

Beadle, SD 

Bon Homme, SD 

Brooldngs, SD 

Charles MIx. SD 

Clark, SD 

Clay, SD 

Codington, SD 

Davison,SD 

Day, SD 

Deuel, SD 

Douglas, SD 

Grant,SD 

Bamlln, SD 

JlanBon, SD 

Hutchinson, SD 

Jeranld, SD 

KIngsbury, SD 

Lake, SD 

Lincoln, SD 

McCook, SD 

Miner, SD 

Mbmeballa, SD 

Moody, SD" 

J 
I 

Sanborn, SD 

Complied by the SDSU Census Data Center· Brooldngs, SD 57007 

REAL MEDIAN 
FAMILY INCOME 

1989 

19583 

21324 

29457 

20512 

23381 

28005 

28127 

27249 

21372 

20953 

28471 

25362 

23573 

25800 

32490 

25109 

23714 

28478 

23929 
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Table 1. REAL MEDIAN FAMILY INCOME 1989 

SOUTH DAKOTA COUNTIES 

Spink. SD 

Turner, SD 

Union, SD 

Yankton, SD 

Lac Qui Parle, MN 

LIncoln, MN 

Lyon, MN 

Murray, MN 

Nobles, MN 

Pipestone, MN 

Redwood,MN 

Rock, MN 

YeUow Medlclne, MN 

Lyon, IA 

Osceola, IA 

Sioux, IA 

South Dakota 

MlDDesota 

Iowa 

United States 

CompUed by the SDSD Census Data Center· BrooklDgB, SD 57007 

REAL MEDIAN 
FAMILY INCOME 

1989 

24507 

24802 

26683 

28102 

25987 

24286 

30582 

26889 

28427 

26995 

27182 

28811 

27079 

26142 

28599 

29356 

27602 

31838 

31659 

35225 

8 

l 

1.' 
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Table 2. Soclo-Economic Cbaracterlsttcs of User PopulaUoa • Lake Madison 

Clvlnan 
User Area Labor Percent EmplOJlDent Per Caplta* 
CounUes Force Unemployed Manufacturing Non·Manufacturlng Income 

S_SD 3476 1.8% 106 3306 9674 

Tamer, SD 3890 2.1% 263 3547 9355 

Uulon, SD 4893 3.5% 861 3863 9997 

Yaalrton, SD 9671 1.9% 1806 7682 10305 

Lac Qui Parle, MN 3873 3.9% 389 3334 10368 

Dncola, MN 3003 2.8% 183 2736 9616 

Lyon, MN 12513 4.6% 1784 10156 11121 

Murray, MN 4318 3.9% 305 3844 10871 

Nobles, MN 9627 4.2% 1751 7468 10860 

Pipestone, MN 4731 5.1% 634 3857 10050 

Redwood, MN 7801 3.0% 1218 6355 10489 

Rock, MN 4667 3.8% 662 3826 11383 

Yellow Medicine, MN 5147 4.7% 624 4280 10513 
I 

Lyon, IA 5435 1.5% 843 4513 9871 \ 
~ . \ 

Osceola, IA 3429 3.0% 635 2692 10842 

Slim, IA 14897 1.5% 2434 12234 10411 ~ . 

271687 3.2% 35538 227493 
\) I (AVG.) (13.5%) (86.5%) 
\ 
t 

South Dakota 335874 4.2% 34114 ?ZlTl7 10661 1 
MInnesota 2311336 5.1% 399592 1792825 14389 r 
Iowa 1403883 4.5% 234461 1105781 12422 

Uulted States 123473450 6.3% 20462018 95219124 14420 ) 
* See Appendices B and D for Per Capita Income by TownsbIp and Community 

f 
Complied by tbe SDSU Census Data Center· Brookings, SD 57001 
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SOUTH DAKOTA TOWNSHIPS· 40 MILE BADmS 
LAKE MADISON 

BROOKINGS COUNTY BAMLIN COUNTY 

TOWNSHIPS POPULATION TOWNSHIPS 

Afton 185 EsteIHne 
Alton 284 Norden 
Argo 153 
Aurora 300 
Bangor 176 
Brookings 430 
Elkton 104 
Eureka 154 
Lake Sinal 176 
Laketon 120 
Medary 950 
Oak Lake 108 
Oakwood 190 
Oslo 229 
Parnell 147 
Preston 189 
RIchland 160 
Sherman 145 
Sterling 326 
Trenton 333 
Volga 299 
Winsor 176 

5334 

CITIES &: TOWNS POPULATION CITIES &: TOWNS 

Arlington 6 Lake Norden 
Aurora 619 
Brookings 16270 
Bruce 235 
Bushnell 81 
Elkton 602 
Sinal 120 
Volga 1263' 
WhIte 536 

19732 

APPENDIX A 

HANSON COUNTY 

POPUlATION TOWNSHIPS 

245 Edgerton 
314 FaIrvIew 

Jasper 
559 Plano 

POPULATION 

427 

Pleasant 
Spring Lake 
Taylor 
Wayne 

CITIES &: TOWNS 

Emery 
Farmer 

Complied by the SDSU Census Data Center· Brookings. SD 57007 
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HUTCHINSON COUNTY 

POPUlATION TOWNSHIPS POPULATION 

129 SIlver Lake 114 
132 
147 
130 
153 
130 
146 
192 

1159 

POPUlATION CITIFS &: TOWNS POPULATION 

417 
23 

440 
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SOUTH DAKOTA TOWNSBIPS • 40 MILE RADIUS 
LAKE MADISON 

KINGSBtIB.y LAKE COUNTY LINCOLN COUNTY McCOOK COUNTY 

TOWNSHIPS POPULATION TOWNSBJPS POPULATION TOWNSHIPS POPULATION TOWNSHIPS POPULATION 

Badger 240 Badus 146 Delapre 1419 Benton 111 
Baker 280 Chester 571 SprlDgdale 1081 BrIdgewater 173 
Denver 245 Clarno 190 Brookfteld 141 
De Smet 328 Concord 125 2480 camstota 132 
Esmond 57 FarmlDgton 188 Emery 108 
Hartland 183 FraDkIID 228 Grant 175 
Manchester 138 Berman 558 Greenland 183 
Mathews 153 Lake View 4GB Jefferson 132 
Spirit Lake 187 LeRoy 239 Montrose 219 
Spring Lake 327 Nunda 103 Pearl 100 
WhItewood 139 Orland 135 Ramsey 138 

Rutland 213 Richland 199 
2255 SummIt 188 Salem 182 

Wayne 124 Spring Valley 232 
Wentworth 213 Sun Pralrle 152 
Winfred 134 Union 148 

<,' 

3819 2521 

I < 

1. 

CITIES &; TOWNS POPULATION CITIES &; TOWNS POPULATION CITIES &; TOWNS POPULATION ClTIES &; TOWNS POPULATION 

Arlington 902 Madison 8257 Sioux Falls 1409 BrIdgewater 533 
Badger 114 Nunda 45 Canistota 808 
De Smet 1172 Ramona 194 Montrose 420 

'I 
i 

Envln 42 Wentworth 181 Salem 1289 
Hetland 53 Winfred 54 Spencer 317 
Lake Preston 883 
Oldham 189 8731 3187 

3135 r l ,', 

ComplIed by tbe SDSU Census Data Center· Brookings, SD 57007 
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SOUTH DAKOTA TOWNSHIPS· 40 MILE RADIDS 
LAKE MADISON 

MINER COUNTY MINNEIIAIIA COUNTY 

TOWNSHIPS POPULATION TOWNSHIPS POPULATION 

Adams 143 Benton 630 
Beaver 78 Brandon 612 
BeUeview 100 Buffalo 238 
canova 102 Burk 306 
Ca.rtbage 52 Clear Lake 175 
Clearwater 186 DeU Rapids 338 
CUnton 132 Edison 346 
Grafton 114 Grand Meadow 268 
Green VaDey 62 Hartford 542 
Henden 159 mghland 164 
Howard 129 Humboldt 318 
Hiner 78 Logan ?:l7 
Redstone 45 Lyons 559 
Rock creek 127 Mapleton 1686 
RosweU 64 PaDsade 276 
VenniWon 105 Red Rock 342 

SpUt Rock 2137 
1676 SVerdup 614 

Taopi 347 
WaD Lake 863 
Wayne 1307 
WeWngton 304 

12649 

ClTIES & TOWNS POPULATION CITIES & TOWNS POPULATION 

Cauova 172 BalUc 666 
Carthage 221 Braudon 3543 
Howard 1156 Colton 657 
RosweU 19 Crooks 671 
Vilas 28 DeU Rapids 2484 

Garretson 924 
1596 Hartford 1262 

Humboldt 468 
Sherman 66 
S10uxFaUs 99405 

110146 

Compiled by the SDSU Census Data Center· Brookings. SD 57007 
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MOODY COUNTY SANBORN COUNTY 

TOWNSHIPS POPULATION TOWNSHIPS POPULATION 

AlUance 114 Afton 55 
BIlDsmon 258 Benedict 49 
Clare 179 mana 49 
Colman 235 Ravenna 61 
Egan 211 
Enterprise 282 214 
Flandreau 367 
Fremont 243 
Grovena 239 
Jefferson 153 
Lone Rock 99 
Lynn 296 
mvemew 190 
Spring Creek 146 
Union 163 
Ward 85 

3260 

crrm; & TOWNS POPULATION CITIES & TOWNS POPULATION 

Colman 482 
Egan 208 
Flandreau 2311 
Trent 211 
Ward 35 

3247 



SOUTH DAKOTA TOWNSHIPS· 40 MILE RADmS 
LAKE MADISON 

'l'IlRNER COlINTY 

TOWNSHIPS 

Brothersfleld 
Dolton 
Home 
Mooroe 

POPULATION 

148 
169 
279 
157 

753 

CITlES & TOWNS POPULATION 

Dolton 
Mooroe 

43 
151 

194 

CompUed by the SDSU Cell8lls Data. Center· BrookIngs, SD 57007 

TOTAL 
TOTAL 

TOTAL POPULATION 

= 
= 

36793 
150224 

181017 
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~OTA TOWNSHIPS· 40 MILE RADmS 
LAKE MADISON 

LINCOLN COUNTY PIPmONE COUNTY ROCK COUNTY 

TOWNSHIPS POPULATION TOWNSHIPS POPULATION TOWNSHIPS POPULATION 

Drammen 180 Altona 
Verdl 234 Eden 

Grange 
414 Gray 

Sweet 
Troy 

210 
279 
259 
258 
376 
325 

1707 

Beaver Creek 
Rose DeD 
Springwater 

445 
241 
303 

989 

TOTAL TOWNSHIP POPULATION 
TOTAL CITY POPULATION 

TOTAL POPULATION 

CITIES & TOWNS POPULATION CITIES & TOWNS POPULATION CITIES & TOWNS POPULATION 

Ihlen 
Jasper 
Piestone 

Complied by the SDSU Census Data Center· Brookings. SD 57007 

101 Jasper 75 
524 

4554 

5179 

3110 
5254 

8364 

15 



SOUTH DAKOTA TOWNSHIPS - 40 MILE RADIUS 
LAKE MADISON 

BROOKINGS COUNTY JIAMLIN COUNTY 

TOWNSHIPS PC INCOME TOWNSHIPS 

Afton 13865 EstelUne 
Alton 9068 Norden 
Argo 8264 
Aurora 13746 
Bangor 8101 
BrooldDgs 12743 
Elkton 10724 
Eureka 10058 
Lake Sinal 8297 
Laketon 12680 
Medary 11493 
Oak Lake 9964 
Oakwood 9312 
Oslo 10126 
Parnell 10762 
Preston 13502 
BlcblaD.d 7225 
Sherman 8911 
SterllDg 12428 
Trenton 12614 
Volga 11319 
Winsor 11243 

CITIES & TOWNS PC INCOME CITIES & TOWNS 

Arlington 8000 Lake Norden 
Aurora 8845 
BrooldDgs 9723 
Brace 9435 
Busbnell 7775 
Elkton 9487 
SiDa1 9847 
Volga 9719 
WhIte 7528 

APPENDIX B 

RANSON COUNTY 

PC INCOME TOWNSHIPS 

8780 Edgerton 
9201 Falniew 

Jasper 
Plano 
Pleasant 
Sprlng Lake 
Taylor 
Wayne 

PC INCOME CITIES & TOWNS 

9585 Emel'J' 
Farmer 

PC INCOME 

7825 
8818 
9874 
9036 
6351 

12510 
8830 
6135 

PC INCOME 

8211 
10699 

Compiled by the SDSU Censas Data Center - Brookings. SD 57007 

16 

HUTCHINSON COUNTY 

TOWNSHIPS PC INCOME 

Sliver Lake 10845 

CITIES & TOWNS PC INCOME 

II 
". 
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SOUTH DAKOTA TOWNSBIPS . 40 MILE RADIUS 
LAKE MADISON 

KINGSBtJRy LAKE coum LINCOLN COUNTY McCOOK COUNTY 

TOWNSHIPS PC INCOME TOWNSBIPS PC INCOME TOWNSHIPS PC INCOME TOWNSHIPS PC INCOME 

Badger 7933 Badus 13199 Delapre 13821 Benton 7284 
Baker 9176 Chester 9345 Springdale 13988 BrIdgewater 8664 
Denver 9078 CIamo 9401 Brooklleld 16704 
De Smet 12709 Concord 7432 Canistota 11389 
Esmond 16767 Farmington 12592 Emery 10217 
Hartland 12456 FraIIklln 11774 Grant 8703 
Mancbester 5870 Berman 9459 GreeDland 12263 
Mathews 12160 Lake VIew 27709 Jefferson 8997 
Spirit Lake 17174 LeRoy 21190 Montrose 9310 
Spring Lake 8635 Nunda 7803 Pearl 9726 
WhItewood 11921 Orland 6679 Ramsey 10840 

Rutland 9337 Blcbland 8376 
Summit 8849 Salem 10585 
Wayne 6342 Spring Valley 6659 
Wentworth 11038 Sun PraIrie 8491 
Winfred 8300 Unlon 7544 

{ 
\ . 

CITIES & TOWNS PC INCOME CITIES & TOWNS PC INCOME ClTJES & TOWNS PC INCOIIE ClTJES & TOWNS PC INCOME 

Arllngton 9557 Madison 10824 810m: Falls 20919 Bridgewater 10196 
Badger 8398 Nunda 9410 Canistota 8816 
De Smet 10161 Ramona 9608 Montrose 8638 
ErwIn 10324 Wentworth 9232 Salem 10377 
Hetland 8200 WInfred 7905 Spencer 9235 
Lake Preston 9034 
Oldham 9617 

Compiled by the SDSU CeDS1lS Data Center· Brooldngs, SD 57007 



SOUTH DAKOTA TOWNSHIPS· 40 MILE RADIUS 
LAKE MADISON 

MlNERCOUNTY 

TOWNSHIPS 

Adams 
Beaver 
BeDevlew 
Canova 
Carthage 
Clearwater 
COnton 
Gratton 
Green Valley 
Henden 
Howard 
Miner 
Redstone 
Rock Creek 
RoaeD 
VermUUon 

CITIES " TOWNS 

Canova 
Carthage 
Howard 
RoaeD 
Vilas 

PC INCOME 

16483 
2564 
8066 

18189 
6711 
9011 

11002 
19867 
13132 
7213 

12313 
10124 
4597 
8609 

10183 
9010 

PC INCOME 

1192 
8986 
9529 
3600 
5674 

MINNEIIAIIA coom 

TOWN$BIPS 

Benton 
Brandon 
Butralo 
Burk 
Clear Lake 
DeD Rapids 
EdIson 
Grand Meadow 
Hartford 
mghland 
Humboldt 
Logan 
Lyons 
Mapleton 
Pallsade 
RedRock 
Spllt Rock 
SVerdup 
Taopi 
Wall Lake 
Wayne 
WeWngton 

CITIES " TOWNS 

Baltic 
Brandon 
Colton 
Crooks 
DeD Rapids 
Garretson 
Hartford 
Humboldt 
Sherman 
Sioux Falls 

PC INCOME 

10528 
16751 
8489 

14248 
7316 

14401 
10989 
7850 

13124 
13619 
9647 
8844 

11445 
11558 
10961 
12047 
18563 
10064 
11120 
11640 
13446 
11947 

PC INCOME 

10551 
12069 
9755 
9085 

10397 
10179 
9878 

10052 
10899 
13514 

Compiled by the SDSU CeDSD8 Data Center· Brookings, SD 51007 

MOODY COUNT! 

TOWNSHIPS 

AiHanea 
Bllnsmon 
Clare 
Colman 
Egan 
Enterprise 
Flandreau 
Fremont 
Grovena 
Jefferson 
Lone Rock 
Lynn 
Riverview 
Sprlng Creek 
Union 
Ward 

ClTIES " TOWNS 

Colman 
Egan 
Flandreau 
Trent 
Ward 

18 

SANBORN COUNTY 

PC INCOME TOWNSHIPS PC INCOME 

9U1 Afton 9588 
8084 Benedict 6903 

10753 mana 12143 
10813 Ravenna 7155 
7321 

11819 
9893 

10983 
9083 

17389 
15166 
9013 
8291 

11036 
U133 
8240 

PC INCOME ClTIES " TOWNS PC INCOME 

12248 
10414 
9630 
9467 

12340 

I 
f 

I ! 

1, 
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SOUTH DAKOTA TOWNSHIPS· 40 MILE BADmS 
LAKE MADISON 

TURNER COlINTY 

TOWNSHIPS PC INCOME 

Brothersfteld 12447 
Dolton 9135 
Dome 12663 
Monroe 11513 

ClTIF3 " TOWNS PC INCOME 

Dolton 
Monroe 

5717 
6954 

Complied by the SDSU Census Data Center· BrooldDgs. SD 57007 

19 



MINNESOTA TOWNSHIPS· 40 MILE RADmS 
LAKE MADISON 

LINCOLN CotINTY PIPESTONE COUNTY 

TOWNSHIPS PC INCOME TOWNSHIPS 

Drammeu 8746 Altona 
Verdi 8706 Edeu 

Grange 
Gray 
Sweet 
Troy 

PC INCOME 

8155 
11330 
10016 
13027 
11166 
9593 

CITIES &. TOWNS PC INCOME CITIES &. TOWNS PC INCOME 

ROCK COUNTY 

TOWNSHIPS 

Beaver Creek 
Rose DeD 
Springwater 

PC INCOME 

10010 
9956 

11203 

CITIES &. TOWNS PC INCOME 

Ibleu 
Jasper 
Plestoue 

10576 Jasper 6854 
10381 
10317 

CompUed by the SDSU Censns Data Ceuter • BrooldDgs. SD 57007 
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APPENDIX C 
21 

SOUTH DAKOTA TOWNSHIPS· 80 MILE BADmS 
LAKE MADISON 

AlllUJRA C01lNTI BEADLE C01lNTI BON HOMME C01lNTI BROOKINGS C01lNTI 

TOWNSHIPS POPULATION TOWNSHIPS POPULATION TOWNSHIPS POPULATION TOWNSHIPS POPULATION 

Aurora 130 Allen 95 NE Bon Homme 695 Afton 185 
Belford 190 Altoona 135 NW Bon Homme 592 Alton 284 
Brlstol G2 Banner 49 SE Bon Homme 547 Argo 153 
Center 116 Barrett 33 Aurora 300 
Cooper 20 BeUe PraIrie 50 1834 Bangor 176 
Crystal Lake 57 Bonlla 80 Brookings 430 
Dudley 111 Broadland 8G Elkton 104 
Eureka 38 Burr Oak 43 Eureka 154 
FIresteel 70 Carlyle 94 Lake Hendricks 141 
Hopper 83 Cavour 124 Lake Sinal 176 
Lake 57 Clltton 131 Laketon 120 
PalaUne 71 Clyde 627 Medary 950 
Patten 53 Custer 397 Oak Lake 108 
Plankinton 239 Dearborn 134 Oakwood 190 
Pleasant Lake 97 Falrfleld 104 Oslo 229 
Pleasant Valley 44 Foster 75 Parnell 147 
Truro 100 Grant 149 Preston 189 
Wblte Lake 86 Hartland 106 Rlchland 160 

Iowa 206 Sberman 145 
1624 Kellogg 80 Sterllng 326 

Lake Byron 237 Trenton 333 
Liberty 81 Volga 299 
Logan 127 Winsor 176 
MIlford 92 
Pearl Creek 110 5475 
Pleasant View 56 
Rlcbland 158 
Sand Creek 57 
Theresa 266 
Valley 257 
Vernon 106 
Wessington 61 
Wblteslde 60 
Wolsey 97 

4563 

CITIES & TOWNS POPULATION CITIES & TOWNS POPULATION CITIES & TOWNS POPULATION C~ & TOWNS POPULATION 

Plankinton 604 Broadland 40 Scotland 968 ArHngton 6 
SUckney 323 Cavour 166 Tabor 403 Aurora 619 

mtcbcock 95 Tyndall 1201 Brookings 16270 
927 Huron 12448 Bruce .235 

t 
Iroquois 57 2572 Bushnell 81 
Vlrgll 33 Elkton 602 

l ' Wessington 241 SInal 120 
Wolsey 442 Volga 1263 

I Yale 128 Wblte 536 

1\ 
13650 19732 

i 
I 

Compiled by the SDSU Censns Data Center· Brookings, SD 57007 



SOUTH DAKOTA TOWNSHIPS· 80 MILE RADIUS 
LAKE MADISON 

CHARLES MIX CLABK COUNTY 

TOWNSHIPS POPIlLATlON TOWNSHIPS POPULATION 

Choteau Creek 221 Ash 47 
Kennedy 85 BIalne 58 

CoIUns 100 
306 Cottonwood 109 

DarlIngton 91 
Day 87 
Eden 82 
Elrod 96 
Fordham 151 
Fonan 70 
Garfield 91 
Hague 51 
Lake 110 
Uncoln 95 
Logan 50 
Mayden 49 
Merton 73 
Mount Pleasant 177 
Pleasant 167 
RaJlllond 71 
Blchland 101 
Rosedale 83 
Thorp 66 
Washington 89 
Woodland 60 

2224 

CITIES " TOWNS POPDLA.T10N CITIES " TOWNS POPULATION 

Bradley 117 
Clark 1292 
Garden City 93 
Naples 35 
RaJlllond 96 
Vleuna 93 
WIllow Lake 317 

2043 

CompHed by the SDSU C8DSU8 Data Center· BrookIngB, SD 57007 

CLAY COUNTY CODINGTON COUNTY 

TOWNSBIPS POPULATION TOWNSHIPS 

Bethel 213 Dexter 
Gartleld 255 Eden 
Glenwood 187 ElmIra 
MeckllDg 228 Funer 
Pleasant Valley 182 Germantown 
PraIrIe Center 210 Graceiaud 
Blverslde 162 Henry 
Splrlt Mound 192 Kampeska 
Star 188 Kranzburg 

Lake 
1817 Leola 

PeBeau 
Phlpps 
RauvUle 
Blchland 
Sheridan 
Waverly 

CITIES. " TOWNS POPULATION CITIES " TOWNS 

Wakonda 329 Florence 
Henry 
Kranzburg 
South Shore 
Wallace 
Watertown 

22 

POPULATION 

188 
116 
311 
284 
164 
108 
112 
226 
340 
690 

63 
547 
77 

272 
156 
407 
163 

4224 

POPULATION 

192 
215 
132 
260 
83 

17592 

18474 

il_ 

l, 

i 
, 
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SOUTH DAKOTA TOWNSHIPS· 80 MILE RADmS 
LAKE MADISON 

DAVISON COUNTY DAY COUNTY DEUEL COUNTY DOUGLAS COUNTY 

TOWNSHIPS POPULATION TOWNSHIPS POPULATION TOWNSHIPS POPULATION TOWNSHIPS POPULATION 

Badger 170 Egeland 109 Altamont 109 Belmont 82 
Baker 171 Antelope Valley 45 Chester 89 
Beulah 369 Blom 140 East Choteau 151 
Blendon 111 Brandt 159 Garfleld 97 
Lisbon 124 Clear Lake 188 Grandview 116 
Mitchell 759 Glenwood 102 Holland 233 
Mount Vernon 179 Goodwin 188 Independence 175 
Perry 174 Grange 128 Iowa 144 
Prosper 500 Havana 194 Lincoln 144 
Rome 238 Herrick 171 Valley 148 
Tobin 157 mdewood 110 Walnut Grove 152 
Union 73 Lowe 141 Washington 149 

Norden 263 
3025 Portlaud 93 1680 

Rome 102 
Scandinavia 215 

2348 

CITIES & TOWNS POPULATION CITIES & TOWNS POPULATION CITIES & TOWNS POPULATION CITIES & TOWNS POPULATION 

Ethan 312 Altamont 48 Armour 854 
Mitchell 13798 Astoria 155 Corsica 619 
Mount Vernon 368 Brandt 123 Delmont 235 

Clear Lake 1247 
14478 Gary 274 1708 

Goodwin 126 
Toronto 201 

2174 

Compiled by the SDSU Census Data Center· Brookings. SD 57007 



SOUTH DAKOTA TOWNSHIPS· 80 MILE RADIUS 
LAKE IfADISON 

GRANT COllNTY IIAMLIN COUNTY HANSON COUNTY 

TOWNSHIPS POPllLATlON TOWNSBIPS POPULATION TOWNSBIPS 

Adams 191) Brandttord 158 Beulah 
Georgia 97 Castlewood 171 Edgerton 
Lura 89 Cleveland 159 Falntew 
Madlson 147 Dempster 245 Hanson 
Mazeppa 96 DIxon 89 Jasper 
Stockholm 124 Estelllne 245 Plano 
Troy 59 Florence 124 Pleasant 
TwIn Brooks 122 GarfIeld 164 Rosedale 
Vernon 289 Bamlin 239 Spring Lake 

Hayti 146 Taylor 
1213 Norden 314 Wayne 

Opdahl 202 Worthen 
Oxford 235 

2491 

CITlES 8; TOWNS POPllLATlON CITIES &. TOWNS POPULATION CITlES 8; TOWNS 

Albee 15 Bryant 374 AleDDdria 
La bolt 91 Castlewood 549 Emery 
RevIllo 152 EstellIne 658 Farmer 
Stockholm 89 Hayti 372 Fulton 
strandburg 74 Hazel 103 

Lake Norden 427 
421 

2483 

CompUed by the SDSU Ceusus Data Center· Brookings. SD 57007 

BIlTCBINSON COUNTY 

POPULATION TOWNSBIPS 

224 Capital 
129 Clayton 
132 Cross PIa1ns 
193 Fait 
147 Foster 
130 German 
153 Grandview 
293 Kassel 
130 Kaylor 
146 Kulm 
192 Uberty 
97 Milltown 

Molan 
1966 Oak Bollow 

Pleasant 
Sharon 
SUver Lake 
Starr 
Susquehanna 
SWeet 
Valley 
Wittenberg 
Wolt Creek 

POPULATION CITIES &. TOWNS 

518 DImock 
417 Freeman 

23 Menno 
70 OUvet 

Parkston 
1028 TrIpp 

24 

POPULATION 

103 
172 
118 
146 
144 
142 
253 
131 
223 
108 
162 
146 
180 
68 
62 

111 
114 
151 
207 
258 
220 
267 
248 

3734 

POPULATION 

157 
1293 
768 
74 

1572 
664 

4528 

( 
~ ; 

f 

L 

r 

, 
j 
I 
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SOUTH DAKOTA TOWNSHIPS· 80 MILE RADIUS 
LAKE MADISON 

JERAULD COUNTY KINGSBURY COUNTY LAKE COUNTY LINCOLN COUNTY 

TOWNSHIPS POPULATION TOWNSHIPS POPDLATION TOWNSHIPS POPDLATION TOWNSHIPS POPDLATION 

Alpena 108 Badger 240 Badus 146 Brooklyn 234 
ADina 55 Baker 280 Chester 571 Canton 423 
maine 86 Denver 245 Clarno 190 Dayton 460 
Chery frl De Smet 328 Concord 125 Delapre 1419 
Crow Lake 61 Esmond 57 Farmington 188 Delaware 194 
Dale 50 Hartland 183 FranklIn 228 Eden 165 
FrankIln 81 Iroquois 64 Herman 556 Falntew 145 
Harmony -50 La Sueur 170 Lake View 468 Grant 337 
Media 63 Manchester 136 Le Roy 239 Blghland 254 
Pleasant 78 Mathews 153 Nunda 103 La ValleY 410 
Viola 52 Spirit Lake 167 Orland 135 llncoiD 221 
WeSsington Springs 83 Spring lake 327 Rutland 213 Lynn 290 

Whitewood 139 Summit 186 Norway 277 
834 Wayne 124 Perry 554 

2489 Wentworth 213 Pleasant 382 
Winfred 134 Springdale 1061 

3819 6826 
I \ 

I 

I 
l 

\ ' 

1 ClTIES &: TOWNS POPDLATION crrm; &: TOWNS POPDLATION CITIES &: TOWNS POPULATION CITIES &: TOWNS POPULATION 
i, 

I Alpena 251 Arllngton 902 Madison 6257 Beresford 349 
'1 Lane 71 Badger 114 Nunda 45 Cantou 2787 

Wessiongton Springs 1083 Bancroft 30 Ramona 194 Fairview 73 
De Smet 1172 Wentworth 181 Harrisburg 727 

1405 Erwin 42 Winfred 54 Hudson 332 
Hetland 53 Lennox 17frl 
Iroquois 271 6731 Sioux Falls 1409 
Lake Preston 663 Tea 786 

i Oldham 189 Wortldug 371 

I 
I 3436 8601 

Compiled by the SDSU Census Data Center· Brookings. SD 57007 
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SOUTH DAKOTA TOWNSBIPS • 80 MILE RADIUS 
LAKE MADISON 

McCOOK COUNTY MINER COUNTY MINNEBAJIA COUNTY MOODY COUNTY 

TOWNSHIPS POPUlATION TOWNSHIPS POPUlATION TOWNSHIPS POPllLATION TOWNSHIPS POPUlATION 

Benton 111 Adams 143 Benton 630 AUlaDce 114 
BrIdgeWater 173 Beaver 78 Brandon 612 BUnsmon 258 
BrookJIeld 141 BeUevlew 100 Butralo 238 Clare 179 
C&Dlstota 132 Canova 102 Burt 306 Colman 235 
Emery 108 Cartbage 52 Clear Lake 175 Egan 211 
Grant 175 Clearwater 186 Dell Rapids 338 Enterprise 282 
Greenland 183 CDnton 132 EdIson 346 Flandreau 367 
Jefferson 132 Grafton 114 Grand Meadow 268 Fremont 243 
Montrose 219 Green Valley 62 Barttord 542 Grovena 239 
Pearl 100 Benden 159 mghland 164 Jefferson 153 
Ramsey 136 Boward 129 Bumbolt 318 Lone Rock 99 
Richland 199 MIner 78 Logan 277 Lynn 296 
salem 182 Redstone 45 Lyons 559 Blvervlew 190 
Sprlng Valley 232 Rock Creek 127 Mapleton 1686 Spring Creek 146 
SUn Pra1rle 152 Roswell 64 Pallsade 276 Union 163 
Union 146 Vermillion 105 RedRock 342 Ward 85 

SpUt Rock 2137 
2521 1676 Sverdup 614 3260 

Taopi 347 
Valley Sprlngs 275 
Wall Lake 863 
Wayne 1307 
Wellington 304 

12924 

CITIES &. TOWNS POPUlATION ClTIFS &. TOWNS POPULATION ClTIFS &. TOWNS POPULATION ClTIFS &. TOWNS POPIILATIDN 

BrIdgeWater 533 Canova 172 BalUc 666 Colman 482 
Canistota 608 Cartilage 221 Brandon 3543 Egan 208 ! ' Montrose 420 Boward 1156 Colton 657 Flandreau 2311 !, 

Salem 1289 Roswell 19 Crooks 671 Trent 211 
Spencer 317 VIlas 28 Dell Rapids 2484 Ward 35 

( Garretson 924 
3167 1596 Hartford 1262 3247 

Humboldt 468 
Sherman 66 

t SlonxFaIIs 99405 
Valley SprIngs 739 

110885 

Compiled by the SDSU Census Data Center· Brookings. SD 57007 
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SOUTH DAKOTA TOWNSHIPS • 80 MILE RADms 
LAKE MADISON 

SANBORN COUNTY SPINK COUNTY TURNER COUNTY UNION COUNTY 

TOWNSHIPS POPULATION TOWNSHIPS POPULATION TOWNSHIPS POPULATION TOWNSHIPS POPULATION 

Afton 55 Antelope 96 Brothersfteld 148 Alcestor 339 
Benedict 49 Belle Plaine 118 Centerville 211 Big Springs 302 
Butler 252 Belmont 68 Chlldstown 283 Emmet 278 
Diana 49 Capitola 227 Daneville 213 Pralrie 218 
EIllott 121 Cornwall 61 Dolton 169 Sioux Valley 275 
Floyd 95 Crandon 103 Germantown 326 Spink 278 
Jackson 101 Frankfort 64 Home 279 Virginia 258 
Letcher 185 Harrison 59 Hurley 152 
Logan 134 Lincoln 216 Marion 237 1948 
Oneida 49 Pralrie Center 2770 Middleton 248 
Ravena 61 Rlcbfteld 35 Monroe 157 
SUver Creek 108 Spring 31 Norway 208 
TwIn Lake 117 Union 78 Parker 249 
Union 65 Rosefteld 218 
Warren 75 3926 Salem 213 
Woonsocket 170 Spring Valley 205 

Swan Lake 208 
1686 Turner 205 

3929 

CITIES &. TOWNS POPULATION CITIES &. TOWNS POPULATION CITIES &. TOWNS POPULATION CITIES &. TOWNS POPULATION 

Artesian 217 Doland 306 Centerv1lle 887 Alcestor 843 
Letcher 164 Chancellor 276 Beresford 1500 
Woonsocket 766 Davis 87 

Dolton 43 2343 
1147 Hurley 372 

Irene 253 
Marion 831 
Monroe 151 
Parker 984 
Viborg 763 

4647 

Complied by the SDS» Census Data Center· Brookings. SD 57007 



SOOTH DAKOTA TOWNSHIPS· 80 MILE RADIUS 
LAKE MADISON 

YANKTON COUNTY 

TOWNSHIPS POPULATION 

GamUe 171 
JamesvUle 275 
MarlDdabl 187 
Mayfteld 229 
Mission BID 332 
Southeast yankton 694 
Turkey Valley 218 
UUca 846 
Volin 240 
lValshton 214 
lVest yankton 2102 

5508 

ClTIF3 &. TOWNS POPULATION 

Gamue 401 
Irene 2 
LesteniUe 168 
Mlsston mu 180 
UUca 115 
VoHn 175 
yankton 12703 

13744 

TOTAL TOWNSHIP POPULATION 
TOTAL CITY POPULATION 

TOTAL POPULATION 

ComplIed by the SDSU Census Data Center· Brooldl1gs, SD 57007 

= 
= 

89,979 
245,802 

335,781 
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MINNESOTA TOWNSBlPS • 80 MILE BADms 
lAKE MADISON 

LAC Qm PARLE COUNTY LINCOLN COUNTY LYON COUNTY MUlUIAY COUNTY 

TOWNSBlPS POPULATION TOWNSHIPS POPULATION TOWNSHIPS POPULATION TOWNSBlPS POPULATION 

Arena 182 Alta Vista 252 Amiret 285 Belfast 214 
Augusta 141 Ash Lake 224 CHfton 291 Bondln 366 
Freeland 153 Diamond Lake 216 Coon Creek 286 Cameron 194 
Garfteld 196 Drammen 180 CUster 279 Chanaramble 238 
IIamlln 215 BansonviUe 150 Eldsvold 229 Des Moines mver 213 
Manfred 132 Hendricks 255 Fairview 513 Dovray 217 
MaxweU 212 Hope 331 Grandview 345 EUsborougb 189 
Mehurln 104 Lake Benton 234 Island Lake 250 Fenton 241 
Providence 214 Lake Stay 187 Lake Marshall 511 Holly 186 
Ten Mile Lake 205 Umestone 195 Lucas 281 lona 276 

Marble 214 Lynd 468 Lake Sarah 289 
1754 Marshfield 242 Lyons 211 Leeds 239 

Royal 271 Monroe 259 Ume Lake 209 
Shaokatan 216 Nordland 267 Lowville 212 
Verdl 234 Rock Lake 324 Mason 297 

Shelburne 227 Moulton 261 
3401 Sodus 271 Murray 221 

Stanley 294 Shetek 259 
Vallers 289 Skandla 192 
Westerhelm 317 Slayton 388 

6197 4901 

CIT1F3 " TOWNS POPULTION CITIES " TOWNS POPULATION CITIES " TOWNS POPULATION CITIES " TOWNS POPULATION 

Boyd 251 Areo 104 Balaton 737 Avoca 150 
Marleua 211 Hendricks 684 Florence 53 Chandler 316 

Ivanhoe 751 Garvin 149 Dovray 60 
462 Lake Benton 693 Ghent 316 Fulda 1212 

Tyler 1257 Lynd 287 Hadley 94 
Marshall 12023 lona 158 

3489 Minneota 1417 Lake Wilson 319 
RusseU 394 Slayton 2147 
Taunton 175 
Tracy 2059 4456 

17610 

ComplIed by the SDSU Census Data Center· Brookings, SO 57007 



MINNESOTA TOWNSHIPS· 80 MILE RADIDS 
LAKE MADISON 

NOBLES COUNTY PIPE STONE COUNTY 

TOWNSHIPS POPULATION TOWNSHIPS 

Bigelow 401 Aetna 
Bloom 242 Altona 
Dewald 345 Burke 
Elk 308 Eden 
Gra.b.am Lakes 262 Elmer 
Grand Prairie 272 Fountain Pralrle 
Bersey 268 Grange 
Larkin 245 Gray 
Leota 504 Osborne 
Lismore 246 Rock 
Little Rock 261 SWeet 
Lorain 333 Troy 
Olney 205 
Ransom 332 
Seward 275 
SUmmit Lake 400 
WestsIde 292 
Wilmont 263 
Worthington 331 

5785 

CITIES &. TOWNS POPULATION C~ &.TOWNS 

Adrian 1141 Edgerton 
BIgelow 232 Hatfteld 
Dundee 107 Bolland 
Ellsworth 580 Ihlen 
Lismore 248 Jasper 
Round Lake 463 Pipestone 
Rushmore 381 Ruthton 
WIlmont 351" Trosky 
Worthington 9977 Woodstock 

13480 

POPULATION 

220 
210 
292 
279 
297 
200 
259 
258 
394 
207 
376 
325 

3317 

POPULATION 

1106 
66 

216 
101 
524 

4554 
328 
120 
159 

7174 

Compiled by the SDSU Census Data Center· Brookings, SD 57007 

30 

REDWOOD COUNTY ROCK COUNTY 

TOWNSHIPS POPULATION TOWNSHIPS POPUlATION 

Gales 162 Battle Plain 229 
Springdale 243 Beaver Creek 445 
Westline 241 Clinton 350 

Denver 227 
646 Kanaranzi 320 

Luverne 477 
MagnoHa 303 
MartIn 465 
Mound 274 
Rose Dell 241 
Springwater 303 
Vienna 213 

3847 

CITIES &. TOWNS POPULATION ~&.TOWNS POPULATION 

Beaver Creek 249 
Bardwlck 234 
mils 607 
Jasper 75 
Kenneth 81 
Luverne 4382 
MagnoHa 155 
Steen 176 

5959 
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MINNESOTA TOWNSHIPS • 80 MILE RADIiJs 
LAKE MADISON 

YELLOW MEDICINE COUNTY 

TOWNSHIPS 

Burton 
Florlda 
Forder 
Frlendsblp 
Hammer 
Norman 
Normaula 
Omro 
Osbkosh 
SWede PraIrIe 
Tyro 
Wergeland 

CITIES & TOWNS 

Canby 
Porter 
St Leo 

POPULATION 

206 
177 
117 
233 
374 
300 
190 
166 
249 
193 
226 
215 

2646 

POPULATION 

1826 
210 
111 

2147 

TOTAL TOWNSHIP POPUALTION 
TOTAL em POPULATION 

TOTAL POPULATION 

CompUed by the SDSU Census Data Center • BrooIdDgs. SD 57007 
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IOWA TOWNSHIPS· 80 MILE RADIUS 
LAKE MADISON 

LYON COUNTY OSCEOlA COUNTY 

TOWNSBIPS POPULATION TOWNSBIPS POPULATION 

AWson 242 GIlman 797 
CenteDDial 224 Holman 3494 
C1evelaDd 362 Viola 167 
Dale 290 WIlson 192 
Doon 1096 
Elgin 688 4650 
GarfIeld 355 
Grant 327 
Larchwood 1224 
Uberal 490 
Logan 364 
Lyon 268 
Midland 204 
RlchlaDd 1166 
Riverside 408 
Rock 2740 
Sioux 285 
Wheeler 1219 

11952 

CITID &; TOWNS POPULATION CITID &; TOWNS POPULATION 

Ashton 462 
Sibley 2815 

3277 

Complied by the SDSU Census Data Center· BrooldDgs. SD 57007 

SIOUX COUNTY 

TOWNSBIPS POPULATION 

Buncombe 1956 
capel 529 
Center 399 
Eagle 345 
GarfIeld 229 
LIncoln 2288 
Logan 826 
Lynn 392 
Plato 618 
Readlng 902 
Rock 3346 
Settlers 125 
Sheridan 1106 
Sioux 334 
Washington 252 
Welcome 1294 
West Branch 5230 

20171 

TOTAL TOWNSBIP POPULATION 
TOTAL CITY POPULATION 

TOTAL POPULATION 

CITIF.S &; TOWNS POPULATION 

Boyden 640 
Chetsworth 103 
Hawarden 1850 
Bnll 1724 
Matlock 92 
Rockvalley 2492 
Sioux Center 5074 

11975 

= 36773 
1252 

38025 
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APPENDIX ·D 

SOUTH DAKOTA TOWNSHIPS· 80 MILE lWJms 
LAKE MADISON 

AURORA COUNTY BEADLE COUNTY BON HOMME COUNTY BROOKINGS COUNTY 

TOWNSHIPS PC INCOME TOWNSHIPS PC INCOME TOWNSHIPS PC INCOME TOWNSHIPS PC INCOME 

Aurora. 8100 Allen 11042 NEBon Homme 8350 Afton 13865 
Belford 5768 Altoona 9524 NWBon Homme 9031 Alton 9068 
BrIstol 3813 Balmer 12783 BE Bon Homme 8266 Argo 8264 
Center 4838 Barrett 7679 Aurora. 13746 
Cooper Belle PraIrIe 11917 Bangor 8101 
Crystal Lake 4692 BoDlUa 2457 BrooklDgs 12743 
Dudley 7042 BroadlaDd 5988 Elkton 10'124 
Eureka 29981 Barr Oak 8176 Eureka 10058 
FIresteel 74K! carlyle 6317 Lake Hendricks 8758 
Hopper -11332 Cavour 9915 Lake Sinai 8297 
Lake 5916 CUlton 7142 Laketon 12680 
Palatine 5041 Clyde 11278 Medary 11493 
Patten 2773 Custer 6792 Oak Lake 9964 
PlaDklDton 6594 Dearborn 7771 Oakwood 9312 
Pleasant Lake 5893 Falrfteld 9820 Oslo 10126 
Pleasant Valley 38079 Foster 8170 Pamell 10762 
Truro 6724 Grant 14230 Preston 13502 
WhIte Lake 8271 Hartland 10770 Rlcbland 7225 

Iowa 4368 Sherman 8911 
Kellogg 8843 Sterling 12428 
Lake Byron 12792 Trenton 12614 
LIberty 11234 Volga 11319 
Logan 889 Winsor 11243 
MIlford 4845 
Pearl Creek 5446 
Pleasant View 6662 
Rlcbland 10499 
Sand Creek 5593 
Theresa 11864 
Valley 10207 
Vernon 11506 
Wessington 6848 
WhIteside 8251 
Wolsey 9809 

CITIES &. TOWNS PC INCOME CITIES &. TOWNS PC INCOME CITIES &. TOWNS PC INCOME CITIES &. TOWNS PC INCOME 

PlaDkInton 10024 BroadlaDd 9877 Scotland 8607 Arlington 8000 
SUckDey 7630 Cavour 7731 Tabor 8252 Aurora. 8845 

mtchcock 84Kl Tynda1l 8886 BrookIngs 9723 
Huron 11091 8mce 9435 
Iroquois 8644 Bushnell 7775 
VlrgU 7167 Elkton ·9487 
Wesslngton 9358 Sinai 9847 
Wolsey 9809 Volga 9719 

{, Yaie 9967 WhIte 7528 

CompUed by the SDSU Censas Data Center· Brookings. SD 57007 
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SOUTH DAKOTA TOWNSBIPS - 80 MILE RADmS 
LAKE MADISON 

CHARLES MIX CLABK COllNTI CLAY COUNTY CODINGTON COUNTY 

TOWNSBIPS PC INCOME TOWNSBIPS PC INCOME TOWNSBIPS PC INCOME TOWNSBIPS PC INCOME 

Choteau Creek 7333 Asb 15557 Bethel 9599 DeBer 11560 
Kennedy 9359 Blaine 12981 Garfleld 12667 Eden 7253 

Collins 11249 Glenwood 9337 ElmIra 11034 
Cottonwood 5388 Meckllng 15311 Fuller 9731 
DarlIngton 18752 Pleasant Valley 15863 Germantown 14172 
Day 9967 Prairie Center 13420 Graceland 11714 
Eden 6657 RIverside 10758 Henry 5780 
Elrod 9153 Splrtt Monnd 8771 Kampeska 12190 
Fordham 3647 Star 10714 Kranzburg 7768 
Foxton 6359 Lake 12801 
GarfIeld 7957 Leola 11557 
Hague 7123 Pelican 8617 
Lake 8977 Pblpps 12845 
LIncoln 8561 Rauville 12989 
Logan 13765 Rlcblaud 11216 
Maydell 13064 Sheridau 9116 
Merton 10652 Waverly 7755 
Mannt Pleasaut 7907 
Pleasaut 10621 
Raymond 9155 
Rlcblaud 12449 
Rosedale 4564 
Thorp 8881 
Wasblngton 9219 
Woodlaud 17038 

i 
CITIES 8; TOWNS PC INCOME CITIES 8; TOWNS PC INCOME CITIES 8; TOWNS PC INCOME CITIES " TOWNS PC INCOME t 

Bradley 6765 Wakonda 7973 Florence 8131 
Clark 8999 Henry 8216 
Garden City 12975 Kranzburg 8507 
Naples 5248 South Shore 6836 
Raymond 7259 Wallace 11411 
Vienna 6165 Watertown 10660 
Willow Lake 10105 

Complied by the SDSU Cell81l8 Data Center - Brookings, SD 57007 
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S01lTB DAKOTA TOWNSHIPS • 80 MILE RADIUS 
LAKE MADISON 

DAVISON COUNTY 

TOWNSBIPS PC INCOME 

Badger 6652 
Baker 4.404 
Beulah 8430 
mendon 4123 
Usbon 2889 
MltcbeU 12901 
Mount Vernon 8862 
Perry 10501 
Prosper 11445 
Rome 8807 
Tobin 8586 
Union 12886 

CITIES &: TOWNS PC INCOME 

Etban 
l!IltcbeU 
Mount Vernon 

5638 
10272 
9051 

DAY COUNTY 

TOWNSBIPS PC INCOME 

Egeland 10190 

CITIES &: TOWNS PC INCOME 

Complied by the SDSO Census Data Center· Brookings. SD 57007 

DEUEL COUNTY 

TOWNSHIPS PC INCOME 

Altamont 8962 
Antelope Valley 8892 
Blom 11432 
Brandt 8669 
Clear Lake 8674 
Glenwood 8250. 
Goodwin 9628 
Grange 9898 
Havana lllOO 
Herrick 8254 
mdewood 10473 
Lowe 8653 
Norden 7606 
Portlaud 4161 
Rome 18775 
Scandinavia 8251 

CITIES &: TOWNS PC INCOME 

Altamont 
Astoria 
Brandt 
Clear Lake 
Gary 
Goodwin 
Toronto 

8568 
7751 
6074 
9472 
7495 

10557 
7852 

35 

DOUGW COUNTY 

TOWNSHIPS PC INCOME 

Belmont 14668 
Chester 8232 
East Choteau 4027 
GarIleld 8024 
Grandview 7552 
BoUaud 7672 
Independence 6595 
Iowa 4563 
LIncoln 8464 
Valley 10116 
Walnut Grove 9633 
Wasblngton 4732 

CITIES &: TOWNS PC INCOME 

Armour 
Corsica 
Delmont 

8842 
7951 
7492 
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SOUTH DAKOTA TOWNSHIPS· 80 MILE RADmS 
LAKE MADISON 

GRANT COUNTY HAMLIN COUNTY HANSON COUNTY BUTCBlNSON COUNTY 

TOWNSHIPS PC INCOME TOWNSHIPS PC INCOME TOWNSHIPS PC INCOME TOWNSHIPS PC INCOME 

Adams 8721 Brandttord 10786 Beulah 9451 Capital 8202 
Georgia 9947 Castlewood 10701 Edgerton 7825 Clayton 9170 
Lura 7788 Cleveland 12374 Falrvlew 8818 Cross Plains 5230 
MadIson 14975 Dempster 3392 Hanson 14157 Fair 7425 
Mazeppa 9297 DIxon 21150 Jasper 9874 Foster 2789 
Stockholm 8751 Estelline 8780 Plano 9036 German 2793 
Troy 10509 Florence 9060 Pleasant 6351 Grandview 7636 
Twin Brooks 9940 Garfteld 6345 Rosedale 12411 Kassel 7954 
Vernon 16738 BamDn 9239 Spring Lake 12510 Kaylor 18560 

Hayti 9283 Taylor 8830 Kulm 6065 
Norden 9207 Wayne 6135 Liberty 6994 
Opdahl 7193 Wortben 15550 Milltown 5296 
Oxford 10662 Molan 13397 

Oak Bollow 14679 
Pleasant 7149 
Sharon 6795 
SlIver Lake 10845 
Starr 4989 
Susquehanna 5009 
Sweet 8331 
Valley 8516 
Wittenberg 23156 
Wolf Creek 8530 

CITIES &: TOWNS PC INCOME CITIES &: TOWNS PC INCOME CITIES &: TOWNS PC INCOME CITIES &: TOWNS PC INCOME 

Albee 8884 Bryant 7799 Alexandria 9442 mmock 6279 
La Bolt 6606 Castlewood 8258 Emery 8211 Freeman 11082 
Revillo 7544 Estelline 8487 Farmer 10699 Menno 9222 
Stockholm 8751 Hayti 11673 Fulton 13124 OUvet 11065 
Strandburg 8947 Hazel 9621 Parkston 9532 

Lake Norden 9585 Tripp 9804 

CompUed by the SDSU Census Data Center· Brookings, SD 57007 
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SOUTH DAKOTA TOWNSHIPS· 80 MILE BADIDS 
LAKE MADISON 

JERA1JLD COUNTY KINGSBURY COUNTY LAKE COUNTY LINCOLN COUNTY 

TOWNSBIPS PC INCOME TOWNSBJPS PC INCOME TOWNSBIPS PC INCOME TOWNSHIPS PC INCOME 

Alpena 10354 Badger 7933 BaIIus 13199 BrooklJD. 12025 
ADIna 27706 Baker 9176 Chester 9345 Canton 10955 
BIalne 11865 Denver 9078 Clarno 9401 Dayton 12329 
Chery 11897 De Smet 12709 Concord 7432 DeIapre 13821 
Crow Lake 11464 Esmond 16767 FarmIngton 12592 Delaware 10474 
Dale 3982 IIartland 12456 FranId1n 11774 Eden 11218 
FranId1n 8842 Iroquois 9048 Herman 9459 Falnlew 9225 
Harmony 8045 LeSUeur Tl19 Lake View 27709 Grant 10317 
Medla 6841 Manchester 5870 La Roy 21190 mgbland 17471 
Pleasant 8637 Mathews 12160 Nunda 7803 La Valley 13184 
VIola 8070 Spirit Lake 17174 Orland 6679 lincoln 10295 
Wessington Springs 9350 Spring lake 8635 Rutland 9337 Lynn 9834 

Wbltewood 11921 SUmmit 8849 Norway 12481 
WaJ'l1e 6342 Perry 10760 
Wentworth 11038 Pleasant 8593 
Winfred 8300 Springdale 13988 

CITIES 85 TOWNS PC INCOME ClTIES 85 TOWNS PC INCOME CITIES 85 TOWNS PC INCOME CITIES " TOWNS PC INCOME 

Alpena 10336 ArJ.lngton 9557 MadIson 10824 Beresford 9259 
Lane 5772 Badger 8398 Nunda 9410 Canton 11636 
Wesslongton Springs 10241 Bancroft 7892 Ramona 9608 Falnlew 11473 

De Smet 10161 Wentworth 9232 Harrlsburg 9873 
EnvIn 10324 WInfred 7905 Hudson 9585 
Hetland 8200 Lennox 9945 
Iroquois 7931 Sioux Falls 20919 
Lake Preston 9034 Tea 9882 

/ Oldham 9617 Worthing 8511 
'\ 
\ 

Compiled by the SDSU Census Data Center· Brooldngs, SD 57007 



SOUTH DAKOTA TOWNSBIPS . 80 MILE RADIUS 
LAKE MADISON 

McCOOK COUNTY MINER COUNTY 

TOWNSHIPS PC INCOME TOWNSHIPS PC INCOME 

Benton 7284 Adams 16483 
BrIdgewater 8664 Beaver 2564 
Brookfield 16104 Belleview 8066 
Canistota 11389 Canova 18189 
Emery 10217 Carthage 6111 
Grant 8703 Clearwater 9071 
Greenland 12263 CUnton 11002 
Jefferson 8997 Grafton 19861 
Montrose 9310 Green VaDey 13732 
Pearl 9726 Benden 7213 

,Ramsey 10840 Boward 12313 
mchland 8376 MlDer 10124 
Salem 10585 Redstone 4597 
Spring VaDey 6659 Rock Creek 8609 
Sun PraIrie 8491 Roswell 10183 
Union 7544 Vermillion 9010 

ClTIES & TOWNS PC INCOME ClTIES & TOWNS PC INCOME 

Bridgewater 10196 Canova 7192 
Canistota 8816 Carthage 8986 
Montrose 8638 Boward 9529 
Salem 10377 RosweD 3600 
Spencer 9235 Vilas 5614 

. CompUed by the SDSU Census Data Center· Brookings, SD 57007 

MINNEIIABA COUNTY 

TOWNSBIPS PC INCOME 

Benton 10528 
Brandon 16751 
Buffalo 8489 
Burk 14248 
Clear Lake 7316 
DeD Rapids 14407 
Edison 10989 
Grand Meadow 7850 
Hartford 13124 
mgbland 13619 
Bumbolt 9647 
Logan 8844 
Lyons 11445 
Mapleton 17588 
Palisade 10961 
RedRock 12047 
SpDt Rock 18563 
SVerdnp 10064 
Taopi 11120 
VaDey Springs 21924 
WaD Lake 11640 
Wayne 13446 
WeUlngton 11947 

ClTIES & TOWNS PC INCOME 

BalUc 10557 
Brandon 12069 
Colton 9755 
Crooks 9085 
DeD Rapids 10397 
Garretson 10179 
Hartford 9878 
Humboldt 10052 
Sherman 10899 
SlcnaFaDs 13574 
VaDey Springs 10171 

MOODY COUNTY 

TOWNSBIPS 

Amance 
BUnsmon 
Clare 
Colman 
Egan 
Enterprise 
Flandreau 
Fremont 
Groven 
Jefferson 
Lone Rock 
Lynn 
mverview 
Spring Creek 
Union 
Ward 

ClTIES & TOWNS 

Colman 
Egan 
Flandreau 
Trent 
Ward 

38 

PC INCOME 

9277 
8084 

10753 
10813 
7321 

11819 
9893 

10983 
9083 

17389 
15766 
9013 
8297 

11036 
11133 
8240 

PC INCOME 

12248 
10474 
9630 
9467 

12340 

i 
i 
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SOUTH DAKOTA TOWNSBJPS • 80 MILE RADIUS 
LAKE MADISON 

SANBORN COUNTY SPINK COUNTY TIlRNER COUNTY UNION COUNTY 

TOWNSHIPS PC INCOME TOWNSHIPS PC INCOME TOWNSBJPS PC INCOME· TOWNSHIPS PC INCOME 

Afton 9588 Antelope 5678 Brotherstleld 12447 Alcestor 8781 
Benedlct 6903 BeHe Plaine 10411 CententHe 10820 Big Springs 6668 
Butler 6173 Belmont 8280 Cblldstown 8386 Emmet 3850 
mana 12143 Capitola 12206 Danntlle 9917 PraIrIe 9773 
ElHott 8972 Cornwall 13565 Dolton 9135 SlolIX Valley 7944 
Floyd 15025 Crandon 18691 Germantown 13007 Spink 13246 
Jackson 8240 Frankfort 3247 Home 12663 VIrgIDla 8093 
Letcher 7386 HarrIson 15782 Burley 9019 
Logan 8608 LIncoln 666 Marion 8159 
Oneida 9758 PraIrie Center 7610 MIddleton 11423 
Ravena 7755 RIchtleld 28117 Monroe 11513 
SlIver Creek 16659 Spring 5229 Norway 8277 
Twln Lake 9169 UDlon 6257 Parker 9392 
UDlon 10363 Rosetleld 10649 
Warren 9901 Salem 9379 
Woonsocket 14767 Spring Valley 7031 

swan Lake 7489 
Tomer 8568 

CITIES &: TOWNS PC INCOME CITIES &: TOWNS PC INCOME CITIES &: TOWNS PC ICNOME CITIES· &: TOWNS PC INCOME 

Artesian 8493 Doland 9162 CententHe 9384 Alcestor 9665 
Letcher 7321 ChanceHor 9722 Beresford 10544 
Woonsocket 7567 Davis 12350 

Dolton 5717 

! 
Hurley 9192 

, Irene 9129 
Marion 9052 
Monroe 6954 

) Parker 8629 
VIborg 8452 

.\ 

CompHed by the SDSU CeD8Us Data Center· Brookings, SD 57007 
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SOUTH DAKOTA TOWNSHIPS - 80 MILE ROms 
LAKE MADISON 

-------------------
YANKTON C01INTY 

PC INCOME 

-------------------
GayvUle 10631 
Jamesville 5163 
Marlndabl 8459 
Mayfteld 7765 
MIssion BID 10389 
Southeast Yankton 9182 
Turkey Valley 7291 
UUca 1023 
Volin 8814 
Walshton 1615 
West yankton 10430 

ClTJES & TOWNS PC INCOME 

GayvUle 9885 

Irene 13292 
LestenlDe 8145 
Mission BIll 8514 
UUca 1918 
Volin 1816 
yankton 10964 

Compiled by the SDSU Census Data Center - Brooldngs, SD 51001 
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~OTA TOWNSBIPS • 80 MILE RADIUS 
LAKE MADISON 

LAC Cl1lI PARLE COUNTY LINCOLN COUNTY LYON COUNTY MDBllAY COUNTY 

TOWNSHIPS PC INCOME TOWNSHIPS PC INCOME TOWNSHIPS PC INCOME TOWNSHIPS PC INCOME 

Areu 17130 Alta VIsta 10298 Amlret 9932 Belfast 9349 
Augusta 30628 Ash Lake 7717 ClIfton 11394 Bcmdln 9354 
Freeland 9069 DlamOlld Lake 9454 Coon Creek 9913 CameroD 11096 
GarIleld 9066 DrammeD 8746 Custer 10588 ChaDaramble 12744 
IIamIID 9862 lIaDsoD1'lIIe 8024 Eldmlld 9450 Des MolDes River 11112 
Manfred 4929 IleDdricks 8714 Fa1ntew 10298 Dovray 12867 
MaDeD 10755 Rope 9830 Grandview 11312 EUsborougll 10244 
MeJmrID 9459 Lake Benton 9998 Island Lake 9091 Fenton 9322 
ProvIdence 9940 Lake Stay 6659 Lake Marshall 14365 BoDy 10791 
Ten MIle Lake 10864 UmestoDe 7822 Lucas 10412 Iou 10611 

Marble 8689 LJDd 13257 Lake Sarah 11839 
Marshfteld 10748 Lyons 9143 Leeds 10277 
Royal 9220 Monroe 10498 Ume Lake 11486 
ShaokataD 11414 Nordland 8892 LowvIlle 9269 
Verdi 8706 Rock Lake 8790 Mason 14447 

Shelbume 11298 Moulton 8050 
Sodns 9131 Murray 8843 
StaDley 10237 Shetek 11136 
Vallers 9925 Skandia 10389 
Westerhelm 11198 Slayton 10920 

! 

Cl'l'IF3 &: TOWNS PC INCOME CITIES &: TOWNS PC INCOME CITIES &: TOWNS PC INCOME CITIES &: TOWNS PC INCOME 

Boyd 7441 Arco 7923 Balaton 9081 Avoca 9516 
MarIetta 9002 Hendricks 10497 Florence 6803 Chandler 13819 

Ivanhoe 9596 Gan1n 7598 Dovray 14200 
Lake Benton 10020 Ghent 10115 FDIda . 11408 
Tyler 10323 LJDd 9529 Badley 8530 

Marshall 11851 lona 6920 
Mhmeota 9630 Lake WIlson 11503 
RusseD 9482 Slayton 10806 

i( 
Taunton 8782 
Tracy 10908 

Complled by the SDSU CeIl81lS Data Center· BrooklDgs. SO 57007 
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MINNESOTA TOWNSHIPS· 80 MILE RADIUS 
LAKE lIWJISON 

NOBLES COUNTY PIPE STONE COUNTY REDWOOD COUNTY ROCK COUNTY 

TOWNSBIPS PC INCOME TOWNSBIPS PC INCOME TOWNSHIPS PC INCOME TOWNSHIPS PC INCOME 

Bigelow 10439 Aetna 8030 Gales 104'16 Battle PlaID 1'1588 
Bloom '1183 Altona 8155 SprlDgdaIe 12'148 Beaver Creek 10010 
Dewald 11334 Burke 8863 WestllDe 8250 ClInton 8724 
Elk 111'16 Eden 11330 Denver 104'12 
Graham Lakes 133'14 Elmer '1665 IaDaraDzl 13406 
Grand PraIrIe 9'l33 Fountaln PraIrIe 13609 Luverne 11135 
Hersey 9499 Grange 10016 MagnoUa 10124 
LarIdn 9631 Gray 1302'1 MartIn 10391 
Leota 885'1 Osborne 8181 Mound 10395 
Usmore 11925 Rock 10064 Rose DeH 9956 
UWe Rock 10100 Sweet 11166 Springwater 11203 
Lorain 13098 Troy 9593 Vleuna 1048'1 
Olney 9692 
Ransom 8836 
Seward 1139'1 
Summit Lake 10449 
Westside 9186 
WHmont 9393 
WortblDgton 13824 

CITIES &; TOWNS PC INCOME ClTIF3 &; TOWNS PC INCOME ClTIES &; TOWNS PC INCOME CITIES &; TOWNS PC INCOME 

Adrian 10'14'1 Edgerton 1048'1 Beaver Creek 9993 
Bigelow 8738 lIaUleld 10879 IIardwlck 8269 
Dnndee 11065 HoHand 7745 BIDs 10245 
Ellsworth 8826 Ihlen 10576 Jasper 6854 
Usmore 9523 Jasper 10381 Xeuneth 14041 
Round Lake 10884 Pipestone 10317 Luverne 12388 
Rusl!more 9186 . Ruthton 7339 MagnoUa 8181 
WHmont 9163 Trosky 11540 Steen 9237 
Worthington 11477 Woodstock 8778 

CompHed by the SDSU CeDSDS Data Center· Brooldngs, SD 57007 
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MINmOTA TOWNSBIPS . 80 MILE RADIUS 
LAKE MADISON 

YELLOW MEDICINE COUNTY 

TOWNSHIPS PC INCOME 

Burton 8920 
F10rlda 9109 
Forder 9759 
Friendship 9872 
Hammer 7830 
Norman 9793 
Normanla 13118 
Omro 8739 
Oshkosh 11210 
Swede PrairIe 17859 
Tyro 10298 
Wergeland 8482 

ClTIES & TOWNS PC INCOME 

Canby 
Porter 
St. Leo 

10527 
8720 

10000 

CompUed by the SDSU Census Data Center· Brookings, SO 57007 
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IOWA TOWNSHIPS· 80 MILE RADIUS 
LAKE I'tWJJSON 

LYON COUNTY 

TOWNSHIPS 

AlIlsou 
CeuteDDlal 
Clevelaud 
Dale 
Boou 
EIgIu 
GarfIeld 
Grant 
Larchwood 
Uberal 
Logan 
Lyon 
Mldlaud 
Richland 
Riverside 
Rock 
SIoux 
Wheeler 

OSCEOlA COUNTY 

PC INCOME TOWNSHIPS 

6091 Holman 
13705 Viola 
10448 
6380 
8319 
9271 
8202 
5678 

10052 
9043 
8396 
7647 
9509 

11095 
10439 
11636 
12060 
9640 

SlOtlI COUNTY 

PC INCOME TOWNSBlPS 

13013 BDDcombe 
10354 Eagle 

GarfIeld 
IJDcoID 
Plato 
Rock 
Sheridan 
Sioux 
Welcome 

PC INCOME 

11133 
6329 

15872 
10362 
9492 

11050 
9595 
8140 

10118 

CITIES " TOWNS PC INCOME CITIES " TOWNS PC INCOME CITIES " TOWNS PC INCOME 

Complled by the SDSU Census Data Ceuter • Brooldugs. SD 57007 

Hawardeu 
JIIIII 
Rockvalley 

8509 
10537 
11399 
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End of Lake Madison-Brant Lake Final Report 


