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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 Madison/Brant watershed, landuse and geo-technical information
was compiled. This information was incorporated into the Agricultural Nonpoint Source
computer model (AGNPS) to produce:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Lake Description (Lake Madison and Brant Lake)

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

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

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

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

project due to high water and wind at that time.

Watershed Description (Lake Madison and Brant Lake)

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

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

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

Public Access (LLake Madison and Brant Lake)

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

Lake Herman

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

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



EXECUTIVE SUMMARY

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

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

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

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

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

Evaluate and quantify the loadings from the four main tributaries.

Define critical cells within each subwatershed.

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

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

SN

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

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



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

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

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

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

1) Establish animal waste management systems for two feedlots

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

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

4) Increase retention time of sediment control structures.

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



METHODS AND MATERIALS

Hydrologic Data

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

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

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

Water Quality

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



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

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

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

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

Unionized Ammonia Organic Nitrogen
Total Dissolved Solids Total Nitrogen

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

Water Temperature Air Temperature Dissolved Oxygen
Field pH

Water Quality Parameters Defined:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Un-ionized Ammonia** <0.05 mg/L

Dissolved Oxygen* > 5.0 mg/L

PH* > 6.0 and <9.0 su

Suspended Solids** <150 mg/L

Total Dissolved Solids** | <2500 mg/L

Temperature* <32.22°C

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

Nitrates < 50 mg/L

i ek
> 6.0 and <9.5 su

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

at all times.

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

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

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

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

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

TRIBUTARY WATER QUALITY AND LOADINGS

Seasonal Water Quality

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

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

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

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

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

Site LMT6 Water Quality

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

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

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

S

L)

12



(Figure 3).

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

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

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

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

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

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

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

2.8 mg/L maximum concentration occurred Fal

during snowmelt runoff with relatively .

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

Summer

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

are present together, it this is usually an

indication of animal waste material.

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

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

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

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

Site LMTS Water Quality

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

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

)
Y

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

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