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Executive Summary

PROJECT TITLE: Lake Louise/ Wolf Creek;Watershed Assessment

PROJECT START DATE: 5/1/99 ~ PROJECT COMPLETION DATE: 5/1/00
FUNDING: TOTAL BUDGET: $169,032.00

TOTAL EPA GRANT: $101,420.00

TOTAL EXPENDITURES e

OF EPA FUNDS: . $87.673.43

TOTAL SECTION 319 v

MATCH ACCRUED: $66,749.55

' BUDGET REVISIONS:  None
TOTAL EXPENDITURES: $154,422.98
SUMMARY ACCOMPLISHMENTS

The Lake Louise and Wolf Creek assessment project began in May of 1999 and lasted
through December of 2000 when data analysis and compilation into a final report was
completed. The assessment was conducted as a result Lake Louise being placed on the
1998 303d list for an increasing TSI trend, fecal coliforms, and accumulated sediment
problems. The project met all of its milestones in a timely manner, with the exception of
completing the final report. This was delayed while completion of the final report on an
additional watershed (Cottonwood Lake and Medicine Creek in Spink County, South
Dakota), that was funded under the same grant, was completed.

An EPA section 319 grant prov1ded a majorlty of the funding for this project. The South ;
Dakota Conservation Commission, Central Plains Water Development District, Hand and
Hyde County Conservation Districts and the Cottonwood Lake Association provrded
local matching funds for the prOJect

‘Water quality monitoring and watershed modeling resulted in the 1dent1ﬁcat10n of several 7

sources of impairment. - These sources may be addressed through best management
practices and the construction of several waste management systems at animal feeding
operations. Aquatic plant, algae, and sediment surveys were also completed for the lake.

Through the utilization of best management practices, animal feeding operation discharge.
reductions, and lake aerators, a sufficient reduction of inlake phosphorus will occur to

;result ina positive shift (a decrease) in the lakes TSI value

The primary goal for the project was to determine sources of impairment to Lake Louise T

and provide sufficient background data to drive a section 319 implementation project.

Through identification of sources of 1mpa1rment in the Watershed this goal was '

accomplished.




Introduction

Purpose

The purpose of this pre-implementation assessment is to determine the sources of
impairment to Lake Louise in Hand and Hyde Counties, South Dakota and the tributaries
in its watershed. The creeks and small tributaries are streams with loadings of sediment
and nutrients related to rainfall and snowmelt events. The discharge from this watershed
ultimately reaches the James River. \ o

Wolf Creek is the primary tributary to LakeLouise -and drains predominantly grazing
lands with some cropland acres. Winter feeding areas for livestock are present in the
watershed. The stream carries sediment loads and nutrient loads, which degrade water
quahty in the lake and cause increased eutrophlcatlon

General Lake Description:

Lake Louise is a 163-acre man-made 1mpoundment located in central Hand County, -
South Dakota.  Damming Wolf Creek 15 miles north of Ree Heights created the lake,
which has an average depth of 9 feet (3 meters) and over 6 miles (9.7 km) of shoreline.
The lake has a maximum depth of 22 feet (6.7 m), holds 1,463 acre-feet of water, and is
subject to periods of stratification during the summer. Theoutlet for the lake empties
into Wolf Creek, which eventually reaches Turtle Creek south of Redfield. Turtle Creek
discharges 1nto the James River near Redﬁeld South Dakota. :

Lake Identiﬁcation and Location

Lake Name: Lake Louise State: South Dakota

County: Hand ‘Township: 113N

Range: 69W ' ~ Sections: 4

Nearest Municipality: Ree Heights Latitude: 44.62351

Longitude: -99.137372 ~ EPA Region: VIII

Primary Tributary: Wolf Creek “Receiving Body of Water: Wolf Creek

HUC Code: 10160009 HUC Name: Turtle ;
1



8,954 acres

, 'Lake Louise

WC-6

Total Acres 211,329 |

- 00 20 Miles

F igui’é 1. Lake Loﬁise and Wolf Creek Watefshed | .'
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; ';T rophlc Status Comparlson

'f',“The trophlc state of a lake is a numerlcal value that ranks its relatrve productivity.

‘Developed by Carlson (1977), the Trophic State Index, or TSI, allows a lake’s
- productivity to be easily quant1ﬁed and compared to other lakes. H1ghe1 TSI values
correlate with' higher levels of primary productivity. A comparison of Lake Louise to
- other lakes in the area (Table 1) shows that a high rate of productivity i is common for the

- region. The values provided in Table 1 were generated from the most recent statewide

- lake assessment final report (Stueven and Stewart, 1996). The TSI for Lake Louise will

k 4vary slightly in this report due to the use of addltlonal new data gathered during this

: assessment

 Table 1. k‘TSI Comparison for Area Lakes'f

- |Lake " Nearest Mumcnpallty ~TSI‘ .- Mean Trophic State
-Redfield . Redfield w0 83.38 .- Hypereutrophic
Mina =~ Mina ~§ 7976 Hypereutrophic
Rosette - Ipswich - . ..7845 . Hypereutrophic
Cottonwood =~ - Redfield 7683 Hypereutrophic
Faulkton ~~ Faulkton ~ - ..7632 . Hypereutrophic

~|Louise Ree Heights 7116 Hypereutrophic

- |Bierman Gravel P1t _ Chelsea A 7028 - 'Hypereutrophic
Jones St.Lawrence = 6830  Hypereutrophic
Loyalton Dam ' Loyalton S 6528 Hypereutrophic
“[Richmond Richmond sl ~60;l6 .~ 'Eutrophic

n ’_Ben‘ef‘icial Uses

, The State of South Dakota has assigned "all of the Water bodies that lie {Within its borders a :

-~ set of beneﬁc1al uses. Along with these ass1gned uses are sets of standards for the

- chemical properties of the lake. These standards must be mamtamed for the lake to
 satisfy its assigned beneficial uses.  All bod1es of water in the state receive the beneficial
- uses of fish and wildlife propagation, recreation and stock watering. Followmg, is the list

: ,:: of the beneﬁ01al uses a551gned to Lake Lou1se

: ‘(5) Warmwater semrpermanent ﬁsh hfe propagatlon
(7) Immersion recreation iy

- (8) Limited contact recreation ,
e (9) Fish and wildlife propagatlon recreat1on and stock watermg

: lndlv'ldual parameters as well as 'the lake S TSI value determine thesupport of these |
- beneficial uses. ‘Lake Louise is identified in Ecoreglon Targeting for Impaired Lakes in-

South Dakota and in the 1998 South Dakota 303d Waterbody List as not supportmg its
- beneﬁc1al uses. : : ;
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Recreational Use

The South Dakota Department of Game, Fish, and Parks provrde a list of pubhc facilities
that are maintained at area lakes (Table 2) ‘Lake Louise State Park is located on the
south side of the lake and has a number of facilities including modern and primitive
camping, boat launch, fish cleaning station, walklng and hiking trails, a swimming beach
as well as an area Game, Fish, and Parks shop. ,

Table 2. Comparison of Recreational Usesfpn,Area Lakes

S : i Nearest

Lake . Parks Ramps Boating Camping Fishing Picnicking Swimming Municipality
Redfield 11 X X X X X Redfield
Mina 13 X X X X X Mina
Rosette 1 X 5 X Ipswich
Cottonwood - 2 X 3 X X Redfield
Faulkton 1 X X XX X Faulkton

|[Louise 1 1 X X ; X X X Ree Heights
Bierman Gravel Pit X Chelsea -
Jones 1 X X X ' St. Lawrence

~ [Loyalton Dam X o . Loyalton
Richmond 1 2 X X X X X Richmond
Geology

Lake Louise and its primary tributary, Wolf Creek, lie in the region known as the
Missouri Coteau. Located east of the Missouri River, it was subject to several periods of
glaciation. The glaciers formed the parent material of the present day soils. - The
Mankato Period of glaciation was the last to impact the area and had the greatest impact
on the current soils. The landscape of the watershed is nearly level. This is due in part to-
the activity of the glaciers as well as water erosion. S

The climate in Hand County is continental with dry winters and wet springs. = The
weather is subject to frequent and extreme changes with fronts dropping temperatures by

~ as much as 40 to 50 degrees in 24 hours. Annual prec1p1tat10n can be expected to yield

18 inches of which 75 percent can be expected to fall in the months of April through o
September. o




S The pI‘O_]eCt area contains a number of aqulfers that traditionally supphed the residents =

- with a majority of their drinking water. A rural water system replaced the need for much

~of the groundwater in the area. The Tulare Dakota, and Fall River-Sundance-Minnelusa

are the primary aquifers in the region.. The Tulare exists under artesnan conditions and
~the water is suitable for stock watering and 1rr1gat10n The other two are bedrock aquifers
~and tend to contain too many dissolved solids to be suitable for 1rr1gat10n Other aquifers |

‘ that are utlhzed in the regron are the Elm Creek nghmore and Bad-C heyenne River.

Hlstory

 The area around Lake Loulse and Wolf Creek has a diverse history. A few of the more :

”outstandrng events in the history of the area are covered here.

‘Hand County was founded in 1873 and named for politician. George H. Hand. The

' boundaries were estabhshed in 1879 and it was opened for settlement in 1881. Miller is
o ,the county seat and is located on hrghways 45 and 14. ‘

= Hyde County was founded in 1882 and organrzed in 1883 through the Dakota Terr1t0r1al -

 Legislature. The county was named for James Hyde who came to the area following the

~end of the Civil War. Highmore was named the county seat in 1884 and is located at the

; :: Junctlon of U. S. nghway 14, and State nghways 26 34 and 47.

g ‘The Lake Lou1se Dam was constructed in 1932 asa result ofa great cleal of effort on the

i part of the Lake Louise Association headed by Dr. E. H. Wilson, pres1dent and D.C.
~ Walsh, secretary. The lake was named for Louise Wilson, mother of Dr. E. H. Wilson, -

f:» and in 1946 was designated a state recreatlon area.

Shortly after construction of the dam a number of human skeletons were unearthed
~ during improvements to the county road that accesses the park. Recent cultural

: investigations deemed the site as having archeologrcal significance (Buechler, 1988).

" Termed the Mrller Village Site, some- controversy remains as to the exact age and origin
- of the remains. The site is most easrly recognized as the mound that lies between the

~ road and the park shelterbelt Although the site has been deemed s1gn1f1cant the cultural

 investigation showed the site was ‘confined to the area along the road and lakeshore -

i" stabrhzatron act1v1t1es have been allowed along the lake

- ‘The recreatron area on the south srde of the lake known as Lake Loulse State Park is
well known for its scenic beauty Many improvements to the park have occurred since its

designation. In October of 1968 a boat ramp was installed to increase access to one of

~ the finest largemouth bass and bluegill fisheries in the state. In 1974, a swimming beach
- and maintenance shop were installed to facilitate the growing intere st in the area. In -

o ) ,1977 the campground was wired for electrlcrty and a comfort station was 1nstalled

; E The Wolf Creek Watershed is an area that is locally referred to as “The Start of Cattle -
-~ Country.” A majority of the populatlon hvmg in and around the watershed make their -
?hvmg prrmanly on beef cattle in addltlon toa moderate amount of grain farmmg ‘

- aaa
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Project Goals, Objectives, and Activities |

Planned and Actual Milestones, Products, and Completion Dates
Objective 1. Lake Sampling

Sampling of Lake Louise was to begin in May 1999, however, the first samples were not
collected until June, 1999 when sampling equipment arrived. Sampling of nutrient and
solids parameters continued at the two scheduled sites through October 1999 as planned.
Sufficient ice cover for foot travel lasted from late December 1999 through early
February 2000, during which samples were collected through the ice. Spring samples
were collected durlng March and May of 2000 -

Objective 2. Tributary Sampling

Immedlately after the start of the project, the local coordinator began tributary sampling. -
Detailed level and flow data were entered into a database that was used to assess the -
nutrient and solids loadings to the lake. Throughout the month of June, 1999, Stevens
Type F Stage Recorders as well as ISCO Flowmeters were installed at the pre-selected
monitoring sites along the tributaries of Wolf Creek. Two samples were collected during
the months of November and December of 1999 at the inlet to Lake Louise. = No
discharge occurred as a result of a dry period that per51sted throughout the remainder of
the project, which resulted in a limited data set

Objective 3. Quality Assurance/ Quality Control (QA/QCO)

Duplicate and blank samples were collected,during the course of the project to provide
defendable proof that sample data were collected in a scientific and reproducible manner. -
QA/ QC data collection began in May of 1999 and was completed on schedule in Apr11 of
2000

Objective 4. Watershed Modeling
On June 23, 1999, the project officer, coordinator, technician, and several range and soils

specialists toured the watershed and made initial determinations for the Pacific Southwest
Inter-Agency Committee (PSIAC) model. The NRCS office located in Huron finalized

- the PSIAC final that was used to determine potential sediment loading reductions with

the implementation of BMPs. This objective was cornpleted durlng June and July of

1999, sooner than the proposed start and finish date.

Objective S. Public Partncnpatlon

Many of the landowners were- contacted individually to assess the condition of animal
feeding operations located within the project area. Further information was provided at
the Hand and Hyde County Conservation District meetings and Central Plains Water



Development District meetmgs and the local Kiwanis Club Press releases were also

Gk prov1ded to local papers at var1ous pomts throughout the project.

ObJectlve 6 Sedlment Survey i

: 'The sedlment survey was to be conducted durmg per1ods of safe ice cover. Due to a lack
- of safe ice cover, as a result of the mlld wmter the survey was conduc ted durlng the ﬁrst ,
e rweeks of May 2000 from aboat.

i ObJectlves 7 and 8 Restoratlon Alternatlves and Flnal Report

Completlon of the restoration alterna‘uves and ﬁnal report for Lake Loulse and Wolf -

_Creek in Hand and Hyde Counties was delayed until the completion of the final report for

Cottonwood Lake (1n Splnk County) and watershed that was completed under the same

grant
] Evaluation of Goal Aehievements,', ,\: i

" The goal of the watershed assessment completed on Lake Louise was to determine and

- document sources of impairment to the lake and to develop feasible alternatives for
~ restoration. This was accomplished through the collectlon of tributary and lake data and
~ aided by the completion of the PSIAC and 'AGNPS watershed modeling tools. Through
~data analysis and modehng, identification of impairment sources was possible. The
~identification of these impairment sources will aid the state’s nonpoint source (NPS)
~ program by allowing strategic targeting of funds to portions of the watershed that w1ll:

- % prov1de the greatest beneﬁt per expendlture

~ . \
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. _’Monltormg Results

ja Surface Water Chemlstry (Wolf Creek)

. ; Flow Calculatlons

fA total of six trlbutary momtormg s1tes were selected along Wolf Creek which is the

primary tributary to Lake Louise. The sites were selected to determine whrch portions of
- :the watershed were contr1but1ng the greatest amount of nutrient and sedlment load to the -

lake.. Four of the sites were equipped w1th Stevens Type F stage recorders. The

. remaining three sites ‘were equ1pped with ISCO Flow meters attached to a GLS auto-
i sampling unit. Water stages were monitored and recorded to the nearest 1/100"™ of a foot
. for each of the seven sites. A March-McBlmey Model 210D flow meter was used to
- determine flows at various stages. - The stages and flows were then lused to create a
e _:stage/dlscharge table for each 31te Stage to dlscharge tables may be found in Appendix

e B

’,‘;l:f Loa’dCalculations ‘

5 Total nutrient and sedlment loads were calculated Wlth the use of the Army Corps of -
. Engineers Eutroph1cat1on Model known as FLUX. FLUX uses 1nd1v1dual sample data in
- correlation with daily discharges to develop six loading calculations. As recommended
. in the application sequence, a stratification scheme and method of calculation was

- determined using the total- phosphorus load Th1s stratlﬁcatlon scheme is then used for

e each of the additional parameters.

i Trlbutary Sampllng Schedule

: Samples were collected at the 51tes durmg the sprmg of 1999 through the sprmg of 2000
- Most samples were collected using a suspended sediment sampler. The sites that were
~ equipped with GLS auto- -sampling units collected on their own and were usually
- collected within a few hours of the sample tlme Water samples were then filtered,
- preserved, and packed in ice for shipping to the State Health Lab in P1erre SD. The

i laboratory then analyzed the followmg parameters ol

o Fecal Cohform Bactena : S ',Alkahmty ;
- Total Solids o . Total Dissolved Sohds

- Total Suspended Sohds : . Ammonia ,
~ Nitrate Lo . Total Kjeldahl Nitrogen (TKN)

~ Total Phosphorus | = Total Volatile Suspended Solids
£ Total Dissolved Phosphorus L S T '

Personnel conductmg the sampling at each of the sites recorded the followmg Vlsual
: observat1ons of weather and stream charactenstlcs '

'

o A B AW N B e
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Precipitation ST . Wind

Odor : - Septic

Dead Fish i Film

Turbidity ‘ o Width

Water Depth - IceCover
- Water Color - e

Parameters measured in the field by sampling personnel were:

Water Temperature ; 2 7’ Air Temperature
Conductivity , Dissolved Oxygen
Field pH T ‘ '

The state of South Dakota assigns at least two of the eleven beneficial uses to all bodies
of water in the state. Fish and wildlife propagation, recreation and stock watering have
the least stringent requirements and are assigned to all bodies of water. All portions of
Wolf Creek located above Lake Louise are assigned uses nine and ten. In order for the
creek to maintain these uses, there are five standards that must be mamtalned these
standards, along with thelr numeric crlterla are hsted in Table 4.

Table 4. State Water Quality Standards

<50 (mean)

: R <88

Nitrate S (single sample)
e <750 (mean)

Alkalinity V (single sample)

pH ' S > 6.5 and <9.5 su

<2,500 mg/L for a 30 day geometric mean.

‘Total Dissolved Solids | <4375 mg/L daily maximum for a Grab Sample
: <4,000 (mean)

, | <7,000

Conductivity B (single sample

Watershed Overview

D1scharge from the Wolf Creek Watershed and ramfall are the two primary sources of
water for Lake Louise, while very little- ‘groundwater enters the lake. For this reason it

~ will not be considered a major contributor of hydrologic or nutrient loads. Wolf Creek -

drains approx1rnately 211,329 acres or 330 square miles at its discharge from Lake -
Louise. While this is a relatively large watershed, hydrologlc discharges are somewhat -
smaller than are typical for other watersheds in this region. This is due in part to the

nearly level landscape and the large number of stock dams and manmade 1mpoundment S
that store surface runoff :

11



S The USGS malntalned a gaugrng statlon at the 1nlet to Lake Lourse as well as several
- other local tributaries from 1959 through 1989. From the data that they collected,
o '{dlscharge estimates were calculated for 2,5, and 10—year runoff events.  For Wolf Creek,
 those discharge estimates were 30, 226, and 641 cfs, respectlvely These numbers are

 significantly less than watersheds of 51m11ar or even smaller size, such as Medicine Creek
~ ‘above Cottonwood Lake. Although it is smaller in size, the Medicine| Creek watershed

dlscharges 1,280 cfs durlng a 10-year runoff event, nearly double that of Wolf Creek.

~ Table 5 depicts the flood frequency characterrstrcs of Wolf Creel\ as Well as other streams -

located in Hand County

. Table 5 Watershed Dlscharge Comparlson(Copled from USGS Water Resources of :

Hand County Report) ‘ ] ‘
g Flood characterlstlcs dralnage area annual precnpltahon and mean Dlscharge in CFS for
S ‘ indicated recurrence intervals, in years |
Drainage Basin 3 Dramage Area (mi®) |- Mean Precip 2 5 10
Wolf Near Ree Heights (Inlet To | A s . ,
Lake Louise) ; B L 30 226 | 641
Matter Creek Near Orient ‘ "k : : 541 e ‘ k 17.6 15 102 | 245
' 'ShaaferCreek Nearorient ; i 451 . i 17.5 82 334 | 694
* Shaefer Creek Tributary Near Orient 608 S o 17.5 ‘ 37 117 | 190
: '"‘:ShaeferCreekkTribvutary NearMilIer , 575 X e i 17.5’ ' 17 65, ‘ 130 1
 Turtle Creek Near Tulare 1200 | 175 101 | 846 | 2,820
. Medicine Creek Near Zell (Inlet to . o L ;
EoE Cottonwood Lake) ._' S 210 e L 18.0 166 642 1,280
‘Pearl Creek at County Llne | %1’46 e 175 7b ] 360 800" . |
- South Fork Medicine Knoll Creek at Ll s . k - ' |
: County Line ~ ‘ 84 o 15 55? 280 609 :
_ The average annual discharge for all yeafs in which data is available is 2,499 acre-feet. It

. is important to note that in the 30 years of data used for this estimate, only 3 events -
L produced discharges between 1 OOO and 5,000 acre- -feet. Assuming that discharges from

~each of the subwatesheds occur proport1onate1y on an annual basis, an annual discharge
- from each of the subwatersheds can be calculated using the 30-year average of 2,499
; 'acre feet at the 1nlet to the lake : : .

t . 2 v 9 - :
, :
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Table 6. Annual Subwatershed Hydrologic Loads for the Wolf Creek Watershed

Subwatershed 1999 Discharge .Percent of annual - Estimated Annual
‘ (Liters) Dlscharge at WC-5  Discharge (Acre-Feet)

WC-1 55,236,879 2% - 59 :
WC-2 436,310,110 19% 469

WC-3 295,061,021 - 13% 317

WC-4 144,800,946 6% 155

WC-5 2,327,256,714 - 100% 2499

WC-6 2,391,043, 059 - 103% - 2567

Stream data collected by USGS indicates that Wolf Creek flows approximately 2 out of 3
years at the inlet to Lake Louise. Of these flows, approxunately 50% can be considered
significant, (1 out of 3 years) meaning that the water volume discharged is sufficient to
completely replace the volume of water in the lake. The remainder of the flows discharge -
only enough water to refill the impoundment with little or no discharge occurring at the

~ outlet. These smaller flows are not sufficient to replace the nutrients out of the lake. All

of the flows consistently come during the spring snowmelt or immediately after as a
result of heavy rains. At no time during the time that USGS momtored this site dld :
significant discharge occur after the end of sprlng discharge.

During the years in which discharges occurred flows were heavily related to snowmelt
and spring rainstorms. Table 7 exhibits the average da11y cfs for a typical calendar year,
in which 96.5 % occurred during the spring months of March, April, and May. Of the
remaining flow, 3.1% occurred during the summer while fall and winter discharges
account for less than 0.4% of the annual discharge that occurred in the watershed. Asa
result, seasonalizing the loading data is of little use. Flows that occur after the end of

spring discharge are infrequent and small enough in size that they do not account for any

~ appreciable amount of loadmg

Table 7. Average Monthly Flows at tlvler_Inlet to Lake Louise

Average Daily Flow (CFS) - Month Percentage of Annual

: ‘ . ‘ Flow
0.00 ~January 0.0%
~0.03 February 0.1%
16.71 ~March 37.3%
21.90 April 48.9%
463 May 10.3%

1.01 June 2.2%

0.23 July 0.5%

0.17 August 04%

0.06 September 0.1%
0.07 ~ October 0.1%
-0.03 November - 0.1%
0.00 December 0.0%
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: ”Subwat'ersheds

S A comparrson of the subwatersheds in the Wolf Creek dralnage 1ndlcates that a majority

 of the discharge orrgrnated in the lower half of the watershed, or that portion immediately -
i kabove the lake. This is related d1rectly to the topography of the watershed. .
Subwatersheds WC-1 and WC-4 are both located in the flat plain that i is formed between *

 the Orient Hills of Faulk County and the Ree H1lls of Hand County. Land slopes in this

— plain are generally less than 1%. Subwatershed WC-4 represents approx1mately 56% of '7
 the total Lake Louise watershed, wh1ch also includes Lake Mitchell. Lake Mitchell is a
~ large and shallow impoundment in ‘the Wolf Creek Drainage. ontact with local

" residents revealed that this subwatershed dlscharged only once every ten years. The

~ shallow nature of Lake Mitchell may act as a natural sink for rnany nutrients and :

- sediments that originate above it in the watershed There are only two animal feedrng
‘ »operatrons located in this subwatershed , |

: Subwatersheds WC-2 and WC -3 both orlgrnate in the Ree Hills where land slopes are
~ more distinct and drainages are more defined. As a result, discharge per unit area was
, srgnlﬁcantly higher in these subwatersheds versus- WC-1 and WC-4 (F igures 3). WC-2
has less discharge per square mile than WC-3.. This is a result of a portion of this

~ watershed being located in the same flat plain as WC-1 and WC-4. Seven of the animal

- feeding operations were located in ‘these subwatersheds ~with five of those located in

- WC-2 and the remalnmg two located in WC 3

e TWC2 | WC3 | WG4 | WG-5 | WC6
| [Series1 3.48 | 924 ,:";~~:g;'~",18;36 1 064 | 15 92 - 370

SE

i VFignre 3. Subwatershed Discharge per Square‘Mlle for the Wolf Creek Watershed

E The subwatershed located around the lake 1tself (WC -6) had runoff Volumes 51mllar to ]

those found in the upper reaches of the watershed. There are defined slopes and
g ;drarnages in this subwatershed, however, the primary land use is not agr1cultural Most

_of the area around the lake is owned and operated by the South Dal< ota Department of

o4
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Game, Fish and Parks and its primary u?ses"ere hunting and recreational in nature. The
range condition is  excellent which helps to minimize runoff. There was one animal

feeding operation located in this subwatershed.

Subwatershed WC-5 composed 22% of the,total watershed acreage immediately above
Lake Louise. Most of the discharge (61%) to the lake originated in this subwatershed.
Eleven animal feeding operations are located in this subwatershed.

Figure 4 dep1cts the area of the subwatersheds as well as the percentage of total discharge

that originates in each one. While subwatersheds WC-1, WC-6 and WC-4 accounted for

over 63% of the total land area in the Watershed they contributed only 11% of the water
entering Lake Louise. Figure 4 also depicts the number of acre-feet of discharge that
occurred per square mile in each of the subwatersheds during 1999. Subwatersheds WC-
2, WC-3, and WC-5 constituted only 36% of the total watershed land area yet contributed

89% of the hydrologic load. For this reason most management efforts should be targeted
~ on these subwatersheds, particularly WC-3 and WC-5, as they have the greatest impact

on the condition of Lake Louise. Due to data limitations, WC-1 and WC-3 are omitted as

- independent watersheds from most of the loading calculations. WC-1 discharges into

WC-2 and is accounted for in 1ts loadlng WC 3 is accounted for in the same way at site
WC 5. : : ‘

Figure 4. Subwatershed Acreage and Dlscharge Percentage for the Wolf Creek
Watershed

‘Subwatershed Acres Sl ~ Subwatershed Discharge
B WC-1 |

Wc-6 .2 we-2 S wcs  WC-1 '

. 4% 2% WC -2

WC-3 °

 WC-5
22%

/ 4%

. we3
12%
WC-5 \
| w4
] 61%
= WC-4 ? " 6%

56%
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e Annual LOading

- To calculate the current and future Water quahty in an impoundment, BATHTUB (Army :

 Corps of Engineers Eutrophication Model) utilizes phosphorus and nitrogen loads
8 enterrng the 1mp0undment Found in Table 8, these loads and their standard errors (CV)

are calculated through the use of FLUX (Army Corps of Engineers Loading Model) for
_site WC-5, the inlet to Lake Louise. Sample data collected during this pI’Q]GCt an earlier

~ project, as well as by the United States Geological Survey (USGS) were utilized in the

L calculatron of the loads and concentratrons k

? }? Table 8 Annual Lake Loadmgs for Lake Loulse
b Parameter L L ‘Conc. (ppb) : FLUX Load (kg/ Yea.) ? CvVv
- [Total Phosphorus SE et 2,129 017
Total Dissolved Phosphorus 464 g e 1,482 .364
Total Nitrogen 14550 1 4612 - .230
' |Organic Nitrogen R | 1108 | 3507 | 53
~|inorganic Nitrogen o348 | 1,104 | 1.087
~ [Total Alkalinity ; 178 | 565347 A71
g TOtaI Suspended Solids - | "15'9*5 | 50415 i .308

Three of the samples collected durlng 1999 may not be representa’me of the conditions

normally occurring in Wolf Creek. A small amount of flow continued through the -
“summer and into the fall during that sampling year. The source of the flow was an

- overflowing well located a few hundred meters upstream from site WC- 5 Samples taken

- from this flow had conductivity readings and dissolved solids concentrations that were
significantly higher than those recorded during the spring runoff, or in any other sample

~ taken during periods of discharge. Phosphorus and nitrogen concentrations in the well

- samples were significantly lower than other sample data that was collected at this site.
This may all be attributed to the condition of the well water that was drschargmg into the

. stream. While these flows were: 1n31gn1ﬁcant and did not reach the lake, they were
needed to fulfill the minimum data requirement to successfully execute the FLUX | }
; program The low flows associated with these small concentrations have a minimal
. impact on the overall loading to the lake. Each of the less accurate concentratlons were
Jackkmfed (independently removed to determine their affect on the overall load) out

~ during the execution of the modeling program. ‘Load and concentration variations were
always less than 5% of the total. The effect that they do have is reﬂected in shghtly

L reduced total phosphorus and mtrogen loads

; Add1t1onal sample data for the inlet to Lake Lourse was available from 1993- 94, however !
~ this data lacked any corresponding flow data makmg load calculations impossible.

However, analysis of this data along with the data collected during the project and by the

~ USGS, offers some additional support for the loads calculated with FLUX. Table 9
contalns all the data used for the calculation of the loadings to Lake Lourse Sample data
- with a measured flow was used to calculate annual loads using the FLUX Model. The

~ first three samples in table 9 collected durlng August November and December of 1999

- are the samples that may not be cons1dered typlcal for Wolf Creek.
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F ecal Colrforrn' Bacteria

Fecal col1form are bacterla that are found in- the d1gest1ve tract of warrn- blooded ammals

Some common types of bacteria are E. coli, Salmonella, and Stre cpfococcus which are
associated with livestock, wildlife, and human waste. (N ovotny, 1994). Major sources in the
Wolf Creek dramage are most likely cattle and possibly wildlife. The human population

densrty is 0.1 to 0.2 people per square m11e makmg human waste unhkely as a potent1a1
source. A : '

Sample data for the Wolf Creek watershed 1is Very l1m1ted for fecal col1form Individual
samples reported as 5 colonies/100mL represent samples that were below the detectlon limit of -
the State Health Laboratory. Wolf Creek beneﬁc1al use standards (above Lake Lourse) were f

not exceeded by any of the samples taken

' Lake Lou1se is llsted for the beneﬁc1al use. of 1mmer31on recreatlon whu,h requires that no >
single sample exceed 400 colomes/lOOmL or the 30- day geometric mean. (consrstrng of 5
samples' taken during separate 24 hour periods: over 30 days time) be no more then 200

colonies /100mL. This standard was not exceeded in any of the samples collected at the outlet

to the lake, WC-6. Grab samples collected durmg 1993 -94:did not 1nd1cate any distinct
sources of fecal contamination in the watershed ‘This may not only be the result of limited use -
of AF Os, but also of untimely collect1on of samples assoc1ated with early sprrng dlscharges A

Many of the ammal lots in the dramage are used for only a portron of the fall and winter. Early

spring snowmelt and rainstorms, flush many of these lots out during the first weeks of runoff. :

The earliest samples were collected on April 6, 1994. During 1994, US(JS stream gauging

data on the James River indicates that runoff began the second week in March and peaked well
before the April samples were collected. Any future sampling efforts should be concentrated .
during the first weeks of spring runoff. Testlng should also include the gene’uc 1dent1ﬁeat1on 1

of collected orgamsms to determine the prlmary ammal host of orlgrn
Table 10. Fecal Coliform in Wolf Creek |

Fecal Collform (Colonles/1 OOmL)

Date Sampler | WC2 | WC3 & WC4 | WC5 | WC6
06/29/1999 NIELSEN/KRUGER ‘ R et L1230
'08/30/1993 - Moering R e 100 5
04/06/1994 - Moering: 5 b v 5 e
04/19/1994 Moering - 70 0 1 10 | 380 5
04/26/1994 | . Moering | 580 100 i 10 . © 1180
07/18/1994 - Moering 40 190 330 5
: ‘ Mean ‘ 173 | 1100 | = 54 270 72

s
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 Alkalinity

Total alkalinity affects waters’ ability to buffer against changes in pH. Total alkalinity consists

~ of all dissolved species with the ability to-accept and neutralize protons (Wetzel, 2000). Due to

the abundance of carbon dioxide (CO,) and carbonates, most freshwater contains bicarbonates
as the primary source of alkalinity. It 1s commonly found in concentratlons as hlgh as 200‘
mg/L.

Alkalinity concentrations in Wolf Creek varied from as high as 210 mg/L to as low as 50
mg/L. Table 11 lists all of the alkalinity sarnples and the means for each site. Sites WC-1 and
WC-3 only had one and two samples, respectively. The two samples collected at site WC-3
had the highest alkalinity recorded on their respective dates when compared with the other
subwatersheds. Site WC-5 (inlet) had the highest mean at 140 mg/L of total alkalinity. The
state standard for alkalinity is a maximum of 750 mg/L as a geometric mean or 1,313 mg/L in
a single sample, which Wolf Creek did not exceed in any of its samples.

‘Table 11. Total Alkalinity Concentrations (mg/L) for Wolf Creek

WC-1 WC-2 - WC-3 WC-4 WC-5 - WC-6
06/07/1999 i NIELSEN/KRUGER | 143 210 208 . 124
06/29/1999 | NIELSEN/KRUGER | ; ‘ e : 135
-08/30/1993. 1~ Moering IR e 196 188
04/06/1994 i - Moering 62 Co 50 - 61 61 -
04/19/1994 Moering 9 - 67 67
04/26/1994 " Moering 109 198 69 - 107 | 174
06/20/1994 Moering R B | 167 ,
07/18/1994 Moering 50 : 54 99 109
Mean 143 78 204 60 140 123 -

Sites WC-1 and WC-3 had insufficient data to draw any conclusions about the condition of
these subwatersheds. Subwatersheds WC-2 and WC-4 had the lowest mean concentrations for
total alkalinity when compared to the other sites. The mean concentrations at sites WC-2 and
WC-4 are both less then the concentration found at the inlet to the lake. The concentrations at
the inlet to Lake Louise are only slightly higher than those collected at the outlet. Site WC-3
has a limited amount of data, however the increased alkalinity concentrations at this site may
contribute to the increase in concentration that occurs in subwatershed WC-5. The Iower
concentration at the outlet indicates an accumulatlon of alkalinity in the lake

Macrophyte domlnant communities are extremely effective in the uptake of nutrients such as
calcium (Wetzel, 1983). Calcium carbonate is a primary contributing species to the alkahmty
of surface waters in Hand County (Koch, 1980). The large number of macrophytes are
probably responsible for the loss of alkalinity in the lake. ~

The total alkahmty load at the inlet to the lake was estlmated at 565,347 kg/ year. The ’.

i majority of this load appeared to originate in WC-3 and WC-5 with smaller loads commg from

the upper reaches of the watershed, WC-2 and WC-4.
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Total Solids t
Total sohds are the sum of all d1ssolved and suspended as well as orgamc and 1n01gan1c
materials. Dissolved solids are typically found in higher concentrations in groundwater. Wolf

Creck samples were typically in excess of 90% t0 95% d1ssolved solids in composmon Table
12 hsts all of the total sohds concentrat1ons found in Wolf Creek :

Table‘,_112y.' Total Solids Con'cenytrations: ’(njg/L) fork Wolf Creek

P R WC2 | WC3 | WC4 | WC5 | | WC
06/07/1999 \NIELSEN/KRUGER| 744 Sy 965 |
06/29/1999 NIELSEN/KRUGER - G DL G N S 490
08/30/1993 - Moering . ERR N L T07 412
04/06/1994 | Moering C 3 e e e : : »
04/19/1994 - Moering M3 Lo 184 - 319 176
04/26/1994 | . Moering - 435 1 409 L 214 369 | 857
06/20/1994 | - Moering T e e T i
07/18/1994 Moering 312 e 1148 o 253 1272
‘Mean ~ 369 | 577 | 182 . 564 - 441

Subwatersheds ‘WC-3 and WC- 5 appe'aredE to 'have"51m1lar concentrat1ons of total solids.
Dissolved species such as calcium carbonate affect the total solids concentmtmn and alkalinity.
These two subwatersheds appeared to have similar loads in both alkahmty and total solids.

The similarities between these two watersheds suggested a localized d1fference in the geology ;

that is affectmg these subwatersheds

The outlet to Lake Louise pr oduCed a sliéhtly’lowef mvean‘than the inlet to the lake. This could

be the effect of dilution from water with low solids concentrations entering Wolf Creek from
the area 1mmed1ately surrounding Lake Louise. More. likely, it is the result of Lake Louise

actmg as a sink for total solids, accumulatmg them in 1ts sedlments and aquatlc macrophytes.

A total sohds load was not calculated for the inlet to Lake Louise. This was due to a lack of

accurate samples with corresponding discharge measurement. A number of the samples

collected were the direct result of an overflowing well. Dissolved sol1ds and total solids
concentrations in this water were several magmtudes hlgher than what v»ere found in other
samples collected from this 81te . : :

The state standard for dlssolved sol1ds is 4 375 mg/L ina single sample or 2 500 mg/[ as a-

geometrlc mean. The samples that were heav1ly impacted by the ﬂowmg well water had

dissolved concentrations that approached, but did not exceed, this standard.” Samples collected

from runoff that was unaffected by the well water had concentrations that always fell under
1,000 mg/L and were often lower then 500 mg/L ; \
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Suspended Solids

Total suspended solids concentrations in Wolf Creek were lower than would be expected in
prairie streams with drainages of comparable size. This is a direct result of the topography and
land use. Land slopes in the drainage area are often less then 1%. - These low slopes maintain
lower water velocities that carry less sediment. While there is some cropping that occurs in the
watershed, a vast majority of the land is range and pastureland. As Wolf Creek passes through

- many of these pastures it is diverted and blocked by stock ‘watering dams. These small
~ 1mpoundments actas setthng basins for the suspended solids that the creek is carrying.

Subwatersheds WC-2, WC-5 and WC 6 appeared to be the most impaired for suspended solids

concentrations in- the Wolf Creek dralnage Each of these subwatersheds had mean

concentratlons of over 20 mg/L.

Table 13. Suspended Solids Concentra'tions"(mg/L) for Wolf Creek

WC-1 “WC-2 WC-3 WC-4 WC-5 WC-6

06/07/1999 | - NIELSEN/KRUGER 12 : 9 4 25
06/29/1999 | NIELSEN/KRUGER : B o 14
03/18/1986 USGS : ‘ 15 '
03/31/1986 USGS 23
08/30/1993 Moering ; 22 3
04/06/1994 Moering 5. ,
04/19/1994 ~ ‘Moering 48 -8 104 9. 1
04/26/1994 Moering 48 13 8 10 62 |
06/20/1994 ‘Moering B ' 6 e
07/18/1994 Moering - ; 6 6 10

Mean 12 27 1 24 21

The mean concentration at the inlet to Lake Louise was 23.75 mg/L. The corrected mean
concentration from FLUX was 55.6 mg/L. This translated into an average annual load of
50,415 kg (55.6 tons) of sediment moving through the Wolf Creek drainage. This was an.
average of .239 kg/ acre for the entire watershed. o _ ‘

A comparison between the inlet and outlet to Lake Loulse indicated strong similarities i in the
concentrations. Suspended solids concentrations would normally be expected to drop after

- passing through an impoundment such as this, however Lake Louise is a long, very narrow

water body, which helps maintain water velocities. Consequently, these increased velocities
do not allow suspended solids to settle out and the lake discharges nearly the same volume of .
sediment that enters it. This may be the reason why there is such a small amount of sedlment
that has accumulated in the basin of the lake. ~
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Nit‘rog en

Nitrogen is analyzed in four forms: nitrate/’nitrite ‘ammonia, and Total Kjeldahl Nitrogen

(TKN). - From these four forms, total, organic, and 1norgan1c nrtrogen may be calculated.

Nltrogen compounds are major cellular components of organisms. Because its avallablhty :

may be less than the biological demand, environmental sources may limit productivity in
freshwater ecosystems. N1trogen is d1fﬁcult to manage because it is hlghly soluble and very
mobrle in water ' | ~ : :

Sample data collected from Wolf Creek 1nd1cated that ammonia and n1trate concentrations

were very low to undetectable for a ma]orrty of the samples. TKN (the sum of organic

emtrogen and ammonia) may be considered a measure of organic nitrogen for samples collected

in Wolf Creek due to the near absence of ammonia from most of the samples.

Table 14 Subwatershed Total Nltrogen Concentratlons (mg/L) for Wolf Creek

Date. -~ - Sampler | WC1 LWC-2m -WC-3 WC4 - ;WC-5 WC-6
06/07/1999 ~ NIELSEN/KRUGER 2680 ¢ - i 1900 1.710 1.640
06/29/1999 NIELSEN/KRUGER : i ERa 7 o ‘ 1.770
108/30/1993 Moering ' RO ' - i, 2.060 1.310
04/06/1994 - Moering . 11230 8 1.150 & 1.100 1.250
04/19/1994 .~ Moering b 1170 o 1 1010 ¢ 1.310 1.080
04/26/1994 | - Moering - 2080 { 1830 {1120 : 1.030 1.550
06/20/1994 Moering R E R S - 1.630 R
07/18/1994 . - = Moering e -1.940 - ¢ - 1.430 : 1.670 2.220

B P Mean ] 2.680 1605' 1.865 1.178 ' 1.501 - 1.546 -

The FLUX model 1nd1cated that the total nltrogen concentratlon to Lake Loulse was 1.36
mg/L This is only slightly larger then the estimated 1.298 mg/L of organic nitrogen. The

inorganic concentration is estimated at .065 mg/L The annual loads for these three forms of .

n1trogen are hsted in Table 8

The 1nlet and outlet to Lake Louise had Very srmllar sample mean concentratlons Mean values :
were 1.501 and 1.546 mg/L for the inlet and outlet respectively. Since V'rtually all of the

nitrogen entering Lake Louise from Wolf Creek is in the form of unavailable organic nitrogen,

it should not be readily consumed. This is reinforced by the similar concentrations discharging

from the lake. The near absence of i inorganic forms of nitrogen in collected samples does not

mean they do not occur in the stream. A more likely explanation is that inorganic nitrogen is "

qurckly consumed by plant life in and along the stream as. 1t becomes avarlable

None oyf the samples collected in the upper reaches of the watershed had s1gmﬁcant amounts of

inorganic nitrogen (ammonia and nitrate/nitrite). The state standard for nitrates on Wolf Creek
is 50 mg/L (mean) or a maximum concentratlon of 88 mg/L. The hrghest concentration
collected was 2.68 mg/L at site WC-1 on June 7, 1999. No subwatershed appears to be

contrlbutmg excessive concentrat1ons of n1trogen to Lake Lourse



The similar concentrations found at all of the 31tes 1ndlcated that sites WC-3 and WC-5 were
likely contributing the greatest loadlng per unit area smce they d1scharged the greatest

- hydrologic load per unit area.

Phosphorus

Phosphorus is one of the macronutrients. requlred for prrmary productlon In comparlson to
carbon, nitrogen, and oxygen, it is the least abundant in natural systems (Wetzel, 2000).

- Phosphorus loading to lakes can be of an internal or external nature. External loading refers to

surface runoff, dust, and precipitation. Internal loading refers to the transfer of phosphorus

~ from the bottom sediments to the water column of the lake. Total phosphorus is the sum of all

attached and dissolved phosphorus in the lake. The attached phosphorus is directly related to
the amount of total suspended solids present. An i increase in the amount of suspended solids
increases the fractlon of attached phosphorus '

Total dlssolved phosphorus is the unattached portxon of the total phosphorus load. It is found
in solutlon_ but readily adsorbs to soil particles when they are present. Total dissolved
phosphorus, including soluble reactive phOSphorus is more readily aVailable to plant life.

Table 15. Total Phosphorus Concentratlons in Wolf Creek (mg/L)

Date Sampler : WC-1 WC-2 ) o WC-3 wC-4 WC— WC-6
06/07/1999|NIELSEN/KRUGER| 0.518 ' ~10.331 0.462 .0.403 .
06/29/1999:NIELSEN/KRUGER ‘ RO 0.560
03/18/1986 USGS . i 0.680
03/31/1986; USGS : b R 0.670
08/30/1993: .. . Moering ST S ~ +.1.262 i 0.830
04/06/1994; = Moering ' -0.146" ¢ 0.446 : 0.393 0.509
04/19/1994 Moering 0380 - 0.733 i 0.829 0.470
04/26/1994; = Moering 10513 : 0523 ¢ 0.676 0.693 i 1.070
06/20/1994 Moering Ll : ' 1.220 § -
07/18/1994 -  Moering : - 1.550 ¢ 1.080 1.120 | 0.574

- Mean 0.518 | 0.647 | 0.427 | 0.734 0.814 | 0.631

Due to the small number of samples collected during the 1999 to 2000 sampling season, data
from USGS as well as an earlier project completed in 1993 to 1994 was utilized. The FLUX
estimated load at the inlet to the lake was 2,129 kg/ year with a corrected mean concentration
of . 671 mg/L for total phosphorus.

Sample data for dlssolved phosphorus concentrations was 1nsufﬁcrent to compare
subwatersheds. Dissolved phosphorus concentrations were consistently between 75% and 85%

~ of the total phosphorus concentration for all of the sites. Subwatershed WC-5 had the highest

percentage of dissolved phosphorus at an average of 91%. The outlet to the lake, WC-6, also
had a relatively high percentage at 87%. The remainder of the subwatersheds were. shghtly
lower at the prev1ously stated 75% to 85%. - ' ~ ¥ :
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The total dissolved portion of the phosphorus load was estimated by FLUX to be 1,482 kg per
year with a corrected mean concentration of .464 mg/L. The 70% dissolved load creates some :
disagreement with the 91% dissolved average observed in the mean sample concentration. The

reason for this is due to the mean concentrations during high rates of flow.. The FLUX load is
welghted for higher flows. During these high flows suspended solids concentrat10ns are higher
which reduces the percentage of dissolved phosphorus Since most of the loadmg to the lake
occurs under high flow COndlthHS the percentage of d1ssolved phosphoru 1s welghted to the
lower end ‘ ! '

Trlbutary Slte Summary

Wolf Creek nutrient loadmg to Lake Lou1se oceurs almost exclusively (greater than 95%)
during spring snowmelt and rainstorm events. Flows that occur during the summer and fall are
small and infrequent in nature No violations of state standards were ever detected in any of

the samples. Fecal coliform, alkalinity, solids, and nitrogen loads were all relatively small
‘when considering the size of the watershed. Inorganlc or available n1trogen was consistently

lower than detection limits and almost entlrely absent. from any of the samples Phosphorus '

concentratlons were extremely high in all of the subwatersheds

Subwatershed WC-5 was the most 1mpa1red of the subwatersheds It exhibited the highest

concentrations for fecal coliform and total phosphorus A majority of the 2.3 tons of

phosphorus that enters the lake on an annual basis originates from this subwatershed. It had '
the second highest concentrations of alkahmty, total solids, and suspended solids. In addition -

to producmg some of the highest average concentrations of measured parameters, this
subwatershed contributed over 60% of the hydrologlc load to Lake Louise. ‘ '

Although subwatershed WC-3 had l1m1ted sample data concentratlons of’ alkahnlty and totalt'

solids were consistently hlgher than samples collected from other trlbutary sites on the same
sample dates : o :

The subwatershed 1mmed1ately surroundmg Lake Loulse (WC 6) had s1m11ar and often lower

concentrat1ons of sediments and nutrients than was found in the rest of the watershed 'Ihls is
most hkely due to accumulatlon and consumpt1on that is occurrmg in the lal\e :

The remamder of the Watershed (WC 1 WC 2 and WC-4) had lowe1 concentrat10ns of
nutrients, sediments, and did not produce a large enough annual discharge to contrlbute

srgmﬁcant loads to the lake..
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Surface Water Chemlstry (Lake Lourse)

Inlake Sampling Schedule

Sampling began in June, 1999 and was" conducted on a monthly basis until the project

- completion in April, 2000, at the two pre-selected sites. - Water samples were filtered,

preserved, and packed in ice for shipping to the State Health Lab in Pierre, SD. The laboratory
then analyzed the following parameters : '

Fecal Coliform Bacteria ' ; L _Alkalinity

Total Solids | ~ Total Dissolved Solids
Total Suspended Sohds - Ammonia
Nitrate = . Total Kjeldahl Nrtrogen (TKN)

Total Phosphorus , . Total Volatile Suspended Solids
Total DiSsolVed Phosphorus S R

Personnel conductlng the samphng at each of the 31tes recorded visual observations of the
following weather and lake characterlstlcs :

Precipitation : ~ Wind

Odor , ‘ ’ . Septic
Dead Fish ' -~ Film
Width ; ~ - Water Depth

Ice Cover : o - Water Color

Parameters measured in the field by sampling personnel were:

Water Temperature ‘ ‘ . Anrr Temperature'

Conductivity =~ e : ~ Dissolved Oxygen
Field pH o ~ . Turbidity '
Secchi Depth ' G

South Dakota Water Quality Standardg R

Every water body within the state of South Dakota has a set of beneficial uses assigned to it.
All waters are assigned the use of fish and wildlife propagation, recreation and stock watering.
Along with each of these uses are sets of water quality standards that must not be exceeded in
order to maintain these uses. Lake Louise has been assigned the beneficial uses of: :

i (6) Warmwater sem1—permanentﬁsh life propagation
(7)) Immersion recreation
(8)  Limited contact recreation ; N
(9)  Fish and wildlife propagation, recreation and stock watering
25



The 'follovVing table lists the 'parameters' that nmSt be considered when maintaining the .
beneficial uses as well as the concentratlons for each When multlple standards for a parameter
ex1st the most restrictive standard is used | '
Table 16 State Beneficnal Use Stfmdards for Lake Loulse
‘ Parameters ' mg/L (?:g;zgg where Beneficial Use Requirinég this Standarcl l
<750 (mean) A ' ;
L <1,313- Wildlife Propagation and Stock Watering | - '
Alkalinity (CaCOa) : (smgle sample),, Ll : 1 S
<200 (mean) <400 | SRR N S
Coliform fecal (per 1 00 mL) May 1 (sing(le san)vple)l '~ Immersion Recreation Il
: 1o Sept 30 e S i !
, o <4, OOO (mean) et . Lo i E
Sl ] . <7,000 Wildlife Propagation and Stock Watering
Conductivity (umhos/cm@25 C) (single sample) o S N o :
Y ' <.04 (mean) . : P
R Nitrogen, o <1.75times the |- 5 Warmwater Semi- permanent Fish k
unionized ammonia as N ‘ applicable limit: | Propagation : l
: i (single sample) | - . ‘
<50 (mean) ~ | ‘
R , ; <88 o Wildlife Propagation arid Stock Watering
: Nitrogen nitrates as N : (smg/e sample), » ;
Oxygen dissolved L o250 lmmerSion and Limited Contact recreation| =
: o 6.0- 9 0 : - Warmwater Semi-permanent Fish ’
pH (standard units) s R P 3 Propagation '
. <90<Qn§§an) : | Warmwater Semi-permanent Fish
; Solids, suspended | (single sample)'f S Propagation l
o e ' <2,500 (mean) | : S |-
ST e © <4,375 | Wildiife Propagation arid {Stock Watering - ,
- Solids, total dissolved = (single sample) | - . .. P :
EeE i } A e - | Warmwater Semi-permanent Fish .
_ Temperature ‘ : <32.22C e ~ Propagation ‘
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Figure 5. Inlake Sampling Locations for Lake Lou




~IhlakeiWat‘er'Q'uality Parameters

Water Temperature

Water temperature is of great 1mportance to any aquatlc ecosystem Many orgamsms and

brologwal processes are temperature sensitive. Blue-green algae tend to dominate warmer

waters while green algae do better under cooler conditions. Water temperature also plays an
1mportant role in physical conditions. Oxygen dissolves in higher concentrations in cooler

water The tox1c1ty of un-ionized ammonia 1s also related dlrectly to warmer temperatures

The water temperature in Lake Louise exhrblted little variation from site LL 1to 31te LL- 2
Temperatures .showed seasonal Varlatrons that are consistent with its geographlc location,

steadily increasing in the spring and summer and cons1stently decreasing in the fall and winter.
It can be reasonably expected that during most years the inlake temperatures would be withina

few degrees of the project data at their respectrve dates

The lowest water temperatures were recorded in December 1999 this was the only sample

that was taken while the lake was completely covered in ice. During January and February of

2000, a large portion of the lake, located between the two sample sites, remained open. This
may have allowed for some increase in water temperature. The peak annual temperatures were
reached durlng August at 24.5° C, which is well below the state standards that require it to-

'malntaln a max1mum temperature under 32 2° C.ov

 Degrees C
it
o. . o;

. !

- Summer i FaII SR Winter Spring
L T . Date '
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Figu‘re 6. Seasonal and Monthly Temperatures{for Lake Louise
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Dissolved Oxygen

There are many factors that influence the ceuCentration of dissolved oxygen (DO) in a water

body. Temperature is one of the most important of these factors. As the temperature of water

increases, its ability to hold DO decreases. Daily and seasonal fluctuations in DO may occur in
response to algal and bacterial action (Bowler, 1998). - As algae photosynthesize during the
day, they produce oxygen, which raises the concentration in the epilimnion. As photosynthesis
ceases at night, respiration utilizes available oxygen causing a decrease in concentration.
During winters with heavy snowfall, light penetration may be reduced to the point that the
algae and aquatic macrophytes in the:lake cannot produce enough oxygen to keep up with
consumption (resplratlon) rates. This results in oxygen depletion and may ultimately lead to a
fish kill. ‘ : , ‘ :

Oxygen levels in Lake Louise were sufficient to maintain the minimum requ1rement for the
local managed fishery. The lowest levels were recorded during the summer months with the
exception of August, 1999. The extremely high levels recorded during August, 1999, coincide
with a surface blue-green algae bloom that occurred in the lake. It is very likely that high
levels of photosynthes1s raised the level of oxygen in the upper water layer of the lake (Figure
7). September, 1999, exhibited a dramatic drop in the oxygen concentration. This may be due
to the bacterial consumption of the large amounts of plant material, including a collapsed algal

bloom, that were present durmg August 1999 and presumably died and were undergomg
decomposmon 4 '

20
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Figure 7. Seasonal and Monthly Dissolved Oxygen Concentrations for Lake Louise
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Dissolved OXygen and Temperature Proﬁles:f

Dlssolved oxygen and temperature proﬁles Were recorded at one meter intervals in the water .
column at each of the sites when chemical data was collected. No s1gmf1cant stratification
occurred at site LL-1. Stratification had already occurred to some extent when the first profile
was recorded at site LL-2 on July 7, 1999. Thermal and oxygen stratification are the most -
evident in the August, 1999, sample. The September 1999, profile indicated that mixing in the
water column had occurred resulting in no deﬁned stratification of any type. Oxygen depletion
in the hypolimnetic zone of a lake may result in anaeroblc conditions favorlng the release of
phosphorus into the water column. This appears to have occurred in Lake Louise during the
summer of 1999. Dry conditions resulted in no surface discharge to the lake, however the
inlake phosphorus concentrations rose dramatlcally durmg July and August Since each of
these months had zones of oxygen depletion, it is likely that 1nterna1 loading was the

Depth (ft)

mechamsm through Wthh the phosphorus entered the water column
‘  Lake Louise 7/20/99 Site LL-2 |- LakeLouise 8/10/99 Site LL-2
- Dissolved Oxygen & Tenperdure Profiles |/ Dissolved Oxygen & Temperature Profiles
0 5 0 15 20 ! o5 30 0 \:‘f,f 5 10 15 20 25 30 -
0 " , B e e SET
0. et
o1 S
; B
154 o 15 -
o : 20
25_1 ~I A : i ' i . 25j e . i ' "l‘ ‘ ;
| —k—TempC —#—DOConcrigll B :k+TempC ——DO Conc mg/L .

Figure 8. 'Dissol\?ed Oxygen and Temperature Profiles for Lnke Louise




pH

pH is a measure of free hydrogen ions (H+) or potential hydrogen. More simply, it indicates
the balance between acids and bases in water. It is measured on a logarithmic scale between 0
and 14 and is recorded as standard units (su). At neutral (pH of 7) acid ions (H+) equal the
base ions (OH-). Values less than 7 are considered acidic (more H+ ions) and greater than 7
are basic (more OH- ions). Algal and macrophyte photosynthesis act to increase a lake’s pH
The decomposition of organic matter will reduce the pH. The extent to which this occurs is

affected by the lakes ability to buffer against changes in pH. The presence of a high alkalinity -

(>200 mg/L) represents considerable buffering capacity and will reduce the effects of both-
photosynthesis and decay in producing large fluctuations in pH. ‘

pH values exhibited only small differences “between sites LL-1 and LL-2. The greatest
differences were produced in August and September of 1999. Considering that these samples
also had significant differences in chlorophyll a concentrations, the pH shifts may be attributed
to this. State standards require that the pH of Lake Louise fall between the values of 6 and 9.

* The single highest pH recorded of 8.89 was taken during an algae bloom in August, 1999. The

lowest pH of 6.96 was taken through the ice in January, 2000. -Both of these values fall within

~ the limits set forth by the State of South Dakota. Seasonal pH variations tended to follow the

concentrations of the chlorophyll a samples. It is poss1ble that during perlods of extreme algal
blooms (such as in August) that the pH of the lake may temporarily exceed the value of' 9 00.
This would be expected to occur 1nfrequently and for short durations.
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Figure 9. Seasonal and Monthly pH Values for Lake Louise

Conductivity :

~ Conductivity is a measure of water’s ability to conduct electrlclty, which is a function of the

total number of ions present. As ions increase, increases in conductivity reflect the total

_ concentration of dissolved ions in the water body. This may also be used to 1ndlcate hardness
- Itis measured in umhos/ cm, and is sensitive to changes in temperature.
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Surface conductwrty 1ema1ned relauvely constant durmg the summer and the fall. The sample '

collected at site LL-2 in December, 1999, had the lowest conductivity readmo recorded at 510

umhos/cm Samples collected in May of 2000 had the highest conductivity when compared -

with all of the samples collected, reaching almost 900 umhos/cm. State standards for fish and

wildlife propagation require that conductivity does not exceed 4,000 for a 30- -day average or .
7, OOO on anysingle day. Readlngs at Lake Lou1se were con51stently within the state standards.
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Flgure 10 Seasonal and Monthly Conductnvnty Readmgs for Lake Lounse

Turb1d1ty/ Chlorophyll a/ Secchr Depth

Turb1d1ty isa measurement of water transparency and md1cates the presence of fine suspended

part1culate matter. Turb1d1ty is measured in Nephelometrrc Turbidity Units or NTU, which -
- measure reflection and absorption of light when it passes through a water Cample Due to the
wide variety of sizes, shapes, and densities of particles, there is no direct re latronshlp between

the turbidity of a sample and the concentration and / or ‘weight of the part1culate matter present.
ThlS is addressed as total suspended sol1ds later in the report ,

There are no state standards for turbrdrty in waterbodles It is 1mportant to note that hlgh,

turb1d1ty levels limit photosynthet1c act1V1ty (Bowler, 1998) ‘Aquatic plants are negatively

1mpacted at values >30 NTU. Fish experience a reduction in feeding energy intake at values
greater than 50 NTU and structure and dynam1cs of fish and zooplankton populatrons could be s

affected (Claffy 1955)

Chlorophyll a is the primary photosynthetrc plgment found in oxygen producmg orgamsms i
(Wetzel, 1982). Chlorophyll a is a good indicator of a lakes productivity as well as its state of

eutroph1cat1on Chlorophyll a 1s also used in. the development of lake TSI Values

»Lake Loulse turbldlty is srgmﬁcantly affected by the chlorophyll a concentrauons Turbidity is

often associated with suspended solids in the water column, however suspended solids in Lake
Loulse are low most of the year. Thrs 1s due to the lake s shape long and narrow with a




number of sharp turns, whlch limits the amount of w1nd that the lake is exposed to. Suspended

- solids loads from Wolf Creek were also found to be low reducing their effects in the spring.

Figure 11 indicates the significance of chlorophyll a and ult1mately algal populatlons on the
clarity of Lake Louise. , :

Turbidity (NTU)

Chiorophyll a Vs. Turbidity
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Figure 11. | Chlorophyll aand Turbidity Correlation’s for Lake Louise -

Secchi depth is the most commonly used method to determine water clarity. No regulatory
standards for this parameter exist; however, the Secchi read1ng is an important tool in
determining the trophic state of a lake. The two primary causes for low Secchi readings are
suspended solids and algae. Larger Secchi readlngs are found in lakes that have clearer water,
which is often associated with lower nutrient levels and ‘cleaner” water.

Secchi depth is used for the development of lake TSI values. In the case of Lake Louise,
suspended solids were not a major contributor due to the consistently low concentrations.
Chlorophyll a significantly affected the turb1d1ty of the lake, but did not have the same 1mpact
on the Secchi readings. This is most likely a result of the colored humic substances in the
water. Humic substances are chemical compounds released during plant decay. They most
likely originate from the grassy areas and organic'waste found in the watershed. Recent
research has provided evidence that the humic substances released from grasses under aerobic
conditions (particularly barley straw) limit the growth of algae in water bodies. This process

‘may be affecting Lake Louise. As water passes through the decaylng grasses in the watershed

-~ it collects these humic substances that not only stain the water but also limit the algae growth

- ,1n the lake

Even wrth the influence of humic substances, the Secchi readings in Lake Louise were “always
found to be in excess of 1 meter with the exception of August 1999 when they dropped t0 0.6 -
meter. The ‘average Secchi reading was found to be 1.76 meters w1th winter samples ~
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producmg the h1ghest readmgs This is due to 1ce cover lrmrtrng algal product1v1ty as well as
allowing any suspended solids in the water column to settle out. The mean Secchi reading for
most, of the growmg season (June 1999 through October 1999) was 1.19m.
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Flgure 12 Seasonal and Monthly Secchl Depths for Lake Louise

Alkalmltz

A lakes total alkal1n1ty affects the ab111ty of its water to buffer against changes in pH. Total -
alkahmty consists of all dissolved electrolytes (ions) with the ability to accept and neutralize
protons (Wetzel, 2000). Due to the abundance of carbon dioxide (CO;) and carbonates, most
freshwater contains bicarbonates as their primary source of alkahmty Itis (,ommonly found i in '

concentratlons as hlgh as 200 mg/L or greater j

The alkallnrty in Lake Louise varied from a low of 134 mg/L in June of 1999 to a peak value
of over 180 mg/L during January and February of 2000. The increase during the winter
months may be attributed to the lack of photosynthesis occurring during those months. During

the sprlng and summer, photosynthe51s carried on by algae and macrophytes utilized a portion
of the alkahmty The ice cover and cold temperatures reduced this action during the winter

months allowrng decomposition on the lake bottom to release more carbonates




( St ~ Alkalinity

Jun-21  Juk20 Aug-10 Sep-14 Oct14 Nov-14 Dec-22 Jan-27 Feb-22 Mar-21 Apr-24 May-12
Summer ~ Fall e Winter . . Spring -

k Date k
. .BOTI'OM DSURFACE —SEASONAL

Figure 13. Seasonal and Monthly Alkallmty Concentrationsfor Lake Louise

Solids

Solids are addressed as four separate parts in the assessment; total solids, dissolved solids,

suspended solids, and volatile suspended solids. Total solids are the sum of all forms of material

1nclud1ng suspended and dissolved as well as orgamc and inorganic materials that are found ina
- given volume of water. .

Suspended solids consist of particles of soil and organic matter that may be deposited in stream
channels and lakes in the form of silt. Silt deposmon into a stream bottom buries and destroys
the complex bottom habitat. This habitat destruction reduces the diversity of aquatic insect,
snail, and crustacean species. In addition to reducmg stream habitat, large amounts of silt may
‘also fill-in lake basins. As silt deposmon reduces the water depth in a lake, a couple of things
occur. Wind-induced wave action increases turbidity levels by suspending solids from the
bottom that had previously settled out. Shallow water increases and maintains higher
temperatures. Shallow water also allows for the establishment of beds of aquatic macrophytes.

Lake Louise exhibited very little variation in total solids and dissolved solids concentrations
through the course of the year. Peak values were observed during periods of ice cover in January
and February of 2000. The lowest values were observed durlng the early summer samples
collected in June of 1999. ' “

Suspended solids concentrations in Lake Louise remained fairly low throughout the course of the

‘year. The lowest concentrations were recorded during ice cover when the effects of wind and

wave action had been reduced and algae volumes were at their lowest. Volatile suspended solids

~ followed the same trend as the total suspended solids with increased concentrations during the

summer and decreased concentrations during the wrnter Most samples were composed of 50%
or less orgamc matter. ~
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Figure 14. ~T6tal Suspended and Volatile Si‘olids»“Con’cierltratiohs for Lake Louise

Nitrogen =

Nitrogen is assessed in four forms: nitrate/nitrite, ammonia, and Total ‘Kjeldahl Nitrogen
(TKN). ‘From these four forms, total, organic, ‘and morgamc nitrogen may be calculated.
Nltrogen compounds are major. cellular components of organisms. Because its avarlablllty,
may be less than the blologlcal demand, env1ronmental sources may limit productivity in
freshwater ecosystems. Nltrogen is difficult to manage because it is highly soluble and very
mobile. In addition, some forms of algae ﬁx atmospherrc mtrogen addmg it to the nutrrent ‘

supply in the lake.

|
!

At no trme during the prOJect were n1trates/n1tr1tes recorded at or above the detection llmlt
Ammonia levels were recorded at the detection limit four times, and above the limit twice, in
the bottom samples of site WC- 2 (deepest site) during periods of anoxic cond1t10ns Ammonia
and nitrate/ nitrite are the most readily. available forms of nitrogen for plant growth. Lake
Louise has an extremely dense population of aquatlc macrophytes in its shallow areas. These =
plants, along with algae, consume almost all of the nitrates and ammoma as fast as they
become available. The sum of ammonia and the organic nitrogen present in the water body is
measured as TKN. For Lake Lourse 1t may be assumed that the TKN essentlally represents -

the orgamc mtrogen in the lake
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Total nitrogen in Lake Louise reached its highest concentrations during the summer months
with the peak monthly level being recorded during August of 1999. - The single hxghest sample
was collected from the surface at site LL-2 during August of 1999 that had a concentration of
2.5 mg/L. The lowest mean concentrations of total nitrogen were recorded during late winter -
and early sprmg - The smallest individual sample concentratlon was. collected on the surface at

~site LL-1in May of 2000

! ' Total Nitrogen S S

mg/L

621 720 810 914 1014 1110 1222 27 22 32 45 512
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e o
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Flgure 15. Inlake Total Nitrogen for Lake Loulse :

Surface and bottom samples had similar concentratlons for samples collected on the same day.

_ There was also very little difference in mean concentrations between sites LL-1 and LL-2.

Total Phosphorus

Phosphorus is one of the macronutrients requlred for primary production. When compared
with carbon, nitrogen, and oxygen, it is the least abundant (Wetzel, 2000). Phosphorus loading
to lakes can be of an internal or external nature. External loading refers to surface runoff over
land, dust, and precipitation. Internal loading refers to the release of phosphorus from the
bottom sediments to the water column of the lake. Total phosphorus is the sum of all attached
and dissolved phosphorus in the lake. - The attached phosphorus is directly related to the
amount of total suspended solids present. An increase in the amount of suspended solids
increases the fraction of attached phosphorus. o '

The average in-lake total phosphorus during the assessment was 0.549 Ihg/ L. Algae

_requires only 0.02 mg/L of dissolved phosphorus to start growing, so Lake Louise

averages 27 times the minimal requirements for algal growth. In spite of this over- F
abundance of phosphorus, algal blooms are not the pr1mary water quahty problem in
Lake Loulse at this time.
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Total phosphorus concentrations were greatest in the summer and fall. Winter and spring

concentrations were significantly lower and similar in average concentration at approximately

0.2 mg/L. Surface and bottom samples had’ nearly identical concentratlons each month. The

one exception to this was the sample collected in July of 1999. The surface sample was

significantly smaller than the bottom sample One possible explanation is that stratification of "
the lake had created anoxic conditions favorable to the rapid release of phosphorus into the
water column Under aerobic conditions, the exchange .equilibria are largely unidirectional

toward the sediments. Under anaerobic condrtrons inorganic exchange at the sediment-water
interface is strongly influenced by redox condltlons (Wetzel 1983). This exchange favors the
release of phosphorus from the sedlment ' : :

TotalPhosphorus L Lo
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Fig'ure:16’.k Seasonal and Monthly To‘talnPhosphorus Concentrations forvLake Louise

It appears thatrcluring the summer of 1999 the‘se processes occurred in Lake Louise. The loss

of oxygen in the spring resulted in the release of phosphorus observed from June through July
1999.  After phosphorus concentrations reached their annual peak in August and September
1999 the bottom sediments began to reattach to the phosphorus This can was observed in the
October samples when the bottom samples ~had considerably lower total phosphorus

concentrations than durrng summer. During the winter months the well- oxygenated water at

the sedrment 1nterface did not allow for the release of phosphorus into the Water column.

The s1gn1ﬁcant drop in phosphorus in the water column was the result of a combination of

things. ~ As ice forms, inorganic solids ‘settle out of the water column and some of the
phosphorus with them. In much the same way, algae die off and sink to the bottom removing
additional phosphorus. The final method of phosphorus removal is the oxygenation of the

water at the sediment interface. As stated earlier, this favors the exchange of phosphorus in the

direction of the sediment. Oxygenation of the water column may reduce the 1nten51ty of the
phosphorus peaks that the lake exhrblts durlng the summer months .
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Dissolved Phosphorus

Total dissolved phosphorus is the unattached ‘po‘rtiOn of the total phosphorus load. It is found
in solution, but readily binds to soil particles when they are present. Total dissolved
phosphorus,oincluding soluble reactive phosphorus, 1is more readily available to plant life.

Dissolved phosphorus concentrations closely resembled total phosphorus concentrations in
Lake Loulse Most surface and bottom samples had very little variation. The exceptions to
this are seen in July and August of 1999. These months had the highest total phosphorus

‘concentrations that were observed during the sampling season and had the greatest difference

in surface and bottom dissolved concentrations. This corresponds with a mid to late summer
algae bloom. The algae most likely tied up. large” kamounts of the dissolved phosphorus.

’ ( | Total Dissolved Phosphorus | S

Jul Aug.
Summer

, , Date
(o K ‘.LL-1 DLL—2 Seasonal

Figure 17. Seasonal and Monthly Dlssolved Phosphorus Concentrations for Lake Louise

August samples also exhibited the greatest variation in percentage of dissolved phosphorus
between the surface and bottom samples.  The bottom sample- consisted almost entirely. of
dissolved phosphorus while the surface sample was only 70% dissolved, one of the lowest
percentages of dissolved phosphorus measured. This was probably the result of the blue-green
algae bloom that occurred at the same time the August samples were collected. Most samples
consisted of 80% to 90% dissolved phosphorus. The dissolved portion varied little from
season to season. The greatest differences were observed in August, 1999, and March, 2000
March, 2000, surface and bottom samples were nearly identical and both contamed
approximately 70% dissolved phosphorus.
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Figure“1'8.‘ ’Monthly Dissolved ’Phosphorus" ‘Percentages for Lake'Louisei

Fecal Colifoi’rh Bacteria

Lake Louise is listed for the beneficial use of immersion recreation which requires that no

single sample exceed 400 colonies/100mL or the 30 day geometric mean (consisting of at least
5 samples) be no more then 200 colonies / 100mL. No exceedences of the state standards were
observed durmg the project.: Samples collected and analyzed by the State Health Lab for fecal

coliform were consistently below the detect1on limit of 10 colonies per lOO mL. The only

samples collected that indicated the presence of fecal coliform were collected on October 14,

1999. Samples collected at each of the s1tes produced concentratlons of 20 colomes per 100 '

mL on thls date

Of the over 100 samples collected at the beach from 1992 through 2000, only two during 1996‘ :

were" hlgh enough to warrant beach closure advisories. These samples were collected on July

30 and August 19 of that year and were 2700 colonies/ 100 mL each. These exceedences
constitute less than 2 % of all fecal samples which indicates that this is not a recumng problem

and that the beneﬁc1al uses to the lake are affected only m1n1mally

¢ .
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Limitino Nutrients

Two prlmary nutrients are requlred for cellular growth in organisms, phosphorus and nitrogen.
Nitrogen is dlfﬁcult to limit in aquatic environments due to its highly soluble nature.
Phosphorus is easier to control, making it the primary nutrient targeted for reduction when
attempting to control lake eutrophlcatron The ideal ratio of nitrogen to phosphorus for aquatic
plant growth is 10:1 (EPA, 1990). Rat1os ‘higher than 10 indicate a phosphorus—llmlted
system Those that are less than 10:1 represent mtrogen -limited systems

- Tot. NtoTot. P
SR k Phosphorus Limited
10 Nifrogen Limited -
o e .
o : - }
z r“\ : *
$ ¢ |
O : : T T V - T : - T T ' 1
‘May-99 - Jul99 Aug-99 . Oct-99 Dec-99 ~Jan-00 ~ Mar-00]|
2 | | ®N:P Ratio Date '
L___._____.__...__l

Figure 19. Limiting Nutrients for Lake Louise

The average nitrogen to phosphorus ratio for Lake Louise was 4.5:1. Surface and bottom
samples had nearly identical ratios to the lakes overall average. The greatest difference was
seen between summer and winter ratios. Summer samples dropped to 2.7 parts of nitrogen to
each part of phosphorus, which is heavily nitrogen limited. Winter samples climbed to 6.1: 1.
Both phosphorus and nitrogen concentrations decreased during the winter months. Phosphorus
concentrations dropped to 20% of the summer concentration while nitrogen concentratlons :

; dropped to 60% of their mean summer concentrations. An important fact to note is that the

nitrogen concentrations are typical of most central South Dakota lakes, the super abundance of
phosphorus is the prlmary cause of the lakes nitrogen limitation.

‘During the winter the lake was still nitrogen limited, however it was significantly closer toa

phosphorus limited system. Oxygenation of the water column during the s summer should move

 the ratio closer to phosphorus llmlted
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Tr6phic LState .

Trophlc state relates to the degree of nutrlent enrrchment of a lake and its abllrty to produce :
aquatic macrophytes and algae. The most w1dely used and commonly accepted method for |
determining the trophic state of a lake is Carlson’s ( 1977) Trophic State Index (TSI). Itis
based on Secchi depth, total phosphorus, and chlorophyll a in surface waters. The values for -

each of the aforementroned parameters are averaged to grve the lakes trophrc state

Lakes wrth TSI values less than 35 are generally cons1dered to be ol1gotroph1c and contain

very. small amounts of nutrients, little plant life, and are generally very clear. Lakes that obtain :

a score of 35 to 50 are considered to be mesotrophrc and have more nutrients and primary

productlon than oligotrophic lakes. Eutrophic lakes have a score between 50 and 65 and are
subject to algal blooms and have large amounts of primary production. Hyper eutrophic lakes
receive scores greater than 65 and are subject to frequent and massive b]ooms of algae that

severely 1mpa1r their beneﬁc1al use and aesthetlc beauty

Tabl'e',17. Trophic State Ranges

TROPHICSTATE ~ TSINUMERIC RANGE
OLIGOTROPHIC =~ : 0-35
'MESOTROPHIC a1 T 36-50
EUTROPHIC O ke H 51-64
HYPER- EUTROPH!C S AR 100

Lake Lourse is located in the Northern Glac1ated Plalns (a Level III ecoregron) As determmed -

in “Ecoreglon Targeting for Impaired Lakes in South Dakota (Stueven et al., 2000) reservoirs
in this region should have a mean TSI Value of 65.0 or less to fully support their beneficial

uses. Partial support of these uses is reached at TSI values between 65.0 and 75.0. Lakes that
do not support these uses had TSI values greater than 75.0. Lake Louise is listed as non-

supportlng in the report with a mean TSI value shghtly greater than 80.

Durmg the study the average trophlc state for Lake Lourse durmg 1999 and 2000 was 64.4,
placing it within the eutrophlc lake category. This varled from a seasonal low of 49.6 during

the wmter of 2000 to a maximum of 76 4 durlng the summer of 1999.

TSl Values are normally compared for. only the growmg season. The mean TSI during the‘ ‘
growrng season (summer and fall 1999, sprmg 2000) increased to 70.6. The variation durmg '

this tlme span ranged from 64.3 during the spring of 2000 to 76.3 during the summer of 1999.

The mean growing season Trophic State Index (TSI) values for Lake Louise during the -

assessment period were 92.3 (hypereutrophrc) for phosphorus, 56.5 (eutrophic) for
SecchijdiSk measurements, and 63.0 (hypereutropllic) for chlorophyll a. ’
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Reductlon Response Modelmg

Inlake reductron response modehng was conducted w1th BATHTUB an! Army Corps of

Engmeers Eutrophication Response Model (Walker, 1999). System responses were calculated
using reductions in the loading of phosphorus to the lake from Wolf Creek. Loading data for -

Wolf Creek was taken directly from the results obtained from FLUX data calculated at the inlet
to the lake Atmosphenc loads were prov1ded by SDDENR : ‘ '

BATHTUB provrdes numerous models” for the calculatron of inlake concentrations of
phosphorus, nitrogen, chlorophyll a, and Secchi depth Models are selected that most closely k
predict current inlake conditions from the loading data ‘provided. As reductions in the
phosphorus load are predrcted in the loadmg data, the selected models will closely mimic the .

response that the lake will have to these reductrons

BATHTUB not only predlcts the inlake concentratrons of nutrients; it also produces a number -

of diagnostic variables that help to explam the lake responses Table 18 shows the response to
reductions in the phosphorus load. The observed and predicted water quahty is listed in the

first two columns. The observed and pred1cted trophrc states are 72.6 and 72 8 respectively,

less than l% drfference between them.

The Varlables (N 150)/P and INORGANIC N/P are both indicators of phosphorus and nitrogen
limitation.  The first, (N-150)/P, is a ratio of total nitrogen to total phosphorus. Values less -
than 10 are indicators of a nitrogen-limited system The second variable, INORGANIC N/P, is

an inorganic nitrogen to ortho-phophorus ratio. Values less than 7 are nltlogen -limited. The

current state of Lake Louise is n1trogen-hm1ted Phosphorus limitation would only be pos51ble ,

through 90% or greater reductlon in the total phosphorus load from the Watershed

The var1ables FREQ (CHL- a)% represent the pred1cted algal nuisance fre quencres or bloom
frequencies. Blooms are often associated with concentrations of 30 to 40ppb of total
phosphorus. ‘These frequencies are the percentage of days during the growing season that algal

concentrations may be expected to exceed the respective values. Very little change is observed

w1th reductrons of less than 90% reduct1ons 1n the phosphorus load to the lake

TSI responses to the reductlons in phosphorus load to the lake exh1b1ted substant1a1 Var1at1on

The TSI phosphorus value showed consistent positive responses to the reduct1ons The

chlorophyll a and Secchi responses were much less significant. Each showed very little

response to the reductions until they reached 90% or greater. The limited responses are a result

of the limited nitrogen supply and excessive ‘phosphorus concentrations. The model predicted

a mean TSI value reduction to less than 70 with aerat10n and less than 65 wrth aeration and a

reduct1on in phosphorus loadmg of 51% or greater

Responses to reductlons may be enhanced through aeratron of the water column during the
growing season. This may inhibit the release of phosphorus from bottom sediments,

maintaining concentrations similar to those observed during the winter months. This, in
combination with reductions in phosphorus loads may further reduce, TSI values for _

chlorophyll aand Secchi depth
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; Long-Term 'Tlrends

Lake Loulse is listed on the state ] 303(d) 11st as an 1mpa1red waterbody with a declining trend . "
in water quality as a result of nutrients, sedlment and algal growth. This is also supported in -
the 1995 South Dakota Lakes Assessment Final Report. Data from this report is included in
‘Figure 21 together with TSI values collected during the 1999 and 2000 growmg seasons. The-
TSI value of Lake Louise is con51derably higher than calculated from the first samples
collected in 1979. This trend would appear to be reachmg a plateau with a mean TSI value of
approx1mately 75 to 80. These values are too hlgh to fully or partially support the demgnated
beneﬁcral uses for Lake Loulse

Reductlons in nutrient and sedlment load to the lake may help to reverse th1s trend To shift its
trophic state to eutrophic, Lake Louise needs a TSI value of 65 or less. This was the condition
‘of the lake in 1979 when the ﬁrst samples - were collected. To reverse a change this large (> 10
TSI Umts) is not a good short term 1mprovement target Ach1ev1ng a stable TSI value of less
than 75 would restore its beneficial uses and isa more reasonable goal for a water quahty
1mprovement project. ‘ ; L ' . ’
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Figure 21. Long Term TSI Trends for Lake Louise
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Biological Monitoring
Fishery

The complete fisheries report produced from Lake Louise surveys may be found in Appendix
D. The following account is a brief summary of what may be found in that report. Lake
Louise may be considered Hand County’s best fishery. The combination of excellent facilities
and quality fishery helped to contribute to the approx1mately 10, OOO angler hours spent at the
lake from May through August of 1997 and 1998 . ‘

The fish community in Lake Lou1se was sampled in 1997 and 1998 using the following
methods. Largemouth bass and panfish: poipulatiOns;ywere sampled by electro-fishing. Scale
samples were collected from weighed and ‘measured fish to conduct growth analysis.  In
addition to electro-fishing, passive samphng was conducted with gill and frame nets. Fish
collected with the passive methods were also welghed measured and scale sampled.

Sample analysis indicated a fish community resembhng that of a lake managed under the
panfish option. Largemouth bass populations were high and composed primarily of age 4 and

younger individuals. Bluegill size structure was high. Bluegill also composed the majority"of

fishes collected during the survey. Yellow perch were also identified as an abundant species in

Lake Louise. Black bullhead populations were present in the survey, but did not compose a
significant portion of the fish community. The low number of bullheads may be attributed to-
the high largemouth bass density. Walleye populatlons were also present, but in Very small

numbers with only seven 1nd1v1duals collected in 1998

South Dakota Department of Game Fish and~:Parks (SDGF&P) recommendations include
monitoring of bluegill and largemouth bass populations. . Possible bluegill limit restrictions
were also suggested. The practice of stocking walleye in Lake Louise needs to be “critically
evaluated” as stated by the author of the report. This is primarily due to the small number of
walleye caught in the survey as well as the limited angler harvest.

Threatened and Endangered Species

There are no threatened or endangered species documented in the Wolf Creek watershed. The
US Fish and Wildlife service lists the Whooping crane, Bald eagle, and Western prairie fringed
orchid as species that could potentially be found in the area. None of these species were
encountered during this study; however, care should be taken when conducting mitigation.
projects in the Wolf Creek watershed ~
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Phytoplankton

Surface samples of planktonrc algae collected monthly from June to October 1999 and
December 1999 to March 2000 at two 1nlake sites in Lake Lou1se (Figure 5) consisted of 78 -
taxa 1ncludrng two unidentified categories (Table 20). Green ‘algae (Chlorophyta) were the

most diverse group with 28 taxa (including two motile genera Chlamydomonas sp. and
Pandorina morum) followed by diatoms (Bacrllarlophyceae) wrth 21 taxa. Blue-green algae

(Cyanophyta) were less well represented ‘with only 6 taxa. Twenty-three taxa of motile

(flagellated). algae made up nearly 30% of total algae 1dent1ﬁed Yellow-brown algae
(Chrysophyta) consisted of 9 taxa followed by cryptomonads (Cryptopllyta) and dinoflagellates

(Pyrrhophyta Dinophyceae) with 5 taxa apiece.  The euglenoids (Euglenophyta) and motile
green algae (Chlorophyta) represented the least dlverse algal groups in Lake Louise with two

taxaeach : . PEREEE s et A

Table 20 Algae Specles Llst for Lake Loulse . 1 s o ,

Taxa

Algal Type

§Taxa Algal Type - .
Anabaena circinalis . Blue Green Algae -~ Mallomonas sp. Flagellated Algae
. :|Anabaena flos-aquae Blue Green Algae : Mallorhonas tonsurata Flagellated Algae
“{Ankistrodesmus falcatus Green Algae ' -, Melosira granulata Diatoms
“*|Ankistrodesmus sp.. | GreenAlgae o o Melosira sp. o Diatoms
.'|Aphanizomenon flos-aquae Bliie Green Algae oE i Microcystis aeruginosa Blue Green Algae
Asterionella formosa Diatoms ‘ Navicula cepitata Diatoms
Ceratium hirundinella : Dinoflagellates ‘.- Nephrocytium sp. Green Algae
Chlamydomonas sp. Flagellated Algae - - Nitzschia acicularis Diatoms
~|Chiorelia sp. Greéen Algae’ . INitzschia hungarica ' Diatoms
Chromulina sp. Flagellated Algae . |Nitzschia'sp. | Diatoms
" “|chroococcis minimus’ Blue Green Algae - |ochromonas sp. Flagellated Algae
Chroomonas sp. Flagellated Algae Oocystis lacustris Gree:n Algae
“|\Chrysochromulina sp. - Flagellated Algae Oocystis parva Green Algae
|Chrysosphaerella sp. Flagellated Algae Oocystis pusilla Green Algae )
-+ |Closteriopsis longissima Green Algae Oscillatoria sp. Blue Green Algae
. Clostenum aciculare . Green Algae ~|Pandorina morum Flagellated Algae
‘| Cocconeis sp. ‘| Diatoms . “|Pediastrum, duplex Green Algae
Coelastrum sp. - Green Algae - |Peridinium cinctum- Dinoflagellates
Crucigenia crucifera Green Algae Phacus sp. . H Flagéllated Algae
Crucigenia quadrata Green Algae . Rhodomonas minuta Flagellated Algae
Crucigenia tetrapedia P GreenAlgae i ool Scenedesmus bijuga Green Algae
- |Cryptomonas erosa . Flagellated Algae s Scenedesmus opoliensis Gteejn Algae
.~ - |Cryptomonas ovata Flagellated Algae : o -|Scenedesmus quadricauda Green Algae
3 Cryptomonas sp. Flagellated Algae s e Selenastrum m/nutum ; G_reen Algae
* |Cyclotella meneghiniana . Diatoms B Sphaerocystis schroeteri Green Algae
Cyclotella stelligera - Diatoms - |Staurastrum sp. Green Algae
Dictyosphaerium pulchellum Green Algae . : Stephanodiscus astraea D atoms
Dinobryon sertularia Flagellated Algae - .- |Stephanodiscus astraea minutula D.ato_ms
Elakatothrix viridis Green Algae . ‘ Stephanodiscus hantzschif Dikatofms
Euglena sp. Flagellated Algae’ Stephanodiscus niagarae Diatoms
Fragilaria capucina v. mesolepta . Diatoms L Surirelia angusta Diatoms
.- |Fragilaria construens Diatoms S Synedra acus, Dzlato‘ms
- VGlenodinium gymnodinium Dinoflagellates ‘ ! : Synédra cyclopum . Diatoms
Glenodinium quadridens - Dinoflagellates - i |Synedra uina : Diatoms :
‘|Glenodinium sp. Dinoflagellates - - i - Syhura uvella’ Flagéllated Algae
5 ‘ Gloeocystic gigas Green Algae Tetraedron sp. Green Algae
: | Gloeocystis ampla  Green Algae |Unidentified algae Unidentified algae
Kirchneriella sp. Green Algae i Unidentified flagellates Flagellated Algae
“:|Mallomonas akrokomos Flagellated Algae Unidentified pennate diatoms Diatoms

— -;; _ - '-_Q
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'The seasonal pattem of algal abundance in Lake Loulse during this study was characterized by
a single high peak in August, 1999, due to a blue-green algae bloom, that was preceded and
followed by comparatively small populations in the other months of this survey (Figure 22).
This rather unusual algal distribution may have resulted owing to the lack of sampling in April
and May which are normally the months of the spring algal maximum in many of the state
lakes. Figure 22 shows what may be the start of such a spring algal increase in late March
2000. : S

Lake Louise Monthly Algae Density and Biovolume
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Flgure 22. Monthly Algae Density and Blovolume for Lake Louise

Blue-green algae, mainly Aphanizomenon flos-aquae, numerically dominated the lake plankton
for three months of the survey, from August to October. They were sub-dominant during July
1999 (Figure 23). Blue-green dominance in terms of biovolume was observed only in August -
when Aphamzomenon increased to its annual maximum density. Blue-greens were sub-
dominant by volume in September and October 1999 (Figure 24). In late June, diatoms and
flagellated algae, primarily Rhodomonas minuta (Chroomonas sp. Butcher) and Cryptomonas
erosa, exceeded blue-greens in volume and abundance. By late July, non-motile green algae
mainly Gloeocystis ampla, had replaced diatoms and flagellates as the most abundant group in
- the summer plankton. During the cold months, December 1999 to March 2000, diatoms and
flagellated algae were alternately dominant (Figures 23 and 24). Flagellated (motile) algae
belonging to several phyla were somewhat more diverse and abundant in Lake Louise than
usually encountered in other monitored state lakes. Why this should be so is not evident at this
- time. Perhaps it may be due to some pond-like characteristics of the lake, such as the smaller
and narrow wind-sheltered basin, greater water clarity (little sediment turbidity), tannins and
hgmns in the water, extensive macrophyte coverage, and superabundant phosphorus The
‘seasonal abundance of major ﬂagellated taxa is shown in Appendlx E. :
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Phytoplankton mean densny and blovolume ranged from 4,257 cells/mL and 0.923ul/l (—' ‘
923,000 um®/ mL x 10°®) in February 2000 to 143,801 cells/mL and 22.114 ul/l in August 1999
(Tables 21 and 22). Average monthly density and biovolume for the study period amounted to
24,134 cells/mL and 5.307 ul/l, respectively. Algae density and biovolume was generally
similar at the two sites on most sampling dates, with algae populations at site LL-2 being
somewhat larger in August and March (Figures 25 and 26). In flow-through reservoirs such as

Lake Louise, larger plankton populations would be expected in the lower reaches near the dam
(site LL-2) due to accumulation of nutrients, transport of organisms from upstream, and greater
in-place production due to longer water retention time (less current). However, there was no
inflow detected from Wolf Creek after June 1999. The similarity in the algal populations of

sites LL-1 and LL-2 was fairly high from June to October 1999 according to a tI‘Opth state

index developed by Sweet (1986) : : : '
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Figure 25. Total Algal Cells/ mL by Date for Lake Louise
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The 1n1t1a1 samples of this survey were collected at the begmnmg of summer on June 21,1999.
Sample analysis for the two sites (Figure 5) indicated a mean algae populatlon of 9,490
cells/mL. Thirty-one percent of this total was comprised of a diverse assemblage of flagellated

(motile) algae, mainly Cryptomonas erosa and Rhodomonas minuta. Diatoms, primarily

Asterionella formosa and Fr agilaria capuczna made up nearly 27% of total algae Flagellated

algae and diatoms also accounted for nearly 77% of total biovolume in late June (Tables 21

and 22). Aphanizomenon was. the only blue green alga collected in June at an average density
of 1,454 cells/mL. : g »
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Table 21. Algal Abundance (

Densi_ty) in «C‘el_ls/mL' for, Lake Louise

Sum of Cells/mL Site Number :
Date Algal Type2 LL-1 ~:LL=2|: -Grand Total | Avg  Percent
21-Jun-99 -| Blue Green Algae S .12907 2907 1454 15.3%
Diatoms 1919 3622 5541 22771 . 29.2%
Dinoflagellates +-80 85| 165 83 - 0.9%
Flagellated Algae 3638 -.3374| 7012 3506 - 36.9%|
Green Algae 2160 1195 3355 1678 17.7%
21-Jun-99 Total 7797 11183 18980 9490
20-Jul-99 Blue Green Algae 7538 2250 ... 9788 4894 35.0%
Diatoms 508 S B0 254 1:8%
Dinoflagellates 203 303 506 253 1.8%
Flagellated Algae 1067 1389 2456 | 1228 - 8.8%|
| Green Algae 8807 5894 14701 7351 - 52:6%
20-Jul-99 Total . ‘ 18123 9836 27959| - 13980 ‘
10-Aug-99 Blue Green Algae | 114946 - 166776 | 281722 140861 98.0%
Dinoflagellates 752 - 1366 2118 1059 0.7%
| Flagellated Algae 517 .+205 L 722 361 0.3%}
Green Algae 1400 o 1640( 3040 1520 1.1%
10-Aug-99 Total | 117615 - 169987 .. -287602 143801 SRR
14-Sep-99 Blue Green Algae | 4845 -~ 13109 717954 8977  61.8%
Diatoms - 132 BE Y 213 107 0.7%
Dinoflagellates 211 . .239| . 450 225  15%
| Flagellated Algae 1633 - 1036 2669 1335 9.2%
| Green Algae 3676 4085 . 7761 3881 26.7%
14-Sep-99 Total | = 10497 18550 29047| 14524 ~
14-Oct-99 Blue Green Algae | 1683 26239 7922|3961 76.2%
Diatoms - : 428 o 404| 832 416 8.0%
Flagellated Algae 725 . 348 1073 537 10.3%
Green'Algae 1214 362 - 576 288 - 55%
14-Oct-99 Total 3050 - 7353 10403 5202
22-Dec-99 - - Diatoms 3722 3070} 6792 3396 53.0%
Dinoflagellates 13 o | 24 12 0.2% |
Flagellated Algae 2218 2270 4488 2244 35.0%
_| Green Algae 48 L34 -.82 41 0.6%
‘ . | Unidentified algae 840 .-600. 1440 720 11.2%
22-Dec-99 Total : : 6841 - ...~ 5985| - 12826 - 6413 o
26-Jan-00 Diatoms 3578 -6075| 9653 4827 - - .-58.2%
: Dinoflagellates 14 10 24 12 -0.1%
Flagellated Algae 1981 . 2565 4546|2273 27.4%
Green Algae 60 188 248 124 1.5%
] Unidentified algae 900 1210 2110 1055 12.7%
26-Jan-00 Total Lot 6533 10048 16581 82091 ‘
22-Feb-00 | Diatoms 792 797 1589 795 18.7%
Dinoflagellates 6 .9 15| 8 0.2%
Flagellated Algae 2127 2393 - 4520 - 2260 53.1%
Green Algae - 171 138 .~ 309 155 3.6%
. |Unidentified algae - 880 .:1200 2080 1040 24.4%
22-Feb-00 Total 3976 4537 8513 4257
21-Mar-00 Blue Green Algae 13( . 13 7 .. 01%
) Diatoms 1689 1804 3493 1747 - - 155%|
Dinoflagellates 12 7 [ [ 10 01%
Flagellated Algae 6440 9460 -.15900 7950 . - 70.7%|°
Green Algae 86 110 196 098 . 0.9%
o IR ; Unidentified algae 870 . 2010 2880 1440 - 12.8%
‘| 21-Mar-00 Total : 9097 13404 ..22501 11251 '
Grand Total 183529 ~~ 250883 434412 '
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Table22 'Algal Abundance (Biovolume) lyi}m3/ mL 'for:Ig‘Jake Louise

Sum of Bib Volume

Grand Total

53348133 |

Site Number | = L ‘
Date Algal Type2 LL-1 LL-2{ - Grand Total
21-Jun-99 ~ | Blue Green Algae | G 1340119 340119
5T Diatoms o 542420 . 823935| = 1366355
Dinoflagellates’ = | 336000:. 59500 395500
Flagellated Algae . |: 1346238 °954296| 2300534
~ : Green Algae 460800 ;- 132744| @ 593544
121-Jun-99 Total L 2685458 . 2310594 | 4996052
20-Jul-99. Blue Green Algae 721987 281213 1003200
~ |piatoms 129540 | 129540
| Dinoflagellates 245000 ' 176400|- - 421400
Flagellated Algae 1079239 1528002 2607241
S - | Green Algae 3669075 . 2612291| = 6281366
20-Jul-99 Total ‘ ‘ 5844841 ... 4597906 |  : 10442747
10-Aug-99 Blue Green Algae 14201262 . 19964124 34165386
B SRR Dinoflagellates 1579200 = 2868600| 4447800
Flagellated Algae 1740504 2881540| 4622044
Soreiosooo | Green Algae :333305 .- . 658611, 991916
10-Aug-99 Total v 17854271 26372875| = 44227146
14-Sep-99. Blue Green Algae 566865 .- 1387071( = 1953936
~ _|Diatoms : 219563 - 108702| 328265
| Dinoflagellates 1183000~ 1300600| 2483600
Flagellated Algae 575023 -0 411802 986825
o0 2 Green Algae 1099493 . 720159| 1819652
14-Sep-99 Total ; P 3643944 3928334 | 7572278
14-0Oct-99 = Blue Green Algae 196911 .~ =~ 729963 926874
oo | Diatoms : 1257518 11 - 1254208 - 2511726
" | Flagellated Algae 373431 -~ 133720f = 507151
‘ i Green Algae | 16504 . . 70814| 87318
14-Oct-99 Total e 1844364 ~ 2188705|: - 4033069
22-Dec-99 Diatoms 1005080 ' - 956360/ 1961440
s Dinoflagellates 49978 - 46278/ 96256
Flagellated Algae 980851 . 1206583| = 2187434
Green Algae | 1194 . :3808] - 5002
O | Unidentified algae |. 16800: -  12000{ 28800
22-Dec-99 Total ‘ ' 2053903 .. - 2225029 {: 4278932
26-Jan-00 Diatoms 795500 - 1317780 ! 2113280
~ Dinoflagellates = | 23600 11600| = 35200
Flagellated Algae | 422458 - 380792 803250
| Green Algae ; 1500 5066| 6566
S - | Unidentified algae 18000+ - 124200/ 42200
26-Jan-00 Total - : 1261058 17394381:" - 3000496
22-Feb-00 - Diatoms 158440 .- - 169520 327960
S ‘ Dinoflagellates - - 18000 - - 27000 45000
Flagellated Algae 467790 . 955162 1422952
| Green Algae it 5000 . .3586|. " = 8586
Sl Unidentified algae 17600 .24000| 41600
22-Feb-00 Total o 666830 ¢ 1179268 1846098
21-Mar-00 Blue Green Algae SRR 2731, 273
T Diatoms ‘ 531670~ 469580| 1001250
| Dinoflagellates 31400 - 21000| 52400
| Flagellated Algae 5743959 .~ 8261238 14005197
Green Algae 5874 13693 19567
T Unidentified algae | 17400 40200 57600
21-Mar-00 Total 6330303+ 8805984 | . 15136287
95533105

Avg.

170060
683178
197750
1150267
296772
2498026
501600
64770
210700
1303621
3140683

5221374

17082693

2223900

2311022
495958
22113573
976968
164133

1241800

493413
909826

3786139

463437
1255863
253576

43659

2016535
980720
48128
1093717
2501
14400
2139466
1056640
17600
401625
3283
21100
1500248
163980
22500
711476
4203
20800
923049

137

500625
26200
7002599
9784
28800
7568144

Percent

'6.8%
27.3%
7.9%

©46.0%|

11.9%

9.6%
1.2%
4.0%
25.0%
60.2%

77.2%
10.1%
10.5%

2.2%

25.8%
4.3%
32.8%

13.0%
- 24.0%

23.0%]|
62.3%

12.6%
2.2%

45.8%

22%]|

51.1%
0.1%

0.7%]|

70.4%
1.2%

26.8%|

0.2%
1.4%

17.8%| -

2.4%
77.1%
0.5%
2.3%

0.0%
6.6%
0.3%
92.5%
0.1%
0.4%

42184972
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The next samples collected on July 20,1999, indicated a 53% increase in algal density to a
mean of 16,130 cells/mL. This increase was due malnly to greater numbers of green algae -
(Chlorophyta) which. comprlsed nearly 53% of July algal density-and 60%of biovolume. The

major green alga, Gloeocystis ampla, was present as 5,017 cells/mL or 31% of the total algae.
Blue-green algae also became more common and diverse in July, Aphanizomenon, for
example, more than doubled in density to 3,256 cells/mL (Figure 23). Diatoms and flagellated

algae declined sharply at the same time. Diatoms decreased from 2,771 cells/mL in June to |

254 cells/mL in July and flagellated algae, principally the cryptomonads Rhodomonas and N
Cryptomonas, declined less severely from 3,546 cells/mL to 1,460 cells/mL. Both of those

latter groups remained at reduced monthly densities until December. Diatoms remained at. less

than 450 cells/mL and flagellates below 1,510 cells/mL for the rest of the summer. Increases.
in blue-green algae and a decline in d1atoms by late spring are typical for these algal groups. -
While cryptomonad flagellates are often seen in greater numbers during the cooler months of

the year, they appear to have no typlcal seasonahty (Hutchmson 1967).

August samples indicated a 9-fold increase in summer algal densities due mamly to the
presence of a substantial bloom of Aphamzomenon ﬂos -aquae estimated at a mean density of
90,321 cells/mL. = Other common blue-greens in August included Anabaena circinalis at
38,624 cells/mL and Anabaena flos-aquae 11,916 cells/mL. Those three blue-green species

made up 98% of total plankton density and 77% of the biovolume in August 1999. In addition B

to decreases in diatoms and flagellated algae mentioned in the prev10us paragraph, green algae,

also declined sharply in August to 1,520 cells/mL. from a yearly maximum of 7,351 cells/mL
in July. Along with the increase in blue-greens, numbers of the large-sized dmoﬂagellate
Peridinium cinctum (probably Glenodinium gymnodinium) increased from 232 cells/mL in July
to its annual maximum of 530 cells/mL in August when it made up less than 1% of algal
density but accounted for 20% of monthly biovolume. In September, mean density of

Peridinium fell to 225 cells/mL, but this small number comprised nearly 33% of monthly

biovolume due to the smaller algae populations. in that month. Peridinium was not collected
during the remainder of the study but other dinoflagellate species, notably Glenodzmum sp .
occurred in trace densities during the winter months (Append1x E).- ;

Mid- September samples 1nd1cated a steep decline in blue -green dens1t1es and a substantial rise

in green algae density and biovolume (Tables 21 and 22). Blue-green mean density (primarily -
Aphamzomenon) fell to 8,977 cells/mL while that of green algae more than doubled from 1,520

cells/mL in August to 3,881 cells/mL in September While blue-greens still made up nearly

62% of total algae density, in terms of biovolume they were subordinate to dinoflagellates and
only slightly higher than green algae (Frgures 23 and 24). The. predomlnant green alga was
Scenedesmus quadricauda, present as 2,030 cells/mL and comprising 52% of the green algae

population in September. In succeeding months non-motile green algae declined to an: average ,
of 104 cells/mL from December to March ‘ L : ~

Decreasing seasonal water temperature in October probably resulted in a further decline of the -
Lake Louise summer algae population from 14,524 cells/mL in September to 5,202 cells/mL in
mid-October.  This decrease was due to the seasonal ‘decline in blue-greens, malnly
Aphanizomenon. Blue-greens are usually abundant only during the warm months of the year
(Smith 1950) However, numerically, blue-greens (Aphamzomenon) still compnsed 76% of the
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total algae Whereas a small autumnal 1ncrease of a large sized centrrc dratom Srephanodzscus ,
magarae to 356 cells/mL represented nearly 57% of the algal biovolume but barely 7% of the
density in October. This example serves to illustrate how algal density and biovolume can
present dlfferent views on algal abundance ‘Both are usually requrred lor a more detarled',

descrrptron of an algae commumty (F 10ures 23 and 24)

Interestmgly, wmter algae numbers in Lake Loulse showed srgnrﬁcant 1ncreases over autumn -

levels; from 5,202 cells/mL in October to 6, 413 cells/mL: in December and 8,291 cells/mL in

late January before declining to 4,257 cells/mL in late February 2000 (No sampling was
conducted in November 1999 due to thin-ice’ condltrons) For the same period, algal biovolume

increased moderately from 2.016 ul/l in October to 2.139. ul/l in December and then declined to

1.500 ul/l and 0.923 ul/l in° January and February respectively (Figure 22) A dip in the
abundance of the flagellate Synura uvella was respons1ble for the January decline and a -
collapse of the winter population of Astel lonella f01 mosa in February contrlbuted to the lower

brovolume for that month.

The Lake Lourse phytop]ankton communrty durmg the ﬁrst half of wrnter (December and -

January) was characterized by an increase in flagellated algae over autumn levels and moderate

blooms of two' species of diatoms, Astel ionella - formosa and Stephanodlscus hantzschii,
apparently under ice cover. During this perrod diatoms can be described as the dominant algal :
group in terms of density and/or blovolume ‘even though the biovolume of flagellates was -

slightly hlgher in December (Figures 23 and 24) A. formosa was present as 2,818 cells/mL in

December and 2,809 cells/mL in January. Since Asrerzonella was not collected in October,

those densities may be considered to represent a late fall / winter diatom bloom Moreover,

numbers of a small centric diatom, Stephanodzscus hantzschzz 1ncreased to a wrnter and vearly :

maxrmum of 2 OlO cells/mL in late January

At ﬁrst srght ‘the above dratom mcreases under ice present a puzzlmg phenomenon since
under ice cover there is typically no water turbulence and diatoms as well as most other algae, -
being shghtly heavier than water, depend on turbulence to remain suspe nded in the water. -
column. There is no possrbrlrty of ﬂotatlon under still conditions (ice cover) despite the :
stratagems algae employ to retard smkrng, such as oil droplets contained within algal cells

(dratoms) a large surface to Volume ratro sprnes and other means (Round 1965)

This apparent contradrctron may have been resolved upon the exammatron of the ﬁeld record

for the Lake Louise project. The mild winter of 1999-2000 caused an open-water area of

several acres to develop between the samplmg sites in December that remained relatively ice-

free for most of the winter. It was hypothesized that this expanse of open water was sufficient
to produce enough water turbulence in the vicinity of the sampling sites for dratoms and other 8

algae to remam in suspensron unt1l breakup of ice cover in the spring.

Flagellated (motlle) algae were under no such constramts and developed | as usual Major ‘

identified taxa in December and January were Chromulina spp., Synura uvella, and

Chroomonas sp., in order of abundance. Flagellates 1nclud1ng unidentified ‘taxa, maintained
con31stent rnonthly densities from December through February that ranged from 2,244 to 2,273

- -
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cells/mL. For those months, ﬂagellated algae cornprlsed from 27% to 53% of the total algae
(Table 21). ' '

By late February, dlatoms were replaced by ﬂagellates as the dominant algal group in the
winter plankton. This was not due to an increase in ﬂagellate numbers over January densities,
but the result of a steep decline in the diatom -species Stephanodiscus hantzschii and
particularly Asterionella formosa which dropped from 2,809 cells/mL in January to 9 cells/mL
on February 22, 2000, to increase slightly to 58 cells/mL on the last sampling date. In
February, a diverse assemblage of flagellated algae constituted 53% of total algae density and

77% of the biovolume. A yellow-brown colonial ﬂagellate Synura uvella, made up nearly 64%
of this volume in a small late Wmter algae populatlon :

The last sampling date of this survey in late March 1ndlcated a substantial increase in the algal
population from an annual minimum of 4 257 cells/mL in February to a mean of 11,251
cells/mL on March 21, 2000. Nearly 71% of this total and 92% of the biovolume was
composed of flagellated algae, primarily Synura uvella, which was present as a bloom of 4,992
cells/mL, accounting for 44% and 86% of the March algal density and biovolume, respectively.
Synura appears to be a cold-water form with an optimum growth temperature of around 5C and
high phosphorus requirements (Hutchinson 1967).  Diatoms, primarily Stephanodiscus
hantzschii at 1,620 cells/mL, comprlsed approx1mately 16% of total algal density and 7% of :

the biovolume in late March. ‘ Fra ‘



: Aduatic Macrophyte ‘Surzvey

The Project Coordmator and SD DENR Staff conducted an aquauc plant survey on

_August 17 and 18 of 1999. Submerged and ﬂoatmg vegetation was dense throughout“

most of the lake, while emergent vegetation was also abundant and covered

' ‘approximately 95 % of the shorellne Plant specres 1dent1ﬁed and thelr habrtat can be -
~ found in the following table. N » ,

i 5 Table 23. Aquatlc Plant Specres for Lake Loulse

Common Name Pt Genus_ ORI O Specles ’ - Habitat

~|Arrowhead ( Sagittaria - - latifolia - Emergent
 |CommonReed . Phragmites  australis - Emergent
“|Coontail BRI Cer\cﬁztophyllum“  demersum - Floating/
[T R RS RS : St . - Submergent
Dull-leaf Indigo SISES Amorpha - fruiticosa * Emergent
Flat-Stem Pondweed Potamogeton  zosteriformis . Submergent
_|Floating-Leaved Pondweed Potamogeton,: - natans - Floating/
AR R , : EEI - Submergent
 |Swamp Milkweed = Asc_leptgs " incarnata - Emergent
. |Flowering Rush ~ Butomus umbellatus - Emergent
~ |Green Bulrush L Scirpus. - alrovirens - Emergent
Lesser Duckweed ~ Lemmna - minor . Floating/
sl S R e R - Submergent
- [Narrow-Leaved Cattails ~~ Typha ~ angustifolia ~ ~ Emergent
Prairie Cord Grass =~ Spartina- ~ pectinata ~ Emergent
|Reed Canarygrass =~ =~ Phalaris =~ arundinacea  Emergent
- |River Bulrush ~ Scirpus . fluviatilis ~ Emergent
~|Sago Pondweed e Potamogeton . pectinatus i Submergent
~|Sand Bar Willow : Salix o exigua  Emergent
 |Sedge : : Carex - spp. - Emergent
- |Strawcolored Nutsedge Cypei us strigosus § Emergent
* |Smartweed  Polygonum  Pennsylvanicum Emergent
Swamp Smartweed Polygonum =~ coccineum - Emergent

Due to the narrow Wldth of the lake and extens1ve Vegetanon coverage, | all transects were
- completed from shoreline to shoreline.  Samples were pulled at approxrmately 50 meter
~ intervals along each transect. The most abundant submerged plants were coontail, flat-
- stem pondweed, and sago pondweed ‘Table 24 lists the density ratmg of each plant
~ species along with the lake depth and Secchi reading at each position. ' The density was -
~ rated according to the number of times that the plant was recovered at each position by
‘means of a plant grapple thrown four drfferent d1rect10ns A density of “5” rates the

- .species as dense while a “1” indicates that it was present but sparse at that location.

- Figure 27 contains a map 1nd1cat1ng the location of each transect. The sampling positions o
- begin at the northwest end of each line, labeled “A”. Subsequent sam; oles along the same

vy transect proceed along it to the south and east

sl

R .



Table 24. Aquatic Macrophyte Sampling;’l"} ransects for Lake Louise

Transect Position | Secchi Depth | Coontail [ Flat-StemPondweed -] - Sago Pondw eed
1 A 21 -6 4 - -
2 B pi 107 [T 7" -
2 A 2 6 T30 - -
3 B 1.8 7 2 1 -
3 A 16 6 4 2 1
4 A 13 5 5 1 2
4 B 18 8 - - -
5 A 17 4 g : 2
6 C 14 10 S : :

-6 A 1.2 4 4 3 4
6 - B 1.5 4 - - -
7 B 15 Z S R 3 3
7 A 1.7 4 5 - 3
7 ¢ 18 10 T i -
8 R 2 12 B 1 z
8 B Li2 10 1 -

8 C 2 5 3 2

9 Cc 2 7 R 1 -
9 A 2 10 1 - -
9 D 19 6 2 - 1
9 B 2 10 e - -

10 A 74 5 TET 1 1
KX B 1.9 8 1- 2 1
kil A" 1.7 6 2 - 3 -
12 A 23 16 1 - -
12 B 24 8 2 - -
13 D 2 B2 1 -
137 TR 24 4 5 : -
13 B 2 8 iy : -
13 Cc 22 9 - - -
14 A 21 12" - - -
14 B 2 11 - - -

14 Cc 2.2 18 - - -
14 D 2 15 - - -
15 A 26 5 3T 2 -
16 A 2.6 9 = - -
16 B 2 12 : - -
16 C 24 15 - - -
17 B 26 23 A - -
17 D 28 K -3 2 -
17 A 27 14 z - -
17 C 24 17 - - -
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The results of the aquatic survey indicate that coontail was the most abundant species
consisting of 51% of the plant material recovered. Flat-stem pondweed and sago
pondweed comprised 32% and 16% respeetively - The remaining percentage was
comprised of observed spe01es that were not collected such as ﬂoatmg leaf pondweed and

~duckweed..

The emergent vegetation that line the ‘s_‘horelihe of the lake consisted of a variety of

~ species with the major ones consisting of narrow-leaved cattail, sedge, bulrush, and

arrowhead. A variety of other less common species included prairie cord grass, sandbar

, w1llow common reed, and ﬂowermg rush that also inhabited the shoreline.

The flowering rush had previously been documented only at Lake Faulkton in South
Dakota. A small number of these exotics have become established at Lake Louise and
are thriving. Ongmatlng from Europe it was introduced to the Midwest as an ornamental
plant. It can grow as an emergent in shallow areas of a lake or as a submersed form in -
depths up to 10 feet. It often crowds out native species such as bulrush. (Canadian

‘Wildlife Service, 1999) Flowermg rush is spread over long distances primarily by people

who plant it as an ornamental. When initially established in a watershed, it spreads
locally by rhizomes and root pieces that break off and form new plants. Muskrats use
parts of the plant to build houses and contribute to its local spread. Boaters may transport-
flowering rush on their equipment. Flowering rush does produce seeds but studies
conducted by Bemidji State University 1nd1cate that seed viability is very - low.

(University of Minnesota, 1998)

Shore ﬁshmg access 1s l1m1ted by the dense stands of cattails and bulrushes as well as the
large amount of submerged vegetation lining the shoreline. ~ The coontail, sago
pondweed, and flat-stem pondweed have limited boating and fishing. During mid to late
summer, dense stands of these plants Virtually‘ close off access to sections of the lake.

The locations of the primary emergent species observed dunng the survey can be found
in Figure 28 on the following page. :
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Other Monitoring
Pacific Southwest Inter-Agency Commlttee Model (PSIAC)

The PSIAC model is an assessment tool de51gned to determine sediment loadmgs in large
watersheds that contain more than 50% grass and rangeland The model is based on
characteristics such as land use, croppmg practlces soil types, local climate, and stream
characteristics. A multidisciplinary team consisting of local and regional NRCS
personnel, staff from the Water Resources Assistance Program, and local coordinators,
conducts the evaluation. NRCS personnel in the South Dakota state office then generate
the report. The complete PSIAC report may be found in Appendlx A. ‘

PSIAC bases reductlon estlmates on expected partlclpatlon rates of BMP apphcatlon
These rates are broken down into three classes for low, moderate, and high involvement.
Low participation rates expect Best Management Practices (BMP) on 20% of the
rangeland and 10% of the cropland in the watershed. Moderate part1c1pat10n is based on
30% for rangelands and 15% for croplands High participation is based on 40% for
rangeland and 20% for cropland. These percentages are based on the 1mprovement of
range condition by a factor of one class, for example, from fair to good range condition.
Cropland percentages are based on improving crop residue as well as the addition of
buffer strips and other BMPs. Table 25 indicates the number of acres that could be
expected to be 1nvolved in BMPs to attaln the level of participation indicated.

Table 25 Acres in BMP to Achleve Partlclpatlon Rates

Acres in BMP ~
e Use‘ Total Acres _ Low Moderate High
Range 173,785 34,757 52,135 69,514
Cropland 26,947 2694 4,042 5,389
~Hay/Crop 12,154 0 0 0
Other 4,345 0 0 S0
-Acre sum 217,231 37.451 56,177 74,903 . -

PSIAC deals exclusively with sediment (suspended solids’ loads) but phosphorus loads '

‘may be linked to these loads. Phosphorus loads may be found in two primary forms,

attached and dissolved. Attached loads are calculated by subtractmg the dlSSOlVCd

portlon of the load from the total phosphorus load.
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s 2129 kg 1482 ko = 647 kg ofAttached Phospho: us

- : Equatlon 1 Attached Phosphorus Calculatlon ;
. :“ ,Total Phosphoz us — Dzssolved Phosphor us = Attached Phosphorus

""Medmme Creek. dehvers a total load of 2129 l\g of phosphorus to Lake Loulse annually
‘Of this, 647 kg (30%) is attached to suspended sohds The annual suspended solids load

- is°50,415 kg. Attached phosphorus (AP) loads were linked to suspended sediment loads

: fon Lake Lanier in Georgia and in the Chattahoochee River (Rasmussen, 2000). Loading
ratios of AP: TSS for Lake Lanier in Georgia ranged from .0025 to as high as .009, while
- the Chattahoochee River had a ‘value of .004. The attached phosphorus (AP) to
= suspended sediment (TSS) ratio for Lake Loulse is AP 012TSS |

i Equatlon 2. Attached Phosphorus Ratlo

| TotalAttachedPhospho: us 647kg : O 12
TotalSuspendedSolids , 50 415kg el

e Reducmg the suspended solids load w111 reduce the attached phosphorus load by an equal :

percentage. The total phosphorus load will be reduced by a smaller percentage, because
the sediment reduction will not affect the dissolved portion of the load. When this ratio is

- used with the reduced solids loads predlcted by PSIAC, reduction estimates can be
- calculated. Table 26 indicates the phosphorus reductions that can be expected when the -
. participation rates are met. Solids reductions vary from 4.1% to 7.3% for the highest

- participation rate. Phosphorus reductlons from rangeland and cropland BMP range from' :
”-31%‘[040% SREN : » ' '

a2 Table 26 PSIAC Phosphorus Reductlons

Partncnpatlon Rate |- Low‘ ’Moderateg }High

- % Sediment Reduction = | 4.1% 55% 7.3%

- Current Suspended Solids Load 50,415 50,415 50,415
Predicted SS with Reduction 48,348 47642 | 46,735

Ratio of Attached Phosphorus to SS +0.012 0.012 | 0.012

Current Total Phosphorus Load 2,129 2,129 2,129

Attached P after Reduction | 580 | 572 561

~ Total P after Reduction ~ ~ | 2,062 | 2054 2,045

% TP Reduction = | 31% - 35% | 4.0%

LeA
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Agrlcultural Non-Point Source Model (AGNPS)

In order to obJectlvely assess the 1mpact of the ammal feeding operatlons located within
the watershed, the AGNPS feedlot assessment subroutine was employed. A complete -
evaluation was conducted on all animal-feeding areas with a defined drainage to Wolf
Creek. Animal lots with drainages conﬁned to small areas and no defined discharges
were not rated during the assessment. Lots that were rated were assessed for a 25-year

24-hour storm event in the dramage area. ThlS is the largest event that waste systems in
the area are designed to handle. : :

The Lake Louise and Wolf Creek drainage aréé consists of ‘a very high percentage of
range and pastureland (86%) mixed with very little cropland (12%). Due to the high

percentage of grassland, a complete AGNPS model was not completed on the entire

watershed. The PSIAC model was used to assess rangeland and cropland conditions and

estimate sediment delivery rates. The subwatersheds contained a small number of animal
feeding operations (AFOs) that PSIAC was not capable of assessing. The AGNPS
Animal Feeding Operation Subrou‘une was used to assess each of those AFOs. Each
feedlot was numbered, linked to a subwatershed and then assessed to obtain an AGNPS

~ ranking number. The model was completed with a 25-year, 24-hour storm. eveént

simulation, which is the equivalent of a 4.1-inch rainfall event for this area. This event

~was selected because it is used as the de31gn event for constructing ammal waste systems

in the area:

There were 25 potential feeding areas that were identified from a visual survey conducted

during the summer of 1999. Many of the animal lots targeted for assessment were used :

for only a small portion of the year, often'as holding lots for calves prior to sale. Of the
25 lots, a complete assessment was completed on 24. Access to a single lot was not
permitted and no data was obtalned for it. There were 7 lots which received a ratlng of 0
for a variety of reasons; some were no longer being used, some did not receive enough
use to rate them, and in a few instances the lots were in a closed drainage system withno
discharge to the stream system. The remaining lots received rankings from 14 to 62.
Table 27 indicates the predicted phosphorus load originating from AFOs in each of the
subwatersheds that could be expected to discharge during a 4.1-inch rainfall event. The

, predlcted total phosphorus discharge from Wolf Creek is 735 pounds or 333 kg

Table 27. AGNPS Predicted Phosphorus ;Load.

,Subwatershed ' | AGNPS PredictedPhosphorus Load (Kg)
Wc2 | %66
WC-3 ~ ‘ 227
‘WC-4 L 12.2
~wecs5 - | R 201.8
65



s AA majorrty of the AFO phosphorus load appears to be orlgmatmg from subwatershed«

 WC-5. Of the estimated 735 pounds of phosphorus ‘approximately 60% of it originates
~ from this watershed. Table 28 represents each of the AFOs, their respective AGNPS

~rankings, subwatershed location, and predicted phosphorus discharge. They are listed

~ according to their predxcted phosphorus discharges. The five AFOs with rankings greater
- than 40, that are also located in subwatershed MC-5, represent 47% of the AFO predicted
- load. ‘Reducing the phosphorus dlscharge from those five AFOs would prowde the :
greatest beneﬁt to the watershed if the phosphorus dlschalge from them Is reduced. '

- Typlcally, in South Dakota AFOs Wlth rankmgs of 40 or greater contrrbute from 1% to
- 1.5% of the total phosphorus load. With this in consideration, it may be assumed that the

A ﬁVe AFOs previously mentioned contribute 5% to 7% of the total phoSphorus load.

“ ;Table 28 Feedlot Phosphorus Dlscharge in the Wolf Creek Water shed

o LotID# i AGNPS Ratmg Sub- wa{t‘ershed; Pmass@D:scharge i %ofTotaIPmass
o8 , 62 5 - 146.12 e 20%_

13 52 2 - .80.85 0 11%
12 47 5 76293 . 9%

9 e 46 2 ..59.2 ’ 8%

4 ; 47 LB . 49.02 - T%
3 . 45 5 44 .18 6%
20 43 5 44,01 | 6%
5 West 37 5 - 40.16 5%
o1 42 2 38.12 5%

| 18 East 0 5 3789 ; 5%

| - 15 East 0 -3 2715 ; : 4%
22 37 4 2897 4%

| 15West 33 3 . 2293 3%

T ‘ 30 2 ~19.48 3%
14 27 i - .15.58 - 2%

- SFEast . 23 -5 1498 2%

18 West 14 5 581 0 1%
2 ? 0 - 4 0 0%

6 : 29 5 0 0%
21 ' 0o 5 0 0%

1 0 4 0 0%
19 -0 .5 0 0%
16 0 LI (e 0 - 0%
17 : 0 5 0 0%
10 Not Rated -6 0 0%




Sediment Survey

The amount of soft sediment in the bottom of a lake may be used as an indicator of the

volume of erosion occurring in its watershed and along its shoreline. The soft sediment
on the bottom of lakes is often rich in phosphorus. When lakes turn over in the spring
and fall sediment and the nutrients in it are suspended in the water column making them -
available for plant growth. The accumulation of sediments in the bottom of lakes may
also have a negative impact on fish and aquatic invertebrates. Sediment accumulation ‘
may often cover bottom habitat used by these species. The end result may be a reductlon

in the drver51ty of aquatrc insect, snail, and crustacean spec1es

Due to a very short duration in the ice cover on Lake Louise, the sediment survey was
conducted from a boat. A total of 87 water and sediment depth measurements were
recorded. A spatial analysis could not be completed on the lake due to an 1nadequate’
number of data points in the lake. The sediment depths varied from 0.15 m to a
maximum of 2.3 m. The mean sediment depth was .97m with the 95% confidence
intervals between .85m and 1.07m. Water depths collected at each of these sites had a
mean depth of 2.8 m. The SD GF&P estimate for mean depth in the lake to be 2.7 m,
indicating that a representative cross section of water depths was sampled.  Lake Louise
had a total volume of 639,847m3 of accumulated sediment (Figure 29). There is a very
small amount of sediment moving through the watershed. The flux estimates calculated
that the annual load to the lake is. only 50,415 kg, or 30 m3 of sediment. The majority of
the sediment that has accumulated is a result of shoreline that collapsed as a result of
creating the lake. e

Elutriate samples were completed Wlth a Petlte Ponar and shlpped to the State Health Lab
for analysis. In addition to sediment, a volume of 3 gallons of water was collected at
each of the testing sites as well and was analyzed for the same chemicals as the sediment.
The results of the elutriate test completed on the lake were all negative. Table 29
indicates the various toxins that were tested for in the elutriate sample. \

Results from the elutriate and receiVing water tests yielded results below the detection
limit for all of the parameters that were tested for with the exception of lead, which was
detected at 0.1 ppb. The elutriate tests were conducted during the early part of a spring

~ with no runoff from the watershed. Some of the chemicals tested for have half lives that

are sufficient to maintain detectable levels throughout the year, while others are relatively
short lived and will persist in detectable quantities for only a few weeks. Late season
testing provides too much time for these short-lived chemicals to break down, rnakmg
detection difficult to impossible. Future tests may best be collected during the spring or

-early part of the summer after a runoff event has occurred.

Table 29. Elutriate Test Toxins for Lake Louise -

BB ’ Elutriate Test Toxins (none detected)
ALACHLOR - - . DIAZINON. - = ALDRIN -
~|CHLORDANE ' y i DDD R DIEDRIN - -
ENDRIN : - DDT : PCB
~|HEPTACHLOR DDE ALPHA BHC
HEPTACHLOR EPOXIDE . BETABHC ] MERCURY
TOXAPHENE : : HAMMA BHC LEAD
| 67
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‘ Quallty Assurance Reportmg

four sets of duplicates and blanks. The eight tributary samples had one: duphcate and

Quahty Assurance/ Quality Control (QA/QC) samples were collected for 10% of the
inlake and tributary samples taken. A total of 40 lake samples were collected along with

blank collected with them. Complete test results for duphcates and blanks may be found ‘
- in the following table.

The tributary duplicate produced very similar ‘results to the sample itself with. the only
notable exceptions being fecal coliform counts and total suspended solids concentrations.

The total suspended solids con51stently produced high percent differences for the inlake

samples. This may be attrlbuted to the low concentrat1ons (<lO mg/L) often found in the
samples. ' :

Field blanks taken durmg 1999 con51stently reglstered detectable limits of nutrients and

sediments. - This may be due to madequate rinsing of bottles. Another source of the
problem may have been the quality of distilled water. The local suppher changed brands‘

after the first of the year. This new supply of water may have been super1or in quahty
Table 30. Fleld Duplicates and Blanks

DATE Type - DEPTH - - iTALKA TSOL -iTDSOL :TSSOL :AMMO NIT‘ TKN {TPO4 i TDPO4 iFEC

SITE.
LL9 14-Oct-99 .- Blank SURFACE 7 6 14 1 002 {010 : 044°: 0002 : 0.004 : 10
LL-11 14-Oct99 - i Duplicate SURFACE 162 5425 510" i 6 001 1005170 | 0508 - 0425 . 10
LL1 i 14-Oct99 Sample - SURFACE 165 | 5531 510 - 14 001 1005 : 156 | 0528 | 0427 20
2% 2% 0% 80% 0% 0% | 9% 4% 0% 67%:|-
WC-9 i 09-Nov-99 ‘Blank SURFACE | <7 i 4. 1..<4 <1 <02 01 1 <14 10002 | 0009 : <10
WC-15 i 09-Nov-99 Duplicate SURFACE 136 2373 12303 8 0.01 0.05 i 0.67 :-0.059 : 0.018 20
WC-5 | 09-Nov-99 Sample . - : - SURFACE 138 2877 2311 9 0.01 0.05 :-0.73 i 0.059 i 0.017 30
1% i 0% i 0% 12% |- 0% 0% i 9% 0% 6% - i 40%-
LL-9 22-Feb-00 Blank SURFACE <6 io<b <4 <1 <.02 0.10 <21 i <002 i <002 <2
LL-11 § 22-Feb-00 Duplicate "~} - SURFACE ;- 184 6081 577 1. 0.01 005 ; 1.02 ; 0179 ;. 0.157 1
LL-1 - 22-Feb-00 Sample SURFACE - ;= 184 616 ;. 581 05 0.01 0.05 § 1.03 : 0172 i 0.154 1.
0% % 1% .1 67% 0% ;0% ; 1% 4% 1 2% 0%
LLg 21-Mar-00 ' ‘Blank SURFACE <6 9 .9 <1 <02 0.10 ; <21 § <002 | <.002 <2
LL-12 § 21-Mar-00 Duplicate SURFACE 169 . 567 1 531 8 0.01 0.05 i 1.05 ;0176 0.12 5
LL-2 1 21-Mar-00 - Sample SURFACE 171 569 - i 538 9 0011010 : 1.06 i 0173 { 0.126 5
1% 0% i 1% 12% 0% 67% i 1% 2% 5% i 0%
'kVLL-g‘ - ~12-May-00 BlankA BOTTOM <6 <6 8 <1 <02 0.10 ; <21 ; <002 ; 0.006 <2
‘L1 12-May-00 Duplicate BOTTOM i~ 177 560 540 7 -0.01 0.10 : 1.20 | 0.233 i -0.185 .
LL-1 12-May-00 Sample BOTTOM 178 1 566 542 6 i 001 005 | 1.00 ; 0238 | 0.206-
1% 1% 0% - 15% 0% ¢ 67% i 18% i 2% 11%
Average Percent Differhce 1% 1% 1% 37% 0%: 27%: 7% 2% 5%
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o “Publlc at Large

= k:: ,P‘ubiié Involvement and Coordination |

5 ,State Agencles

| dThe South Dakota Department of Env1ronment and Natural Resources (SDDENR) was
the primary state agency involved in the: completion of this assessment SDDENR

- ’provrded equrpment as Well as techmcal ass1stance throughout the prO] ect

The South Dakota Department of Game Frsh and Parks a1ded in the completlon of the
~assessment by providing use of their boat at Lake Louise. They also provided historical -
_information on the park and a complete report on the condition of the fishery in Lake

oy Loulse

Federal Agencies R

L 4The Envrronmental Protectlon Agency (EPA) prov1ded the primary source of funds for '

the completlon of the assessment on Lake Lourse

|

‘Hlstorrcal stream flow data for the watershed was provrded by the United States
o Geologlcal Survey (USGS). Sample data collected by USGS was also used in the ﬁnal s
report for the assessment R -

: rb'l,The Natural Resource Conservatlon Serv1ce (NRCS) provided techmcal ass1stance and
i completed the PSIAC portlon of the assessment

Local Governments, Industry, Env1ronmental and other Groups) and

‘ _The Central Plains Water Development D1strrct (CPWDD) provrded the sponsorshlp that

~ made this project possible on a local basis. In addition to providing administrative

sponsorship, CPWDD also provrded local matchmg funds and personnel to complete the
'assessment T r :

"The Hand “and Hyde County Conservatlon D1str1cts provrded Work space, financial |

. Lasswtance and aided in the completlon of the PSIAC report

i Pubhc 1nvolvement consrsted of 1nd1v1dual meetlngs with landowners that prov1ded a

~great deal of historic perspective on the watershed. A meeting with the local Kiwanis

- club provrded many of the area business owners with an opportunity to learn more about
: the prOJ ect and the water quallty of the lake :




Other Sour’ces of Funds

Matching funds came from several groups to complete the project at Lake Louise. Table
31 depicts the funding sources, the proposed budget from each of these sources, total
expenditures, and the percentage of the proposed budget that was utilized. In-kind match
came from a variety of sources such as office rent, boat use, supphes and volunteer labor
assisting in the collection of samples.

~ Table 31. Funding Sources and Funds Utilization

“Budget | Cash | InKind | % uiiized

Federal EPA319 | § 10142000 | 5 8767343 | 864%

Conservation

3340000 | § 3237217 | 96.9%
Commission LR o

Development District

Cottonwood Lake

1 9,091.00( $ 5850.00|$% 559.48| 70.5% ; |
Association i . g

>

Central Plains Water $’ 12,43050’0}i $ 13,625.00| % 1,400.’00 ’120’.90/10’ :
5
$

~Conservation Districts 12,691.00 | $ 6,875.00| $ 6,069.00f 102.0%

Aspeets of the Project that dldN ot Work Well

All of the ob]ectwes proposed for the proj ect were met in an. acceptable fashion and in a-
reasonable time frame. The number of tributary samples collected during the project was
considerably less than proposed. This was due to an unav01dable period of drought that

~ persisted throughout the project period.

Completion of the restoration alternatives ‘and final report for Lake Louise and Wolf
Creek in Hand and Hyde Counties was delayed until the completion of the final report for
an addltlonal lake and watershed that was completed under the same grant
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o Future'Activity Re‘c‘ommendationsﬁ ‘,

: A number of future act1v1t1es and concems need to be addressed in the Wolf Creek and,
Lake Louise watershed. The high concentrations of phosphorus and perlodrc discharge

“nature of the stream make it difficult to achieve the reductions that are requlred to adjust
the trophrc state of the lake to full support of its beneficial uses. Initial steps towards
: achrevement of this goal should be taken in subwatersheds WC 3 and WC-S only.

| t"fManagement steps taken here should mclude the BMPs listed below on 1,400 acres of
: cropland and BMPs on 18,000 acres of rangeland in subwatersheds WC-5 and WC-3.

~ Additionally, construction of five ammal waste management systems for the highest

~ ranking AFOs, in subwatershed WC-5 oonly, should be completed. Accompanying these

- practices informational and educational materials and meetings should be held to inform

the public of improvements and benefits of the program. As a margin of safety, BMPs

~ should be 1mplemented on 280 acres of cropland and 3,600 acres of rangeland in

, ~ subwatersheds WC-1, WC-2, WC-6, and those portions of WC-4 located downstream
ik ,from Lake Mrtchell Followmg isa lrst of potentral steps i

1. Animal Waste Management Systems :
-~ 2. Rangeland BMP L S .
a. Graz1ng and Rangeland Management "
b. Alternative Livestock Watering Sources
¢.  Windbreak/ Shelterbelt Estabhshment
3 Cropland BMP Hitonss 5 :
a. Grassed Waterways -
b. Crop -Residue Management
- c. Filter Strips ‘ g :
d. Integrated Crop Management
e. Conservation Crop Rotation
4, Informatlon/ Educat1on Program L

*,;Range and cropland BMPs will result ina 7 3% reduction in sedrment and a 4. O%

- reduction in phosphorus to Lake Louise. Further steps towards the 1mprovement of Lake
" Louise would include the installation of aeration equipment. BATHTUB predictions

~ estimate that a 29% reduction in ambient phosphorus concentrations can be achieved with
, aeratron of the lake to the sediment mterface

'i ~ The end result from these reductlons w1ll be a decrease in phosphorus loadmg from Wolf

 Creek by approximately 10% and a reduction in ambient phosphorus concentrations-in
- the lake by 36%. The resulting trophlc state will be sufficiently low: enough to partrally

i support the beneficial uses of the lake

'Future sampling activities should mclude collectlon of fecal coliform samples at the start

‘of spring runoff as well as the genetlc identification of their host anlmals of origin

T t(hvestock wildlife, or human). Sediment samphng times should be crrtlcally evaluated

»for this lake and poss1bly moved toa date durmg or 1mmed1ately followmg spring runoff
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~The Lake Louise — Cottonwood Lake WaterShed Assessment I?roject is the initial

fiphase of a proposed watershed-wrde restoratlon project. AqriCultural ncon-point

. source pollutlon specrflcally sedlment and nutrlents have been ldentlfred as sources

' of water quality lmpalrment in the watersheds of Lake Louise and Cottonwood Lake.
~ The South Dakota Department of Enwronment and Natural Resources (DENR) has
: prevrously relied on computer S|mulat|on to analyze non-point source pollution in
. agrlcultural watersheds ln South Dakota the most commonly used tool to assess
, agrlcultural non-point sources of pollutron has been the Agncultuua Nonpomt Source

i'(AGNPS) ‘model. AGNPS results have proved to be useful in watersheds that are

e predommantly cropland however, |t |s not well adapted for evaluatlng watersheds

that are prlmanly rangeland hayland and/or pastureland

. :Rangeland hayland, and pastureland account for approxnmately 70 percent of the

- total land use in the study area. The Pacn‘" ic Southwest Intelagency Commlttee

:,(PSIAC) sedlment evaluatlon method was determrned to be the most effective tool to
use in-an effort to determlne total sedlment loads and the secllment contrlbutlons
;from each of the dn"ferent agncultural Iand uses PSIAC is presently the only method
*avallable that is recognlzed as an evaluatlon tool capable of assessmg sediment

: loads from watersheds thh a Iarge percentage of rangeland. :

- :Phosphorus evaluatlons have been based on water quallty momtonng data that was
¥ ‘collected dunng the 1999 water year Total and dissolved phosphorus loads were
imeasured at various pomts throughout the Lake Louise and Cottonwood Lake
~ watersheds at the point of dlscharge |nto the Iakes and at the outlet of the lakes.
. The values for the dlssolved fractlon of the total phosphorus dellvered to Lake Lowse
~and Cottonwood Lake were 64 percent of the total phosphorus and 87 percent of the
total phosphorus respectively. The remalnlng portlons of the total phosphorus loads
"f_would be considered attached or secllment assomated. The values for the attached
portlon of the phosphorus conce}ntraftionsfwere compared to thei PSIAC sediment
: values. The phosphorus COnce'ntrations assoclated with sediment were based onan
; iaverage of the chemlcal analyses of phosphorus concentrat|ons found in the major

‘soil assomatlons

Phosphorus fert|l|zat|on is not a common practlce in the study area and was

Vdetermlned to be |n3|gn|f|cant when compared o the naturally occurrmg phosphorus

"concentratlons in the soil. The ratlo of dlssolved phosphorus o total phos .phorusy
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indicates that sediment associated 'phosphorus is not the major source of the
phosphorus reaching the lakes. Further assessment of the watersheds is needed to

|dent|fy other possrble sources of phosphorus
PROJECT SETTING

The Lake Louise — Cottonwood Lake Wate’rshed Assessment study area is located
in central South Dakota (Figure 1) and is part of the James River Lowlands in the
Central Lowland physiographic d|V|s10n The Central Lowlands region in eastern

South Dakota is an area profoundly mﬂuenced by the most recent glaciation. Natural

drainage systems are poorly developed, an_d numerous lakes and wetlands occur on

the landscape. The large number of “pothole” wetlands typical of the Prairie Pothole

Region characterizes the northeastern part,of South Dakota. The study area is

located in the western extent of this regiOn : Typically, major streams flow from: north

to south. Very flat slopes characterize the low-lying areas of the James River

Lowland

The study area is located in two Major Land Resource Areas (MLRA) 53C and 55C.
The Watershed Assessment proiect covers 635,275 acres of drainage area in four
counties, Hand, Hyde, Faulk, and Spink (Figu‘re 1). Lake Louise is located in Hand §
County and Cottonwood Lake is located “in Spink County, South Dakota. The
sediment and nutrient Ioads',from;agricult‘ural ‘non-point sources in the study‘area
have been identified as the major sources contributing to the impairment of the

designated beneficial uses of the lakes. |
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" FIGURE 1

~ COTTONWOOD LAKE & LAKE LOUISE WATERSHED

FAULKCO. |

" SPINK ¢O.

SULLY CO.

62, 2%5 Acreénf. g |

Mil‘ler :

| :itribUtary stream in the respective 11:—'digit ‘hy‘d:rcilogic unit (Figur{=

Total hcjr:es.;r 635275

‘HUC # 1@160@09 :

HYDE £O. ~ HanDdo. |
L o200 | Mil

f‘?WA;I'ERSHED ASSESSMENT ~

tThe Lake Louise and Cottonwood Lake Watershed Assessmen

es

t study area was

‘d|V|ded mto sub—watersheds to determlne relatlve contributions of sedlment delivered

samples were collected in only the Medlcme Creek (Cottonwood

: ‘,from eachf area, Flve s,ub—watershedswere identified and ndmed for the major

1). Water quality
Lake) and Upper

~Wolf Creek (Lake Lowse) sub-watersheds The sub- watershed boundaries ‘and

f'.acreage ‘were determlned using exustmg Geographlc Informatlon System (GIS) data

 (Table 1)
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Medicine Creek drains the 1’61,41‘3-,acre; Cottonwood Lake watershed. The creek
begins in Faulk County, itr’avels«eaSt thro’ugh“the northeast part of Hand County and
dischargesinto Cottonwood Lake in Spink County The Cottonwood Lake watershed
includes 63,387 acres in Hand County, 78 366 acres in Faulk County, and 19,660

acres in Spink County

Upper Wolf Creek is the major trlbutary in the drarnage network of the Lake Lourse
‘watershed. It originates in the hills of Ree Herghts in eastern Hyde County There
are 217,231 acres in the Lake Louise watershed 181 605 acres rn Hyde County,
34, 279 acres in Hand County, and 1,347 acres in SuIIy County :

Lost Creek, Schaefer Creek Lower WoIf Creek and North ‘Wolf Creek drarnages
converge below Lake Louise. = This 256 631 acre drarnage area does not directly
contribute to erther Lake Louise- or Cottonwood Lake; however, it has been mcluded in
this watershed mventory and evaluatron as part of a more comprehensrve assessment of

resources in Hand County

TABLE 1

Cottonwood Lake and Lake Louise Watershed Assessment Study Area
. GIS Acrages Generated from 1:250,000 11-Digit Hydrologic Unit Data

08/17/99

Medicine and Campbell Creeks 161,413 acres
(Cottonwood Lake) , ’ ey T -
Faulk County : ' - 78,366 acres
| | 83



- Hand County > .':i “‘ 63,387 acres
~ Spink County . 19,660 acres

"»Upper Wolf Creek i | R 217,231'ajc‘:res
4 ',(LakeLouise) TR E s B ‘ ‘
e Hand County ~ ]‘_-' : : 34,279 acres
 HydeCounty .~ 181605acres
~Sully County - ﬂ;f ’ & b 1, 347 crcres

' ,No",r“thWolf and Lower Wolf Cre:ek’sif_? Ry - 105,700;ajcres
~ HandCounty =~ 103,163 acres
Spink County % T 2,537 acires

»'!Schaefer and Matter Creeks 88,695 acres
| Hand County R 88,605

“’Lost Creek B i pe U 62,236 acjres ‘
! ~ Hand County : o 5 . 58,409 ac;res
Hyde County : a 3,827 acres

 LAND USE

Agricultu‘r'e is the principal economic Eactiyity in'the study area. ‘Production of small
t grams corn, “sunflowers, soybeans hay, and rarsmg beef cattle are the major

E enterprlses in the watershed

~Approxrmate|y 69.6 percent of the study area has some type of permanent vegetative
‘1 cover Large acreages of rangeland and mterspersed tracts of pasture hayland and

”‘.‘Conservatron Reserve Program (CRP) occur throughout the study area.

—j*CropIand comprises about 28.4 percent of the area. The most common cropplng
s ;sequence is a rotation of corn, soybeans and small grains. Approxrmately 70 percent
~of the cropland acres have some form of reS|due management (greater than 15

3 »percent ground cover after plantlng) or are managed using mrnlmum till or no-trll

B O O N O NN By B B B B S BN T B B B BE .
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conservation tillage systems. Only afsm'éllhércentage of the cropland is designated
as Highly Erodible Land (HEL). Wind 'eros'ion is the preddmina’ntvtype of erosion
associated with }Cropland in the study y'are'ka Water erosion is a minor resource
concern due to the flat slopes and relatlvely low amount of annual precrpltatlon Any'

significant water erosion is assocrated wrth the mfrequent Iocalrzed thunderstorms

¥

‘that are of high intensity but short duratlon

TABLE 2
‘ LAND USE
(Acres)
= TOTAL ; .
SUBWATERSHED ACRES RANGELAND CROPLAND HAY/CRP’ OTHER . :
Medicine Creek 161,413 80707 s2703 24773 3230
(Cottonwood Lake) : i o ) i
Upper Wolf Creek 217,231 7385 0 26947 12,154 4,345
(Lake Louise) R
North Wolf Creek 105,700 42280 52,100 9196 2115
- Schacfer Creek 88,695 3217 28648 5055 1775
 Lost Creek 62236 3132 1984 3825 1245
TOTAL 635275 387331 180231 55003 12,710

OTHER includes roads, raiquad-right-of-\vay, farmsteads, and urban areas.
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4 t,E‘V:ALUATlON METHODS
g Sedlment |
; }The Pacrflc Southwest Interagency Commlttee (PSlAC) sedlment evaluatron method
f'f:was developed as the result of an rnteragency cooperative effort to assess the
"~f.1average annual sedrment yield from watersheds larger than ten square mrles
§ PSIAC evaluat|ons quantlfy and charactenze the watershed sedlment yield at a
b ;downstream delrvery pornt based on nlne physrcal features wrthln the watershed. lt
‘i'jls a method rntended for use as an ard to develop and support broad based resource
‘,:plannlng strategres No other method lS currently ‘available to use as a raprd
eassessment tool for evaluatrng sedlment yleld at the watershed Ievel Sediment
: surveys and monltonng studies would requrre more mtensrve long term, and costly

'mvestlgatlon procedures

;,The Natural Resources Conservatlon Servrce (NRCS - formerlv Son Conservatlon
'f;Serwce) Midwest Natronal Techmcal Center sedrmentatlon geologlst approved the
use of the PSIAC method of sedrment yreld evaluatlon in South Dakota (1993).
: PSIAC evaluatrons correlate well wrth measured results from hlstorlc sediment
_’surveys United States Geologrcal Survey (USGS) gage statlon data and other

” sedlment data prevrously collected by vanous agencres in South Dakota 'NRCS has

gbused PSIAC to evaluate sedlment yreld from agncultural source< for the purpose of
8 :broad based resource plannlng |n nver basrn studles watershed plans and resource

: 'assessment reports

‘:PSIAC has prevrously been used |n South Dakota by NRCS to evaluate sedrment
: 'Ioads for the following pro;ects S

' . Little Mlnnesota Rlver Blg Stone Lake Watershed PrOJect (1995)
L Lower Bad River — Rlver Basm Study (1994)
| ”i Upper Bad River — R|ver Basrn Study (1998)
>T Upper B|g Sloux — River Basrn Study (1999)
.  Medicine Creek Watershed Assessment Report (1999).
i Bear Butte Creek Watershed Assessment Report (1999).

Grand River Watershed Assessment Report (1999).
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Phosphorus

The PSIAC sedlment evaluations included three sub-watersheds that are not located

in the drainage»areas of Cottonwood Lake or Lake Louise. These sub-watersheds
(North Wolf, Schaefer, and Lost Creeks) were included in the sediment eVaIuations
however no water quallty sampllng was done in these sub-watersheds. Phosphorus
concentrations were identified as a resource concern for only the watersheds of Lake

Lourse and Cottonwood Lake.

Seven water quality-monitoring siteswere established along Medicine Creek-in the

- Cottonwood Lake watershed and six sites were located on Upper Wolf Creek in the

Lake:Louise watershed (Figures 2 and :3).~ 7V\4lfater quality samples were taken during

the 1999 water year and analyzed for lva’rious physical and chemical properties,

which included total and dissolved phosphorus.

PhosphOrus'concentrations in soil e‘Xist as both' organic and inorganic chemical
compounds. The amount of phosphorus present varies depending on the sorl parent
material, texture ‘and/or management factors 'such as rates of phosphorus,
fertilization and cultivation practlces Sorl samples taken from the major soil
associations in the study area have. an average phosphorus concentration of 1.8

pounds of total phosphorus per. ton of soil.

Phosphorus transportatlon both dissolved and attached is similar to sediment
transport - Phosphorus is- elther dissolved or in particulate form attached to soll
particles. Phosphorus losses are assomated with surface runoff and soil erosron,
Very little phosphorus is removed from the system through the process of Ieachrng ‘
and none through volatilization. Phosphorus measurements taken at the inlet of
each lake were compared to the ,respeCtive PSIAC values for sediment delivered
from the watershed The ratios of"“attaChed to dissolved” phosphorus were
determined from the chemlcal analyses of the water samples collected for each of
the sub-watersheds. Thesemeasured concentratlons reflect the total phosphorus

delivery from the watershed.

~ PSIAC EVALUATION

Each sub-watershed was evaluated separately to determine the aVerage annUaIk

, sediment yield dellvered ‘to the downstream point of discharge into Lake Louise,

‘Cottonwood Lake, or another watershed.  An interdisciplinary planning team

(Appendix A) evaluated the, nine factors used in the PSIAC me‘t'hod,to determine -
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sedi‘ment yield The physlcal features evaluatedare' surface geology, soils, climate,
runoff topography, ground cover, Iand use and management, upland erosion, and
: ’channel development and sedlment transport ~The sediment yreld characteristics of
' ‘:each factor are evaluated and’ then assngned a numerlcal value representing the
"relatlve srgnlflcance in. the sedrment yreld ratlng The sediment yreld rating is a sum

" of the values for each of the nine factors

Each of the nlne factors has a palred mfluence with the exceptlon of topography
E:Surface geology and sorls are drrectly related that is, the parent material” (the
‘f?:geologrc formation in which the sorl formed) determrnes the soill c,haracterlstrcs The
other factors that lnfluence each other are clrmate and runoff; ground cover and
land use and upland erosnon and channel development Ground cover and land
use can have a negatlve mfluence on sedlment productlon The qround cover and/or
land use impact on sedrment yleld |s therefore |nd|cated as a negatlve value when

“affordrng better protectlon than average

: Land treatment measures used for ‘erosion and sedrment cowtrol will affect the
followrng factors runoff, land use and management ground cover upland erosion,
and channel development and sedrment tmnsport The other factors are related to

~ the physrcal characteristics of the geographlcal area and do not change W|th land use

' or treatment

5 ;Efforts to reduce erosion and sed|ment procluctron can be measured ona watershed

: baS|s by comparing the ex:strng condrtrons agarnst the expected changes in one or

» fmore of the PSIAC factors that relate to the proposed land treat ment An example

would be the changes expected when 20 percent of the present rangeland condltron

is |mproved by one condition class. Thls actlonwould reduce run‘off, improve ground,

' ;cover improve the level of land u‘se and‘ management and can affect upland erosion
and channel development The total effect |s measured as a percent redUctlon of
‘ kdehvered sediment in the present condrtlon compared to the expected change in

'sedlment delivered after the ldentlfled conservatron measures are |mplemented

_ PSIAC EVALUATION FACTORS

88
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Surface Geology

‘The general geology of MLRA (Major Land Resource Area) 53C and MLRA 85C is a

result of the dlfferent periods of glacrat|on that occurred during the Pleistocene. The
surface geology of the study area is glacral t|II with |solated areas of sand and gravel

deposits.
Soils
The majority of the soils in the study "area are nearly'level to 'gently sloping -or
undulatlng loamy sorls formed in gIacraI till or melt-water deposﬂs Rolling to hilly

soils formed in mixed materlals are present in significant. amounts in the Medlcme k

- Creek sub-watershed, but occur only as a minor component in the rest of the sub-

watersheds.

Climate

The climate of central South Dakota is sub- humid and continental, characterized by
large seasonal fluctuatlons in temperature moderate to hlgh relative humidity, and
frequent high winds. Recurrlng periods of drought or near drought conditions are
common. Less frequent. perlods ,of short duration can vyield higher than normal
amounts of precipitation. The average annual precipitation is 18.6 inches with 75
percent occurring during the period April to September, which is the growing season
for most of the crops raised in this area'.;The'kgrowing season ranges from 115 days

to 130 days. The average last killing frost occurs in mid-May and the first killing frost -

- generally occurs in mid-September. Seaso’nal flUctuations in temperatures range

from well below zero in wmter to 100 + degree days in July or August Many freeze-

thaw events occur in the fall and early spnng
Runoff

Precipitation and runoff rates in South Dakota differ annually and with season and
location. Storms are generally of moderate intensity and short duration, and

localized thunderstorms  of high‘ intensity and short duration are common.

i Appro)(imately:70‘percent of runoff occurs as a result of snowmelt and rainfall in the
spring and early summer. The study area is located in an area that the U.S.
“Geological Survey has designated as Hydrologic sub-region B which has a moderate

~ rating for runoff ‘There are scattered wetlands throughout the study area. Upper

Wolf Creek is the only sub-watershed that has S|gn|flcant wetlands affecting runoff
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4 ,,’,Topography

‘The study area lres in the James Rlver Lowland section of the Central Lowland
,fPhysrographrc D|V|S|on The generally flat slopes of the praule charactenze the
?topography of the study area with I|ttle Iocal relref in the low rollang hills and stream

j '7channels Elevatrons range from 2, OOO feet mean sea level (msl) n the Ree HI||S of

'the Upper Wolf Creek sub-watershed to about 1 350 feet msl in the Medicine Creek :

“ 'sub-watershed

: ,Ground Cover :

Ground cover is descrlbed as anythlng on or above the surface of the grouncl WhICh
P ‘alters the effect of precipitation on the s0|l surface and soil proflle lncludecl in this
, jfactor are vegetatlon lrtter and rock fragments A good ground cover acts to
‘dlssrpate the energy of rarnfall before it strikes the soil surface, dellver water to the
soil ‘at a relatlvely uniform rate, |mpede the overland flow of water and promote
rnflltratron by the action of roots wrthln the sorl Conversely, the absence of ground
cover whether through natural growth hablts or the effects of overgrazrng tillage, or

8 frre Ieaves the land surface open to the worst effects of storms.

'»leferences |n vegetatlve type have a varrable effect on erosion and sediment yreld
~even though percentages of total ground cover may be the same. For instance, the
h sod formlng short grasses can have vastly different rates of runoff from the same

jrange sites when compared to the mtermedlate/tall grasses. The sod forming

,grasses whlch have a shallow, dense root system have a Iower rate of mtrltratron

- and therefore hlgher rates of runoff The mtermedrate/tall grasses have a deeper

: i,root system that promotes a greater rate of mfrltratron and less runoff Even though
Vfthe ground cover is effective at both S|tes there |s the potential to impact sediment

;yleld off-S|te due to the dlfferences in amount of runoff and rnfrltratlon
‘fLand Use and Management

t ;The use of Iand has a widely varlable lmpact on sedrment yield, dependrng Iargely on
:the suscept|b|l|ty of the soil and rock to erosmn the amount of stress exerted by
;clrmatlc factors and the type and lntenS|ty of use. In almost all,lnstances, the land

'use‘eith‘er rernOVes or reduces the amount of natural vegetative cover, which in turn

_ affects the varied relationships within the environment. In certain instances, the loss



or deterioration of vegetative cover may have little noticeable on-site impact but may

increase off-site erosion, an effect of a higher volume and an acceleration of runoff.
Upland Erosion

Upland'erosion ooccurs on sloping watershed lands beyond the confines of Valleys. t

Sheet erosion, which involves the removal of a thin layer of soil over an extensive

-~ area, is usually not visible to the eye“* This erosion type is evidenced by the

formation of rills. Experience indicates that soil loss from sheet and rill erosron can

be seen if it amounts to about five tons or more per acre.

A gully is defined as a small channelwnh steep S|des caused byerosion-‘ from
concentrated but intermittent flow of,water usually during and immediately following
heavy rains or after ice/snow melt. Significant gully erosion contributing to sediment
loads is evidenced by the presence of numerous raw cuts along the hill slopes or
areas of concentrated flow and sediment deposition in gently sloping or nearly‘ level

cropland areas. Deep soils on moderately steep to steep slopes usually provrde an

environment for gully development

Downslope soil movement due to slumping or mass wasting can be an rmportant

factor in sediment yield on steep slopes that are underlaln by unstable geologic .

: formations

Wind erosion from upland slopes and thye deposition of the eroded material in stream
channels can be a significant factor. The material dep03|ted in channels is readrly

moved by subsequent runoff Wind erosron is the major source of sediment from

cropland in the study area.

Channel Erosion and Sediment Transport

' Channel erosion and sediment transport are a function of the drainage network that

has developed within the watershed. A healthy, well-developed drainage network .

~ will efficiently transport “normal’ sediment loads. Networks thatare healthywill_

transport runoff and sediment loads with no adverse effects from incised channels or

- floodplain degradation. Drainage networks that are unstable have channels that are

down cutting and producing sediment loads that cannot be handled by the channel -

system. Poorly- developed dralnage networks characterlze areas that serve as ;

natural sediment retention basins.

PSIAC RESULTS
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' 'jThe mventorred sub-watersheds had a sedrment production range of 0.48 tons per

acre for the Upper Wolf Creek sub—watershed (Lake Louise) to 0 87 tons per acre in

: the Medrcrne Creek (Cottonwood Lake) sub-watershed The three other sub-

8 ;watersheds have approxrmately a 0 6 tons per ‘acre sediment delrvery rate. The

tlower sedrment delrvery rate of the Upper Wolf Creek sub—watershed can be

| attrlbuted to the large number of ponds wetlands and water spreadrng -dike systems

£ r{wnthln the drarnage area that act as sedrment traps Lake Mrtchell is also located in
f,the watershed and mfluences the amount of runoff from the upper third of the Upper

‘..Wolf Creek drarnage area

TABLE 3

PSIAC SEDIMENT lDELIVERY RATE

(Tons/Acres)
» TOTAL |
SUBWATERSHED ~ ~ ACRES .. TONS/ACRE . TONs
" Medicine Creek CelA13 o7 | 140,430
- (Cottonwood Lake) - i v j §
. UpperWolfCreek 217231 - o048 104270
..~ (Lake Louise) B g ST :
© NomhWolfCreek 105700 . 063 = 66,590
. SchacferCreek 88695 . 06 ' . B20
© LostCreek @23 . 06 37,340
 TOTAL o oesas | 401,850

: ;The PSIAC sedrment delrvery rates for the study area compare weII with a 19(39 SCS
lﬂ-"(NRCS) sedrment survey completed on chhmond Lake in Brown County South
: :Dakota chhmond Lake is looated approxrmately 65 miles north of Cottonwood Lake
‘and has a drarnage area of 73.5. square mrles (47 040 acres). 'I' he Richmond Lake

. :watershed and Cottonwood Lake watershed have similar geology, soils, olrmate
E ftopography, hydrology, and land use Durlng the 32-year interval from 1937 to 1969
f ‘measured sediment accumulatrons |n the Iake amounted to an average annual 1.1
’f"‘vvtons per acre of sedrment delrvered from the chhmond Lake watershed. Thrs
“ Vcorrelates closely to the PSIAC sedrment clel|very rate of 0.87 tons per acre in the

Cottonwood Lake watershed




SEDIMENT EVALUATIONS

PSIAC evaantions of the sub-watersheds 'estimate the sediment yield from all
sources delivered to the mouth of the drarnage area. Additional analysrs is needed in
order to apportion the sediment load among the different Iand use types and to
develop land treatment strategies. Each sub-watershed was mventoned for the land
use (Table 2, Page 5) and sediment contnbutlons were determrned for each type of
land use (Table 4). ' | |

- TABLE 4

PRESENT CONDITION SEDIMENT

SUBWATERSHED ACRES - RANGELAND CROPLAND HAY/CRP
-  (TONS) - (TONS) (TONS)
Medicine Creek 161,413 62780 70,070 7,585
(Cottonwood Lake) - ' I S .
Upper Wolf Creek 2731719920 20,110 4235
(Lake Louise) S s Bl : i
North Wolf Creek . 105,700 - ‘20,160‘ 44,265 - ‘ 2,165
Schaefer Creck T 88,695 25630 - 26,280 1310
“Lost Creek ' © 62236 18190 18.175 975
TOTAL : 635,275 S 206,680 178,900 16,270 -
TOTAL SEDIMENT SR ‘ 401,850 TONS

In each sub-water‘shed the acres of ‘rangeland were divided into four condition-
classes; excellent good fair, and poor rn order to assess reduction in sedlment yield
with improved range condltron (Table 5). Rangeland in excellent condition has 76 to
100 percent of the original native vegetatron consrstrng of the most desirable

perennral forage plants Native Iegumes and other desrrable forbs are usually‘ o

present. Good cond|t|on rangeland has ab1to75 percent mixture of orrglnal native

' vegetatlon Some legumes and forbs may be present. Farr condition rangeland is

charactenzed by a 26 to 50 percent mrxture of orrgrnal natrve vegetatron some‘

; ;legumes may be present but most of the forbs that occur are the less desrrable
mcreasers or invaders. Overall vegetatron appearance is shorter and the amount of f

) bare ground generally is mcreasrng Poor condrtron rangeland vegetatlon has less
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than 25 percent of the hlghly palatable desurable perenmal plan

mcreasers compnse the majonty of the vegetatlon

ts.'

Invaders and

PRESENT CONDITION RANGELAND

(ACRES)
RANGE CONDITION CLASS
: 35 . (ACRES)
I RANGELAND - . , ,
 SUBWATERSHED ACRES . POOR '~ FAIR GOOD EXCELLENT
e (Acres) o (Acres) . (Acres) - (Acres)
Medicine Creek 80,707 40353 . 32282 4,036 4,036
- (Cottonwood Lake) k et :
 UpperWolfCreek 173,785 34757 95582 26,068 17,387
.. 7:(Lake Louise) . i ‘ ‘ s :
North Wolf Creek 42280 12684 | 23254 428 2,114
 SchaeferCreck 53217 . 1001l 30866 7,983 4257
0 LostCreek - 37342 7468 . 22405 3734 3,734
TOTAL 387,331 105373 . 204,389 46,049 31,528

?’The sedrment productlon from the dlfferent range condrtron classes was

v fdetermlned for each of the sub watersheds based on standard NRCS procedures

V“.from the Engrneerlng Fleld Manual for South Dakota Chapter 11, Amendment
n 1 5 (Table 6)
§T~ABLE 6
PRESENT CONDITION RANGELAND SEDIMENT
: 5 (TONS)
" RANGELAND FRtEE  RANGE CONDITION r"LASS
. o e O BN ,j, , (TONS) :
SUBWATERSHED ' ACRES ~ POOR ~~ FAIR  GOOD  EXCELLENT
o : & (Tons) . (Tons) (Tons) : ;(Tons)
© Medicine Creek 80,707 53,7:,:360;';{,‘ Sooo21910 2010 1210

07
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(Cottonwood Lake) - 4
Upper Wolf Creek - 173,785 20220 45,480 9,670 4345
(Lake Louise) . : i - .
North Wolf Creek 42,280 7,780 10465 1,390 635
- SchaeferCreek -~ 53217 6,690 14990 2820 1275
Lost Creek g 37,342 4,960 ] 5 10915 1.325 1,120
TOTAL - 387,331 77,010 - ‘ «103,760 17,215 8,705
TOTAL SEDIMENT FROM RANGELAND 206,680 TONS

"The cropland was d|V|ded into four categorles based on residue after planting:

less than 15 percent greater than 15 percent but Iess than 30 percent greater

“than 30 percent but less than 70 percent and greater than 70 percent The

county averages for the different ~resrdue management systems. Were used to

prorate the acres for each category in the sub watersheds (Table 7).

TABLE 7
PRESENT CONDITION
CROPLAND PERCENT RESIDUE
DL . (ACRES)
SUBWATERSHED ACRES <15 % L >15% <30 % >30 % <70 % . >0 % : :
: - ! ) ‘(Acres) : (Acres) (Acres) - ‘(Acres) - .
Medicine Creek 52,703 17,333~ 15,621 11,646 . 8,103 ..~
. (Cottonwood Lake) . ¢ : .
Upper Wolf Creek - - 26,947 6,591 7.073 8.476 4,807
(Lake Louise) e : :
" North Wolf Creek 52,109 14,643 15200 14,267 799
Schaefer Creek 28,648 8,050 . 8.357 7844 4397
Lost Creek - 19,824 5,527 5747
5,477 - 3,073 B TR _ .
: 52,144 51,998

TOTAL - - 180,231

47,710 28,379

Usingv the Revised Universal Soil Loss' EquatiOn (RUSLE)‘,k erosion rates were

calculated for each of the residue management levels. Sediment, yields ‘were
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| ['gEgTAB;LE 8‘

PRESENT CONDITION CROPLAND SEDIMENT

‘ (TONS) |
SIS CROPLAND . PERCENT RESIDUE _
SUBWATERSHED ~ ACRES  ~<I5%  >15%<30% >30% < 70% >70%
[ : : t(Tons) » TR (Tons) § (Tons) (Tons) - -
 Medicine Creek 2703 26000 1sms 8.735 4005
- (Cottonwood Lake) ‘ ‘ S AT . i B g
- Upper Wolf Creek 269476590 5660 | is.éssl 1780
.. (Lake Louise) : R L R [ i
CNomhWolfCreek 52100 21965 15240 10700 2610
Schacfer Creek Coaseds 120 10030 5885 1550
LostCreck Co1om4 820 6895 4.110 1.090
 TOTAL 180231 75070 s9030 33770 11,035
TOTAL SEDIMENT FROM CROPLAND 178,905 TONS

: STRATEGIES FOR SEDIMENT REDUCTION | | , ’
‘There are -numerous comblnatlons of conservat|on practlces that can be used to

."reduce sedrment The measures that are used for erosion and 'sedrment control

in South Dakota may be claSS|f|ed by purpose into several tgrOups” 1) To

jlntercept and/or conserve m0|sture 2 ) To mcrease |nf|ltrat|on capacrty, 3.) To
’k'freduce or ellmlnate stress on exnstlng cover 4)) To preserve existing cover
- regarded as adequate orin the process of becomlng adequate wrth time; 5.) To
: *Alncrease the protectlon of the s0|l by a change in the type as well as denSIty of

: vegetatlon

'«As part of the assessment for the Lake Lou:se - Cottonwood Lake study area

’;'four dlfferent levels of resource management practlce appllcatlon were assessed.

: The f|rst level con3|dered was the contmuatlon of ‘present condrtlons with no

addltlonal “special prOJects or. fundmg for sedument and _erosion control
ifconservatlon practlces (Tables 3456and 7) Three other levels of
(Tconsnderatlon (low, moderate hlgh) were based on an mcrease in the total
‘:number of acres with |mproved rangeland grazmg management and/or cropland

‘VjﬂreS|due management for erosion and sedlment control The Iow moderate, and

: hlgh levels of part|C|pat|on were selected to represent a reasonable expectation
of change |f there were an attempt to mcrease the level of resource management

'appllcatlon A comparison between thedlfferent Ievels of landowner

k partICIpatlon provides a guide to theexpected' decrease in sedirnent versus the
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number of acres that would need to be treated to achieve any goals set for

- sediment reduction.

PRESENT CONDITION

If there are no significant changes' in the present land use and -on-going
conservatlon programs remain funded at the present level there will be no
srgnlﬂcant changes in the amount of sedrment produced |n the watershed

Range cond|t|on will probably remam as is, wrth no long term trend elther up or

~down. Presently 30 percent of. the rangeland is under some type of range

management. Crop residue management trends indicate that there is an annual
increase of approxmately two- percent in the number of acres that change to a
higher level of residue use. ApprOX|mately 70 percent of the cropland acres

have some level of residue management at this tlme ‘Since the majonty of the

land use is rangeland the rncrease in reS|due management will not significantly

affect reductrons in total sedrment

LOW PARTICIPATION RATE

The low level of participation is an estimate of sediment reduction that can be
expected if 20 percent of the rangeland in the watershed is managed to improve

these acres one condition class. Typical range management practices would

“include grazing distribution, proper grazing use, and prescribed grazing systems.

The sediment reduction in the Medicine Creek sub-watershed (Cottonwood. Lake)
would be 5.2 percent from rangeland (Table 9) or 2 3 percent of the total
sediment. Ioad The Upper: Wolf Creek sub watershed (Lake Louise) would have
a sediment reduction of 4.7 percent from the rangeland (Table 9), a,reductlon in

the total sediment of 3.6 percent

‘Sediment reductlon from the cropland acres was based on 10 percent of the

cropland acres increasing resrdue management by one level. Typical
conservatlon practices that could be used are changes from conventlonal tillage
to mlnrmum or no-till, changlng cropping sequence, or establishing a permanent

vegetatlve cover. The Medrcme Creek sub- watershed (Cottonwood Lake) would

have 4.0 percent reduction in sediment from the cropland (Table 10) and a 2.0

percent total reduction of ~sediment. In the Upper Wolf Creek sub- watershed
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f:(Lake Lourse) there would be a 2. 6 percent reductron of sedlment from cropland

, (Table 10) wrth an overall reductlon of O 5 percent

MODERATE PARTICIPATION RATE

fThe moderate part|C|pat|on for rangeland'was assumed 1o be increased

~_management on 30 percent of the acres resultlng |n an rmprovement in the -
~range cond|t|on one condltron class Medrcrne Creek (Cottonwood Lake) would_
have a7. 8 percent decrease from rangeland (Table 9) and a 3 5 percent total

;reductlon The Upper Wolf Creek sub Watershed (Lake Louise) would have a 6. 2“

"percent reduction (Table 9) or an overall sedlment reduction of 4. 8 percent.

A 15 percent lncrease of one reS|due management level was assumed for the
cropland acres. The Medrcme Creek sub Watershed (Cottonwood Lake) would 1

have a 4. 3 percent decrease from cropland (Table 10) and an overall reductlon .

of 21 percent Upper Wolf Creek (Lake Lourse) would have a 3.8 percent

reductlon of sedlment from cropland (Table ‘lO) or a0.7 percent total reductlon

"HIGH PARTICIPATION RATE

,,Forty percent was used for the high part|C|pat|on rate for rangeland Sediment
reductlons were based on 40 percent of the rangeland acre‘* with improved
: management to achleve an rmprovement of one condltlon class. There would be

a 10 5 percent reductlon from rangeland sedlment (Table 9) or a total reductlon

:of 4 7 percent in the Medlcme Creek sub- watershed (Cottonwood Lake). The _
Upper Wolf Creek sub- watershed (Lake Lourse) would have an 8.3 pelcent’
reductron in rangeland sedlment (Table 9) or a total reductron of 6 3 percent. A !
20 percent part|01patlon rate was used for the cropland The Medrcrne Creek :
sub watershed (Cottonwood Lake) would have a 5.7 percent decrease in

sedlment from cropland (Table 10). and an overall reductlon of 2. 9 percent. The

TUpper Wolf Creek sub- watershed (Lake Lourse) would have a 5.1 percent

reductlon of cropland sedlment (Table,.10),and—a total reduction of31 .0 percent.

TABLE” 8

RANGELAND SEDIMENT

- (TONs)
_ . SEDIMENT REDUCTIONS
RS ; RANGELAND ~ PRESENT ~ . . - PARTICIPATION RATES ! '
|/ SUBWATERSHED  ACRES SEDIMENT LOW %  MODERATE %  HIGH %

~ (Tons) (Tons) CHANGE - (Tons): CHANGE: (Tons) CHANGE

B ) :, N — 2 . - . .
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I ,/l

Medicine Creek

- 80,707

105

62,785 59,520 5.2 57.890 7.8 56,195
(Cottonwood Lake) : S
Upper Wolf Creek 173,785 79.925 76.170 4.7 74,970 62 73.290 83
(LakeLouise) F T k . .
North Wolf Creek 42,280 - 20.160 19110 52 - 18590 738 18,045 105
Schaefer Creek - 53.217 25,630 24325 5.1 23,655 77 23015 102
Lost Creek 37.342 18,190 17260 5.1 16,790 7.1 16790 113
TOTAL 387,331 206,690 196,385 191,895 186,680
PERCENT REDUDCTION 5.0 7.2 9.7
TABLE 10 ’
CROPLAND SEDIMENT
B (TONS)
: SEDIMENT REDUCTIONS
, CROPLAND PRESENT - . PARTICIPATION RATE
SUBWATERSHED ACRES SEDIMENT ' LOW ~ %  MODERATE % HIGH %
' (Tons) ~ (Tons) CHANGE  (Tons) CHANGE (Tons) CHANGE
Medicine Creek 52,700 70,075 67200 41 67,060 43 66080 57
(Cottonwood Lake) 4 ' T : ;
Upper Wolf Creek - 26,947 20,110 19590 2.6 19345 38 19085 5.1
' (Lake Louise) ’ o , ,
North Wolf Creek 52,109 44265 42940 30 42275 45 41610 60
Schaefer Creck 28,648 26,280 25490 30 25,100 45 24705 6.0
Lost Creek 19,824 18,175 17,630 3.0 17360 45 17085 = 6.0
TOTAL 180,231 178,905 172,850 171,140 168,565
'PERCENT REDUCTION 34 4.4
58

The estimated reductions in sediment based on the Low, Moderate, or High

partlmpatlon rates are very conservatlve " This would be the minimum amount of

reduction that . could be expected ~The changes for the dlfferent part|0|pat|on

rates were prorated by percentage of existing land use and condition for each

~ sub-watershed. This means that rangeland or cropland acres already managed

at the higher levels were included when sediment reductions were calculated; :

There was no allowance for improving conditions by more than one class, (l e.}

poor range condmon was assumed to only improve to fair condltlon and not
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: go’od' or excellent). Nelther was there any attempt to consrder changes related

fto Iand use. The results reflect a generallzed “across the board" type of change

«,f;Addltlonal conservation practlces used in conjunctron with rangeland or cropland
‘management would greatly enhance the overall reduction of sedlment from the

: __study area. An example would be the use of buffer or filter strlps along wrth

' ,|mproved reS|due management or fencmg rlparlan areas for dormant season

‘ fgrazrng lt was beyond the scope of thls assessment to evaluate individual, site-

‘specmc conservatlon practlces ' AL i ﬁ .

. ’A more detalled evaluation would need to be made to assess addltronal
; reductlons based on other assumptlons Th|s would be approprlate if there is a
kspecn‘lc pro;ect or study proposed for a sub Watershed Based on recent NRCS

lever Basm studles (Lower Bad Rlver 1994 Upper Bad River, 11998) srgnlflcant

' ksedlment reductlons can be expected from |mplementmg a comblnatlon of

,conservatlon practrces ln addltlon to management systems The thtle l\/lmnesota
& “Rlver Blg Stone Lake Watershed Pro;ect (NRCS 1995) also prOJected srgnrflcant
‘reduct|ons in phosphorus and sedrment based on the rmplementatron of
: ;conserva’non practlces and land management treatment at varlous levels. The
| 'f:recommended plans had a favorable cost beneflt ratlo and p|0]ected reductions

A up to 36 percent (Little Minnesota- Blg Stone Lake Watershed PrOJect)
PHOSPHORUS EVALUATION

k";The results from the water quallty monrtormg sites indicate that the ratlo of
'dlssolved phosphorus to total phosphorus is qwte high (Table 1 1) The sedlment
: Jattached portion of the measured phosphorus Ievels is not the most srgnlflcant

. source of phosphorus dellvered to Cottonwood Lake and Lake Lou1se Addrtlonal

‘t'evaluatlons of the watersheds should be completed to rdentlfy the possrble‘

' sources of phosphorus that are not predomlnantly related to sedrment

 TABLE11

WATER YEAR 1999

100

- W

T

- -

I N



-

- ,/I

LN /)

PRESENT CONDITION  PHOSPHORUS LOADINGS

- (POUNDS)
. R TOTAL DISSOLVED
WATER VOLUME  TOTAL PHOSPHORUS  PHOSPHORUS
(GALLONS) . (POUNDS) ~  (POUNDS)
SUBWATERSHED  SITE S
Medicine Creek ~ MC 1 469.030.233 406l 3.722
(Cottonwood Lake) o
‘ MC2 594237738 - 5,688 5,294
. MC3 131,099,041 - SRR )| o345
MC4 719,165,762 . 4,682 3435
MC 5 862.689.875 . 7011 6004
' MC6 . 2175568064 11,467 7,391
Outlet MC7 2816783468 ‘ 15,344 2,820

TOTAL PHOSPHORUS DELIVERED TO COTTONWOOD LAKE
POUNDS

Upper WolfCreek ~ WC 1 489,952 o ans 1.582

- (Lake Louise) wC2 2,932,468 - = 0 0
‘WC3 1,671,824 4618 - 4,004
-~ WC4 2,374,526 : 0 0
WC 5 33,400,924 - 0128788 ~112.341
Out]et wC6 43,098,794 - o0 0 173:196 - 142262

TOTAL PHOSPHORUS DELIVERED TO LAKE LOUISE
128.8  POUNDS

' WATER YEAR SPRING 2000

PRESENT CONDITION  PHOSPHORUS LOADINGS

: (P‘OUNDS)
: o TOTAL DISSOLVED
' WATERVOLUME  TOTAL PHOSPHORUS PHOSPHORUS
(GALLONS) - . (POUNDS) (POUNDS)
SUBWATERSHED - SITE
Medicine Creek ~ “MC 1 469030233 - 1,637 1,470
(Cottonwood Lake) ) : -
MC2 594,237,738 e 2,121 1,927
MC 3 131,099,041~ 171 159
MC4 719,165,762 154 619
MC 5 862,689,875 1,459 1,142
MC6 - 2,175,568,064 s 5,894 3,468
Outlet MC7 . 2,816,783,468 S 2901 1,385

TOTAL PHOSPHORUS DELIVERED TO COTTONWOOD LAKE
POUNDS

RATIO
DISSOLVED/

TOTAL
(%)

- 92

11,467

75
87

87

82

RATIO

(%)

90

‘DISSOLVED/
-+ TOTAL

5,804|

CONCLUSIONS
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"fThe PSIAC sediment evaluatlons for the study area can prowde a basellne for
. jdeveloprng conservatron practlce |mplementat|on strategres for se-dlment

i reductron In order to achleve a more substantlal reduction in sedrment dellvered

”.fto Lake Lourse Cottonwood Lake or other downstream watersheds |t will take

‘more than cropland residue or grazmg management Other conservation
—“practrces for sedlment and - eros.:lon control in comblncmon with proper
fmanagement are needed to effectrvely change sedrment y|eId Total Resource
S' Management Systems or Progressrve Conservatlon Planning in! conjunctron with
‘:;,’the |mplementat|on of Best Management Practlces would help to achieve the

“f",‘_fdesrred sedlment reductlon

xWater quahty data rndrcate that the major sources of phvosphorus in the

fwatersheds are not sedlment related Total and Dissolved phosphorus values

" »ksuggest that phosphorus Ioads are related to runoff from areas that have hlgher

;phosphorus concentratrons than what is normaIIy found in the soils.
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APPENDIXA

Study Cohtributors and Participants

Present

Title

- (Years)
~ Soil Conservationist

~ Soil Conservationist |

2

' GIS Specialist
District Conservationist i

~ Cartographic Techni!ciah_j b

Project Coordinator

District Conservationist

< Technician
~ Environmental Scientist

~ Environmental Engineer .

District Conservationist
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Edutation

- BS

BS Agronomy,(SoiIs)'
BS
BS |
. B ;
BS
- BS Biology
~ MSEnv.Eng
PhD Grad Study

B

Previous
. Experience
,(Years)

Soil Cons Tech

Soil Cons 4
ResCons 8

- Soil Scientist 11

 Soil Cons

o Soil Cons

~ Soil Cons Tech

SoilCons 4

Soil Cons ’
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alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA’s TARGET Center at (202) 7202600 (voice
and TDD). ;

To file a complamt of discrimination, wrlte USDA D|rector Office of CIVI| Rights,
Room 326-W, Whitten Building, 1400 Independence Avenue SW, Washington, DC
20250-9410 or call (202) 720-5964 (vorce and TDD) USDA is an equal opportunity
provider and employer , ‘ , S
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Appendlx B. Stage to Dlscharge Tables

Slte WC-1
Sfage
) 0.000
02 .. 0020
05 0390
055 0620
07 1760
1

6.830

Y oam

an

L

y=12.36k"- 6. 2663x +0.8358x + 0. 0001

L ot Lo TR PPy epnp g ey ol e TP --

an

2

B S T PP IR S S

I.IIG D

[ Sonz [ X} [ 1 .2
stage IDlscharge Stage [ Discharge Stage |D¢scharge Stage IDlscharge Stage | Discharge
0 0.000 102 0011 052 . 0478]. 078 - 2706 1.04 7.996
fn,m 0.008 027 0.012 053 10523 079 2844 105 - 8278
0.02 0.014 028 0014 054 . 051 . 08 2987 108 8.567
003 0020 029 007 055 0621[ 081 3135 107 8.863
004 0.024 .03 0021 056 0674 0.82 3.287 108 9.165
005~ 0028 031 0.025 057 0730 083 3445 108 9474
0.05 - 0.030 0.32 0.031 058 .0789)- .| 084 - 3807 14 9.790
007 0032 033 0.038 059 0851 .| 085 3.774| 111 10112
- 0.08 0.033 034 0.046 06 0916 086 3947 112 10442
009 0.034 035 0.055 061 - 0984 087 4124 113 10779
01 0033 0.36 0.066 062 1056 | 088 4307 114 11123
011 0.033 0.37 0.078 063 ' 1130[ 089 4495 115 11474
042 0.032 038 0091 064 1209 - 09 4.688| 116 11832
013 0030 039 0106 065 1290 091 - 4886 147 . 12198
014 0.028 04 0123 066 1376 0925091 118 © 1257
015 0.026 041 oau| 067 1465 093 . 5300 119 12951
046 0 0.024 0.42 0162 058 :11558 094 5516 ‘12 13339
047 0.022 043 0.184 059 . 1654 085 5737 121 . 13735
1018 . 0020 044 . 0208 07 1.754) ‘095 5.964 122 14139
049 0017 045 0.234 071 1859 097 6195 123 . 14550
02 0m5 046 0.262|. 072 1967 093 6.435 124 © 14969
021 0014 047 0292 0.73 2.080( 083 "6680| ©1325 1539
02 0012 0.48 0325 074 2196 ¢ 1 883 126 15831
023 001 049 0359 075 2317) 101 --7188 S127 . 16275
024 001 05 0397 076 . 2442 102 745 128 16726
025 0.011 051 0.436 077 . 2572 103 - -7.720]. 129 - 17186
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Site WC-2
0 0000
030620
04 2880
T07 24940

30 «

0.01 0102
0.02 0191
0.03 0.269
004 0335
0.05 0.3%
0.06 0438
007 0476
0.08 0.507
0.09 0.532
01 0.551
0.11: . - 0564
o1z 0574
0413 0581
0.14 0.586
0.15 0590
016 0593
017 0597
018 - 0602
019 - 0.609
.02 0620
021 0635
022 0855]
023 0,680
0.24 0713
0.25 0.753

026; 0801
0270859
028 0928
0291008
030 1,099
031 - 1204
032 1373
033 1458
034, 1608
035 17N
036 1954
0372188
038; . 2377
039 2818
04: 2880
041, 3164
042 3470
043 3801
044774458
045; 4536
Todsl 4943
047 .. 5318
048 5840
049, 633
05 6853
051 7405

052; - .7.989
053 . 8605
054 9255
055 ..9939
056: 10659
057 11415
058 12208
059 -13.039[
- 06:°° 13908
©061 - 14818
062; 15768]
063 16760
064 17794
065 1887
066: -~ 19.933
067 21159
068 22372
069: - 23632
07 :24939} -
071: . 26295
072 27.700(
073 . 29458|
074 30664|
07532223
076 . 33836
077 . 35502
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: «Site" WC-3

- Stage| Flow

0 0000
03 0160
035 0210
0B 2510
09 7.500

11 15870

18.000 -

‘R?=08972

10 §6817.997x7 - 859112 + 1.8604x + D.0001 |-

0 c02 04 SI08 08 12
Stage [ Discharge Stage | Discharge | [ Stage [Discharge| [ Stage [Discharge|. | Stage | Discherge
0. ..0.000 0.26 0.245 0.52 1.227 078 4.843 1.04 12899
00 0019 0.27 0.257 0.53 1.305 0.79 - 5.060 1.05 13421
0.02 0.036 0.28 0.271 054 1.387 ©.08. - 5285 1.06 - 13.860
©-0.03 0.052 0.29 0.285 0.55 1.474 0.81 5.516] 1.07  14.309
0.04 " 0.066 0.3 0.301 056 . 1.564 0.82 - 5754 1.08° 14768
005 0.079 0.31- 0.318 0.57 1.659( | 0.83 5.999 1.09- 15236
0.06: - -0.0%1 0.32 .0.337 0.58 1.759| - 084 6252|° 11 15715
007 04101 033 0358 059 . 1.862 085 6512] | 111 16204
008 0111 0.34 0.381 0.6 1971 : U.Sﬁ‘ . B.779 112 7 16.704
0.09 0120 0.35 0.405 0.61 2.084 ..0.87 - 7.054 1143 17.213
. 010 0128 0.36 0.432 0.62 2.202 088 @ 7.337 114 17.733
0.11 0.136 0.37 0.461 0.63 2325 089 . 7.627 115 18.264
012 0.143 0.38 0.492 0.64 2454 0.9 7925 1.16. 18.805
043 ..0149 0.39 0.526 0.65 2587) 0081 - 8232 147 .18.358
014 - 0156 0.4 -0.561 0.66 2.726{ 092 8.546] - 118 - 18.921
015 . 0.162 0.41 0.600 067 2.870 0.93. - 8.869 119 20495
016 ‘0.168 0.42 0.641 068 3.019 0.94 9.200 1.2 21.080
017 0174 0.43 0.685 0.68 31475 0.95;::-9539 1.21 - 21677
018 0180 0.44 0.732 0.7 3.336(: 0.96 9.887] - . 1.22. 22285
--019 0.186 0.45 0.783 0.71 3.503| .} 097 210244 1.23° 22904
2102 0.193 0.46 0.836 0.72 3.675| 1. 098 .710.609 1.24 23535
0.21.--0.200 0.47 0.892 073 3.854) ~0.98° ~10.983) 125, 24177
0.22 . 0.207 0.48 0.952 0.74 4.039 : <1 11366 © 1.26: 24832
0.23 0.215 0.49 1.015] . 0.75 4.230 ~1.01" " 11.759] 127 25.498
024 . 0.225 0.5 1.082 0.76 44280 1| 1.02° 12160 128 26176
0.25  0.234 0.51 1.153 077 4632|071 10312571 1.28° 26.867
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Site WC-4

Stage I Flow
0 0
01 113
03 373
06 . 492
08 742

Stage | Discharge

- 0.000

0
0.01
0.02°
0.03
0.04
0.05
0.06
007
0.08
0.09

01
01
012
013
014
815
0.16
017
018
019

021
022
023
024
025

0.184
0.362
0533

0699}
0.858§ -

1.012
1.160
1.303
1441
1573
1701
1.823
1841
2055
2164
2269
2370
2467
2560
2650

273

2818
2899
2976
3.051

y = 25837~ 3257x%+18.73x + 0.0001 | -
1 R*=0.9901

0 01

02

. 03

04

05

08

07

0.8

09

Stage [ Discharge

0.26

028
029
0.3
03

. 032
033
‘034
035
036
037
038
038
.04

042
043
044
045
046
047
048
049

05
051

027

041

L3122
- 349

3258
3323
3385
3446
3505
3562
3618
3673
3727
3780
3832
3883
3934
3.985

4.035]

4085
4138
4487
4238

- 4290

4.343
4397
4.451
4507

Stage [ Discharge
052 4565
0.53 4624 ¢
0547 46841
055 4747
056 4811

S 057 4878
058 4947
059 - 5018

06 5002
061 . °.5168
062  5249] -
063 5332
064 5418
065 ~5.507
0.66 --5600| -
067 - 5697
068 - 5798
063 . 5903

07 " 601
0.71 6125
072 .- 6242
073 6.365
074 6.492
075 6624
0.76 8781
077 6.904

109

Stege | Discharge

078
078

08
081
0.82
083
084
0385
086
087
088

089
09 -

091
092
093
0.94
0.85
088
097
098
099

1
1.01
1.02
1.03

7.052
7205
7364

7529

7.700
7.876
8.061
8252
8.448
85652
8.863
9.080
9.305(
9538
9.778

10026

10281

10545

10817
11.087
11.386
11.664

11990

12.305

" 12830|-

12.964




CSite WS

' Stage [ Discharge

S0 o} 100 i
570445 © 005 f
0545 - 199
0645 - 1233|| 80 4------c--iiooio- y N
0945 1464 |y =20251%%- 5.2941x + 0.001
47 8537 R?=0993
49 5967| . IR
- 2245 ggas|| Oy
i 05 1 15 2 .25
-20 -
Stage | Discharge Stage | Discharge Stage [ Discharge [ Stage [ Discharge Stage | Discharge
0 0.000 0.51 2567 102 15669 153 39306 204 | 73477
aot. 0051 0.52 2723 103 16031 154 39874 205 74252
-0p2 - -0098 053 - 2883 104 715 16.398| 155 40447 206 1. 75031
©003 0 -0441 054 3046 105 " 16768 156 41.024 207 | 75815
004 -0479 055 3214 C1087 17442 157 41605 208 76602
005 - -0214 056 - 3386 107 11752 158 42190 209 . 77394
006 - -0245 057 . 3562 108 ' 17.803 . ©159 42779 211 78188
007 0271 058 3742 109 .. 18290 16 43372 211 78938
008 -0294 059 . :3926 1118680 161 43969 2421 79793
00370312 06 4114 1.18.075 162 44570 213 | - 80600
‘047 0327 0.51 4306 A2 119473 163 45175 214 | 81412
041 - 0337 | 082 | 4502 143 19.876 164 45785 215 | 82228
012~ -D344 063 4702 1147, 20283 165 46398 216 83048
013 -0346 064 4.907 1451, 20694| 166 47015 217 | 83872
‘044 . -0344 065 . 5115 146 11121109 167 47637 218 84700
045 0338 0.66 5327 47 21527 S168 48262 219 85532
‘046 . -0329 067 . 5544 118 121950 169 48892 22| 86368
017 -0315 0.68 5764 119122377 17 49525 221 87.208
048 .- 0297 069 . 5989 12 7,22.808] - 171 50.183 222 880352
1,048 70275 07 6217 121 1 23244| 172 50805 223 88900
e02.7 0249 0.71 6450 122 123683 - 173 51450 224 | 83753
021, -0219 072 6686 123 24128| 174 52100 225 90609
022 .. -D185 0.73 6927 124 724573 175 52754 226 91.459
023 D146 074 TAT2 125 25025| 176 53412 227 92334
024~ -0404 075 = 742 126 1 25460/ " 7T 54074 228 1 93202
025~ -0058 076 | 7673 1.27 25939 178 54740 229 | 94075
026 .-0.007 0.77 7.930 128 | 26403 179 55410 23 94951
027 0047 078 | 8191 129 | 26870 18 56084 231 | 95832
- 028 ° . 0105 079 ; 8455 13 .27342] 181 56762 232 96.717
7029 0.168 08 . 8725 13 27817 182 57444 233! 97605
‘03 0234 081  ° 8993 132128297 183 58130 234 | 98.498
~i031 0305 0.82 9276 133 28781 184 58821 235 99395
032 - 0380 083 ' 9557 134129269 185 59515 236 | 100296
033 . 0458 . 084 9342 135 1.29.760 186 60213 237 | 10120
034 . 0541 0.85 - 10431 136 30256 | 187 60816 238 102110
035 - 0628 086 10425 1.37. /30756 1188 61622 239 103023
036 0719 087 . 10722 138 '7:31.260 189 62333 24 | 103940
037 0814 088  11.024 133 31768 ‘19 63047 2:1 | 104861
038" - 0912 089 - 11329 14. 32280 181 63766 242  105788|
039 1015 09 - 11639 141 .32798| - <182 64.489 243 106715
041423 091 11952 142 °..33318| 193 65215 244 107.649
0.4 1234 092 12270 143 1 3384 194 65946 245 | 108586
042 71349 093 | 12592 144 7::34369 195 66661 246 | 109527
043 1.468 094 12917 145 34901 196 67420 247 | 110473
<044 1591 095 13247 14671 /35438| 197 68163 248 | 111422
045 1718 096 - 13581 147 .0 35978] : 198 68910 249 | 112376
046 1850 097 - 13819 148 136523 199 69661 25 113334
047 1985 098 ' 14261 149 - 37.0M ©2 . 70416 251 | 114295
048 2125 099 14607 15. /37624 201 7475 252 | 115261
049 2268 114957 151" 38180 202 71938 253 | 116231
05 2416 1.01 . 15311 152 138740 203 72705 254 1 117.204
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Site WC-6 Outlet to Lake Louise

—4

\
§

|y N W ) Wy S S N em

Staée[Discha’rée ; 80.00
0 0.00¢. -
0.45 0.70 BOU00 - === mm e e e e e e e {3----
0.85 4.06
125 1931 L 1 S
117; gggg €00 y = 23.968¢7- 282313 + 11,605 + 1E-08| T A
1.85 50.0 R"=0.9955

79.74

Stage|Discharge

Stage | Discharge

Stage[Discharge

Stage|Discharge
0

0.01

0.03
0.04
.0.05
0.06
0.07
0.08
0.09
0.1
0.1
0.12
0.13
0.14
0.15

0.18
0.19

0.2
0.21
0.22
0.23
0.24
0.25
0.26
0.27

0.28 -

0.29

03

0.31

032
033 -
. 0.34
035

0.36

037

0.38

000

E1AY
0.02 .

022
032
042
051

- 039

068
075"
032
089"
096
102

107
Slaz
, 117
016
017

122
126
130
1.33

136
139

1.42

144

147
149

.. 1.50

152
153
155
156
157
158
158
159
160
1.60
161
161

0.41
0.42
0.43

0.4
0.45
0.46
047
0.48
0.49

05
0.51
052
053
0.54
0.55
0.56
0.57
0.58
059
0.6
0.61
062
063
0.64
0.65

. 0.6

067

0,68
0.69

07
071
0.72
0.73
0.74
0.75
0.76
077
0.78
0.79

162
163
163

164
164 -

1.65
..166
167
168
1.69
170

1720
174

175

1.78.

1.80
182
185

188
192
195 -
199 -

204
208

213

219

224

231
237
244
252
239
268

277

2:86

296
306

317

329

[Stage[Discharge
082 367
083 381
084 395 -
085 410 -
0.86 426
087 442
0.88 460
0.89 .- 477 .
09 49 |
D91 515
D92 - 535

+0.93 556
0894 - 578
095 600
096 613
0.97 647
1. 098 672
093 698
L 724
1.01 752
1.02 7.80
103 809
104 839
105" 870
1.06 ° 902
1.07 - 935
1.08 9.69

1.09 1004
1.1 1040
1111077
112 1115
113 1154
114 1194
115, 1235
116 1277
1171320
1.18 1365
119 1410
12 1457

111

1.24

o125

| 126
127
1.28
129
13
1.31
1.32
1.33
1.34
1.35
1.36
1.37
1.38
1.39
1.4
1.41

1.43
1.44
1.45
1.46
1.47
1.48

1.5
1.51
1.52
1.53
1.54
1.55

1.57
1.58

1.6

1.23

142

1.49

1.86. -

159 -

- 1.61 -

16.04
16.56
17.08
1762
1817

1874 -
1931
1990

2051
2112

2175

2239
2305
2372

2441
25.10
2582

26354

2728
2804

2381

29.60
30.40
3121

3204

3289

RIS
3463

35.52
36.43

3736

3830
3826

4024

4123

4224

4327
4431

4537

1.64
1.65
1.66

167

1.68

169

1.7
1.71
1.72
1.73
1.74
1.75

1767

177
1.78
179
18
1.81
182
183
184
1.85
186
187
188
189
19

191"

1.92
1.93
1.94
1.95
1.86
197
1.98
1.99
2
20
202

4866
4979
5094
5241
5330
5450
5573
5697
- 5823
5951
60.81
62.13
6347
64383
6621
67.60
69.02
70.46
7192
73.40
7490
76.42
7796
7952
8111
8271
8434
8599
8766
8935 -
91.07
9281
9457
19635
98.15
99.98
101.83

10370 |

10560
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Appendix D. Fisheries Report

o O omm R Gm m W e W

- ig- - .-

Iutroductlon -

South Dakota anglers rely on small 1mpoundments to provrde anglmg opportumtxes In 1992,
Mendelson (1994) reported 43% of anglers interviewed during the 1992 South Dakota angler use
and preference survey indicated they fished small impoundments most often and 35% indjcated
small impoundments as their second most fished location. - However, a paucity of information

-concerning angler use on South Dakota small impoundments exists. The lack of angler use and
* preference information from South Dakota small lakes and ponds was identifiedasa = =
- fundamental management problem facing the South Dakota Department of Game, Fish and Parks

(SDGF&P) by the Small Lakes and Ponds (SLAP) 1998-2002 Strategic Plan (SDGF&P 1997).
The strategic plan indicates that without angler-use data, SDGF&P cannot pnonuze the small

lakes and ponds program relatlve to SDGF &P’s other interests.

o To date most angler use and harvest surveys have pmnanly been concerned with angler use on

the Missouri River mainstem TESErvoirs, B]ack Hills streams and eastern South Dakota large -

-lakes. A limited number of creel surveys on South Dakota small warmwater impoundments have

been completed in the last 10 years. These surveys have included Murdo Lake (Neumann et al.
1993), Lake Alvin (Lindgren 1991), and most recently Lakes Louise, J ones, Rosehﬂl and

- Dakotah (Blackwell 1998).

Small impoundments generally providea dlfferent type of fishing opportumty than found on the
Missouri River reservoirs or larger South Dakota lakes: Fish species most commonly found in
small impounments include largemouth bass Mrcropterus salmoides, bluegill Lepomis
macrochirus, yellow perch Perca flavescens, black crappie Pomoxis nigromaculatus, and black

- bullheads Ameiurus melas. In recent years, walleyes Stizostedion vitreum and saugeyes (walleye
“x sauger S. canadense) have been stocked to serve as secondary predators in some small

impoundments. -In western South Dakota, rambow trout Oncorhynchus mykzss may be stocked
into deep or spring-fed 1mpoundments : :

-The obj ectives of this report are 1) to summarize the 1998 fish communities in four small

impotindments located in Hand County, South Dakota and 2) to summarize angler use and :
harvest data collected during 1998 (May August) and make comparisons w1th 1997 data for the o
four small impoundments. ;

" Study Area

*Hand County is located in central South Dakota. Four 1mpoundments in Hand County were

selected for angler use and harvest surveys and fish community assessment during 1997:and
1998. The impoundments included: Lake Louise, Lake Rosehill, Jones Lake, and Dakotah Lake.
The fish community composition and structure differ within the four impoundments and thus this

" survey represents angler use and harvest at a variety of situations. Lake maps are included in

Appendix B. Other than small impoundments, the nearest angling oppommmes for Hand
County residents are three of the Mlssoun River mainstem reservoirs (Lake Oahe, Lake Sharpe,
and Lake Francis Case).
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Lake Louise is approximately 66.8 ha (165 acres) and is located 9.6 km (6 mi) north and 11.3 km
(7 mi) west of Miller, South Dakota. The mean depth is 2.4 m (8 ft) and the maximum depth is
6.1 m (20 ft). Submerged vegetation can be found throughout Lake Louise and emetgent )
'vegetation surrounds the lake. Recreational facilities can be considered excellent with a

o mamtamed state campground shore and pier ﬁshmg opportunmes and a boat-lmmchmg ramp.

Lake Rosehlll bhas a maximum depth of 9: 2 m (30 ft), an average depth of 4.0 m (13 ﬁ), and a

" surface area of 14.2 ha (35 acres). Lake Rosehill is located 16.1 km (10 mi) south and 5.6 km

(3.5 mi) west of Wessington, South Dakota, Submerged vegetation is abundant in near-shore
~areas and the upper end of the reservoir. ‘A concrete boat ramp is present, a small ptcmc area is
‘available for use, and shoreline-fishing access exists. A largemouth bass 381-mm (15~mch)

.~ minimum length lumt became law on 1 January 1999

Jones Lake is located 4. 8 km €] rm) south and 2 4 km (l 5 lm) east of Miller, South Dakota. The

lake surface encompasses approximately 4 40.5 ha ( 100 acres), has a maximum depth of 5.5 m (18
* . ft), and an average depth of 2.6 m (8.6 ft). A public boat ramp exists for boat access to the lake -

. and shoreline-fishing opportunities are available. Jones Lake is currently part of experimental
research being conducted through South Dakota State University (SDSU) to determine the utility
of walleyes and saugeyes as secondary predators for restructuring overabundant panfish
populations. Two new length regulatlons went into effect 1 January 1999. These regulations
¢ - include a largemouth bass 381-mm minimum Iength hmrt and a 432-mm (17-inch) ]
- walleye/saugeye rmmmum length limit. . |
- Dakotah Lake is located 8.1km (5 ml) south and 8 1 km (5 m1) west of Miller, South Dakota
- The maximum depth at Dakotah Lake is 6.1 m (20 ft), the mean depth is 2.4 m (8 fi), and the
surface area is 3.6 ha (9 acres). A boat ramp is present and a limited amount of shoreline access
"~ exists. Dakotah Lake was chemically renovated during 1992 to remove undesirable fish species.
- ‘Largemouth bass have gained access to Dakotah Lake and currently provide a limited fishery.
- Spring and autumn rainbow trout stockmgs have been completed annually since che!mca.l
renovation.

~ Methods

4 Fish Community Survey

The Lake Louise largemouth bass and blueglll populaﬂons were sampled 22 June 1998 by

“ electrofishing with pulsed-DC (150 volts, 7.0 amps). -At Lake Rosehill, pulsed-DC e1ectroﬁshmg
(150 volts, 7 amps) was conducted on 16 June 1998 to sample the largemouth bass population.
Jones Lake was electrofished 29 May 1998 as part of research being completed by SDSU -

~ (personal communication, Kris Koski, SDSU research assistant). Collected fish were measured

~ for total length (TL; mm) and weighed (g). Scale samples for age and growth analysis were

removed from largemouth bass and bluegill at Lake Louise, largemouth bass at Lake Rosehlll
- and walleye, saugeye and largemouth bass at Jones Lake. Dakotah Lake was electrohshed in-
September 1998 (personal commumcatlon, Bill Mxller SDGF&P)
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. Passive sampling at Lake Louise (7 and 8 me. 1998) included two 45.7-m experimental gill nets
-“(six 7.6 m panels; bar mesh sizes: 13 mm, 19 mm, 25 mm, 32 mm, 38 mm, and 51 mm) and

eight 1.2-m X 1.5-m double framed trap nets (19-mm bar mesh). ‘At Lake Rosehill (7 and 8 June
1997), eight 1.2-m X 1.5-m double framed trap nets (19-mm bar mesh) were set; however only
seven trap nets were used in subsequent analysis. Jones Lake was netted 31 June and 1 July
1998 using a total of eight 1.2-m X 1.5-m double framed trap nets (19-mm bar mesh). All nets
were allowed to fish overnight and total fishing time was approximately 24 h. Collected fish
were measured TL, weighed, and scale samples removed for age and growth analys;s from
btuegill, walleye and yellow perch at Lake Louise, yellow perch a.nd black crappxe at Lake
Rosehill and walleye and largemouth bass at Jones Lake.

Scale samples were pressed onto acetate shdes and viewed wnh a microfiche pmjector (42X)
Scale annulus locations were recorded on paper strips and digitized using a Summa Graphics -
digitizing pad and the software DISBCAL (Missouri DOC 1989). Fish population parameters
were computed using the Nebraska standard fish analysis program (Nebraska G&PC) combined
with SAS software (SAS 1994). Parameters calculated included Proportlonal Stock Density

© (PSD) and Relative Stock Density (RSD) (Willis et. al 1993) of various length groups.
" . Minimum total lengths for the Gabelhouse (1984) length categorization system are provided in -
- Table 1. Confidence intervals (90%) were calculated for PSD and RSD values. Catch per unit
-effort (CPUE) for electrofishing is the number of a given fish species caught per hour of )
. electrofishing and CPUE for gill nets and trap nets is the mean number per overnight net set.

Standard errors of mean CPUE values were calculated. Relative weight (Wr) values were
calculated using the standard weight (Ws) equations given in Blackwell et al. (in press, 1999).
Mean Wr values were calculated per Gabelhouse (1984) length categories. * Previous lengths at
age were estimated using Lee’s equation to back calculate length to specific ages. Intercept :
values used were as follows: largemouth bass 20 mm; bluegill 20 mm; black crappie 35 mm;
saugeye 55 mm, walleye 55 mm and yellow perch 30 mm. Mortality estimates, when sample
sizes were adequate, were derived both by catch curve (RJcker 1975) analysis and with the
Chapman-Robson method (Robson and Chapma.n 1961). .

Statistical ana.lyses were completed using Systat 8.0 (Wilkinson 1998) and stanstlcal sxgmﬁcance

" was set at P<0.05. Relative weight values were statistically tested across length categories using
- analysis of variance (Steel and Torrie 1980). When a significance difference was identified

across length categories, Fishers Least Significant Difference (LSD; Steel and Torrie 1980) was
used to detect separate means. Chi-square analysis was used to examine difference in PSD values
and the Kolmogorov-Smimov test was used to examine for dlfferences in length- frequency '
distribution locations and dxsperszons (Danie} 1990).
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Table 1. Minimum total lengths (mm) for Gabelhouse (1984) length categories for eelected fish

(specnes
" Species . Stock (S) Quahty Q Preferred (P) Memorabie (M) ’Irophy )
Bluegll 8 150 200 250 300
Largemouth Bass - 200 +3000 380 0 /510 - 630
YellowPerch 130~ :200. - 250 1300 - 380
Black Crappie - 130 200 £L250.0 -300 i 380
Black Bullhead 150 2307, 2300 380 460
Walleye 250 380 510 630 760

. NorthemPike 350 530 710 860 1120

o tAngler Use and Sport Fish Harvest

.An angler use and harvest survey was conducted dunng the last 3 weeks of May 1998 through
August 1998. The survey technique used utilizes instantaneous angler counts and angler
interviews. Instantaneous angler counts are used to provide fishing pressure estimates and angler

© interviews provide information necessary for estimating fish species catch rates, mean angler trip

length, and mean party size. Additional questions asked during interviews were used to obtain -

- -angler primary residence and fish species targeted. In addition, a sample of caught fish could be

- measured during the interview process. ‘Two questions with a series of potential responses were
also asked to anglers. The quesuons asked and potennal responses were as follows:

1. How often do you fish South Dakota small lakes and ponds?
1. 0-5 times per year 1
2. 5-10times peryear . :.
3. 10-15times peryear . |
4. >15 timesperyear ' ‘;[

2. Walleyes and saugeyes (walleye X sauger hybnd) have recently been mtroduced into

. many South Dakota small lakes and ponds as secondary predators to assist in controllmg
overabundant panfish. Would you be willing to release walleyes and saugeyes Iess than
17 mches to help restructure panﬁsh populauons in these waters?

L Yes 3 B
2. No ‘ : ’ ‘
3. No opinion

The angler use and harvest survey followed a s‘tmnﬁed random desrgn (Malvestuto 1996) Two
- strata (1-weekdays and 2-weekend days and holidays) were used for data collection mtervals
All weekend and hohdays were mcluded in data coIlectron while the weekdays used were
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randomly selected. ‘Data collection days were dlvxded into four time frames in which a clerk was
present at a lake. The four time frames were 1) 800 to 1200 hours, 2) 1200 to 1600 hours, 3)
1400 to 1800 hours, and 4) 1800 to 2200 hours. - Within each month, days and times were -
randomly assigned as to when the clerk would be present at each specific lake. “Dakotah Lake,.

“ because of its close proximity to Jones Lake, was visited concurrently with Jones Lake.

Attempts were made to interview all anglers present at a lake during the assigned time interval.

- Two instantaneous counts of the total number of boats fishing and all shoreline anglers present
were made during each time interval. Angler use and harvest estimates were computed usmg the *

software designed by Jacobson (1988) and modlﬁed by Dave Lucchesi (personal

* communication, SDGF&P).

Resnlts and stcussmn
Lake Lauzse

Fish Commumty Suxvey

Largemouth Bass

The PSD of the electrofishing largemouth bass sample was 45 (T able 3) The 1998 PSD
Tepresents a significant increase in the proportion of quahty-length largemouth bass over that
obtained in 1997 (20; Blackwell 1998). No change in RSD-P was observed with both 1998 and -
1997 values equal to 15..  The increase in PSD appears t6.be related to the 1996 year class
growing slower than the 1995 year class. In 1997, many age-2 largemouth bass exceeded 200
mm TL (minimum stock length), but in 1998 most age-2 bass were sub-stock. Electrofishing
length frequency histograms were similar between 1998 and 1997 (Figure 1) and these
distributions did not differ significantly. Largemouth bass sample PSD and RSD-P values in
1998 exceeded the objective ranges for bass when managing under the panfish option (Table 2;
Willis et al. 1993).- However, confidence limits extend into the panfish objective ranges (Table
3). Under a panfish option a PSD near 40 may be risky because of the potential for largemouth
bass recruitment failure allowing panfish species to overpopulate (Guy and Willis 1990). 1do
not believe the 1998 PSD of 48 should be of concern because it appears there are two relatively
strong sub-stock year classes and it is likely the PSD will decrease as the 1996 year class exceeds
200 mm TL.. Largemouth bass PSD values in 1997 and 1998 were higher than PSD values: '
reported in 1993 (Meester 1994) and 1994 (Meester 1995) (Flgure 2). :

Stock-] length la:gemouth bass electroﬁshmg CPUB was 42 9 (Table 3) and for all size classes

was 78.8. Catch per hour values do not differ significantly between 1997 and 1998 and it is

likely they do not differ from those obtained in'1994 and 1995. Largemouth bass density

appears to be high and likely has not significantly changed in recent years.- The population is
primarily composed of age-4 and younger largemouth bass (Table 4). -The 1998 largemouth bass
mean lengths at age were below the South Dakota mean back-calculated lengths at age (Willis et -

- al. 1990) but are similar to those recorded in 1997 (Blackwell 1998). Reduced growth may be

mdlcanve of the high density laxgemouth bass populanon

117




" different management strate;,xes (taken from Willis et al. 1993)

" Table2. Stock densny mdex ObjeCtIVC ranges for largemouth bass and bluegill unde1 three

1 LargemouthBass R _____ Bluegill

Opton ~ PSD . RSD-P ' RSD-M  PSD RSD-P
Panfsh 2040 010 5080 1030
" Balance 4070 1040 i?jvfo\-m 2060 520
BigBass 5080 3060 1025 1050  0-10

. -Mean Wr values for all length categones excceded 100 mdxcaxmg excellent condmon (T able 5).
- Sub-stock largemouth bass Wr values were significantly higher than stock-length bass. |

However, no significant length related trends in Wr values for stock-length individuals were
identified; thus, an overall stock-length mean Wr can be used. Largemouth bass condition was
similar to 1997 (Blackwell 1998) with a mean stock-length Wr value of 103 obtained in both

1998 and 1997. Lake Louise largemouth bass condition is slightly higher than typically, ‘would
be expected for a largemouth bass population managed under a panfish option and would be
expected because of the apparent reduced growth rates. Gabelhouse (1987) recommended aWr

s target range of 85-95 when maximum productwn of blueglll was desired.

~ Annual mortahty (natura] and angler hawest) was esnmated to be 29% from catch curve analysm
and 33% using the Chapman-Robson method. Largemouth bass older than age 4 have been’
reduced to absent in recent electrofishing samples. The absence of the older age classes may be
indicative of these individuals being harvested by anglers.: Some largemouth bass do survive and
~ reach older ages as is mdlcated by the presence of age-7 and -8 bass in the 1998 samp]e (Table

8.

: Bluegnll : ; ‘
Bluegilis are abundant i in Lake Louxse composmg the ma_] onty of fishes collected durmg
electrofishing and trap netting (Table 6). The 1998 proportion of quality-length bluegills was
significantly greater in both the electrofishing and trap net samples than in the respective 1997
‘samples. The electrofishing PSD value (62; Table 3) was within the objective range for bluegill
managed under the panfish option (Table 2), but the trap net PSD (85; Table 3) exceeded the
objective range. Relative stock density of preferred length values (Table 3) were below the
objective range for the panfish option (Table 2). As in 1997, a significant difference in the -

-proportion of quality-length bluegill existed between Lake Louise electrofishing and trap net

- samples. However, comparison of the length frequency distributions (Figure 3) failed to identify

" the two samples as being independent. Electrofishing is known to underestimate bluegill size

structure (Reynolds and Simpson 1978), because of this, it is believed that the trap net PSD and

RSD-P values provide a closer approxxmanon of Lake Louise bluegill size structure. Trap net

PSD values have remained fairly constant since 1995 with only a shght dxp in 1997 (}' igure 3).
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Figure 1. Lake Louise length frequency dlStrlblIf.lOnS for largemouth bass captured by - -
" electrofishing and harvested by anglers in 1998 and 1997 (N is the total number captured)
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Figure 2. Lake Louise Iargemouth bass eIectroﬁshmg A) PSD with 90% confidence intervals
and B) mean catch per unit effort with 80% confidence intervals.  Horizontal lmes represent the
mean and vemcal lines represent 80% conﬁdence mterva.l
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Table 3. Catch per unit effort (CPUE; staiida:d error is given in parentheses), propoﬂionalétock
density (PSD) and relative stock density of preferred-length (RSD-P) estimates (90% confidence
interval lower and upper values are given in parentheses) for bluegill, largemouth bass, yellow

perch, walleye and black bullhead collected from Lake Louise during 1998.

" Spesies  _Gear | SckCPUE  _PSD  _RSDP

Bluegll  electrofish -;337.3{ (75.225  62(57,67) | 2(0 3)
: Bluegill | ' trapnet '2">7.é);'(5.'68)j‘ 85 (81, 89) 96, 12)
' Largemouth Bass eiecroﬁsh 429 (5.45)f 45‘(31,60) - 15(3,26)
© YellowPerch  gillnet 35‘.fsri(13.5)i 430859 0
YellowPérch | @net ; 13(045) L  2 -2 ; ..3
Walleye ~ gillnet 2.53(2.5) o = o 2
 Blackbulhead  gillnet “"1‘.5;;;(:1.'5) e L
_ Black bullhead trapmet :i_.ci ©033) ¢ o : R
o Tow sample size d;)es not allow fér c%alcul;;ﬁo‘n of stoclé ‘densbityvindicés

. 'Bluegill condition remains excellent with all length category values exceeding 100 in both
electrofishing and trap net samples (Table 5). Relative weight values differed significantly
across length categories making use of an overall mean Wr inappropriate. In both sarnples,
stock- to quality-length bluegill were in significantly better condition than the larger length
groups. . The lower condition of larger length groups may be related to recent spawnirg
activities. Bluegill growth was similar to that reported for 1997 (Blackwell 1998) ancl would be
considered excellent. Mean back calculated lengths at age exceed the South Dakota average

(Willis et al. 1992) for ages 1-7 (Table 7).

Electrofishing stock-length bluegill CPUE (337.1; Table 3) was significantly higher in 1998 than
1997, but trap net CPUE (27.0; Table 3) was lower, although not significantly. Trap net CPUE
values have remained fairly stable since 1992 (Figure 3). Age-3 bluegills dominate the bluegill
catch (65%) for both electrofishing and trap nets. In 1997, 33% of the electrofishing bluegill
catch was age 3 and 59% of the trap net catch was age 3. Thus, it appears that bluegill mortality
following age 3 must be high. Anglers probably begin harvesting Lake Louise bluegill during

' their fourth growing season (age 3+). The bulk of angler harvest in 1997 and 1998 occurred

between 170 and 200 mm (Figure 4). Annual mortality was estimated at 46% with the
Chapman-Robson method and 57% by catch-curve analysis. Mortality estimates were made
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from the trap net captured bluegill and onl& ages greater than 3 because of the Jow number of

age-1 and —2 bluegill in the trap net sample. Mortality rate estimates in 1998 were similar to the
1997 estimates. In 1997, bluegill mortality was estimated at 49% (Chapman-Robson method)
and 41% (catch-curve) (Blackwell 1998). Adult bluegill mortality appears to be substantial. - It
is likely that the derived mortality estimates represent angler induced mortality because most

- largemouth bass predation likely affects age-0 and —1 bluegills. It is possible that anglers may be
- -overharvesting the larger Lake Louise bluegills. In both 1998 and 1997, the trap net bluegill
. RSD-P was lower than the suggested panfish option range. In 1997; an estimated 6,500 (15.9/ha;

39.4/acre) bluegills were harvested May-August and during 1998 the estimated harvest was
10,029 (150.1/ha; 60.8/acre). It does not appear that a reduction in bluegill daily limit would do

~ much to reduce Lake Louise bluegill harvest. In 1998; only 4.8% of the anglers indicating
- bluegills as their primary target, harvested their limit (25 bluegills) and 73% of the bluegill
“anglers harvested fewer than 10 bluegills. It appears that angling pressure is sufficient for the -

bluegill population to be “nickeled and dimed” by Lake Louise anglers:

100 ¢ : g : E
40 - S

0+ r T — T r T —

ik bT

0 : —_— — - . .
1992 1993 - 1994 1995 1996 1997 1998

Year

Figure 3. Lake Louise bluegill trap net A) PSD with 80 % confidence intervals and B) mean ‘
catch per unit effort (CPUE) with 80% confidence intervals for 1992 through 1998. Horizontal -
bars represent the mean and vertical bars represent the 80% confidence interval.
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E Yellow Perch

Yellow perch were the most abundant specxes collected wuh gill nets in 1998 (Table 6). The

" 1998 gill net stock-length yellow perch CPUE (35.5/net; Table 3) was significantly lower than

. that reported in 1997 (203.5/net; Blackwell 1998). The proportion of quality-length ye]low

perch was significantly lower in 1998 than 1997. It appears that a fairly strong yellow perch year

- class in the stock- to quality-length category has resulted in the PSD decrease. Only 10 yellow
perch were collected in the trap nets resultmg in a mean CPUE of 1.25 (Table 3). ‘

The yellow perch appear to be in good condmon w1th mean Wr values for most length categones

exceeding 90 (Table 5).: No Iength-related trends in yellow perch condition were identified.

Yellow perch mean lengths at age were similar to the South Dakota average (Willis et al 1992),

but slightly lower than those reported for Lake Louise in 1994 (Meester 1995). The 1995 year

class was the most abundant in the gill; net sample composmg approximately 56% of the

‘ collected yellow perch ! S

Yellow perch annual mortahty was estlmated to be 50% w1th the Chapman-Robson techmque
and 49% by catch-curve analysis. In neither 1997 nor 1998, were preferred-length yellow perch
collected by gill netting.” Angler harvest may not allow many individuals to exceed 250 mm. - In
both 1998 and 1997, the angler harvest length frequency mode was at 230 mm TL (Flgu:e 5).

. Table 4. Lake Lomse largemouth bass yea.r class, age in l998 sample size (N), mean. back—
calculated total length at age for each year class;, mean back calculated length at age for the

. population, population standard error, 1997 and 1994 Lake Louise mean length atage, and the
- South Dakota largemouth bass mean length at age (Wi 1lhs etal. 1990)

b

5 Age‘

~Year . .
Class Age N 1 2 3 4 5 6 1 8 9 10 1
1997 114100
1996 2 14 76 161
1995 3 5 8 169 207
1994 4 14 97 188 242° 272 :
1993 5. 5 87 174 218 269, 302
1992 6 1. 68 124 234 331 - 349 369
1991 7 2 84 167 207. 245 303 350 391 :
1990 "8 2 85162 232 293 331 382 410 423
" Mean 86 164 223 282 321 . 367 400 423
StandardEror 4 7 6 1411 .9 . 9
1997 ‘ 87 187 230 273 320 357 385 407 436 453 . 493
1994 94 162 237 310 390 422 - ~ '

 SouthDakota 91 184 251 305 345 400 435
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Black Bullhead
Black bullheads do not appear to be abundant in Lake Louise. This is hkely the result of the high -

" largemouth bass density. Trap net and gill net bullhead catches were low (Table 3). Most black

bullheads collected exceed 300 mm TL. Saffel et al. (1990) found black bullhead length to be -
posmvely comrelated with largemouth bass CPUE and inversely related to largemouth bass PSD
in South Dakota ponds. They found that ponds wnh high largemouth bass’ densmes typically

: contamed a high proportion of black bullheads greater than 230 mm TL.

Walleye

Seven walleyes (six stock-length) were oollected during gill netting in 1998 (Table 6) The mean
stock-length waileye gill net CPUE was 2.5 (Table 3). -Walleye condition was good with all
values greater than 85 (Table 5) Walleye back calculated lengths were greater than reported for:
Lake Louise in 1996 (Table 9; Meester 1997) and the South Dakota mean (Wolf et al. 1994): -

. Walleyes have not been abundant in samples or angler harvest in 1997 and 1998. Walleye -

fingerlings have been biennially stocked since 1989. It does not appear that fingerling survival
has been very successful. It is highly probable the abundant largemouth bass heavily predate -

- stocked walleyes and do not allow for formation of strong year classes. In 1996, 23 walleyes
- ~were caught in eight trap net nights (Meester 1997) “Age data revealed that 10 walleyes were

from the 1993 year class, a stocked year, but six walleyes were aged to be part of a 1994 year
class, a non-stocking year. Thus, one questions if walleye fingerling stocking is Jusuﬁable or 1f
stockmg was discontinued whether a remnant walleye populauon would per515t .

"Currently, it appears that largemouth prcdauon is adequate for controlling bluegill, yellow perch;

and bulthead densities at Lake Louise probably negating the need for a secondary predator. The
presence of walleyes likely does no harm, but is the cost to benefit ratio sufficient to warrant the

- continued stocking of walleyes. Less than 1% of Lake Louise anglers targeted walleyes in 1998

(Table 12) and in 1997 only 1.6% mdxcated walleyes as thelr primary ta:get species (Blackwell
1998) ‘ :

n
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;Table 5. Mean relatlve welght values by Gabelhouse (1984) length categories (stand.ard error
values are in parentheses) for bluegill, largemouth bass, yellow perch, and walleye collected at
- Lake Louise during June and July 1998. Means followed by different letters within z row are
significantly different (S-Q = stock to quallty length, Q -P = quahty to preferred length, and P-M
‘= preferred to memorable length). |

© Species :"Su“b‘stock‘ : & QR PM Sltock

 Bluegill geamr 7',127i(1.1q)z 118(L00)y  100(160) 121 (b.74)
Bluegill up et g ., 1'14"(‘2.58)1 107(0.67)y  106(L10)y 108 (0.65)

: Largemouth Bass ekml 13 (0. 85)2 105 (0 70)y 100 (1;‘7 1)y 100 (1.05)y ~ 103 (0.78)

" Yellow Perch g =9 (o 13) 9704y - 98 (0.07)
YellowPerchtapna —  93(339)  86(194) 83 88 (1.88)
 Walleye o - o 9668) 89 86(288)  91(340)

.- Table 6. Number collected and percent (%) composmon of specles collected in trap nets and gill
- ‘nets at Lake Louise durmg July 1998. - ¢ o i

| | Trap Net Catch -  GillNet Cateh |
Species o Number %Composmon k Number‘ %Compositioxl :
Bluegll 216 a2 9
 YelowPech 10 4 1 69
V"Largemou:thBass 2 5 1 ‘ 2 2
© Walleye | TR 1 a e R 7
. BlackBullhead 8 3 s 3

2
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Figure 4. Lake Louise length frequency distributions for bluegilllcapmred by electroﬁshing, trap
netting, and harvested by anglers during 1998 and 1997 (N is the total number captured).
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Figure 5. Lake Louise length frequency dlstnbuhons for yellow perch captured by gill nettmg

and harvested by anglers in 1998 and 1997 Ni is the total number captured)

~ Tabl

i

e7. ;Lake Louise blueglll year class, age in 1998 sample size (N) back calculated total

length at age, the weighted mean back calculated length at age, weighted mean standard ‘error,

1997,
at age (Willis et al. 1992)

1995 and 1994 Lake Louise mean length at age and the South Dakota blueglll Inean length

Age
. Year o :
Class Age N 1 2 3.4 .5 6 1 8
1997 1 5. 74
1996 2 12 74 105
1995~ 3 58 66 109 141"7 : AN
1994 4 16+ 68 113 1537174
1993 = 5 4 69 122 163 185 197 '
1992 6 0 o KRR sl
01991 7 3,56 108 E 133f“‘ 158 183 201 215

WeightedMean 68 110 144 174 191 201 215
StndadBror 119 162 235 298 399 279 199 -

1997

1995 51 96 137 160 183 - 190
1994 68 111 155 182 e
. South Dakota = =~ 44 84 122152 166 . 182 215

66 110.. 147172 191 207 205 218

‘ o (N=407) I

J




- Table 8. Lake Louise yellow perch year class, age in 1998, sample size (N), back calculated total

length at age, the weighted mean back calculated length at age, weighted mean standard error,
1997, 1995 and 1994 Lake Louise mean length at age and the South Dakota yellow perch mean. -

: length at age (Willis et al. 1992).

Age
Class Age N 1 2 3 4 5
1997 1 3 9
199 2 12 89 145
1995 3 18 92 139 183
1994 4 11 76 127 175 207
1993 5 4 72 130 176 210 229
Weighted Mean 88 137 179 208 229
Standard Error 246 296 340 429 1102
1994 93 157 209 232
South Dakota 80 139 181 210 251

Table 9. Lake Louise walleye year class, age in l’998 , sample size (N), back calculated total

at age (Wolfet al. 1994).

. length at age, the weighted mean back calculated length at age; weighted mean standard error,
. 1997,:1995 and 1994 Lake Louise mean length at age and the South Dakota wa.lleye mean length

Age

Clss Ae N 1 2 3 4 5

1997 1 1 120

196 2 2 12 192

1995 3 1 163 277 3B

1994 4 1 265 390 472 517

1993 5 1 271 325 377 469 541

Weighted Mean 188 296 407 493 541

Standard Emor 34 42 32 24

1994 147 280 384 423 484

SouhDakota 163 288 388 449 506
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- Angler Use and Harvest:
- Angler Demographics
In 1998, most anglers fishing Lake Lomse mdxcated they were South Dakota residents (58.3%)
:"(Table 10). Non-resident anglers fishing Lake Louise in 1998 originated from Minnesota and

- Yilinois. The monthly mean trip length in 1998 exceeded 3 hours each month and also exceeded
4 hours in May and August (Table 8). F xshmg pressure was similar in May, June and July, but
decreased in August. Similar to 1997, fishing pressure was almost equally divided b( tween
weekdays and weekend/hohdays during the suwey period (T able 10).

As in 1997, most Lake Lomse anglers (95%) 1raveled less than 161 km (100 mi), one way, to
fish Lake Louise (Table 11). It is conceivable that 161 km may indicate the distance anglers are
willing to travel and fish in one day. In 1998, local anglers, those traveling less than 40 km (25
- 'mi), were the most abundant anglers at Lake Louise (Table 11). The monthly percentage of local
*. anglers exceeded all other categories except during August. It is possible that local anglers may
- have decided to fish Lake Louise more often in 1998 because of the excellent angling,
opportunities and because of the reduced fishing quality experienced at Lake Oahe in '1998.
- Miller, Huron and Plerre were the most frequenﬂy provxded place of residence by ang,lers in
‘ 1998 : :

 Similar to 1997, anglers 1nd1cated that t.hey were targetmg largemouth bass, bluegill, and any ﬁsh
. .- in nearly the same proportlon (Table 12). Yellow perch were targeted by 3% of Lake Lomse
" - anglers and walleyes were targeted by only 0 6% of the anglers ;

. 'Table 10.Lake Louise 1998 monthly and overa]l number of i mtemews, estimated amgler hour
. and days, percent of anglers fishing by boat, percent of total anglers fishing weekends and
~ holidays, percent of anglers that are South Dakota res1dents and mean trip length.

, May - Jwe  July  August 31998 | 51997
CImterviews A 46 3 1B 1w

* Angler hours o 3218 2361 255 1168 9303 | 10225
Fas L me d® @ G
 Anglerdays 756 755 675 48 2414 | 3206
~ L a7m) ) @36 47) (RS
Percent (%) boat anglerg- 21 74'.9‘:5;‘ 798 70.4 R
~ Percent (%)weekend/hohday 683 594 - 443 402 - -
']Percent(%)resldmt 100 957 100 100 988 953
: Meanniplgngth(hdms)‘ 4.37‘, SR 379 472 394 :3.27

N ORGSR N O AN B M PR A A o mm aw A |
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Table 11. Distance (km) traveled by anglers, one way, to ﬁsh Lake Lomse durmg May th:ough
August, 1998, 1998 combmed and 1997 combmed

Distance (km)  May%  June% - 'ngz%_‘August% AIL1998 Al 1997

<40 s00 391 42 231 £33 323
40-81 149 196  ,='§1‘6.2 308 175 165
82161 338 326 378 s 345 409
6232 00 22 27 77 2355
322+ 14 65 0 0 23 47
Fishing Pressure

An estimated 9,303 hours were spent ﬁshmg Lake Louise during May through August 1998.
The 1998 pressure is similar to that estimated during the same period in 1997 (10,225 hours;

" Blackwell 1998). Lake Louise provided an estimated 2,414 angler days during May through

June 1998 which translates into $180,950 to local economies. The dollar amount is based on the
average South Dakota angler’s daily expenditure of $75 (U.S. Department of Interior, Fish and

: ledhfe Service, and U. S Department of Commerce Bureau of Census 1997).

\In general Lake Louise angler catx:h (Table 13) and harvest (Table 14) rates were higher in 1998
* than 1997. The estimated catch rates for all species combined ranged from 2.20 (May) to 3.78

(June; Table 13). Harvest rates for all species combined ranged from 1.10 (July) to 1.97 (June; -
Table 14). The catch and harvest rates experienced at Lake Louise during 1998 and 1997 would

likely be considered high. It appears that anglers fishing Lake Louise have a reasonable

expectation of catching more than two ﬁsh per hour and harveshng more than one ﬁsh for every
hour fished.

Bluegill

Bluegills were the principal fish species caught and harvested at Lake Louise in 1998. - An
estimated 18,489 bluegill were caught and 10,029 harvested during the 1998-survey period
(Table 15). Bluegill catch and harvest rates were high (Tables 13 and 14).. Catch rates ranged
from a low of 1.30 (May) to 2.60 (June) and harvest rates ranged from 0.81 (May) to 1.45 (June).

‘Angler harvested bluegills ranged from 14 cm to 23 cm TL (Figure 3). The estimated biomass of

harvested bluegills during the 1998 survey period was 19.8 kg/ha (17.7 lb/acre) and in 1997 an
estimated 13.3 kg/ha (12.3 Ib/acre) were harvested.

It appears that anglers do not harvest bluegills in propertion to their availability at Lake Louise.
In both 1998 and 1997, the angler harvest length-frequency histogram is shifted to the right of

the electrofishing and trap net sample histograms (Figure 3).: Thus, anglers harvest a higher

17
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- proportion of bluegill greater than 15 cm than less than 15 cm. Santucci and Wahl (1991) found
angler bluegill catch to underestimate the relative abundance of small bluegills at Ridge Lake,
- Illinois. They found Iength dlstnbuuons of angler—caught bluegllls to be biased toward la:ge
“bluegills (>13 cm TL) : r

.- Largemouth bass : ' i
- Largemouth bass harvest mcreased substantla.lly in 1998 over that estimated in 1997 An
“estimated 1,477 largemouth bass were harvested during the survey period and 25% of the caught

- largemouth bass were harvested (Table 15) Monthly mean harvest rates ranged from 0.01 (July) <

to 0.49 (August; Table 14) while catch rates ranged from 0 47 (June) to 0.85 (July; Table 13)

‘Harvested latgemouth bass ranged in total length ﬁ-om 16 cm to 47 cm (Figure 1). Most angler
largemouth bass harvest was of quality- to preferred-length fish. Largemouth bass harvest was
nearly equal between anglers who mdlcated largemouth bass as their target species and those

- who indicated any or bluegill as a target species. However, almost 50% of the largemouth bass
caught by bluegill anglers were harvested while those indicating any fish as a target harvested

. 15% and Iargemouth bass anglers harvested 18% of the bass they caught

Yellow Perch ‘ b
In 1998, yellow perch total catch was Iess than ha.lf the 1997 catch and approxnmatel ly 1 400
fewer yellow perch were harvested in 1998 (Table 15)." Anglers harvested 91% of the yellow
perch caught during the 1998 survey period (Table 15). Catch rates ranged from 0.21 (July) to
0.66 (June; Table 13) and harvest rates had a low of 0.06 (August) and a high of 0.47 (June;

" Table 14). Yellow perch harvested by anglers between 17 cm TL and 26 cm TL (Fi igure 4).

Length frequency histograms of angler harvested yellow perch are nearly identical bt*tween 1998
and 1997. It appears most yellow perch are harvested by anglers once they reach 20 cm (8 in)
-, TLand that most perch are harvested before they reach 10 inches.

" Other Species ‘ ' ; ‘

Anglers caught few walleyes black bullheads or northem plke in 1998. Thme species appear to
- be minor components of the angler catch and likely occur as incidental catch for many anglers.
. Anglers caught and harvested 36 walleyes durmg the I998-survey period.

18




. ~ Table 12. Percent (%) of anglers taigeting selected fish species at Lake Louise from May
through August 1998 and May through August, combined 1998 and combined 1997.

i Percent (%)
Target Species May  Jume  July  August 1998 1997
. Any 216 434 3 00 270 299
Bluegill 25 04 42 154 371315
Largemouth bass 4 109 216 462 BS 252
 Yellow perch 27 65 00 00 3.0 87
Walleye 00 00 0.0 77 06 16
Bluegill/yellow perch 54 65 27 231 6.6 3.1
Bluegill/largemouth bass 1.4 22 81 77 36 00
19
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Table 13. Estimated 1998 and 1997 angleir catch rates for Lake Louise during the Iast three
. weeks in May through August for largemouth bass, bluegill, yellow perch, black bullhead,

% walleye, northern pike, and all species combined (two standard errors are given in parentheses).

May* U Jwme - July August

Catcl/hour - Catch/hour Catch/hour Catch/hour
- Species . ©.1998 1997 !998f 1997 g 1998 1997 1998 : 1(997

Largemouthbass | 062 061 047 074. 085 024 061 008
. (029) (046). (038) (064) (046) (0.15) (091) (0.08)

 Bluegill 130 124 260 232 216 152 226 LT3

(0.45) (2.48) . (0.77) . (1.48)  (0.67) (0.53)  (1.66) (0.76)

‘Yellowperch 026 004 . 066 037 021 049 025 115
v ©16) (0.05) (037 (030) (0.16) (052) (031) (052)

' Blackbullhead = 001 000 003 000 000 000 000 004
‘ (002) (0.00) (0.06) (0.00) (0.00) (0.00) (0.00) (0.05)

. Walleye 001 002 001 003 001 001 001 0.00
T 0on (00H @O (083) (001 (001) (002 (000)

‘Northempike 000 000 001 003 000 000 000 000

(0.00) (0.00) (001) (0.06) (0.00) (0.00) (0.00) (0.00)

 Allspecies 220 191 378 349 322 229 313 300
, ©056) (253) (094 (L64) (083) (0.76) (191) (0.93)

~ *only last three weeks in May

12
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Table 14. Estimated 1998 and 1997 angler hai'Vest rétgs for Lake Louise during the last three
weeks in May through August for largemouth bass, bluegill, yellow perch, black bullhead,
walleye, northern pike, and all species combined (two standard errors are given in parentheses).

June *

~July

A

133

May® -
o Harvesthour - Harvesthour ~: Harvesthour  : Harvest/hour -
Species 1998 1997 1998 1997 1998 1997 1998 1997 -
- Largemouth bass 0.24. - 0.08 004 004 001 001 049 0.02
' ©17) (Q.11)  (0.05 (0.03) (0.02) (0.02) (0.92) (0.04)
Bluegill 081 099 145 064 102 066 119 040
©31) (1.99) (061) (066) (051) (045) (121) (022)
Yellow perch 023 000  047.. 026 - 007 046 006 048"
: ©.16) (0.00) (0.32) (023) (0.09) (0.52)  (0.09) (0.40)
Black bullhead 001 000 000 000 ~ 000 000 000 003
(0.02) (0.00) (0.00) (0.00)  (0.00) (0.00) ~(0.00) (0.05)
Walleye 000 000 000 002 000 001 001 000
' (0.00) (0.00)  (0.01) (0.02)  (0.01) (0.01) (0.02) (0.00)
Northem pike 0.00 000 000 003 000 000 000 000
, (0.00) (0.00)  (0.00) (0.06)  (0.00) (0.00)  (0.00) (0.00)-
Al species 130 107 197 09 110 L4 175 093
. « 038) (199) (0.69) (O77) (0.52) (069) (1.52) (046)
'7 2 only last three weeks in May k
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Table 15. Estnmated number of largemouth bass (LMB) blueglll (BLG), yellow perch (YEP),
‘black bullhead (BLB), and walleye (WAE) caught by anglers, harvested by anglers and the
percent of the those caught that were harvested durmg the last three weeks in May through
August 1998 and 1997 at Lake Louise.’ j : ) .

. Parameter __LMB_ BLG . vEp ~ __BLB _WAE
I8 97 98 199 I 197 I8 1997 19w 1997

Catch 5885 4357 18,489 18660 232 5311 108 150 36 178

1

Harvest 1477 308 10029 6500 2,114 3566 35 55 36 103

Harvest 25% %  S4% 3% 91%  67% 3% 37% 100% 58%

: ~Summg

- The Lake Louise fish community cormnues to resemble the panﬁsh option. The fish commumty
-changed little from 1997. An increase in largemouth bass PSD was experienced, but will likely
~decrease as an abundance of sub-stock bass reach stock length. The largemouth bass population
'is primarily composed of age-4 and younger individuals.” Annual largemouth bass mortality was

_estimated at approximately 30%. Bluegill size structure remained high with a trap net PSD of 85

" and a RSD-P of 9. Annual mortality rates for bluegill and yellow perch exceeded 45%. The
yellow perch population size structure and density appear to be reduced over 1997. The gill net

- yellow perch PSD decreased in 1998 to 48 and the stock-length CPUE decreased to 35. 5
Walleyes remam a mmor constituent of the Lake Louise fish community. ‘

Anglers ﬁshed an esnmaxed 9,303 hours durmg the last ‘three weeks in May through August
-1998. Bluegill remain the most caught fish species with monthly catch rates ranging from 1.3 to
.7 2.6 bluegill per angler hour. Anglers fishing Lake Louise in 1998 appeared to be mcre harvest
‘oriented than those fishing in 1997. Anglers harvested 54% (10,029) of the estimated 18 ,489

"+ bluegills caught from Lake Louise and 91% (2,114) of the 2,326 yellow perch caught. |

Largemouth bass harvest increased substantlally over 1997 with 25% (1,477) of the 3, 885 caugbt
bass being harvested. It appears a.ngler harvest may be reducmg the densny of larger blueglll
~and ye]low perch.

A nearly equal representatlon for targeted specxes was obtamed for largemouth bass, blueglll
- and any fish. Almost all Lake Louise anglers in 1998 were South Dakota residents. In'general,
anglers travel less than 161 kmn, one way, to fish Lake Louise. The highest percentage of Lake
. Louise anglers in 1998 was local anglers travehng less than 40 km, one way. The economic

_ impact of the Lake Louise ﬁshery for the survey penod was esumated to be $180,950. |
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Recommendations

Evaluate panfish harvest and potential unpacts anglers are having on panﬁsh populations.
Excessive bluegill and yellow perch harvest may be a present and future concern at Lake Louise.
Coble (1988) indicated that if angling mortality is sufficient to increase total mortality then
angling could shift the length frequency distribution of a bluegill population to smaller sizes. He

* believed that consistent bluegill recruitment combined with removal of large bluegill would

result in a population composed of few Jarge (> 150 mm TL) and many small fish.- Currently,
few Lake Louise bluegills exceed 200 mm TL. A reduction in the bluegill daily creel would
likely do little to reduce bluegill harvest because only 4.8% of interviewed anglers in 1998
harvested a limit. - Some innovative panﬁsh regulations may be needed in the future to reduce
bluegill harvest (e.g., regular daily creel with only 5 bluegill over 180 mm). As Coble (1988)
stated, it is time to reexamine the behef that anglmg has little or no effect on bluegill
populations.

Walleye stockings into Lake Louise need to be cntxcally evaluated. Few wallcyes have been
collected during annual sampling and anglers caught and harvested few in 1997 and 1998. The
hxgh-densny largemouth bass populatlon may be limiting walleye recrunment

The fish community should be cvaluated on an annual basis usmg electrofishing, trap nets and
gill nets to monitor potential chaniges. It is far easier to make minor changes to a fishery than to
completely restructure a fish community. Elccn'oﬁshmg should be completed in a manner (i.e.,

" shocking mtervals or stanons) thai allows for statistical comparisons across years.

The angler use and harvest survey should be repeated i in the year 2003 to continue to gain
information from South Dakota small lakes and ponds.” This information fulfills Objective 4,
Strategy 4.1 of the Small Lakes and Ponds Su'ateglc Plan (SDGF&P 1997).
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~ Appendix E. Phytoplankton Tables .
1999’ Lake Louise CryptomthaS sp- vs‘thdbmonas sp. by Date
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Lake Louise Total Maximum Daib) Load" . ) L - March, 2001 . ..

Appendix F. Total Maximum SDail‘y Loéd Summary (TMDL) 3

~ TOTAL MAXIMUM DAILY LOAD EVALUATION
- For

LAKE LOUISE
"WOLF CREEK WATERSHED

(HUC 10160009)
 HAND COUNTY; SOUTH DAKOTA
SOUTH DAKOTA DEPARTMENT OF

ENVIRONMENT AND NATURAL RESOURCES

| MARCH 2001
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Lake Louise Total Maximum Daily Load

Mafch 2001 ’
Lake Louise Total Maximum Daily Load ;
Wate’rbody Type: Lake“(Im'pounded) , ~ SRR
303(d) Listing Parameter: TSI Trend Fecal = Coliform, . Accumulated
o '  Sediment
Designated Uses: ‘Recreation, Warmwater semlpermanent aquatic
: S - ‘ Ilfe e
Size of Waterbody: 163 acres
Size of Watershed : 211,329 acres

Water Quality Standards: Narrative and Numeric

The intent - of this summary is to cIearny

identify the components of the TMDL
submittal  to support adequate public
participation ~ and  facilitate the US =
Environmental - Protection . Agency = (EPA) =
review and approval. ~The TMDL was - ; ,
‘ ~summer. The outlet for the. lake empties -

_into Wolf Creek, which eventually reaches
~Turtle Creek south of Redfield.  Turtle Creek

developed ' in - accordance - with . Section

303(d) of the federal Clean Water Act and

guidance developed by EPA.

Introduction

Lake Louise is -a 163-acre man- made
impoundment located in central Hand
County, South Dakota. The 1998 South
Dakota 303(d) Waterbody List (page 22)

. identified Lake Louise for  TMDL
development for trophic state index (TSI), -
increasing  eutrophication . trend, - fecal

coliform  bacteria, and  accumulated

: sedlment

g

" Figure 30. Watershed Location in South
Dakota ‘ , :

Indicators: Average TSI, lake depth, and fecal counts
Analytical Approach AGNPS, BATHTUB, FLUX, PSAIC
Location: HUC Code: 10160009 ~ ~
Goal: = = 10 % reduction in the phosphorus load

- Target: : L - TSI <v70aver’age during the growing season
Objective: The damming of Wolf Creek 15 miles north -

of Ree Heights created the lake, which has

* an average depth of 9 feet (3 meters) and
--over 6 miles (9.7 km) of shoreline. The lake

has a maximum depth of 22 feet (6.7 m),
holds 1,463 acre-feet of water, and is
subject to periods of stratification during the

discharges into the James River near

"~ - Redfield, South Dakota.

'Problem Identn" cation

Wolf Creek is the primary tributary to Lake :

Louise and. drains predominantly grazing .

lands with some cropland ‘acres. - Winter

feeding areas for livestock are present in the

watershed. - The stream carries nutrient

- loads, which degrade water quality in the
‘lake and cause increased eutrophication. -

The assessment study did not find

~impairment to Lake Louise from fecal

coliform bacteria or accumulated sediment.

- Descrip tion of Applicable \‘Na'ter, L
‘Quality Standards & Numeric

Water Quality Targets

Lake Louise has been assngned benef‘mal

uses by the state of South Dakota Surface =

Water Quality Standards regulations. Along -
with these assigned uses are narrative and

SD Department of Environment and Natural Resources ) - 139 -
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- numeric criteria that define the desired.
- water quality of the lake. These criteria
_must be maintained for the lake to satisfy its -
~ assigned beneficial uses, which are Ilstedt

~ below:

- Warmwater = semipermanent  fish  life.
- propagation; ‘Immersion recreation; Limited
- contact recreation; and Fish and wildlife
: ,propagatlon recreatlon and stock watenng

EIndividual parameters, including the lake's
. Trophic State Index (TSI) (Carlson, 1977)
- value, determine the support of beneficial
~uses and ‘compliance with standards. A -
" gradual increase in fertility of the water due
- to nutrients washing into the lake from
~ external sources is a .sign of the
- eutrophication process. . Lake Louise is -
. identified .in both the 1998 South Dakota
-~ Waterbody List and “Ecoregion Targeting for -
~ Impaired Lakes in South Dakota” as not -

~..supporting its aquatic life beneficial use.

" Lake Louise Watershed

T
228 cres
~*~ Highmore FJLL A
: s

ELRE ] 1o : 20 Miles

o anure 31. Lake Louise and WOIf Creek .

 South Dakota has several apphcablef"
~narrative standards that may be applied to
~ the undesired eutrophication of lakes and -
. streams.  Administrative Rules of South '
. Dakota Article 74:51 contains language that
prohibits the existence of materials causing '
: :pollutants to form, visible pollutants tastef :

_ Pollutant Assessment

Point Sources
There are no point sources of pollutants of
' concern in thls watershed

- ,'Nonpoint Sourcesz Bac kg’ round Sources
- Of the 2,129 kg. of phos phorus that enter

~the lake on an average annual Dbasis,
: approxnmately 270 kg or 12.5% are

~-accounted for' by AGNPS from the animal

- feeding operations.  Pages 65-66 of the
assessment final report. ‘

8,364 acres
Lake Louise.

wes i

- and odor producing matenals and nuisance
L aquatlc life. :

I adequate numeric crlterla are not
" available, the South Dakota Department of = -
-~ Environment and Natural Resources (SD

DENR) uses surrogate measures. To assess

~the trophic status of a lake, SD DENR uses
~the mean TSI which incorporates secchi
- depth, chlorophyll a concentrations and
- phosphorus concentrations. SD DENR has
~developed a protocol that establishes
- desired TSI levels for lakes based on an
g v‘ecoreglon approach. This protocol was used
to ‘assess impairment and determine a
e numenc target for Lake Lounse

Lake Louise currently has' a mean TSI of

-+ 71.16, which is indicative of high levels of

primary productivity. = | Assessrnent

 monitoring indicates that the primary cause
_of the high productivity is high phosphorus -
- loads from the watershed.

The numeric target, established to improve

- the trophic state of Lake Louise, is a

growing season average TSI of less than 70.

~_ This target may be achieved through a 10%
“reduction in phosphorus from Wolf Creek in-
- addition to inlake aeration.

. The PSIAC portlon of the report accounted
- for an additional 647 kg/yr of phosphorus or
-30% of the load from the range and crop
~ground.  Of this 30%, only 4% can be
~reduced through - improved - management
~practices. Pages 63-64 of the assessment
- final report. ' P
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The remamlng 57 5% of the phosphorus

load that was unaccounted for in the -
modeling will be attnbuted to natural,

k background sources.

As identified in the suspended solids loading

to the lake section (page 21 of the
assessment final report) -and the sediment.
survey of the lake (page 69 of the
~assessment final report) sediment loading to -

the lake is not a significant concern.

Fecal ‘col‘iform data from the assessment

and from beach samples indicated that less -

than 2% of the beach samples have resulted

in beach closures, each of which occurred -
These closures do not
represent a recurring problem and do not

~during  1996.

impair the beneficial uses of the lake.

No TMDL goals will be developed for fecal.
coliform or accumulated sediment and it is. .
. recommended Lake Louise be de llsted in

the next 303d report.

Linkage Analysis

Water quality data was collected from six
monitoring sites within the Lake Louise and

Wolf Creek watershed. Samples collected at

each site were taken according to South

Dakota’s EPA approved Standard Operating

Procedures  for - Field - Samplers. Water_:

samples were sent to the State Health

Laboratory in Pierre for analysis. Quality.
Assurance/Quality Control samples were -
collected on 10% of the samples ‘according

to South Dakota’s EPA approved Clean

Lakes Quality Assurance/Quality. Control

Plan. Details concerning water sampling

addressed  on pages - 10-69 - of the
assessment fi naI report. I

In addltlon to water quahty monitoring, data
~was collected to complete a ‘ watershed
landuse model. The Pacific Southwest Inter

- Agency (PSIAC) model was used to estimate
~ potential sediment load reductions from the
watershed  through the implementation of -

various best management practices. See

the PSIAC sectlon of the fi nal report pages ‘

- 63-64.

- IMDL
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 The Agriculture Nonpoint Pollution Source -
(AGNPS) feeding area subroutine was used

to. provide comparative values for each of

- the animal feeding operations located in the

watershed. See the AGNPS section of the

final report, pages 65-66.

- The impacts of phosphorus reductions on
~ the condition of Lake Louise were calculated
~using ‘BATHTUB;, an Army Corps of

Engineers model. The model predicted that -
by only reducing phosphorus - from Wolf -
Creek, up to a 90% reduction in-loading to -

“the lake would result ln llttle to no change in

the TSI of the lake

The greatest improvements in the lakes TSI -
were calculated when modeling incorporated
aeration of -the water column in the lake
itself, potentially reducing nutrient release -
from the bottom sediments. ~ The
combination of aeration  and a5 to 10%

reduction in phosphorus loading from Wolf

Creek would result in a sufficient TSI shift to -
partially restore the lakes beneficial uses. A

* discussion . of the reductlon response
- ‘modeling may be found on pages 44-45 of ‘
T thefi nal assessment report. v

| TMDL and ~Allocat|ons

0 kgfyr. ~  (WLA)
-+ 704 kg/yr. (LA).
S+ 1,212 kgfyr. - (Background) -
© Implicit-  (MOS)
1,916 kg/yr. . (TMDL)

- Wasteload Allocations (WLAs

techniques, analysis, and quality control are

There are no point sources of pollutants of

__concern in this watershed. Therefore, ‘the
“wasteload allocation” component of these

TMDLs is considered a zero value. The TMDLs
are considered wholly - mcluded wrthln the
“load allocation” component. S

Load Allocatlons (LAs)

A 6% reduction in the phosphorus Ioad to
Lake Louise may be obtained through the

improvement of five of the animal: waste
systems identified in the AGNPS section of
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. ‘Lake Lbui.te Total Maximum Daily Load

“ the final report reducing'the‘ annual . loadf o
. from:animal feeding areas from 270 kg/yr to;i. ,

;143 kag/yr. -

o Rangeland and cropland BMPs targetlngﬁ‘_ o
11,400 acres of cropland and 18,000 acres of - -

; 'rangeland will result in a 4% reduction in =
‘phosphorus that is attached to 7.3% of the =
“suspended solids loading to the lakes. This

- will. reduce the cropland and rangeland =~
‘phosphorus loads from 647 kg/yr to. 561%‘,

i ,kg/yr

e 'Seasonal Varlatlon

Different seasons of the year can yleld;}_ ,
- differences in water quality due to changes
in precipitation and agricultural practices. To
- determine seasonal differences, Cottonwood:
- Lake: samples were separated into spring.
(March-May), summer (June-August), fall
- (September-November), and winter.
- (December-February) collection periods. .~

M'a"r"qin of Safety

The margin of safety is implicit as.
.conservative estimations were used in the

- development of the phosphorus loads from
~the rangeland 'and ' cropland = best
‘management practices applied in the PSIAC
. model. This is addressed in greater detail =
- on pages 63-64 of the assessment fi nalf. :

; ,report

: *Crltlcal Conditions

' The impairments to Lake Louuse are mostﬁ[
~ severe during the late summer. This is the.

. result of warm water temperatures and peak:

- algal growth as well as peak recreatronal?;; :

‘use.of the Iake

"Follow-Ug Monltormg

As part of the implementation, monitoring.
~and - evaluation efforts will target the
effectiveness.  of lmplemented BMP's.:
Sample sites will be based on BMP site’
selection and parameters will be based on a§; :

product specur" c basis.

: "Momtormg Wlll also take place prior to the?v’

! Public Participation ;
- Efforts taken to gain public education,

~ review, and comment during development
i ‘of the TMDL involved:

March, 2001

proposed agricultural waste systems and

~ three times at the lake during each growing

'season. Samples will be collected hoth
upstream and downstream of the proposed
‘project area to measure impact of the
~-specific site. Following construction, these
sites will again be tested to measure the
- effectiveness of the agricultural waste
T management systems. . ; :

Once  the ; lmplementdtlon project is

- . completed, post-implementation monitcring -
- will be necessary to assure that the TMDL
has been reached and irprovement to the
; benef" cial uses occurs.

t ‘1'.; Central Plains Water Development
" District Board Meetings (8) | :
2. Hyde County Conservatlon District -
- Board Meetings (2) .

3. Hand County Conservatlon District

- Board Meetlngs @) | :

4. Cottonwood Lake Association -

ik Meetmgs (2) ' ‘
- 5.: - Kiwanis Club of M|Iler South Dakota ‘.

- Individual contact with landowners in the i
. watershed. :

- Articles in the local newspapers (3)

- The ﬁndmgs from these publlc meetings and -
~comments have been taken into
. consideration in development of the
- Cottonwood Lake TMDL. :

~ Implementation Plan
The South Dakota DENR is working with the -
- Hand County Conservation District and the
" Central Plains Water Development District to
~initiate an implementation project beginning
-in the spring of 2002. It is expected that a
- local sponsor will request project assistance -
- during the fall 2001 EPA Cectlon 319 funding =

t round
- construction at least two of the five
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