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 LAKE CAMPBELL / BATTLE CREEK WATERSHED
~ DIAGNOSTIC / FEASIBILITY STUDY REPORT

EXECUTIVE SUMMARY

Lake Campbell is a glacial outwash lake located five miles southwest of
Brookings, South Dakota. The surface area of the lake is approximately 800
acres. Battle Creek discharges into the south end of the lake, and accounts
for nearly all the runoff from a watershed area of 112,560 acres. - Land use in
the watershed is over 90% agricultural, involving either Tivestock or crop
production. T R ; ST L e S e

During recent years, property owners and recreational users of the lake have
expressed concerns about declining water quality. Other concerns relate to
excessive algae blooms and decreasing depth of the lake caused by
sedimentation. BRI AR e

In 1986, the Lake Campbell Association entered into an agreement with the State
of South Dakota to begin dredging of the lake. The dredging project began in
1987, and continued through 1989. During that period, approximately 190,000

cubic yards of sediment were removed from the lake at a total cost of $414,000.

In 1989, the dredging at Lake Campbell was suspended so that an application
could be made to the U.S. Environmental Protection Agency to conduct a Phase I
Diagnostic/Feasibility Study. Completion of the study would allow watershed
restoration to occur in conjunction with any future in-lake work. :

The app]ication“ahd funding'for é Diagnostic/FeésibfTity:SfudyqpfiLakeaCampbe11
~ was approved by the U.S. Environmental Protection Agency on June 5, 1990. The
study period for the Phase I grant extended from July 1, 1990 to May 30, 1992.

Key elements of the study included water quality monitoring of the lake and
watershed, an analysis of land uses and nonpoint sources of pollution in the
watershed, a socio-economic study of the potential user population, a shoreline
erosion survey, a septic system survey, and a survey and analysis of the bottom
sediments of the lake. T R N e T T e

Based on the reSu]ts’of the Phase I Study, the fb]]owing'ébné1usions'havelbéEn
drawn: = e S e A A

1. Water Quality X

" The water quality of Lake Campbell and Battle Creek is in need of
- improvement. The results of in-lake sampling indicated that State
Water Quality Standards were not met on a number of occasions for
‘dissolved oxygen, pH, and un-ionized ammonia. In addition, water
quality monitoring of the lake showed high levels of nutrients, which
would cause excessive algae and weed growth. The results of the
tributary sampling on Battle Creek indicated increasing cumulative
‘loads of sediment and nutrients flowing downstream in Battle Creek to
~ Lake Campbell. However, mean concentrations of sediment and nutrients



were h1gherrat'some of. the upstream monitoring sites. This would
indicate that these areas may be contributing greater ]oad1ngs of
sediment and nutr1ents on a per acre bas1s :

.,LWatershed,Ana1ys1s>

The analysis of the Battle Creek watershed indicated that two areas
=~ contributed- relat1ve1y greater amounts of sediment on a per acre basis.
- One of these areas is located immediately adjacent to the lake.

Because of its location, this area has the potential to d1rect1y
contribute significant load1ngs of sediment and nutrients to the lake.

The analysis of the watershed also indicated that implementation of
best management conservation practices could 51gn1f1cant1y reduce

discharges of sed1ment and nutrients to Lake Campbe11

;Shore11ne Eros1on

A survey of shoreltne erosion around Lake Campbe]] ‘was conducted.
A total of 4,155 feet of shoreline were found to be in categor1es of
minor to moderate/severe erosion.  These areas of shoreline eros1on
.represent direct 1oad1ngs of sed1ment into Lake Campbell..

SeDt1c Systems

A survey of the sept1c ‘wastewater d1sposa1 systems around Lake Campbe]]
- was conducted on May 19, 1991. About 10% of the septic systems around

Lake Campbell are known to be out of comp11ance W1th current
construct1on requ1rements ‘ ~

.ﬂeSed1ment ‘Analysis and Survev

A samp]e of the sed1ment from Lake Campbe]l was collected and ana]yzed

for metals, pesticides, and other potentially toxic chemicals. The

results of the analysis indicated dredging activities that would

disturb the bottom sediments sampled would not release excessive 1eve1$ ‘

- of chemicals. A survey of the bottom sediment in Lake Campbe]]

indicated that the estimated sed1ment vo]ume in Lake Campbe]] is -

7, 840 000 cubic yards.

In order to address the water qua11ty problems in Lake Campbell and the Batt]e
Creek watershed, it is recommended that restoratwon act1V1t1es be 1mp1emented in
the fo]]oW1ng areas . ,

mw-:-wm.—-
. » e e * ..

Informat1on/Educat1on Proqram to Promote Best Manaqement Pract1ces

Feedlot Runoff Control
. Shoreline Erosion Control

Sanitary District Estab]1shment

. Wetlands Evaluation, Restorat1on, and Estab11shment :
‘Dredging -

Further 1nformat1on on 1mp1ement1ng these restorat1on act1v1t1es is 1nc1uded in
the RESTORATION ALTERNATIVES AND RECOMMENDATIONS sect1on at the end of th1s

report

ii
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INTRODUCTION

. The Phase I Diagnostic/Feasibility Study of Lake Campbell was initiated at the
request of the Lake Campbell Association. The purpose of conducting the Phase
I Study was to determine the sources of water quality problems in Lake Campbell
and .its watershed area, and to recommend alternatives for lake restoration
activities. IE AR : : e '

The Phase I Study was undertaken as a coopefatiVe’effort‘between thequUfh '
Dakota Department of Environment and Natural Resources, the East Dakota Water
‘Development District, and the Lake Campbell Association. A local project =
coordinator was hired by the East Dakota Water Development District to conduct
water quality monitoring, and to assist with the development of background
information for the study. The interpretation of data, recommendations for
feasible lake restoration alternatives, and compilation of the final report ‘
have been the responsibility of the South Dakota Department of Environment and
Natural Resources. ‘ s ' o ; e

~ The remainder of this report will present the findiﬁgs of the Pha$e~1 L T
" Diagnostic/Feasibility Study for Lake Campbell, and discuss the rationale for -
selection of recommended restoration alternatives. RN Y

LAKE IDENTIFICATION AND LOCATION

Lake Name:‘ Lake Campbell

State: South Dakota

County: Brookings'County, SD

Nearest Muniéipa]ity:fHBrbbkihgs,'SD‘

Latitude: 44,deg.,12'miﬁ}‘3615éc. N.", )
Longitude: 96 deg. 50 min. 42 sec. N. ‘”~ff:"‘”
EPA Region: VIII | |

Major Tributary: Batt]ékCreék

Receiving Body of Water: Big Siodx Rivérff{j

Please see Figure 1 and FigUré°2ffor‘maps showihgvthe Tocation of Lake Campbell
and the Battle Creek watershed. L ' SRR ’ e
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WATER QUALITY STANDARDS | |
The water qua11ty standards for Lake Campbe]] are shown below

1. Qes1qnated Uses

. a Harm Water: Marg1na1 Fish Life Propagat1on lakes and streams which
'will support aquatic 1ife and more tolerant species of warmwater :
fish naturally or by frequent stocking and intensive management but
“which suffer frequent f1sh kills because of cr1t1ca1 natura1

~ conditions. o

b. Immersion Recreation: waters wh1ch are su1tab1e for uses where the

' human body may come in direct contact with the water to the point

~ of complete submersion and where water may be 1ngested accidentally
~or where certain sensitive organs. such as the eyes, ears and _nose

may be exposed to the. water. ‘ . 5

el L1m1ted Contact Recreat1on waters wh1ch are su1tab1e for boat1ng,
fishing and other recreat1on where contact maybe made with the
water but the person’s eyes mouth and ears wou]d not 11ke1y be
1mmersed « ; , :

- d. }w11d11fe Propagat1on and Stock Nater1ng 1akes and streams wh1ch'
~are satisfactory as habitat for aquatic and semi-aquatic wild:
~animals and fowl and are su1tab1e qua11ty for water1ng of domest1c

~and wild an1ma1s e

2;~,ADpl1cab1e Cr1ter1a i

Water qua11ty cr1ter1a for the ma1ntenance of these benef1c1a1 uses are
conta1ned in Table 1, Lake Campbe]] water Qua11ty Standards G

'oescmmou OF pusuc ACCESS |

Access to.Lake Campbe]] is exce11ent with three ramps even]y d1str1buted around
the lake (Figure 3). One ramp, 1ocated on the north end of the lake, is access1b1e
by a newly grave]ed and widened road, entering from a paved county highway. A
second ‘ramp is located on the east s1de of the lake. Although the road to the east

~access is of marginal quality, the ramp itself is one of the best on the lake. The

Department of Game, Fish, and Parks has tentative plans to acquire an easement and
maintain the road. The third access is a double-wide cement ramp on the south side
of the 1ake There 1s d1rect access to this ramp from a paved county road

’A11 three 1ake accesses prOV1de free boat 1aunch1ng and shore]1ne use. The ‘south
- access has camping facilities, a small store, and renta] spaces for campers The
renta] fees are. used for fac111ty upkeep : : :

~ There are no pub11c transportat1on systems serV1ng Lake Campbe]] The lake is
within close proximity of Brook1ngs, SD, and many other rural communities (Figure
- 4). Private transportation is a conven1ent and preferred choice of travel.
Fac111t1es and accesses ava11ab1e at Lake Campbe]] are descr1bed 1n Tab]e 2.



‘Table 1.

Lake Campbell Water Quallty Standards

Polychlorinated B:Lphenyls

Fecal Coliform Orgam.sms

‘Total Alkalinity

: Total Dissolved Soh.ds

Conduct1v1ty
Nitrates -

Sodlum absorpt:. on ratio

‘Standard

Parameter : ‘
Total Chlorine Re51dua1 1 <0.02 mg/L
‘Un-Ionized Annnma <0.05 mg/L
Total Cyanide © <0.02 mg/L
~ Free Cyanide = <0.005 mg/L
" Dissolved Oxygen . i - >5.0 mg/L .
"Undlsassoc1ated Hydrogen Sulflde - <0.002 mg/L RN
pPH >6.5 & <8. 3(1.n'11ts%*”“
Suspended Solids <150 mg/L ‘
: Temperature S <90° F

<0.000001 rrg/L
<200 per 100 mL
<750 mg/L
<2500 mg/L

<4000 mcrmhde/cm ,

<50 rrg/LA

<10:1 -
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. Table 2.

'Fact]itieS'and'Accessesiat‘Lake,Campbe11 E!V"S‘

Name:

North Landing

l';DancetLand,f[T7

~ South Shore

Responsible SD Game{f

Agency: Fish, and S | - Game, Fish“f o
SRR , Parks i - parking. - -and Parks.
' s ~Privately owned
- launch and -
pier. .
Type: = . Boat Launch =~ Boat Launch- ~  Park
Land area: R R
~(ha) 4.8 RS VA ~6.48
Lake , o
- Frontage: S Ll T N T
(m). “:,‘230 39 295
Faci]ity”' -
type and - - SR L ST A
capacities: Launch1ng ramp . . Launching ramp }10 camps1tes, =
‘. ' ‘with capacity =~ for small boats, 1 camper rental, -
~ for 20-ft. and ~  parking for 10. small boat
" smaller boats, -~ -+ . launch, all-year -
- parking for 10, store, swimming
~ 200 m. public ~ beach, 50 m. -
~ shoreline. 'pub11c beach,
B ‘ .~ bath house. -~
~ Parking for 400+
Fees: .~ ~None. ‘None. ~Campsites  $8.00*

‘,gCampers>

TTTPriVatéjy owned  South Dakota

~ access road and

,;10;00*7 ”

*Some. of the fees co]]ected at South Shore go toward fac111ty
ma1ntenance R L L

DESCRIPTION OF SIZE AND ECONONIC STRUCTURE OF POTENTIAL USER POPULATION

A descr1pt1on of the size and economic structure of ‘the potent1a1 user

population for Lake Campbell was completed by Dr. “Jim Satterlee, Director of the c
Census Data Center at South Dakota State. Un1vers1ty, Brookings, South Dakota .
(Satterlee, 1991). In conducting his analysis of the potent1a1 user popuTat1on,
Dr. Satterlee examined two areas surrounding Lake Campbell. The first area '
included a 50 mile radtus of the lake, and the second area 1nc1uded Just a 20
mile rad1us of the Take : S , v

It was found that the: tota] popu]at1on represented w1th1n a 50 mile. rad1us of
Lake Campbell is 264,000 persons. Eighty percent of this population resides in.
South Dakota, with the rema1n1ng 204 re51d1ng in M1nnesota Seventy six percent ‘

;s'j;’



of these residents 1ive in communities ranging in size from less than 50 persons

to a metropolitan area of over 100,000 population. The remainder of this

population lives on farms or acreages outside of incorporated city boundaries. |

The total population living within a 20 mile radius of Lake Campbell is 40,180.
Seventy-four percent of these residents live in communities ranging from 60

persons (Nunda) to the largest community (Brookings) directly adjacent to the -
lake with 16,253 persons. =~ . . Ll SR :

Brodkings is the home of the State’s largest university (South Dakota State
University) which has an enroliment of 7,500 students. The large number of -
young adults places a high demand on Lake Campbell for summer water sports and
winter sports such as cross-country skiing, snowmobiling and. ice fishing.

Nearly 43% of the°populatibn,thhin‘aTZOTmile‘radius of the lake isibetween 15 ‘;

and 24 years of age.

In examining the economic characteristics of the pbtential u§er,popu1ation{

within a 50 mile radius of Lake Campbell, it was found that most persons are o

employed in non-manufacturing type occupations (77%). These occupations include

agriculture, ag business, education, and service industries. The unemployment
rate for this area is similar to the state average (3.4%), and well below the

national average of 5.8%. The per capita income for the 50 mile radius around ‘.r=:“

Lake Campbell is $8,626, which is substantially below the national average of
511,923,kand,slight]y.]eSS;than the State average;of.sa,slo; S

Complete copies of Dr. Satterlee’s report on the Socio-Economic Characteristics -

Department of Envirbnment and Natural ReSources,k -

of the Lake Campbell User Population are available from the South Dakota

SUMMARY OF HISTORICAL LAKE USES

Lake Campbe]];haé’octupied a uniqde,niche in the hiStbry of?southeastern South

Dakota. It filled the recreational needs of early settlements with a resort and’

meeting place called the Hagensick Resort. Later Dance Land opened, which
consisted of a dance hall and restaurant. = SR
The Hagensick Resort was created in 1917 when William and Mary Hagensick filed
for a government permit to establish a park on the south shore of Lake Campbell.
The resort was enlarged to include 46 acres through subsequent purchases. It -
became one of the most popular resorts in South Dakota, and included amenities

such as a swimming beach, a boat launch with complete motor service shop, and .

row boat rentals. In addition, there were baseball diamonds, picnic grounds, a ,f~:

roller skating rink, dance hallglgas*Station,*restaurant,‘and‘a water slide.

The water s1ide,fr011er skating rink, and boat rentals were the main,attféctibn,'

at the Hagensick Resort. The water slide was constructed of wood and had an
arch in it to project the riders 100 feet or more out into the water. The

riders would climb to the top of the slide, and then pull Up”a,toboggan.':Two~or'f

~ three riders would sit in the toboggan for the ride down. It was not designed
for the faint of heart. R o Pl o

“During the‘1930's;f1940's, and 1950’s, thousands OF‘fami]iestfrom throughout«,f

eastern South Dakota and western Minnesota drove to Hagensick’s Resort regularly '

to spend days of rest and relaxation. In 1952, the resort was sold, and the
ownership changed many more times after that. It became known as Johnson’s Park



~in 1952 It f1na1]y c]osed in 1984 due to unfavorab]e water cond1t1ons It
was reopened under a new name, and on a much smaller sca]e, in 1989. Known as

~ South Shore, the faC111ty now cons1sts of a sma11 conven1ence store, bathhouse,jvkL‘

and p1cn1c ground

The other maJor recreat1ona1 center at Lake Campbe]] s Dance Land “In 1937
J.G. McClemans bought a parcel of land on the east side of Lake Campbe]] to
build a hunting lodge. Eventually the facility expanded to contain two bars, a
restaurant, and a dance hall. The dance hall and supper club operated until
1986 when it burned to the ground. The business was fa111ng even before. the
fire, with the supper club open on]y by reservat1on : £

‘Parents and grandparents of current res1dents can: remember trave11ng to Lake

Campbell to go fishing, skating, or dancing. It was the meet1ng place for many

social happenings from approx1mate1y 1920 through the late 1950 S. Short]y
after that t1me the lake usage. started to dec11ne :

Actua] usage data have never been kept on Lake Campbe]l, S0 an accuxate est1mate
of loss in beneficial hours is difficult to assess. However, when comparing
facilities that prev1ous]y were maintained, to present-day fac111t1es, it can be
assumed that econom1c and recreat1ona] 1osses have been substant1a1 ‘

It is speculated that declining water qua11ty in Lake Campbe]l has been a factor 3
in decreased usage of business establishments around the lake. A chronolog1ca1 '
listing of fac111ty open1ngs and c]osures at Lake Campbe]] is shown in Tab]e 3

Tab]e,3 Fac111ty 0pen1ngs and C1osures at Lake Campbe]l

Opened C]osedk~k, - Name LR Fac111t1es

;1917 1952 ~Hagensick Resort Ro]]er Skat1ng, Store,,:,
S ey e Boat Rental, Swimming,
~Camping, Water Slide,
- Gas Stat1on, Bar -

1937 - ]1986j1 :DaneefLand - : '?yxiy ' Restaurant, Bar,td
: R p S e ~ Dinner Cruises,
Ll SRR ~ . Dance Hall i
1952 1984 prhnsons Resort ~ Roller skating, Store;
T T e A - Bar, Swimming, -

. Camping, Store,a‘
v;)Gas Station -

1989 - south shore d:f S VStore, Gas, Camp1ng, :
A R T AT I Bath House L
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Wildlife Propagation

At the south end of Lake Campbell is a large wetland that is owned by the U.S.
Fish and Wildlife Service (Figure 5). This wetland, which is maintained as a
Waterfowl Production Area, is directly connected to Lake Campbell. It is a
natural habitat for nesting and migrating waterfowl. Non-game species also use
this area for reproduction, feeding, and resting. This wetland area is directly
affected by the water quality within Lake Campbell. ,

Lake Campbell functions as a staging area for many types of waterfowl, including
pelicans and Canada geese. The large, permanent wetlands at the south end of
the Take are essential to waterfowl during droughts and migrational periods.

The shoreline of Lake Campbell is wooded, providing a home to great horned owls
and other raptors. Bald eagles have been observed resting in these trees during
migratory periods.

Research and Education

Lake Campbell is within a ten-minute drive of South Dakota State University at
Brookings, South Dakota. South Dakota State University has Natural Science and
Wildlife Science Departments. The lake serves as a living laboratory for the
for the university and its students.

In 1976, James Hayden used Lake Campbell for his thesis research on coteau
lakes. Marlene Schwienforth completed a masters degree thesis on Lake Campbell
algae populations in 1984. According to Dr. Charles Scalet, professor of
biology and fisheries at South Dakota State University, limnology labs are
conducted at the lake every year.

Sport Fishing

The first recorded fish stocking of Lake Campbell occurred in 1959, with the
introduction of 250,000 northern pike fry. Since then numerous northerns,
perch, and crappies have been stocked (Table 4). Because periodic winter and
summer fish-kills are experienced, state agencies stock fish that are tolerant
to low oxygen.

Natural stocking of fish from the Big Sioux River occurs during periods of high
water. Lake Campbell also has good, to fair, natural reproduction of game fish.

The potential for Lake Campbell to become a high quality fishery is hindered by
the periodic fish-kills that occur. Because of occasional low oxygen levels,
and the present rate of sedimentation in the lake (0.5 to 1.2 inches per year),
it is anticipated that fish-kills will continue to be a recurring problem
(Payne, 1983).

11
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Table 4.

F1sh Stockxng Records For Lake Campbe11

- Year

f,Number‘ ;

Spec1es

kaSize ;

1959

1960

1961

1962

1963

1978

- 1965

1967

1968
1969
1970

1971

1983

1988

1986
1988
© 1989

250,000

500,000
5,000

3,000

500,000
2,500

300,000

3 500
250 000

3,000
160,000

500,000
2,000

500,000

- ,12’000‘
500,000

- 500,000
1,500

500,000

300
5

1,000,000

300
500;000
.31
‘»500;000

 'Northern Plke
~ Northern Pike

White Crappie
Yellow Perch

~ Northern Pike
~Yellow Perch
- Walleye
"Yéllow,Perch

" Northern Pike
Yellow Perch

e Nbrtherh Pike

: “,Norihérn Pike
Ye]]qw Perch. -

 Northern Pike
~ Yellow Perch

| JfNQrtheranike

~Northern Pike
. Yellow Perch

ii‘Nofthernwpike ~:

~ Yellow Perch
- .Black Crappie

: North¢rn,Pike' :

_ White Crappie

| Northefn‘Pikg

Blue Gill

Northern Pike'

Fry

" Fry
Adult -

Adu]t

‘Fry
' Adu]t'

;-Fry g
rAdu1t _,;T'i

Fry
Adu]t

Fry

’Fry

Adu1t A. ,
Fry .

e

, Fry

Adult .

£
Py
Adult

ny
Fry

‘.Fry 

~ South'DakdtaiDeﬁaftmeﬁt*of Game, Figh,and;Parks

L v13' .

Adu]t e



EPOPULATION SEGHENTS ADVERSELY AFFECTED BY LAKE DEGRADATION

The population segments most deprived by the Toss of suitable water cond1t1ons
~at Lake Campbe11 are those within a core area of approx1mate]y 20 miles. Within
this ‘area is the City of Brookings, which supports 7,000 un1vers1ty students :
~each year. Lake Campbell has served as a major recreat1on area for these
students. With the loss of facilities and dec11n1ng water quality, the -
viability for beneficial uses has decreased. Permanent Brookings residents
~ (population 14, 000) cou]d also 1ose a va]uab]e a]ternatlve for recreat1ona1
act1V1t1es , e R R , :

A list of bus1nesses that would be affected by a change in water qua11ty is ‘.; -

contained in Table 5. This list contains only establishments within a ten-mile

‘radius of the lake 1tse1f Establishments further away m1ght st111 be affected :

but the effects wou]d be more d1ff1cu1t to measure G .
i Tab]e 5

;Type And Number of Bus1nesses Affected By Lake Campbe]l Hater Qua11ty

: ,Bus1nesses A S Wi i Number w1th1n Ten m11e Radlus

Bait Vendors
- Boat Dealers
- Sporting Goods Stores
~Convenience Store*
Golf Course :
Recreational Veh1c1e Dealer 2 il
- Total -~ S R R |

* actua]]y on the 1ake )

fACOHPARISON OF LAKE USES TO USES OF OTHER LAKES IN THE REGION

Lake Campbe11 is a sma11 to med1um s1zed lake when compared to ne1ghbor1ng Takes
in the region. Like most of the Prairie Coteau lakes, Lake Campbe11 was formed
by glacial me1t1ng during the 1ate w1scons1n Era, and is current]y in a ~
hypereutroph1c cond1t1on B s , s ‘

The Prairie Coteau and surround1ng reg1on contain approx1mate1y two th1rds of :
all the lakes in South Dakota. Many of these lakes are too shallow and s
‘eutrophic to offer water-based recreation. Therefore, 1akes that support
recreational opportun1t1es are va]uab]e, based on. the1r permanence. and
access1b111ty : L : s : s .

Listed in Tab]e 6 are a11 the state park and recreat1on areas W1th1n an e1ghty-
kilometer (50-mile) radius of Lake Campbell. Table 7 lists all area lakes that
support permanent recreational opportun1t1es, and the municipalities nearest to
the lakes. A summary of lake accesses. and recreat1ona1 resources ava11ab1e to

the public is conta1ned in Table 8. : S

ETE



When compared with 1akes .of s1m11ar size in the the reg1on, Lake Campbe]]
compares very. favorably in terms of. recreat1ona1 facilities available, such as
boat ramps and public access areas. As. indicated in Table 6, there are many

~ park facilities within a 50 mile rad1us of Lake Campbell wh1ch attract people to )~'

the area for recreational activities. Lake Campbe]] prov1des a very 1mportant
water-based recreat1ona1 resource thh1n th1s area. : .

15
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Table 7,

Recreat1ona1 Areas and Mun1c1pa11tles Nlth1n 80 Km of Lake Campbe]]mf,, :

Body ofkwater'

Parks i

- Lake Hendricks

'”f_kwhitewoodikake

" spirit Lake“

Lake A1bert :
Lake Shaokatan

Lake Thompson

,‘LakegBent9h51; 

Lake Sinai

 Lake Preeteh.“'

 Lake Poinsett

4 Lake=Hermaﬁ :

- Lake Madison.

Ramgs P
- Swimming
- Boating

3

‘ ;Nearest

UseSr

. Camping

"~ Municipality

Hendricks,~MN fi”

. Fishing -

:z,, Boating .
Fishing

Picnicking

' Fishing

'52{ Fishing

Swimming
Boating
Fishing

- Picnicking -

1‘;iBoatinge

Fishing -

Picnicking

Boating

Fishing

- Camping

 Picnicking

~ Swimming

 Boating

_ Fishing

 Fishing

~ Boating
~ Fishing

Swimming
- Camping -
,Picnicking

~ Boating
~ Fishing

- Swimming
Camping

- Boating
Fishing

Picnicking

Swimming

. Camping

*'P1cn1ck1ng

17

1 Lake‘PreStOn,“SD'ia; S
- Bancroft, SD :
' Lake Norden, SD L

Ivanhoe, MN

‘Lake Preston, Sﬁ

Lake Benton, MN

Sinai, SD

Lake Preston, SD
© Estelline, SD

Madison, SD




Tab1e 7 Recreat1ona1 Areas and Mun1c1pa11t1es H1th1n 80 Km of Lake Campbe]] o
: ; S : » : (cont1nued) oo ‘ o : o

SD,Body\of Water - Parks

i ; Nearest S
eRamps il Uses Mun1c1pa11ty

Brant lake 1 g

. Oak Lake
: }Qakuoods Laké'7 =

| Tetonkehalii5f; 1 :

‘-wa]jfiake_"

';'Lake“Carthége‘»zvs; 1

Lake Cechrahe '~€,,"1s P

3 Boat1ng Chester, SD ‘
- Fishing ~
: ,Swimming,
camping
P1cn1ck1ng

¢F1sh1ngj | Astor1a, SD S

1 ’ «Boat1ng Bruce, SD
.~ Fishing .
- Swimming
: §P1cn1ck1ng

2 Boating Bruce, SD
 Fishing e
Swimming
.. Camping -
, ;P1cn1ck1ng

1  N fBoat1ng» Hartford sD
',2“«;ﬁf;Boet§ngDe Carthage,;SD S

1 . Boating  Brandt, SD ~
. Fishing -~ s
. Swimming -
. Camping - =
‘Picnicking

"‘TaBTe'S Summary of Pub11c Accesses/Recreat1ona] Resources ,ﬁ:;([}y
' ' N1th1n 80 Km Rad1us of Lake Campbe]l o

'Descr1pt1on of

B Public Accesses

v iRecreat1ona1 Uses :
‘Available to the Pub11c

‘_~County/§ity,Parks;“ 2 ; «

State Parks and ;'5;~:‘rc77;1

- Recreation Areas

Public Landings 39

- SWwimming, F1sh1ng, Camp1ng,' :
. ,‘P1cn1ck1ng = s

fSw1mm1ng, F1sh1ng,‘Camp1ng, . 'i
P1cn1ck1ng R

‘Q’Deat}LaunChihg"




| INVENTORY OF POINT SOURCE POLLUTION DISCHARGES

There are no,knoyn'ﬁbintfsource discharges of lejutionvto Lake Campbell.

GEOLOGICAL AND. SOILS DESCRIPTIO"f°FfD§AINAsE aA$1u Greniod
Geo]ogg‘, o ‘ AT TR R

Lake Campbell and its surrounding watershed are located on the Coteau des
Prairie. The prairie coteau area is an erosion remnant, irregularly covered
with glacial drift. This drift is the parent material of the soils and shallow
aquifers in the Lake Campbell watershed. = The drift material consists of till -
and outwash 1aid down during the Wisconsin age. The till is composed of a
heterogeneous mixture of material deposited directly by the glacier. It has a
loamy texture consisting of about 40% sand, 34% silt, and 26% clay (Soil Survey,
Moody County, 1989). T ey R FEE I ~

Lake Campbell is a glacial outwash lake Tocated on a broad drift sheet that
trends north and south, parallel to the Big Sioux River. There are no closed = -
basins in this sheet. Water flows in an integral pattern to the Big Sioux
River. e ‘ 2T I ) ‘ e T

Eastern South Dakota was glaciated at least four times during the Pleistocene.
Epoch. Deposits left by these four ice sheets are from youngest to oldest:
Wisconsin, I1linoian, Kansan, and Nebraskan. The Wisconsin age has been .-
sub-divided into four sub-stages. The four sub-stages, in ascending order, are
the Iowan, Tazewell, Cary, and Mankato (Figure 6). : R Rt

No deposits older than the WiSCGnSin,g]atieffareﬁpreserved'in the Lake Campbell
area. Little is known about pre-Wisconsin ice sheets; however, an accepted
theory is that the glaciers entered from the northeast (Baldwin, 1951). - - ~

Much more is known about the Wisconsin age ice sheets because the till remained
on the surface. Of the four Wisconsin glacial sub-stages in eastern South
‘Dakota, the predominant remnants on the surface in the Lake Campbell area are
from the Iowan and Cary ages. L - i S A

Towan deposits are generally referred to as till or boulder clays that are older
than Tazewell deposits. Iowan deposits are characterized by level to slightly
sloping topography upon which an intricate patiern of dendritic drainage is
developed. The smooth till surface is partly due to mantling of the former-

rough topography of the earliest Wisconsin age.

Cary deposits are compriSed of till, outWéSh,fand gWacia1~1aké,sediments. “The
" Cary till is similar to Iowan till, but is differentiated by topography, absence
of loess, and absence of well-defined drainage. ol S 50

Cary till is characterized by knob and kettle topography which contains many :
filled depressions. The local relief varies greatly from ground to end moraine.
In end moraine areas, the terrain is rugged with maximum slopes ranging from six
to greater than ten percent. The ground moraine is also rugged, but slopes are
usually less than six percent. Cary ti1l varies from ten to seventy feet thick.

The soil is normally poorly developed, and often only six inches thick.
However, in some instances, the soil may reach a few feet in thickness.

19
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Cary outwash sediments are expressed as three topographical types: valley train
deposits, terrace remnants, and collapsed material (Steece, 1958). The more
common valley trains are characterized by level, to nearly level, gently
undulating topography. They occupy Tow areas, and are confined to stream. o
valleys. The material consists primarily of poorly sorted sands and gravels,
with carbonate rocks predominating. - O I ‘

The terraces are thin deposits of sand and gravel, ranging from eight to twenty
feet in thickness (Tipton, 1958). The collapsed Cary outwash is difficult to =~

distinguish from Cary till because the surface is rough and undrained. The . R
outwash surface is closely underlain by sands and gravels, whereas the till is

mostly a mixture of clay.

No bedrock is exposed in the Lake Campbell watershed and surrounding area.
However, data obtained from well logs in the vicinity~reveal'Precambrian‘rockSi
beneath the surface deposits, unconformably overlain by rocks of the Cretaceous: .

Age. Since the bedrock is beneath the unconfined;aquifers_in*the.Lake’Campbe]l“‘ o

‘drainage area, it has little or no-effect on the lake.

Togograéhx

The Lake‘Campbell watershed is on an undu1ating!and geht]y rolling g]acia1 p1qin; " 

with many small depressions. The drainage pattern is poorly defined in most
areas, but is well-defined along Battle Creek. - N ]

Slopes in the watershed generally vary between 0 and 6 percent, although two
small areas less than 10 acres in size have slopes between 8 and 9 percent. A
~ few areas less than 5 acres in size have slopes above: 10 percent. Slopes range -
~from 0 to 12.76 percent, and average 1.01 percent. Bl GO

Soils

Soils that preddminate*ih the Lake Cémpbé]T'watershed,aré deep and well-drained.

These predominant soils were formed over glacial till, and are found in the . w

uplands and valleys of the watershed. The three;primary'soil.types,found'infthe

Lake Campbell watershed are Egan, Wentworth-Sinai, and Dempster (Figure 7).
Egan soils have a silty clay and loam surface layer, approximately seven inches
thick. The subsoil is silty clay loam, about 24 inches thick. The underlying
material is a calcareous clay loam glacial till. Moderate organic matter - ,
characterizes the Egan soils, giving them medium to high fertility. Surface -
~runoff is slow to medium. Permeability is moderate in the subsoil, and L
moderately slow in the underlying material. The available water capacity is -«
high. The Egan soil slopes vary between 2 to 6 percent (Soil Survey of Moody
County, SD, 1989). : LR o DR TN

~ Wentworth-Sinai soils are found on slightly higher ground, and are closer to the
western end of the watershed. These soils are also deep and well-drained The
surface layer is a silty clay loam, about seven inches thick. The subsoil is-
silty clay loam, about 27 inches thick. The underlying material is a calcareous
silty clay loam. (Soil Survey of Lake County, SD, 1973). - e

‘Dempster soils are found along Battle Creek and its floodplain, on nearly level
to slightly sloping surfaces. These soils have silty texture and are moderately

21
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deep, 1lying over sand and gravel layers.. Moderate organic content and medium

fertility are typical of these soils. Surface runoff is slow to medium, and -
permeability is moderate above the underlying sand and gravel. Water erosion is

a problem in sloping areas. Slopes range from 0-2 percent (Soil Survey of Lake :
County, SD, 1973). PN r R S T AR e

Groundwatér Hydrology

Lake Campbellyliéé where two sha116w,uﬁéohfiﬁed'aduiféfs‘merge. The Battle :f°‘¢'

Creek and Big Sioux Aquifers are both glacial in origin. Glacial aquifers, as'a

rule, are unconsolidated sand and gravel outwashes deposited by melt water from
receding glaciers. T R ; A o ‘

The Battle Creek Aqdifer?istOmpOSed-of~fine,to mediumrsandiwith.some fihe~;

gravel, and is underlain by till. This aquifer is located only in the Batt]eT A ; :
Creek floodplain. Cor s SRS P S o R,

The Battle Creek Aquifer is recharged by precipitation and snow melt. Reported -
water levels indicate that the ground water flow follows Battle Creek through -
Lake Campbell into the Big Sioux Aquifer. ‘The Battle Creek Aquifer discharges
approximately 0.3 acre-feet per day through private wells, evapotranspiration,
and §1ow to the Big Sioux Aquifer (Water Resources of Lake and Moody County, -
1986). 21920 el va g el o St bl ety

The following are some of the characteristics of the Battle Creek Aquifer, based
upon information from Water Resources of Lake and Moody Counties, 1986:

Areal extent: 19.45 hectares
Maximum thickness: 8 meters:
Average thickness: 4.25 meters
Depth below surface: 0-1 meter

Ground water level below land surface: 0-3 meters
Estimated water storage volume: 34,000 acre-feet
~ ‘Well discharge: 1-3 gallons per minute - = - - '
- Suitability for irrigation: poor e

The Big Sioux Aquifer runs ih,a sbuther1y difettibhuthrough:the Big Sioux
floodplain. - Aquifer material is composed of fine to medium poorly sorted sand
to well sorted medium gravel. Aquifer recharge is by infiltration of rain water

and snow melt through the 0.3 tq{ﬁ.o,meters‘of»top;sQi1 (Water‘Re§0ur¢es ijjiri&%; ey

Brookings County, 1989). A SERE S | v
Water quality in the Big;SiGUXTAquiferfis similar to the Battle Creek AdUifer o 4
with calcium bicarbonate and sulfate predominating. - The average calcium
~ concentration is 100 mg/L, the average bicarbonate concentration;is'260;mg/L, "ﬁl
and the average dissolved sulfate“concentration is 180 mg/L. ‘ ST A T

Aquifer recharge by Lake Campbell usually only occurs dﬂrihg]sbring‘runpff‘and'f\;{*’ 

~extreme high water periods. The remainder of the year, the aquifer-is .

~ recharging Lake Campbell. The ground/surface water connection is moderate
. between Lake Campbell and the aquifers (Classification-Preservation-Restoration
of Lakes in Northeastern SD, 1977). L PRt
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LAND USES AND NONPOINT POLLUTANT LOADINGS

Natershed Ana1vs1s

Lake Campbe]] and its surround1ng watershed are located on the Pra1r1e Coteau in
“Brookings, Lake, and Moody Counties of South Dakota. This region is
characterized by gently rolling hills composed of glacial dr1ft 1nterspersed o
with- many sma11 potholes and 1nterm1ttent streams , ,

The contrlbuttng watershed cons1sts of approx1mate1y 112 560 acres. Batt]e

- Creek drains nearly 100 percent of the watershed and d1scharges into Lake
Campbell from the south. Land use in the watershed area is 91% agricultural,

involving either Tivestock or crop production. The table below prov1des a

summary of land uses and percentages for the ent1re watershed ot

’ A Tab]e 9. >~f ‘

c 1992 Land Use Percentaqes For Lake Campbe11 watershed

Land Use -~ =  Hectares = Acres ___ %Watershed
Agricultural Cu1t1vated o33, 636f“i L _83 052  73.8
Agricultural Non- Cu1t1vated 6,922 . 17;091",“*~ .15.2
Water _ 1;686';‘ ey 4,16~ 33.7
Transportation f~_- oo 1,094 - - 2,701 2.4
Farmstead G S e - 9%57 ,‘*2,363") / 2.1
Forest ‘;3,[7 . . .....501 - . 1,237 . 1.1
CRP . 456 1,126 1.0
High Density. Res1dent1a1 ; e J‘: 674 0.6
Low Dens1ty Residential 62 153 0.4
Total - L Syt '1w' 45 587 *; S 112 560 ,;,_'100.0 '

Most of the pasture, CRP and farmsteads are Tocated on or near the un-named
tributaries to Battle Creek and Battle Creek itself. The cultivated lands are
evenly distributed throughout the watershed w1th many extend1ng to the very
edges: of the: creeks , 5 , : ‘ e

A study conducted by the Water Resources Inst1tute at South Dakota State

University (Ullery, 1989) was undertaken to 1dent1fy areas within the watershed
that contributed the largest amount of sediment, and where application of o
conservation and best management pract1ces shou]d be focused to reduce de11very',
of sed1ment to Lake Campbe]l ! : L

The Lake Campbell watershed was d1v1ded 1nto six subwatersheds (thure 8) The :
six subwatersheds were analyzed using the Agricultural Nonpoint Source (AGNPS)
Runoff model. The results of the analysis indicated that two areas, 5 and 6,
contributed the largest amount of sediment and nutrient loads to the Lake -
- Campbell watershed (338-348 kg/hectare) The other areas contrlbuted sma]]er :
loadings (74 143 kg/hectare) = Sl e e e

The recommendatlons of the Hater Resources Inst1tute study for reduct1on of
nutrient discharges to Lake Campbell include reductions in nitrogen and
phosphorus fertilization, and improved application methods such as 1nJect1on
- It was recommended that these best management practices be targeted at the
-,subwatersheds contr1but1ng the greatest 1oad1ngs (5 and 6)
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To reduce the sed1ment d1scharge to Lake Campbe11 the building of sediment
~retention basins was investigated. Seven sites were identified (Figure 9), with
four of them selected as potent1a11y fe351b]e The criteria used for deciding
feas1b111ty were: o . ; ,’/\ . S

1 Ab]e to store 50 year, 24 hour ra1nfa]1 event PR Ao

2. Submerge Tess than 150 acres of flood p1a1n when fu]]
3. Maximum depth less than 25 feet :

4. 0n1y a short dam face would be requ1red

Drainage areas for the four 51tes range from 648 hectares (1 600 acres) to 1 814
“hectares (4,900 acres). The table below summarizes 1nformat1on on the seven
potential sed1ment retent1on ba51ns that were 1dent1f1ed RaEE

Tab]e 10 Seven Potent1a1 Sed1ment Retent1on Bas1ns Ident1f1ed

S1te e e f' Lega1 L 'Dra1nage o Surface  Dam -
Lo Descr1pt1on ~ Area (ac) Area (ac) Length (ft)

K¢ TIOON, RSOW, Sec 32, 700 35 1,600
e NW1/4, 14
B*  TIOSN, RSIW, Sec 15, 3,040 100 1,900
C TSN, RSIW, Sec 14, 1,920 85 300
o sEvA Sl . B
e _ﬂ,sw 1/4 NE 1/4 ,~—~’;si7;;‘f s R
F o ’711108N,,R51w, Sec'27;s74,900"’if o1 00
~ NW1l/4, NETA4
6= TION, RSIW, Sec v, r,7;840~7 S 185 1,600
W 1/4 SE 1/4 e

i *1ocat1ons reJected due to dam 1ength
U]'Iery, 1989 ‘ :

In summary, the evaluatlon of the watershed has 1nd1cated that the- greatest T
potential 1oad1ngs of sediment and nutrients are derived from two subwatershed
areas, 5 and 6. Consequently, best management practices such as fert111zat1on
reduction and improved application (injection) should be implemented in these
areas. In addition, the watershed evaluation identified potential sites for
construction of sedlment retent1on bas1ns Potent1a11y fea51b1e s1tes shou]d be‘u
further 1nvest1gated
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~Shore11ne Eros1on Survev

A survey of the Lake Campbel] shore11ne was conducted on September ?6 1990; A
pontoon was used to survey the ent1re shoreline around the lake. Areas of
erosion were recorded on videotape. In add1t1on, the areas of erosion were‘
“recorded on an aerial photograph of the lake.:  For each area. of erosion,

‘estimate was made of the length, he1ght and sever1ty The categories,for,'
severity of erosion were as fol]ows . L T g

M1nor ,4‘ M1nor/Moderate s Moderate Moderate/Severe . Severe

Genera]]y, ‘the shore11ne around Lake Campbe]] 1s in good cond1tlon w1th most
‘exposed areas already rip-rapped or controlled by some other method However, a
total of 4,155 feet of the shoreline was found to have some degree of erosion.

Of that tota] 785 feet were found to be in the Moderate erosion category, and
580 feet were in the Moderate/Severe erosion category The remaining areas were
found to be in the Minor and M1nor/Moderate categor1es No areas . of Severe
erosion were observed ‘ A : . t

A summary of the 1ength (L) and he1ght (H) of eros1on,‘1n feet w1th1n each |
category is found below: : s, ,

Tab]e 11 Lake Campbe11 Shore11ne Eros1on Categor1es

‘ M1nor M1nor/Moderate . Moderate f " Moderate/Sever
L/ ,Lﬂi‘ T fﬁLﬂtt»*’ -/fU“Lﬂt;~“
200/3.  40/6- 1256 200/10’7
25/3 50/6¢ - . 30/8 - 50/5
~75/2 - 60/6 - 100/6 - 80/15
30/3  100/4 ~ 200/8 . ;' 20/12
1s0/2 -~ 120/4 = .~ eO/4 - 30/12
200/3 - 350/ - 250/4 - 200/16
- 250/4 5004 - . -20/6 . -
308 - . 1e0/12
150/4 e el UL e
_40/4
300/1
120/1
Length 1 570-' ... l20 -~ 78 . 580
HEIth 2.5 ggf‘ﬁ* - 4. 4‘ e 57 o 125

Figure 10 1s a map shOW1ng the areas of Moderate and Moderate/Severe erosion
around the Lake Campbell shoreline. It should be noted that all the areas with
Moderate/Severe erosion are on the exposed shoreline facing northwest, between
the Brookings Country Club and the south shore of the lake. A1l of the areas in -
~the Moderate and Moderate/Severe erosion categor1es represent significant
potential 10ad1ngs of sed1ment to Lake Campbe]l,;and shou]d be corrected as soon

as poss1b1e

Py
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Septic Svstem Survey

‘A survey of sept1c wastewater d1sposa1 systems was conducted at Lake Campbe11 on
May 19, 1991. Members of the Lake Campbell Association and. Phase I Project =~
~staff conducted the survey. Residents who were not home were contacted later to
obtain the necessary information concerning their. wastewater disposal systems :
A total of 87 survey reports were obtained for Lake Campbell. Of the 87
reports, 68 (78%) had documented dates for construction of the septic systems
In checking the construction dates, it was found that of the 68 reported dates,
20 were 1977 or older. This would make 29% of the systems 15 years old, or .
older. A total of 28 of the 68 reported dates were 1982 or o]der Th1s wou]d
make 41% of the sept1c systems ten years o]d or o]der :

Of the 87 tota1 sept1c system reports that were obta1ned 73 (84%) had the
distance from the system drainfield to the lake documented Of the 73 reports
with documented distances, 7 indicated a distance of less than 100 feet from the
drainfield to the lake. This would indicate that approximately 10% of the -
systems have a distance of less than 100 feet between the drainfield and the
lake.  The minimum distance requ1red between a drainfield and a lake, under
current state rules, is 100 feet. ‘Therefore, about 10% of the existing
wastewater septic systems have dra1nf1e1ds ‘that would not meet present “
construct1on standards ; : A S .

Given the age and locat1on of many of the septlc systems around the 1ake, 1t can‘ﬁ
be assumed that a significant number of these systems_are causing a direct
impairment on water quality. Because the lake is in a hypereutrophic cond1tlon
as a result of existing high levels of nutrients, measures should be taken to

e11m1nate these d1rect sources of contam1nat1on to the 1ake : : :

,BASELINE LIHNOLOGICAL DATA

The first record of water qua11ty samp11ng w1th1n Lake Campbe]] ‘was in 1967 The'
analytical results from this sampling are found 1n Table 12, together with other

subsequent water quality data that was available. Sampling time frames and

chemical parameters are 1ncons1stent between samp]es mak1ng accurate
interpretation d1ff1cu1t ’ - rir

The data 11sted in Tab]e 12 are the resu]ts of samp]es that were co11ected and

analyzed with Tittle consistency. Samples were not collected on a set schedu]e, .

were not always tested for the same parameters, and were analyzed using var1ous
laboratory procedures. However, genera1 trends in water quality can be s
‘determined when the data are viewed as a whole. Based upon the historical data,'j
there is a strong 1nd1cat1on that there have been increases in chloride, -
sulfate, and. phosphorus, 1nd1cat1ng 1ncreas1ng 1evels of contam1nat1on to the
lake: over. the years. , - , Ey

F1gure 11 has all the ch10r1de concentrat1ons graphed for the per1od from 1967 ‘

to 1983. All monitoring results after 1983 were affected by dredg1ng
operat1ons, -and therefore were - not graphed
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Chloride is a good indicator of trends in man-made pollution because metabolic
uti]izationgdoesanot‘cause,signifiCanthariations,in»the'spatial and seasonal
distribution within a lake. It has been shown that pollution sources can =
significantly modify the natural chloride concentrations (Wetzel, 1975).

In a natural system, chloride concentrations should be relatively consistent, -
and vary little during the natural aging process of a lake. Figure 11 shows a
general increase in chloride concentrations over time. This would suggest that

external sources, such as failing septic systems, may be contributing pollution .
to Lake Campbell. PR O SR o R

Figure 12 is a graph,containing,tOtal phogphdrus concentrétidns,for‘the_yeérs_*‘h
1972 through 1983. These results show a general rise in phosphorus levels over
the years, suggesting;jncreased,10adingsiof,phosphorus to Lake Campbell.
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871

Tab]e 12
k Base11ne Hater Qua11ty Data For Lake Campbe11
(A]] parameters in mg/L un]ess otherw1se stated)

~Date - PH S0 r‘DO', Na ?;'Kj', Mg»':;Ca W,SVO4t C] Ref.

¥ _{su)(em) e :

- 3/67 7.8 18 10;2a‘ i5 10 ,‘118~“;5.

- 2/68 8.2 21 16 o 193 5,
4/68 - 8.2 41 f 10.6 15 9 - . 143 3.
&2 .. 18 5
1/73 PR e e e ,,‘;' . 235 6.

- 8/16 o~ B
-9/76 —8 9 30 ; 75\,,29 124 134 836  26.
11/76 53 60 26 ;~,99 107 675 17,
‘ 146 59 260 270 1705 44.

0.3
| 4.7
117 1.8 5.9 1 ¥ ;
3/77 9.5 12.0 28 15 48 56 334 9.
g 5.4
9.5
9.4

“NoNoomemoom

e .4 146 59 53 264 1670 44.
8/78 I B e

- 8/719 L
11/83 83

Woooo-HhoDaQAO T M ]|
B ) L] L] ‘e L IENEE I L] L] L] L] . . . L]

~ Table 12. (Continued)

1 ,Tota]t Cond. ; Tota]“\OrthbJNDZ-N f ‘yr:"Feca1n¢ Ref. -
‘Date Alk. (umhos) TDS P - P NO3-N NH3-N Coliform
ERUHANLON e _ : ___(MPN/100mL )

3/67 214 560 395
~ 2/68 281 800 627 ,
- 4/68 174 540 527
7772 ,200 .100 2.05
872~ .100 .020 1.42
/73 . .260 .240 =
- 8/76 1189 998 S
. 9/76 164 1268 1514 ~ .280 .180
- 1176 .99 1346 1258 .180
1/77 339 2940 3038 .153 .004 3
3/77 80 710 639 .155 .015  0.22 13
8/77 330 3080 3101 .219 .101 canlgh
8/78 . 659 .263 .143 0.12 0.38 27
879 83 .33 .20 L1
/83 918 .310 .10 2;29 1.1

omoﬁon oo ocowl
o~ :

R U
VT OTOTT-Hh0OOANTL M

;'Gloss, 1969 :

. East Dakota Conservancy Sub D1str1ct 1976 1979 (Unpub11shed) ’

.-South Dakota Department of Game, F1sh and Parks, 1972. - :
(Unpublished) , : . '

~d. South Dakota Department of Game Flsh, and,Parks,—1973.

' (Unpublished) B S e

. Hayden, 1976.

. Hayden, '1977.

oowm

Qs
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CURRENT IN-LAKE DATA

In-lake samples were collected from Lake Campbell at three sites (Figure 13,

~ Lake Campbell In-Lake Monitoring Sites). Site CL-1 was located in the middle of

the north end of the lake. The average depth at this site over the one-year

sampling period was 7.8 feet. Site CL-2 was located in the middle of the lake.:

" The average depth at Site CL-2 over the sampling period was 5.8 feet. Site CL-3

“was located in the middle of the south end of the lake. Site CL-3 was inan =~
area of the lake that had been previously dredged, therefore the average depth

at this site was 10.9 feet. Because of the water depth at Site CL-3, both -~

~ surface and bottom samples were collected at that site. Only surface water
‘samples were collected at Sites CL-1 and CL-2. - : ;

Summaries of the results from the in-lake monitoring program are included in
Table 13 (Sites CL-1 and CL-2) and Table 14 (Site CL-3). Generally speaking,
the concentrations of the in-lake parameters tested were within the limits of -
the Surface Water Quality Standards set forth by the State of South Dakota. It
should be noted, however, that the State Standards do not include parameters
such as total phosphorus and total nitrogen. For that reason, the determination
of a lake’s water quality should not be based solely on the State Surface Water
Quality Standards. Rather, the determination of water quality should be based -
on levels of other parameters, as well, that may not be included in the State
Standards. b T v T AR e T

Trophic StatusflhdéxiT;f"u

Carlson (1977) proposed a Trophic State Index that compares lakes on a scale of
0 to 100 based on their trophic state, with 0 being the least productive. Each
change of ten in the scale represents approximately a doubling of the algal
biomass for the index. Lakes with values over 50 are considered to be o
eutrophic. T - c S ;

Trophic Status Indices (TSI) were calculated for Secchi disc transparency and
total phosphorus from measurements taken at the three in-lake sites. A TSI has
not been calculated for chlorophyll a as the chlorophyll samples have not yet

been analyzed. The chlorophyll TSI results will be added to this report as an
addendum when the chlorophyll results become available. ~ , ke

The mean Secchi disk TSI from all threé;in§1ake monitoring'sites is 75. The
mean total phosphorus TSI from all three sites is 83. Both of these values are
near the top of Carlson’s scale, which would place_Lake Campbell in a hyper-

eutrophic classification. e
Results and Discussion

In the following discussion, parameters have been selected which either showed
violations of state standards, or which may be impairing the beneficial uses. '
designated for Lake Campbell. Summaries and graphs of other Lake Campbell =~
in-lake data can be found in APPENDIX A, LAKE CAMPBELL IN-LAKE WATER QUALITY
DATA. It should be noted that on the graphs, only the mean of the three surface
samples were plotted for each date. This provides a clearer picture of the

surface water quality trends versus the bottom sample results;at,site'CL-B; E —

DisSd]ved Oxyggﬂ\ R , BT e

" The state standard for dissolved oxygen in Lake Campbell is 5.0 mg/L. The
results of the in-lake sampling indicate that the level of dissolved oxygen fell
-below thejstate standard'on~three samplingjdatesr(Figurg 14)ff During two of the
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Site CL-1

= Site CL-2

 Figure 13 Lake Campbell In-Lake Monitoring Sites |
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samp11ng dates (May 28 1991 and August 12 1991) the dxssolved oxygen Tevel o
fell below the standard only for the bottom sample at Site CL-3. The decreased
oxygen levels in these deeper water depths may be resulting from the o
decomposition of organic matter in the bottom sediments, together w1th a lack of*
‘mixing with h1gher oxygenated water near the surface R

It has been found that as oxygen 1eve1s decline near the sed1ment 1nterface, ,
phosphorus and other nutrients have a greater potent1al to be released from the
sediment into the water column (Wetzel, 1983). ‘The release of nutrients from
the sediment in the lake, referred to as internal :loading, can lead to
detrimental effects on water ‘quality. This can, in turn, result in an
1mpa1rment of the benef1c1a1 uses of the Iake fo i

In add1t1on to caus1ng an increase in 1nterna1 ]oad1ngs of nutr1ents, decreased
~oxygen levels can also cause fish kills. For example, most game fish cannot
survive when oxygen levels fall below 3.5 mg/L (Cole, 1983) Oxygen levels did
fall below that level at Site CL-3 on 5/28/91 and 8/12/91. However, on both
occasions, oxygen levels near the surface of the lake were 7.8 mg/L and 11.7
mg/L respectively. It is not felt that the bottom oxygen is low (<1 mg/L) -

~ frequently enough to have a serious impact on the benthic organisms. Genera]]y,
there should be adequate mixing in this re]at1ve1y shallow lake to prevent
anoxic conditions at the bottom over long periods. ~As a result, there shou]d
not be an adverse 1mpact on the food cha1n or the: flshery of the Take. :

The on1y other t1me that the d1sso1ved oxygen fe]l be]ow the state standard of
5.0 mg/L during. the sampling period was on December 9, 1991. At that time the
mean oxygen level of the surface samples at all three site fell slightly below

the standard (3.4 mg/L, 3.5 mg/L, and 3.8 mg/L respectively). Snow cover over .

the ice at these s1tes may have accounted for the decreased 1evels of oxygen

“Oxygen 1eve1s at the surface above 14 mg/L were observed on two occas1ons, ,
February 12, 1991 and January 13, 1992.  Most likely there were algae blooms
under the ice which accounted for the re1at1ve1y high oxygen levels. High pH
levels were also found on these occasions, further indicating the presence of
algae blooms. The bottom oxygen was not measured on February 12, 1991; but on
January 13 1992, the bottom oxygen at S1te CL-3 was found to be 8 5 mg/L

0vera11 the oxygen ]evels in the lake were suff1C1ent for fish 1ife (> 3 5
mg/L) on most samp]e dates during the monitoring period. Nevertheless, oy
decreased - oxygen Tevels near the bottom of the Take dur1ng the summer months may
be causing an increase of internal nutrient loadings. An increase of the
nutrient Tevels in the water can lead to increased growth of algae and weeds.
‘This could in turn lead to an 1mpa1rment of benef1c1a1 uses for the lake such as
sw1mm1ng -and boat1ng ' a ; : e :

Fecal Co11form Bacter1a

~ Fecal: c011form bacter1a are referred to as 1nd1cator organ1sms A1though"these

~types of bacteria do not usually cause disease, they can be an 1nd1cat1on of the .

presence of other types of organisms that could potentially cause disease. As
can be seen from the graph for fecal coliform results (Figure 15), the state
standards were never exceeded during the sampling period. However, 1ncreased
levels of fecal coliform bacteria were found on three sampling dates (May 28,
1991; June 26, 1991; and September 23, 1991). The h1gh fecal coliform 1evels on
May 28 .and June 26 correspond to high runoff. flows in Battle Creek on those .
dates. There does not appear to be a correlation between runoff and the high
fecal coliform on September 23 as there was V1rtua11y no flow in Batt]e Creek

- at that t1me
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Sources of fecal coliform bacteria would include human and animal wastes.
- Failing septic systems and runoff from livestock operations in the watershed
could Tead to elevated levels of fecal coliform bacteria. Approximately 10 :
percent of the septic systems for pr1vate homes around the lake shore are known
to be out of compliance with existing standards. Many of the systems have
drainfields closer than 100 feet from the lake and are not in comp11ance W1th '
the current regulatlons ’ ; , , :

Because none of the resu]ts for feca] c011form bacterza exceeded state standards
during the year-long sampling period, it can most likely be assumed that Lake
Campbe11 is safe from a health standpoint for recreational activities such as
swimming and skiing. However, because increased levels of fecal coliform were
. observed on at least three occasions, an effort should be made to control
potential sources such as fa111ng sept1c systems and runoff from 11vestock
operat1ons : S

pH

The pH standard for Lake Campbell is between the range of 6 5 and 8 3 un1ts.

The upper level of this range was exceeded on numerous occasions (Figure 16).

The highest pH reading of 9.24 occurred at Site CL-1 on. January 13, 1992. This -
high pH value may be the result of an algae bloom under the ice. None of the
results dur1ng the samp11ng per1od fe11 below the lower 11m1t of 6. 5 un1ts

‘The values for pH can be affected by many factors 1nc1ud1ng geo]ogy, , o
temperature, photosynthesis of aquatic p]ants decompos1t10n of organic matter,
and water hardness. Hard water can act as a buffer to pH. However,
photosynthes1s may counteract the buffer1ng act1on of the hard water, and resu]t
in higher pH 1eve1s (Val]entyne, 1974) o G ;

Although the pH 1eve1s quite often exceeded the estab11shed state standards,
they should not be at levels. h1gh enough to be of concern for the fxsherxes :
habitat of the lake. R . S

Total Ammon1a/Un 1on1zed Ammon1a

The highest Tevels of both forms of ammonia were found in the bottom samp]e on
February 12, 1991. Elevations in both ammonia forms were observed in the
samples on December 9, 1991 and January 13, 1992. Total ammonia concentrations -
are higher in winter: than in summer in- Lake Campbell. (thure 17). The max1mum
concentration was found at Site C1-3 on January 23, 1991. This ‘high ~
concentration was the result of a snow-melt event in the watershed The percent
of un-ionized ammonia concentration, re1at1ve to tota1 ammon1a, is genera]ly
hlgher during the summer months ' : , 5 :

Un-ionized ammonia is dependent on water temperature, pH and the tota] ammon1a
~concentration. Unionized ammonia is used for the water qua]1ty standard because
it is the tox1c fraction of total ammonia. As can be seen from the graph for
un-ionized ammonia (Figure 18), the state standard was exceeded on three
sampling occasions. The first high value for un-ionized ammonia (0.1389 mg/L)
was found in the bottom sample collected at Site CL-3 on February 12, 1991.

This was the highest level of un-ionized ammonia found during the samp11ng

~ period.  The total ammonia concentration at Site C1-3 on this sample date was :
- 2.75 mg/L ‘At the same time, an algae bloom occurred under the ice which caused
- an increase in pH The increased concentrations of these two parameters may
‘have caused the increase in the un-ionized ammonia fraction. High levels of
un-ionized ammonia occurred at all in- 1ake s1tes on June 10 1991 and June 26,

1991.
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In general, concentrat1ons of un- 1onlzed ammonia found dur1ng the samp11ng ,
period are are due to a number of factors. The decomp051t1on of organic matter
occurring in ‘the lake and there also appears to be a correlation with runoff
events in February and June of 1991. At high 1eve1s un-ionized ammonia is
toxic to fish and may resu1t in f1sh k111s o S ‘ PRt

Efforts shou]d be made to 11m1t the amount of organ1c matter and ammon1a ﬁ'i
entering the lake. Potential sources include falllng sept1c systems lawn and
crop fert111zers, and 11vestock feed]ot runoff t : :

Phosphoru

The State of South Dakota does not include phosphorus in its state water qua11ty
standards. However, levels of total phosphorus were found in Lake Campbell that
may be leading to 1mpa1rment of the beneficial uses of the lake (Figure 19).

For example, the minimum level of total phosphorus found during the sampling
period (0.075 mg/L) was from the surface sample at Site CL-3 on June 10, 1991.
Even at this minimum amount, the level of total phosphorus is approx1mate1y four
times the 0.02 mg/L 1eve1 needed for opt1mum growth of many a1gae spec1es ‘
(Wetzel, 1983) S , ‘

The maximum- concentrat1on of tota] phosphorus (0 827 mg/L) was found in the
surface sample taken at Site CL-3 on February 12, 1991. This corresponds with a
snow-melt event in the watershed. At this high concentrat1on ‘the phosphorus ‘
level is over forty times the 1eve1 needed by many spec1es of a]gae for opt1mum :
growth. ~ : .

Total d1sso]ved phosphorus was a1so ana]yzed (F1gure 20) The reason for S
measuring total dissolved phosphorus is to have an idea of how much (%) of the
total phosphorus pool is the most readily available form. The particulate
phosphorus (total phosphorus - dissolved phosphorus = particulate phosphorus)
usually represents the least available fraction. Total dissolved phosphorus is
the form of phosphorus most readily available for algae and plant growth (as
compared to the particulate phosphorus fraction). The mean percentage of total
dissolved phosphorus, compared to total phosphorus, for all the lake samples is
41.8%. This compares to a mean total dissolved phosphorus level percentage of
33.4% for the lake outlet (Site CT1). The mean total dissolved phosphorus
percentage level for Battle Creek at Site CT-3, the last monitoring site before
the lake, is 49.6%. These results indicate that Tevels of total dissolved ‘
phosphorus: are h1ghest at the lake inlet, decrease in the lake, and are 1owest
at the lake outlet. The percentage of d1sso1ved phosphorus versus particulate
phosphorus entering the lake is relatively h1gh ‘The dissolved phosphorus et
concentration remains high in the lake and is ava11ab1e for vegetat:on resu1t1ng?

in severe blue-green a]gae blooms ‘ ‘ , S

The h1gh 1eve1s of phosphorus in Lake Campbell wou]d classxfy 1t as be1ng in a
hypereutrophic condition. Hypereutroph1c lakes have an over-abundance of
nutrients wh1ch can result in nuisance blooms of algae, and extens1ve weed .
growth. : ‘ : : :

Possible sources of phosphorus can 1nc1ude Iawn and crop fert111zer fa111ng
septic systems, feedlot runoff, internal loading from organic bottom sed1ments,'
and decay1ng aquatic vegetation. The majority of the total phosphorus in Lake
Campbell is believed to have originated from agr1cu1tura1 nonpoint sources in
the Battle Creek watershed Efforts should be taken to control. these sources. of
phosphorus. : : a AR s S
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N1trate+N1tr1te

Nitratesnitrite is an inorganic form of n1trogen which can be utilized by p]ants"d o

for growth. Plants can assimilate nitrate and reduce it to a more useable
nitrogen form, ammonia. In Lake Campbell the ammonia concentrations dropped
(>0.5 mg/L) in the summer and the nitrate+nitrite concentration increased (<0.6
mg/L) wh1ch is typ1ca1 since plants uptake ammon1a before n1trate+n1tr1te

Nitrate+nitrite. ranged from 0. 10 mg/L to 0. 70 mg/L dur1ng the samplxng per1od
Nitrate+nitrite increases can be caused by breakdown of organic matter or by
nitrification of ammonia. Nitrification is the process of adding oxygen to
ammonia which converts it to nitrate or nitrite depending on how far the
oxidation proceeds. Intensive agricultural act1v1t1es are probab]y responSIble
for most of the n1trogen 1nput to the lake ol ,

Total Kjeldhal N1troqen

Total KJe1dha1 n1trogen (TKN) is used to der1ve the amount of organ1c n1trogen .
which is present in the lake. The ammonia concentration is subtracted from the
TKN concentration to acqu1re the organic component of nitrogen. The values for

organic. nitrogen increased in the W1nter, probably due to the increased decaying.
organic matter from the previous summer. The maximum concentrat1on sampled was -

on October 16, 1991, (3.07 mg/L). The 1ower concentrations in the summer of
1991 were fa1r1y stable (between 0.98 mg/L and 1.69 mg/L on surface samp1es)
The minimum concentrat1on samp]ed was on Ju1y 9, 1991, (0.98 mg/L)

Total N1troqen

The highest total n1trogen va]ues (3 20 mg/L to 4 73 mg/L) samp]es were found 1n¢f'

the winter of 1991. Excluding these samp]es the nitrogen level remained fa1r1y g

stable.  The percentage of organic to inorganic nitrogen was s11ght1y greater in~
the surface sample as 0pposed to the bottom sample (mean 70% & 68% ,
respectively). The remaining 30 percent of the total ‘nitrogen is 1mmed1ate1y ‘
‘available to vegetation. The organic nitrogen which is unavailable for uptake
by vegetation will eventually be broken down and utilized to comp]ete the
“nitrogen cycle. ‘ : ;

Total Solids

The in-lake samp]es were also ana]yzed for Total So]1ds Total Dissolved So]1ds;!, ”‘fj
Total Suspended Solids, Volatile Solids, and Fixed Sol1ds As can be seen from .~ ..

the graph (Figure 21), the highest concentration for. total solids (1,870 mg/L)
occurred during the samp11ng period on January 23, 1991. The majority of
concentrat1ons samp]ed had ‘concentrations between 700 mg/L and 1000 mg/L.

Total D1sso]ved So11ds

Total d1sso1ved so11ds (TDS) cons1st of organlc salts, small amounts of

organic matter, and other dissolved material. The state water qua11ty standard
under the beneficial use of wildlife propagation and stock watering is 2,500
~'mg/L.  No exceedences of the standards was found during the sampling. Most of

- the concentrations for.TDS ranged between 661 mg/L and 951 mg/L (Figure 22).
- Larger concentrat1ons were found in the winter months (max1mum concentration

1,861 mg/L). The cause of . th1s extreme1y high concentrat1on is undeterm1ned at
this time. e ; SRR :
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Total Suspended Solids o -
Total suspended solids (TSS) are all other solids in the water column which are
not considered dissolved. There are two components of TSS, volatile and ST
non-volatile solids which will be discussed later in this section. The state
water quality standard under the beneficial use of warm water marginal fish-life
propagation is 150 mg/L. No exceedences of the standards were found in the
~ samples taken during the study. The concentrations of TSS decreased in the
winter (seasonal mean 5.8 mg/L) and increased when ice cover leaves the lake L
(seasonal mean 43.6 mg/L). The most probable reason for the increase in the TSS
is the resuspension of bottom sediments from wind, waves, and boat propellers.
Volatile suspended sediments are the component of TSS which were or are organic -
matter (living things). Non-volatile suspended solids are the component of TSS
which are inorganic (sediment). Based on percentages the majority of the TSS
are of the non-volatile component (approximately 62%). On June 10, 1991,
however, the majority of the TSS were volatile solids (91.2%). This can be
explained by an algal bloom at that time. The majority of the non-volatile
solids could also be due to colloidal solids suspended in the water column.

Limiting Nutrient

Phosphorus is believed to be the 1limiting nutrient for algal growth if the ratio
of total nitrogen to total phosphorus is greater than 10:1 (mean approximately
11.5:1). As will be noted in the graph of the nitrogen to phosphorus (N:P)
ratio (Figure 24), the ratio in Lake Campbell during the sampling period was
generally greater than 10:1. This would indicate that phosphorus is the . :
1imiting nutrient for algae growth during most times of the year. However,
there are times in the sample data when the lake appears to be nitrogen Timited.
The date which the samples showed Lake Campbell to be most nitrogen limited was
on February 12, 1991 (ratio 5.57:1). This was probably due to the first L
snow-melt which could carry a large load of phosphorus (phosphorus concentration
~in the lake on the same date was 0.522 mg/L). e TR
According to the limiting nutrient concept, the growth of algae can be .
controlled if the limiting nutrient can be controlled (Wetzel, 1983).
Consequently, in Lake Campbell, during most times of the year, the best measure
to control algae growth would be to 1imit the amount of available phosphorus. -
This would require reducing sources of phosphorus such as failing septic
systems, crop and lawn fertilizers, and feedlot runoff.

Quality Assufance/Quaiitv‘Cohtrd] *

The quality assurance/quality control (QA/QC) monitoring program approved by the
EPA was followed as closely as possible. Three different QA/QC samples were to
be taken: 1) Field Duplicate, 2) Blank (distilled water), and 3) Phosphorus
Spike. Because the spike solution arrived near the end of the sampling season
‘only three were taken. A total of 147 water samples were taken during 1991 and =
1992, along with 15 QA/QC sample sets (Tables 15 and 16). : e '

Large concentrations of dissolved phosphorus were found during the first samples.
for the blank QA/QC sample set. To correct the problem the State Health Lab
stopped adding acid (preservative) to the bottle. Apparently the liner in the
dissolved phosphorus bottle was being eaten away by the acid, causing the higher
concentrations. Also the distilled water on certain occasions became =
contaminated such as the blank sample taken on September 10, 1991. :
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" TRIBUTARY DATA

Tributary samp]es were co]]ected at f1ve sites in the Lake Campbell watershed
(Figure 25, Lake Campbell Tributary Mon1tor1ng Sites). A1l of the monitoring
~ sites were Tocated on Battle Creek, the main tr1butary to Lake Campbe]] A
descr1pt1on of the S1tes 1s as fo]lows t , s ; ‘
S1te CT 1 Lake Campbe]] out]et 1ocated at the northeast end of the 1ake

, Sxte CT 3 Batt1e Creek Tocated approx1mate1y two m11es upstream from the r
i entrance to Lake Campbe]] a ; : E

Site CT- 4 Batt]e Creek, at the confluence of an unnamed trzbutary enter1ng
: approx1mate1y three m1]es south of Lake Campbell. o

S1te CT- 5 Battle Creek, at the conf]uence of another unnamed trlbutary,f
: gpprgx;mate]y e19ht miles south and flve m11es west of Lake
ampbe : , .

'S1te CT- 6 Batt1e Creek, 1ocated e1ght m11es south and e]even miles west of ’f'f‘
Lake Campbe11 i . : , ‘ o

It should be noted that tributary samp]es were not collected from September, S

1991 through January, 1992. This was because flow had d1scont1nued in Battle

Creek and samp11ng equ1pment was removed for the w1nter s :

The benef1c1a1 uses des1gnated for Batt]e Creek are the fo]]ow1ng S
1.~7 Harmwater marglnal fish 11fe propagat1on

,L1m1ted contact recreat1on

p-w11d11fe propagat1on and stock water1ng

) w n

, Irr1gatlon e

The water quality criteria des1gnated for maintenance of these benef1c1a1 uses
can be found in Tab]e 17 Batt]e Creek Water Qua11ty Standards

Samples from Battle Creek were tested for the same parameters as the in-lake
samples from Lake Campbell. The following discussion will center around the
more significant results of the tributary sampling. Tables 18 through 22

contain the concentration results of tributary sampling for 1991 - 1992.. Graphs

~ for some of the 1991 tr1butary results will be discussed below. The following

1991.

D1sso1ved Oxyqen

The water- qua11ty standards for Batt]e Creek requ1re that d1sso]ved oxygen be

maintained at a level greater than 5.0 mg/L. The oxygen level did not fall i
- below the set standard in any of the samples co]]ected from the mon1tor1ng s1tes,

on Battle Creek

- 57

d1scuss1on W111 summarlze the resu]ts of the tr1butary samp11ng comp]eted dur1ng~" <
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R Table 17 )
Battle Creek Water Quallty Standards

- Parameter RSN ) Standard
‘ TOtal Chlorine Residual [ S <0‘.02 vmg/L s
Un-Ionized Ammonia. = L.+ <0.05 mg/L -
Total Cyanide =~~~ <0.02 mg/L
- FreeCyanide - <0.005 mg/L
‘Dissolved Oxygen b 5.0 mg/L
o Undlsassocn.ated Hydrogen Sulflde 1 <0.002 mg/L
pH ; o '>60&<90un1ts
- Suspended Sollds ' ,' <150 mg/L
~ Temperature - : : o <90° F'
Polychlorinated Blphenyls R <0.000001 mg/L -
Fecal Coliform Organlsms Ve e <1000 /100 mL
Total Alkalinity - ‘ ; <750 mg/L -
Total Dissolved. Sohds . <2500 mg/L S
Conductivity S <4000 m:.cranhos/an '
- Nitrates ‘ : ey <50 mg/L

| ‘Sodium asborptlon ratlo S <10:1

A
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Fecal Cothorm Bacterta

The water qua11ty standard for fecaT coT1form bacterta on BattTe Creek isa =
concentration of 1,000 colonies per 100 milliliters of water (1000/100 mL). As

can be seen from the graph for 1991 (Figure 26), the mean concentration. at Site f~ L

CT-5 greatly exceeded the water quality standard. The median concentration,
however was only 200 counts per 100 mL. The htghest count on an individual
sample at Site CT-5 was 40,000 fecal coliform organisms per 100/mL. The :
standard for fecal coT1form bacteria was also exceeded on one occasion at Site
CT-3 (June 4, 1991 1,400 colonies) and on two occasions at Site CT 4 (June 4
1991 and June 21, 1991 had 1, 500 and 1,200 coTon1es respect1veTy '

‘ These high TeveTs of fecal coliform bacter1a are an indication of probTems in P
the Lake Campbell watershed with animal waste from livestock feeding operations.
Potential sources also include septic systems. These sources must be controTTed<'

‘én ogder to improve the water quality in BattTe Creek and uTt1mateTy Lake '

ampbe s . P

pH

The water quaT1ty standards for BattTe Creek state that pH shaTT be greater than .
6.0 units, and less than 9.0 units. The results of all the samp]es coTTected B
from BattTe Creek- dur1ng 1991 were within th1s range of pH untts

Nutr1ent Concentrat1ons

The graph (Flgure 27) showing a compar1son of mean nutr1ent concentrattons at
the tributary sites during 1991 generally indicates that htgher concentrat1ons
for all the nutrients were found at monitoring Site CT-6. Site CT-6 was the
farthest upstream site in the Battle Creek watershed. The results of the

~ samples collected at the sites downstream generally 1nd1cate lower. -

‘concentrations closer to the lake. This indicates that the upper port1on of the
watershed is a major contributing area for sediment/nutrient loadings to Battle S

Creek. The mean concentrations of total phosphorus levels ‘at the tributary
'sites range from 0.319 mg/L to 0.6 mg/L. These concentrations are 16 to-30
times the amount of total phosphorus needed for opt1mum algae growth.

Given these high levels of phosphorus in the trtbutary sampTes, and- the fact
that phosphorus is generally the limiting nutrient for algae growth in Lake
Campbell, it is evident that there is a need to control the amount of phosphorus
entering the tributaries to Lake CampbeTT This would point to the need for
controlling sources of phosphorus in the watershed such as fertilizer runoff -
from cropTands, dra1nage from septic systems, and T1vestock feedTot runoff

~ There were no exceedences of the state water qualtty standards for nutrtent
parameters in the tributary samples. Site CT-1 (outlet) did exceed the =
un-iononized ammonia standard once during the proaect per1od on May 29, 1991

(0.084 mg/L).

The mean. concentrattons of phosphorus durtng the sampT1ng per1od in 1992
(February 4, to March 30; 1992) ranged from 0.270 mg/L to 0.447 mg/L. The

‘maximum concentratlon was found at Site CT-3 on February 19, 1992 (0.830 mg/L)“'i”‘

This high concentration is most Tikely the resuTt of a fTushtng effect from .

i agrtcuTturaT sources above the site.

There were no exceedences of the state water quaT1ty standards for any nutr1entff"
; parameter during the 1992 sampling period. , .
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Solids Concentrations |

The graph of mean solids concentrations for the tributary sites during 1991

~ (Figure 28) indicates that the highest mean concentrations of total solids
(1,056 mg/L) and total dissolved solids (1,009 mg/L) were found at Site CT-6.
The highest mean concentration of total suspended solids (Figure 29) in the
Battle Creek watershed was located at Site CT-5 (64 mg/L). The maximum
suspended solid concentration took place on Jne 21, 1991 at CT-6 (156 mg/L).
The watershed above Site CT-6 appears to be one of the largest contributors of
solids to Battle Creek. b T L B e

Volatile suspended solids and non-volatile suspended solids were also analyzed.

Higher concentrations of non-volatile suspended solids indicate that more |
sediment than organic matter is entering the creek. On June 21, 1991, 80% of -
the 156 mg/L of total suspended solids were non-volatile. Erosion from . dnt
agricultural land is the most probable sources of these higher non-volatile -
concentrations. The concentrations of non-volatile suspended solids were - e
generally higher than the volatile concentrations. The data shows that measures
should be taken to control the sediment input, especially at Sites CT-5and -
CT-6. The largest concentrations appeared in June when crops were first planted '

before there was adequate canopy cover to protect the soil. R e R R

The 1992 spring run-off data generally shows lower concentrations of total

solids (mean range from 722 mg/L to 837 mg/L). The 1992 samples revealed the -
site with the highest concentration as CT-3 (88 mg/L). Average suspended solids -
ranged from 16 mg/1 at CT-6 to 61 mg/L at CT-3. As opposed to the 1991 samples,
the 1992 samples had the highest concentrations closer to the lake. The =~ |
probable reasons for this difference is that the samples in 1992 were taken

before agricultural land was broken for planting.

In 1991 outlet (CT-l),had‘the’higheSt mean cohcéntrafion'of tota] suSpehded  - |
solids (69 mg/L). The high concentrations was probably due to the resuspension |
of sediment from wind, waves, and boat motors. Also increased populations = .
organic matter may have added to the increase of total suspended solids. -
Annual loads i e ey

The nutrient loads from Battle Creek to Lake Cémpbe11‘ihcreaSed“as!theyipassed

“through sites CT-6 and CT-5 (Figure 30). Although the amount of water increased . -

as expected at CT-4 the total nutrient load drops below that of CT-5. The
reason for the lower loads is the lower concentrations found at CT-4. At Site
CT-3 the water load again increased along with the nutrient load. It appears
that the watershed located between Sites CT-5 and CT-4 has less nutrient input
“than other areas in the watershed. . RN

Thfough{JUne;21~tb’Juhe 24,_1991, a storm eveﬁt céused a éha?p incréasefin:«
loadings in thefBatt]e,Creek‘Watershed;~‘The sources'of(the loadings were

agricultural. , i " :

The graph titled LAKE CAMPBELL NUTRIENT LOAD COMPARISON (Figure 31) indicates

that greater loadings of nutrients are flowing into Lake Campbell from Battle

Creek (Site CT-3) than are flowing out of the lake from the outlet (Site CT-1)

~ during the study period. A1l nutrient Toadings from the watershed are greater
than the loadings leaving the outlet except ammonia. Nitrogen (especially :

nitrate+nitrite) is a nutrient which changes to a different form by chemical and

biological processes. Some form of nitrogen may have been converted to ammonia .
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before leaving through the outlet. The n1trogen parameters other than ammon1a :
demonstrate re1at1ve1y similar’ loads entering and ex1t1ng the lake. ‘ ,

Significantly h1gher 1oad1ngs of total phosphorus and total dissolved phosphorusL
are entering the lake than are leaving the lake. The total phosphorus load at

Site CT3 (inlet) is 2,073.5 kilograms (kg). The total load at Site CT1 (out1et)fwi;;

is 1,109.7 kg. The d1fference indicates that 963.8 kg of total phosphorus was
retalned in the lake during the study period. This. represents a s1gn1f1cant '
‘load of nutrients available for algae and plant growth. The difference in 1oad
between total dissolved phosphorus (1044.0 kg) entering the lake versus total -
dissolved phosphorus (320.1 kg) leaving the Take is 723.9 kg. This readily

available form of phosphorus is probably either taken-up by vegetation or sorbed

to sediment particles and becomes unavailable. Continued high loadings of n
,pho:ghorui into Lake Campbe11 w11] result in an. 1ncreased rate of eutroph1cat1onv
o e lake. ; , . ~

The graph for annua1 1oads of tota1 so11ds for. 1991 (Figure 32) demonstrates ‘
that the highest annual loading of total solids occurred at Site CT-3. Samples
indicate that total solids concentrations increase as water moves downstream.
Unlike the total solids load, suspended solids loads do not increase as the
water moved downstream (F1gure 33). At Site CT-4 the total suspended solids
load (231,101 kg/year) dropped below that of the previous Site CT-5 (287,154
kg/year). The suspended solids load at Site CT-3 increased (362,410 kg/year).

The area of Battle Creek located between Sites CT-5 and CT-4 appears to have an .

area which settles out the suspended solids. ~There is a corresponding reduced
load 1n nutrients 1n the above ment1oned area.

The graph titled LAKE CAMPBELL ANNUAL LOAD COMPARISON FOR TOTAL SOLIDS AND TOTAL. -

DISSOLVED SOLIDS (Figure 34) shows higher loads of solids flowing into the lake
than leaving the lake. A comparison of loads entering the lake versus leaving .

. the lake indicates that 1,989,893 kg of total solids were retained in the lake.

* 0f the suspended solids enter1ng the lake 72% is non-volatile solids or
sediment (Figure 35). Of the suspended solids leaving the lake, 65% are :
non-volatile.. This, along with the fact that approximately 20% more water is -
enter1ng the lake than leaving through the outlet, indicates an allochthanous
non-volatile suspended solid load of 97,800 kg (108 tons). The total load of . -
all suspended solids retained by the 1ake is 109,235 kg (120 tons). A sediment =
survey of the lake has shown that a very large volume of silt already exists in. .
the lake bottom. One-hundred and twenty tons of sediment is not cons1dered a
s1gn1f1cant load to a Take the size of Lake Campbe]] o

Tributary samples were taken during spring runoff in 1992.  The samp11ng per1od?~f"
which lasted only five or six weeks, is more representative of a spring L
snow-melt event than any perlod of sampling in the 1991 sample season. Because
of the short sampling period in 1992, loads are calculated for the sampling
- period only. This data seems to 1nd1cate that the maJor1ty of the loading s
occurs during spring runoff. Appendix B conta1ns summar1es of 1oad1ng resu]ts ‘
for ‘the 1991 and 1992 tr1butary data. , e

Spring flows during 1992 caused 51gn1f1cant 1oads of nutrients and sol1ds for

the relatively short monitoring period. The Toading of total phosphorus during e

the 1992 spring runoff period at Site CT-3 was approximately 5,000 kilograms.
The Toading of total phosphorus during the entire 1991 samp11ng period at Site

~ CT-3 was just over 2,000 kilograms. The loading of total solids during the 1992. f:f;“'”
spring runoff period at Site CT-3 was just over 6 million kilograms, whereas the -
~ Toading of total solids at the same site during the entire 1991 sampling period = .

was approx1mate1y 5.5 million k1lograms
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e reproduction and brood rearing, need the deeper water of Lake Campbell for a |

The 1992 data indicated that 4899 kg of total phosphorus flowed into Lake -
Campbell from Site CT3, whereas only 2,907 kg of total phosphorus flowed out at
Site CT1. The difference indicated that 1,992 kg of total phosphorus were :

retained in the lake. For total solids, 6,323,133 kg flowed into the lake, and éi o

only 4,019,670 kg flowed out of the lake. The difference here indicates that

2,303,463 kg of total solids were retained in Lake Campbell.

SEDIMENT SAMPLING AND SURVEY

A survey of the bottom sediments of Lake Campbell was conducted by a consulting |
-engineering firm during the fall of 1990. The purpose of conducting the survey

was to determine the volume of sediment in the lake bottom. The survey produced
“the following results: n o R TH R O R ST TEN

;HaterVSurfaéé Aféa' ‘f7f:‘,.' [';€ 321;9,ha (795,3'acfés):,: e
\;_ Ayéra§e‘Vater Co1umn'Debfh 71 ~" ;155 @,(Svfeet)“' S
© Merage Sediment Colum Depth 1.8 m (6 feet)
o Estimated Sédiment‘V01umé-;‘~' ;lP_5;99$;884~m3'(4;86O atfekféet): B

Maps showing the elevations of water depths and sediment depths are included in
APPENDIX D, LAKE CAMPBELL SEDIMENT SAMPLING AND SURVEY. The maps indicate that |
the sediment is relatively uniform throughout the lake at an average depth of
1.5 meters. RSO : e T B e e e E
A sediment sample was also collected from Lake Campbell and submitted to the
U.S. Army Corps of Engineers Laboratory in Omaha, Nebraska, for analysis of
metals, pesticides, and other potentially toxic chemicals. - The results of the
analysis (Table 30) indicated no toxic levels of chemicals in the elutriate.
Therefore, the analysis indicated that disturbance by dredging of the sediments

sampled should not release excessive chemicals.

BIOLOGICAL RESOURCES

Lake Campbell and its watershed area are rich in biological resources. Lake
Campbell drains into the Big Sioux River, which eventually flows into the
Missouri River. The Lake Campbell area is also rich in plant diversity, both
terres:r;a] and aquatic. There are a number of rare plants present in the =
watershed. S T s SR I s PR T o

Littoral areas act as natural sanctuaries for many waterfowl types;‘ysbmé"
waterfowl species, which utilize the back reaches of Lake Campbell for

food supply. These deeper waters also maintain an abundant aquatic fauna
’popu]atiOnjfor,shore-feeding species of birds. U PR FR I S

Lake Campbell supplies many of the essential elements for large and diverse

- populations of plants and animals. APPENDIX D, BIOLOGICAL RESOURCES OF LAKE = |

- CAMPBELL AND ITS WATERSHED, contains further information on the plant and animal .
species that inhabit the area. Some of the lists.of species in APPENDIX D %

indicate that certain species may occur in the Lake Campbell area but are not

common. S A LR EE AL ‘ ol
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SUMMARY AND CONCLUSION e

- In summary, many factors are influencing the water quality of Lake Campbell. .
According to the watershed analysis, two subwatershed areas (5 and 6) were found .
‘to be contributing greater loadings of sediment and nutrients. ‘It should be
noted, however, that the analysis was conducted several years ago.

The sufvéy:dffshore1ine*efosidn:determinéd”%hat 4,155 feet of shoreline are in
erodible conditions ranging from minor to moderate/severe. These areas
represent,direct 1oadingsrof»sediment-into:Lakg Campbell. PRI

The survey of septic wastewater systems around the Take found that at least 10%

of the systems are out of compliance with current construction requirements.

" Because of their age and location, many more septic systems may be failing and
_contributing to the degradation of water quality in Lake Campbell. . - :

The survey of the bottom sediment in Lake Campbell determined a total sediment
volume of 7,840,000 cubic yards. An elutriate analysis of the sediment - g
determined that there were not significant toxic levels of contaminants in the
sample.

The in-lake water quality monitoring program determined that Lake Campbell is in -
a hypereutrophic condition. The watershed monitoring program showed cumulative |
loads of sediment and nutrient from Battle Creek to Lake Campbell. Upstream i
sites CT-5 and CT-6 showed higher concentrations of loadings. Based on the data '
from this study, the upper watershed is in need of implementation measures to |
control soil erosion and the entire watershed is in need of animal waste

management. ' ERENE S T LN o

RESTORATION ALTERNATIVES AND RECOMMENDATIONS
The diagnostic portion of the Lake Campbell Phase 1 Study has shown that the
lake is in a hypereutrophic condition, and in need of a reduction of sediments

and nutrients. The following restoration alternatives are recommended, based on
their effectiveness and economic feasibility: i N ;

~Information/Educatibn‘Proqfam”to‘Promote'Best Management Practices ;

An information and education program should be established to promote the
- implementation of best management practices in the Lake Campbell watershed. '
‘Although traditional best management practices such as conservation tillage,
waterways, terraces, crop rotation, and filter strips have been extensively
applied in the Lake Campbell watershed, there are additional areas in the
‘watershed needing Best Management Practices. ~ R e

In order to reduce loadings of sediment and nutrients, the implementation of best
management practices should be promoted in areas of the watershed found to have
the greatest loadings. The analysis of the watershed determined that two areas,
referred to as Areas 5 and 6 contribute greater loadings of sediment and = |
‘nutrients. Area 6, is located immediately adjacent to the lake; and has the
potential to contribute significant loadings of sediment and nutrients. For

~this reason, Area 6 is one of the subwatershed areas that should be targeted for
promotion of best management practices. ' AR L bl
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Other subwatershed areas where best management pract1ces should be promoted
exten31ve1y are the areas that drain to the tributary monitoring sites CT-5 and
CT-6 on Battle Creek. The results of the Phase 1 Study monitoring program -
indicated that the. runoff from these areas conta1ned s1gn1f1cant 1oad1ngs of
nutr1ents and so]1ds L S , i

In. add1t1on to trad1t1ona] best management pract1ces wh1ch are a]ready .
extensively applied in the Lake Campbell watershed, it is recommended’ that
Integrated Crop Management practices be promoted through a program of
information and education. Integrated Crop Management practices would 1nc]ude
components such as soil test1ng to determine proper fertilization rates, and
scouting of cropland to determine optimum app]1cat1on of pesticides. i

- Cost-sharing should be considered for Integrated Crop Management practxces

This would he1p to promote these practices, and gain wider acceptance among
landowners in the watershed. As with the traditional best management pract1ces,

Integrated Crop Management Practices should be promoted most extensively in the. oy

critical subwatershed areas. These would include Area 6, as identified in the
:ate;shed ana]ys1s, and the areas that dra1n to S1tes C1-5 and CT 6 on Batt]e
ree W - ‘ : ) :

The est1mated costs to carry out an effect1ve Informat1on/Educat1on Program are .
as fol]ows, on an annua1 basws : 25 S '

Item o ~5“f}.4dfe'C65t“ per Year
Promot1ona1 materlals = 2;500yt0n‘ﬁ3,000 S
Trave] W1th1n watershed s 3,000 to 4,000

,Total Cost Per Year : e Pffvh‘$5,500 ~to 57,000

rAn1ma1 waste Manaqement

There are ten to twe]ve 11vestock operat1ons in the Lake Campbe]] watershed
which may be contributing runoff to Battle Creek and Lake Campbell. It is .
‘recommended that these livestock operations be rated by means of a feedlot -
runoff model, to determine wh1ch fac1]1t1es are contr1but1ng ‘the. h1ghest 1oads
of sed1ment and nutr1ents e . : :

The average cost to control runoff from a feed]ot is est1mated to be. $27,000 to

- $30,000 for the construction of an Animal Waste Management System It is. ‘
'recommended that animal waste management systems be constructed. Animal Waste
Management Systems should be constructed as resources permit. The annual’ cost

- to construct two systems each year 1s est1mated to be $54 000 to $60,000.

Low- cost a]ternat1ves to contro] feed]ot runoff such as d1vers1on of clean g
water around lot areas or estab11shment of vegetat1ve buffer str1ps, shou]d be

1mp1emented wherever p0551b1e

'Shore11ne Eros1on Contro] ,~1fk7

A shore11ne erosion survey was conducted at Lake Campbe]] as part of the Phase 1~f f'/

Diagnostic/Feasibility Study. Areas of shoreline eros1on were- rated as mmor,j
m1nor/moderate, moderate, and " moderate/severe ' .

| “Because areas of shore11ne erosion contribute d1rect 1oads of sedlment to the
Take, it 1s recommended that they be corrected as soon as poss1b1e Areas of
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'moderate to moderate/severe eros1on should be repa1red first The est1mated ;

cost of such repairs, including backsloping, rip- rapping, and seed1ng to
vegetation is $20 per ‘lineal foot for moderate eros1on, and 525 per 11nea1 foot

for moderate/severe eros1on ‘,; A e o §5‘

A total of 785 feet of shore11ne was found to have moderate eros1on, and 580
feet was found to have. moderate/severe er051on The est1mated costs to repa1r :
these areas are as. fo]lows 3 i : : I

‘», Eros1on Category x~ﬁ~ Length (ft ) Cost per ft ?Totaig‘

: 'Moderate e ,:Cd 785 520 _’.f-u;~tf%515,700‘;j"v, SR
B Moderate/Severe LR 580‘, L R g}v o 14’5°Q'f; .

‘,'V;Total Cost ;~hds\“s"r',~;~‘ - 't~, :l,ff 15’ J333O,?°°~‘iti

It is recommended that shore11ne er051on repa1rs be undertaken over a two- year
,per1od The estlmated cost per year is. 515 000 B : 5 ;

San1tarv D1str1ct Estab11shment

The survey of sept1c systems around Lake Campbe]] found that at least 10% of the
systems- are out of compliance with current construction standards. In addition,
‘many more systems may be directly contr1but1ng contaminants to Lake Campbell:
‘because of their age and location. It is recommended that a sanitary district
be estab11shed to address the problem of fa111ng sept1c wastewater systems !

“The costs to estab11sh a san1tary d1str1ct wou]d be m1n1ma1 However, ‘some |
costs would be associated with the required c1rcu1at1on of pet|t1ons,,y el
tpub11cat1on of not1ces, and an e1ect10n v Jair oty

Once a sanitary d15tr1ct was formed taxes wou1d be assessed to cover annua1
expenses. If it was determined that a central sewer and wastewater system
should be constructed, the district may be able to qualify for a loan from the
South Dakota State Revolv1ng Fund (SRF) for constructxon of wastewater treatment
'gsystems ; : t : : RN T e T LS

It is recommended that a san1tary d1str1ct be estab11shed as soon as p0551b1e in
order to fully assess the potential need for a central wastewater treatment |
system. The South Dakota Department ‘of Environment and Natural Resources may be
contacted for ass1stance in the formation. of a san1tary d1str1rt «

, Hetlands Eva]uat1on, Restorat1on, _and_ Estab11shment

The potent1a1 ex1sts for the enhancement restorat1on, and estab11shment of
wetlands throughout much of the Lake Campbe]] watershed. It is recommended that
a cooperative effort be undertaken to evaluate the potential for wetland !
‘enhancement and establishment throughout the Lake Campbell watershed. Agencies
and local entities that should be involved in this effort include the U.s. Fish
and Wildlife Service, the Soil Conservation Service, local conservation

~ districts, and the Lake Campbell Association. A particular effort should be
~made to investigate the critical watershed areas that were 1dent1f1ed in the
Phase 1 Dlagnost1c/Feas1b111ty Study B , _

Restorat1on or estab11shment of wet]ands through the construct1on of Tow- head

dams in the watershed should be evaluated. Such structures would help to retain
sediment and nutr1ents, Cost shar1ng for such structures may be ava11ab1e j
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through a number of d1fferent entities 1nc1ud1ng the So11 Conservat1on Serv1ce,
the U. S. F1sh and N11d11fe Serv1ce, Ducks Un11m1ted -and pr1vate foundat1ons

The wet]and area at the south end of Lake Campbe11 should be- evaluated F]ows
from Battle Creek pass through this wetland before reach1ng Lake Campbe11
Enhancement of the wet]and, 1f poss1b1e, cou1d potent1a]1y 1mprove water qua]1ty
in Lake Campbe]] A c N R L

: Dredg1ng

The sed1ment survey of Lake Campbe11 comp1eted by a consu]tant eng1neer1ng firm
indicated a total sediment volume of 7,840,000 cubic yards. The removal of
sediment by dredging would improve the f1sher1es hab1tat of the lake, and he]p
to control the growth of rooted aquat1c vegetat1on :

It is recommended that approx1mate1y one million cub1c yards of sedlment be
removed by dredging. By dredging an average sediment column depth of six feet,
about 100 surface acres of the 1ake wou]d be prov1ded WIth a water co]umn depthf
of ten to eleven feet : o

The est1mated cost -and ]ength of t1me requ1red to dredge one m1111on cub1c yards
of 511t from Lake Campbe11 is shown be]ow ,

- Dredge‘S1ze ‘ Length of T1me 5 Tota] Cost;k
8-inch . intake T years 82, 000 000
14-inch intake -~ 2 years. . Sl 000 000‘

Use of a 14-inch 1ntake dredge is recommended based on the reduced time -and .
cost. However, it is recommended that dredg1ng not be undertaken right away.
This will provide an opportunity to reduce sediment loadings into the lake
through shoreline and watershed work. It will also provide the Lake . Campbell.
Association and other local entities the time requ1red to secure the resources
necessary for a maJor dredg1ng project. .
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'APPENDIX A. 'LAKE, CAMPBELL IN-LAKE WATER QUALITY DATA
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 APPENDIX D. BIOLOGICAL RESOURCES OF LAKE CAMPBELL AND ITS WATERSHED
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Fish Species Known to Inhabit Lake Hendricks

~ Common Name

© Scientific Name

Black Bulthead |

Yellow Perch
~ White Sucker
~ Northern Pike

- White bass |
~ Carp e
f;,Large Buffa1o ;"

Walleye |

 Blue gi11

- Black Crapp{e
~ White Crappie
" Fathead Minnow

~ Orange Spotted Sunfish

~ Channel Catfish
~Sand Shiner

o vThreesp1ned Stlck1eback' i

_1"fIcto1urus me]as g
‘_;ffPerca flavescens !
’vT:,Catostomus commerson L
~~ Esox lucius  ‘ R
‘?‘_iMorone hrxsog
 ‘ :ngr1nus carg1o L |
_ :} Ictiobus cvpr1ne11us b
  ?‘St1zosted1on v1treumf,f
‘ ? Legom1 hrxsogs
”fﬁ'Pomox1s n1qromacu1atus e

~ Pomoxis annularis
”~i_P1mepha1es nromeTas‘

';‘Legom1 hum111s
: ‘E‘lslélgtgg punctatus
M,f?;‘Notrop1s stramineus ;',
i ;5Gasterosteus acu1eatus:

"”Harper & Row, 1981
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Aquatic/Emergent Plants\Possib1y'OCcurring,in;Lake Hendricks and Watershed

Common Name

~ Scientific Name

“Common Cattail
1 Leafy Pondweed

" Sago Pondweed
‘Richardson Pondweed |
“Flatstem Pondweed
,w1geon Grass

. 'Horned Pondweed

- Slender Naiad

" Broadleaf Waterplankton

Northern Arrowhead
 Waterweed
Eel Grass
- Reed Grass
©Wild Rice
‘g'Slender}Spikerush
‘COmmoh'SOikeruéhw
Hardstem Bu]rush
,_Three Square '
~ River Bulrush
~Slender Bulrush
' 7A]ka1i Bulrush i
Sweet Flag '
~ Star Duckweed
© Giant Duckweed
‘Water Stargrass
Coontail |

"~Northern Water M11fo11  "

Common B]adderwort

~Iypia latifolia

Pdtgmoqetdnrfo1iosg§. =
Potamogeton pectinatus

- Potamogeton richardsonii

Potamoqeton zoster1formls

;E_EE__ occidentalis

Zann1che11a palustris

},Najas f]exi]is~f
Najas marina :
Alisma plantago-aquatica

Sagittaria cuneata

‘Anacharis. occidenta1is"
~ Vallisneria amer1cana
,{x Phraqm1tes commun1s
"“Z1zan1a aquatica:
Eleocharis ac1cu1aris;j*‘“7~7““f
. Eleocharis palustris
. Scirpus acutus
- Scirpus americanus

Scirpus fluviatilis
Scirpus heterochaetus

‘Acorus calamus

'Lgmmgjtrisu1ca o

‘Spirodela polyrhiza
 Ceratopphyllum demersum
I/; Heteranthera dubia

}MVr1oohv11um exa]bescensv;‘

‘l‘Utr1cu1ar1a vulgaris

~Harlow, H1]11am M. and Ellwood S Harrar, Textbook of Dendro]ogy,
"McGraw H111 Book Co., New York, 1950 : _
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‘Nai{vé Trees of Lake Heﬁdricks_ﬂatershed]

~_Common Name

:"}Scientific Name

~ Black Willow
Quaking Aspen

 ‘B1gtooth Cottonwood

ifEastern Cottonwood
~ Butternut

'Ti_ Paper,81rch

~ American Elm
~ Slippery Elm
" Rock Elm
~ Hackberry
~ Red Maple
 Boxelder
Basswood
~ Green Ash

?SdTix'nigerﬁ':‘f

,‘Pogu1USltbemu1oideS  e
_ Populus tacamadaca

7Pogu1us’dé1toides .
,Jug1ah" cineria -
“Betu1a paprlfer

uercus macrocar a e

'jUImus amer1cana
Ulmus fu]va
?ylmgg‘thomas1" _
_Celtis occidentalis

Acer rubrum
.~ Acer nequndo§

| Fraxinus nennsvvan1ca '

’;Harlow, w1111am M and E]lwood S. Harrar, Textbook of
;Dendrology, McGraw H\]l Book Co.,. New York 1950 '

M1grat1ona1 Naterfow1 Poss1b1e In The Lake Hendr1cks Area

)Common Name

}Sc1ent1f1c Name

- -Common Loon '
Red-Necked Grebe .

~ Green Heron

~ Trumpeter Swan

~Brant

White Fronted Goose

. Snow Goose

~ Ross’ Goose

. Red-Breasted Merganser‘«

~ Common Merganser -
: Hhoop1ng Crane i

‘Gavia immer - B
~Podiceps grisegena

Butorides striatus
Olar buccinator

‘Branta bernicla

Anser albifrons

Chen caerulescens -
- Chen rossii =
~ Mergus serrater

" Mergus merganser

~ Grus americana

Harper and Row, 1981

106




" Barred Owl

~ Swainsons Hawk

- Merlin

Raptors Poss1b1e In The Lake Hendr1cks Reg1onV 

Common Name '

T Sc1ent1f1c name

Permanent or Breedlng Spec1es |

- Great Horned»Ow]

-Short-Eared Owl
Long-Eared Owl
Coopers Hawk
Red-Tailed Hawk

Rough-Legged Hawk -
Ferruginous Hawk -~ -
Northern Harrier

Prairie Falcon

~ Kestrel

Migfatibﬁa145peeies ‘

: Turkey Vu1ture A
Northern Goshawk =~ -
Sharpshinned Hawk
Golden Eagle

- Bald Eagle

Osprey = -
"~ “Gyrfalcon - ,
Peregrine Fa]con

[

‘,Bubo v1rg1n1anus
Strix varia
Asio flammeus

Asio otus

“~Acc1per cooperii
~ Buteo jamaicensis

Buteo 'swainsoni

-~ Buteo Tagopus

Buteo regalis

‘Circus cynaneus

Falco mexicanus

- Falco columbarius

“Falco sparverius

Cathartes aura

. Accipiter gentilis
- Accipiter striatus
~Aquila chrysaetos

Haliaeetus 1eucoceph1a1us

. Pandion haliaetus
- Falco rusticolus -
- Falco peregrinus

Harper and Row, 1981
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Mamma]s of The Lake Hendr1cks Reg1on V

Common Name

rSc1ent1f1c Name

Water Shrew
Pygmy Shrew e
Short-Tailed Shrew -
Least Shrew
Eastern Mole
~ Keens Bat
- Big Brown Bat
Red Bat
- Eastern Cottontail :
- Black-Tailed Jackrabb1t
_Eastern Chipmunk V
Richardsons Ground- Squxrre]

Thirteen-Lined Ground Squ1rre1,

‘Franklin’s Ground Squ1rre1

~ Fox Squirrel

Grey Squirrel :

~Plains Pocket Gopher

Plains Pocket Mouse

~ Beaver _

- Deer Mouse

-~ White-Footed Deer Mouse
Red-Backed Vole

Meadow Vole

" Muskrat

.~ Porcupine
- Coyote
- Red Fox
~ Racoon : '
-~ Long- ta11ed wease1
Mink o
: Badgers
-Striped Skunk
- White-Tail Deer

~ Sorex palustris
- .Microsorex hoyi
~ Blarina brevicauda:
- Crypotis parva |- o
- Scalopus aquaticus-
- Myotis keenii
- Eptesicus fuscus |

Lasiurus borealis

Sylvilagus flor1danus
Lepus california

Tamias striatus ;f

~ Spermophilus r1chardson11

~ Spermophilus tridecemineatus

VSpermoph1]us frank11n11 ‘
“Sciurus niger P

Sciurus caro11nens1s
Geomys bursarius

- Perognathus f]avescens :

Caster canadensis:

Peromyscus maniculatus =~
Peromyscus leucopus ‘
VC1ethr1onomxAigapper1

Microtus pennsy]van1cus

Ondatra zibethcus
Erethizon dorsatum
~Canis lantrans |
“VYulpes vulpes
Procyon lotor|

“Mustela frenata '
- Mustela vision
~Taxidea taxus|

Mephitis mephitis

~'0docoilus virginianus

i

’Harper & Row, 19811}

Rept11e Spec1es Found In The Lake Hendr1cks Reglon

Common Name

‘°Sc1ent1f1c Name

- Painted Turt]e‘
-Snapping Turtle
Common Garter Snake

~ Smooth Green Snake

'Bu]]snake

- Chrysemys picta
- Chelydra serpentina
- Thamnophis sirtalis -
- Opheodrys vernalis 4
“Pituophis melanoleucus

i .

s Harper 2 Row, 1981 :
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Rare Plants in the Lake Hendr1cks Reg1on

Common Name

7Sc1ent1f1c Name;

~ Sugar Maple

Sweetflag

*gﬂood;Anemone
- Spikenard

Wild Ginger
Rush Aster
Flattop Aster
Indian Plantain

Hair Sedge -
 Lake Sedge
- Penuncled Sedge
- Blue Cohosh
. Pale Coral-Root ai
~ White Lady S11pper i

Toothwort

- Downy Gentian S
Small Fringed Gent1an 0%
~ Wild Cranesbill

- Bottlebrush Grass =

Jointed Rush ,
Florida Lettuce

2 Virginia'Cutgrass?
- Water Nymph
~ ‘Balsam Poplar

Largeleaf Pondweed

White Rattlesnake Root o
Green-fruited Bur Reed S

Meadowsweet -

- Nodding Trillium
~ Declining Trillium
~ Large-flowered Be]]wart G
~~W11dr1ce . :

. Acer saccharum
~ Acorus americanus -
“Anemone quinquefolia

Aralla racemosa

~Asarum canadense

Aster borealis

~ Aster umbellatus

Cacalla plantaginea

~ Carex capillaris
" Carex lacustris

Carex pedunclata
Caulophyllum tha11ctro1des

Corallorhiza trifida
Cypripedium candidum

~ Dentaria laciniata

. Gentiana puberulenta
- Gentianopsis procera

~ Geranium maculatum

Hystrix patula

- .Juncus articulatus
-~ -Lactuca floridana

Leersia virginica

~ Najas marina

Populus balsamifera

- Potamogetan amplifolia
-~ Prenanthes alba - e T
- Sparganium_ ch]orocarporum;v; i

Spiraea alba i
“Trillium cernum

Trillium flexipes
~Uvularia grandifiora
. lizania aquatica

| Moy]e,;John‘B., 1954
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