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EXECUTIVE SUMMARY

 SWAN LAKE DIAGNOSTIC/FEASIBILITY STUDY

Swan Lake iS‘a‘lBOjacre'naturalflake locatedd3;miles north andlf
mile west of Viborg, Southfbakota»in Turner County. ‘Swan Lake
‘Aassumed characteristics\Ofta:reservoir in 1914 when andinlet'
channel was excavated. fron{TurkeyfRidge Creek into the lake.
When the 1n1et was. completed the watershed of Swan Lake
1ncreased from approx1mately 1 000 acres to approx1mately 81,600
acres. Swan Lake water outlets to Turkey Rldge Creek whlch~
eventually flows 1nto the Vermllllon River. The majorlty of the'
topography of the Turkey Rldge Creek watershed is flat to

undulating. Contrastlngvsteeper slopeS'can be found on the

- western and southwestern boundaries~of the watershed. This

sudden Changefin topography;is due‘to‘the remnants;of‘a glaoial
moraine from the Late Wisconsin,period.

In:June‘of'1990 the’éouthtDakota Department of EnVironment and
kNatural Resources (SD. DENR) began a Phase I |
Dlagnostlc/Fea51b111ty Study at the request of the Swan Lake
Improvement Association. Theipurpose of the study waS‘to_assess
"theygeneral.condition of theflake and tributaries. Vin addition,
the study'was to identify~sources causing’the lake's degradationﬂ

tand propose fea51ble restoratlon alternatlves to 1mprove water

"squallty in the -lake and watershed. Monitoring equipment was

- 1nstalled,1n the fall of 1990, and sampling began in January of

1991.



The study 1nc1uded water quallty monltorlng and the use of the

"Unlversal Soil Loss Equatlon (USLE) for assessment of the

ilpwatershed. The USLE was developed by the U.S. Department of ”

:vAgrlculture to evaluate the sedlment 1nput from watersheds. The‘
flake was sampled twice monthly,from Aprll,through September and
v;fhonthly from October through MarchQ Samples were collected by a

| ylocal resident and sent to the South Dakota State Health |
‘S;Laboratory in Plerre for ana1y51s.' The data necessary for input
fln the USLE was gathered by a local resident and personnel from

- fthe SD DENR.

‘hThe hajor problems fac1ng Swan Lake are predicated by its shallow
l‘ldepth. Shallow depths can cause hlgh turbldlty, and the cloudy
';for dlrty appearance of the water. Turbldlty can be caused by -
'Zalgae, tributary 1nput orrresuspension of sediments by wihd,

:boat motors, or bottom feedlng flSh. Due to the high turbidity

e experlenced in Swan Lake, macrophytes (aquatlc weeds) were absent

7ifrom the lake except for emergent vegetatlon close to shore. The
:fhlgh turbldlty may also be respon51b1e for the lack of nuisance
‘.dblue-green algal spe01es that form floating mats which are

' husually present in nutrlent-rlch lakes similar in size and shape
L#to Swan Lake. Concentratlons of dlssolved solids in Swan Lake
ﬂilwere high enough to c1a551fy the lake water as moderately
[Sbracklsh; The high dlssolved SOlldS concentration is probably‘
caused by the recharge of groundwater to the lake from springs in

':the Turkey Ridge Creek watershed. 'A high concentration of



dissolved minerals enters the lake and the concentration further

increases due to evaporation.

n-lake sampling also showed Swan Lake to be hypereutrophlc.
Hypereutrophlc is a term whlch means the lake has an over
abundance of nutrlents. Nutrlents, such as nltrogen and~
phosphorus, are used by algae and macrophytes for growth and
reproductlon. Sources for the h1gh nutrlents are most likely
fromdagricultural practlceskln,the»watershed and posslblykseptlc‘
systems around the lake. Thetnutrients are carried to thekiake
mainly through the inlet channel from Turkey Ridge,creek. The
groundwater was not tested however, samples taken in the winter
over frozen ground had relatlvely low concentratlons, thus

~groundwater is not suspected as a‘nutrlent source.

Turkey,Ridge Creek proved-to*hefan‘important hydrologicﬁ
_connectibnrto Swan Lake. ;During the‘fall and winter;fsprings
ffrom’surficial aquifersjstartutogflow, probably due to reduced
demandgfrom vegetation in'thedwatershed'(Lindgren and Hanson,
1990) . Lake levels at the;end of Septemberk1§91, were a foot and
a half below the level of the outlet. The volume of waterfneeded
to fill,theylake waS'greater than 270 acre-feet. The fall and
;winter recharge,fromfspringsrin?the watershed;‘flowingathrough

Turkey-Ridge.Creek filledgtheslake‘to the outlet level.

The water quality of Turkey Rldge Creek and 1ts trlbutarles 1s

“relative to the‘source of the,creek water. If the water is from



"fa runoff event, the water typlcally has high phosphorus, n1trogen
fgand fecal collform bacterla concentratlons. Fecal collforms are
.thacterla which live in the 1ntest1na1 tract of warm blooded
‘hanimals. These bacteriayenter the water sYstem by direct contact
~akwith the streams and overiand runoff. The:most probable source‘:
fof the hlgh concentratlons of fecal collform were feedlots within
"{the watershed. When the groundwater flows in the fall and
;w1nter, a flushing effect takes place and water quallty improves
wpto acceptable standards. Durlng thls time fecal counts are low

i~'to¢non-detectab1e and nutrlent concentratlons are minimal.

fﬁihe‘elevation of the lake‘inlet‘is below that of the outlet.

: Durlng perlods when the water level of Turkey Rldge Creek is

‘1ower than the lake 1evel water flows back out the inlet to the

5 creek. At other tlmes when the water level of Turkey Rldge Creek

:gls higher than the lake level ~water would flow into the lake.
\FW1thout continuous flow dlrectlon and stage height data, a

:j!hydrologlc and nutrlent budget could only be estimated. The

‘V.loadlngs 1nto the lake, as stated earlier, were dependant on the

1f?source of the water. Water flow1ng before the spring thaw is

~:.con51derably better quality than water allowed to flow into the

?lake after the thaw. By ellmlnatlng the water after the thaw,
‘fan estlmated 50% of the nutrlent load could be eliminated from

feSwan Lake. It also appears Swan Lake is storing a majority of

hpthe nutrlents which enter the 1ake.k These nutrients appear to be

%freleased recycled throughout the year. With the information

,1gathered from this report recommendatlons could be made.



The recommendations. which are‘aimed at controlling sediment and

nutrient‘input to Swan’Lakéiare;asffollowsﬁi

,Primary,Activities‘

1)

2)

3)

4)
5)
6)

7)

8)

Control'structuresrepair on valve next to Turkey Ridge

‘Creek

Dam structurekrepairidown steam,of the inlet channel

In-lake sediment rempVal

 Bank stabilization
~Sediment dike:

Buffer strips or CRP in original watershed

Rough fish»contr61  ;

}SanitaryfdistrictadéVelopment‘

Secondary Activities

9) .

10)

Animal waste management systems

Dugouts and wells

The recommendations listed abdve are those which the State

'suggests tO‘beSt solve the pféblems addressed in this report.



LARE IDENTIFICATION AND LOCATION

Lake Naﬁe: ‘Swan Lake -

State: South~Dakota

County: Turner o

- Size: 73 hectares;(180‘acr¢$)f o

Nearest Municipality: Vibdfg;fSouth Dakota

Latitude: 1Nofth 43 deg. i3>mih;.18 se&.‘

Longitude: Wéét 97 deg. 6 miﬁ.‘oo sec.

EPA Region:‘ 8 S |

EPA Major Basin: ‘Missouri’kivef _Code: 09

EPA Minor Basin: Vermillion River'k‘Code: 04

‘Major Tributary: 'Turkey Ridge,Creek | | :

Receiving Water Body: _Turkey_Ridge Creek / Vermillion>Rivér,,
‘(Figure 1) |

Water Qnality Standards:" ’

Designated Uses

1)  Warm~Watef Semiépermanent_Fish~Propagation
2) ‘Immersioh Récreatioh“‘_
3) Limited Contact Recreation

4) Wildlife Propagétidn and~Sto¢k Watering -

Applicable Criteria
- The water quality criteria estéblished for these beneficial

uses are located in Table 1.



 GEOLOGICAL AND SOILS DESCRIPTION OF DRAINAGE BASIN

Geological Description Section Sunmary

ioThe geology of Turkey Ridge,is characterized by an abnormally

fhlgh Cretaceous core topped w1th glac1a1 drlft deposits that -
 fatta1n a helght of 1,730 feet above mean sea level. Data

'fgathered from a test hole»at the,center of the Swan Lake

;watershed reveals the stratlgraphy in Table 2. The tabulated

”;formatlons will be descrlbed from the oldest formation to the

tfyoungest material.

Table 2. The Basic Geological Formations Below Swan Lake

FORMATION = .~ FEET
Glacial till = 0 - 44
Niobrara Formation 44 - 228
Carlile Shale 228 - 442
Greenhorn Limestone 442 - 473
Graneros Shale = : 473 - 480
Dakota Formation i 480 - 660
Quartzite Wash T 660 - 838
Quartzite 838 - 839

'ysource: South Dakota Geoloéical"Survey



Geological Description,~

The Proter0201c Sioux Quart21te is a thick, flne to medlum
gralned clastic sequence, varylng in shades of plnk and maroon
to almost transparent. Although the majorlty of the quartz1te is
silica sand cemented‘by pressure~from:sed1mentsyabove_over tlme,
- there are minor mudstone andhheterogeneous beds.mixed*uithin it.
Formed approximately l.7tbillion.years ago{ the Sioux Ridge, the
~ quartzite mass underlying’noStkof‘eastern SouthyDakota and
southweStern Minnesota;eisiaIStable feature extremely resistant

to erosion} standing prominent‘throughout most of the Phanoezoic.

Quartzite wash'is’a‘fine to;megium-grained sand’derived from, and
usually found adjacent to'the”sioux Ridge.j It often contains .
angular to sub—angular gralns due to the close prox1m1ty of 1ts
source. The quartz1te wash defles deflnlte cla551flcatlon due to
itS'varied‘stratlgraphlc‘po51t;on,,though ;n~Turner County, the

youngest it could be is Earlinretaceous.

The sequence of sandstones,‘shales, and llmestones that follow
’make up the Montana group wh1ch are found throughout most of
’South Dakota. These Cretaceous sedlments were dep051ted durlng
five major advance and withdrawal cycles of the Cretaceous inland
sea. The-Cretaceous sedlmentseprobably approach 800,feet‘1n,

total thickness in the Turkey Ridge Creek area. Some Pierre



f.Shale may also be found under the hlghest elevations of Turkey

'Rldge.

ﬁiertiary sandskare also ingevidencekin the‘centrai part of Turner
!éounty, These western-derived~sahdsimay be comparable to the
ﬂfégaliala Formatioh,'though;iack bf‘stratigraphic control makes

‘;eerrelation tentative at'best. hThese sediments are fine to
fhedium—grained sands and.eilts andkare part of the Turkey Ridge

'aquifer described ‘in the GreUnd'Water Hydrology section below.

iéyerlying the Cretaceous andaTertiary sediments is late Wiscohein
ftili‘and eutwash. The tills;arehéenerally oxidized
i&yellow-brown) in the upper 10-20 feet and unoxidized
_(blue-gray) below. Thlckness of the glacial drift in the Turkey
LRldge and Swan lake area vary from less than 40 feet to more than

f:400;feet., The hydraulic conductivity of till ranges from 10 -4

"feet/day in oxidized, highly fractured till to 10~8 feet/day in
‘fﬁnbxidiZed till. Hydraulic;cehductivity is defined as the

j'aiStance‘a cubic foot of water travels each day in feet.
Aéroundwater Hydrology

‘7fA11 the 1nformatlon for thls sectlon was researched and gathered
‘vfrom a document publlshed by the U. S Geological Survey in

'heonjunctlon with the South;Dakota;Geologlcal Survey. The

11



document'r Water'Resources of~Hutchinson and*TurnerfCounties;,'

South Dakota can be acqulred upon request from the SD DENR or one

~of. the two agen01es mentloned above.

In summary, the only groundwater source with documented
hydrologlc connectlons to Turkey Rldge Creek or Swan Lake is the
Turkey‘Rldge,Creek aqu1fer,° Other aqulfers w1th-p0551ble
hydrologic connections'areythe_ﬁpper“Vermillion-Missouri, Turkey
‘Ridge, and Niobrara aquifers;kaThe Turkey Ridge Creek«aquifer has
the most connection with Turkey;RidgeLCreek.‘ After the:Warm
season, use for water;subSidesfand:thetlevel of‘the’aquifer rises
and disCharges into,Turkey‘RidcekCreek.deIn‘mildkwintersfthed
creek~has-a continuous flow which maximizes the level of Swan

Lake through the inlet.

The potentiometric surface‘ofEan aquiferkis~the‘height‘the Water
level can rise aboye the,aquifer; If thermaterial is permeable
enough to allowrwater,to pass, the water may move'through the
confining layer; ,The'Upper Vermillion-Missouri aquifer‘may'have
a hydraulic connection dlrectly to Swan Lake. *The potentiometric
surface of the aqulfer is hlgher than the lake surface which may
ksuggest a sllght inflow from the bottom of Swan Lake. The '
~elevation of the sand and gravel 1n the southeastern part of the
Turkey Rldge ‘aquifer does coln01de with the elevation of the
Turkey Ridge Creek stream bed. . Although the data does;not
indicate a hydraullc connectlon between Turkey Rldge Creek and

- the Turkey Ridge aquifer one may still exist. The only bedrock

12



't;?aqulfer whlch is connected to the Swan Lake watershed is the
*7N10brara aqulfer.r The Nlobrara deflnltely discharges into the‘
‘AUpper Vermllllon-Mlssourl, and may dlscharqe into the Turkey
thldge Creek aquifer where they are only separated by about

?flfteen feet of till.
Vfﬁonitoring Wells

‘In October of 1991 monltorlng wells ‘were placed around Swan Lake

'by the Geologlcal Survey to document groundwater inputs to Swan

;5dLake, no chemical parameters were taken.~ A map of the location

jof the wells and graphs of water levels recorded is located in

'Appendlx A.

'-{élldof the wells increasedjwith thetlevel of the lake, and by
1hearly'February water levelsein four’of the wells (2, 3, 4, and 6)

k'lshowed elevations hlgher than the 1ake. Although a gradient of
éthe groundwater towards the lake has been seen, the amount of
hhgroundwater entering the lake from these areas is unknown. Some
xtlme in late fall the 1nlet ‘was opened to f£ill the lake which
:negated groundwater as the only water source to the lake. The

W well monltorlng w111 contlnue in 1992 to see if more accurate

: data can be acqulred.

13



- Soil

The Swan'Lake watershed iS‘made*up of Turkey Ridge on the'far

west boundary of the watershed -and gently rolling land from ‘the
base of thekrldge torSwan;Lake,t Several major s01l a35001at10ns
4are~present‘in the Swan~Lake»watershed. Each major assoc1atlon
‘w1ll be described in Appendlx B in- order of 1mportance (percent
~of aerlal—coverage) A map outllnlng the major ‘associations is

shown in Figure 2.
Topography

‘The Swan Lake watershed has two basic characteristics, flat to
'rolllng plalns and a glac1al rldge.k-Approx1mately 70 percent of
the watershed is gently rolllng glac1al plaln with slopes less
than 3 percent. Turkey Rldge,plocated in the west-southwestern '
kboundary‘of the watershed 1s a glac1a1 moraine left from the
‘late Wisconsin period. Turkey Rldge makes up approximately 30
'percent of the watershed w1th slopes ranglng from 0 to 25
spercent. The hlgher slopes ‘can only be found in a few ravines on
]Turkey Rldge. Flgure 3 1ndlcates the average slope per sectlon
and its locatlon in the watershed.t Slopes were calculated from

‘United States Geologlcal Survey (USGS) topographlc maps.. The

14
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1 - Clarno-Bonilla association

2 - Clarno-Crossplain-Davison association

3 - Clarno-Ethan association

4 - Egan-Trent association

5 - Wentworth-Chancellor-Wakonda association
6 - Egan-Ethan association .

7 - Egan-Worthing association

8 - Hand-Clarno-Davison associaton

9 - Clamo-Lamo association

Figure 2. Major Soil Associations in the Swan Lake Watershed.
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f?é&gfage slopes per secti§n §ere ¢al¢u1ated by avefaging random
5f§ib§§s perpendicular to thé}draihagé. Al@ost all watershed
xﬁ;idbéSVére less than 3 péréénﬁ; Close toésome drainages the
ﬁ;%iépeAincreases dramaticéiiy;k Thééé areéSﬁare marked as a dark
 ;glé¢k’iine, The slope réngés ffdm 10 percént to 40 percent in
4?§hééé:areas, however, thé';ength’bf‘slope‘is generally under |

1,000 feet.

17



DESCRIPTION OF PUBLIC ACCESS

~Described;in Table 3 are six spécific~areas,designéted;as-public

access areas around Swan Lake.

Table'3.‘gbescriptiqn of;Pub1i¢fAcCess;at Swan Lake

: : . b Land Lake Type and
Name Responsible Type = Area, Fron§,  Capacity of
_Agency L (ha). _(m) _Facilities
South  SD Game Fish Boat = 0.3 . 18 Single boat landing
‘Landing @ Parks  Launch S '~ parking, no other
‘ R ~ o facilities
SLIA - Swan Lake Public 0.3 61 Swimming,beach and
E. Park  Improvement = Beach : - picnic area =
SLIA Swan Lake "Rec. 0.5 88 Picnic area
W.;Pa:k',,Improvement~ ~ Area_>i~" S :
_Swim: Swan Lake 'Beach 0.1 72 Swimming~Beach ‘
North v . Game / '6.0 - 91 Shoreline access for
~East Area ~ Park  Management - fishing and hunting
North  Township = Public 1.4 1,368 Shore fishing
Shore a : ‘Road ; R
North SD Game, Fish Stateka 1.2 46 cCamping, picnicking,
West & Parks Maintained v and shore fishing
‘Park - ' ‘ ‘ Area - ~ area ‘ g
Totals 9.8 1,744

*”~A;hectare,(ha)‘= 2.471 acres
**a metérr(m) = 1.094 yards -

Source: SD GF&P Records and Physical Measurement and Observation
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flfA boat ramp and parklng area on the south-central shore of the
‘{sflake, publlc swim beach on the south-eastern corner, hunting and

‘,?shore fishing area on the northeastern shore of the lake, a small

S oamping area north of theVlake; and a small park on the northwest

Vufcorner of the lake give the publlc excellent access around Swan

'l7Lake. The public also has shorellne access on a large portlon of
Aefthe north and east shore along a publlc road maintained by the
"county. ‘Figure 4 shows the publlc access p01nts in relation to
1access roads and the lake. The»boat ramp has an oil road
ffdlrectly 1ead1ng to the ramp. At;the present time there is no
edock at the launching s1te, however the Swan Lake Improvement
- Assoc1atlon (SLIA) along w1th the SD Game Fish and Parks (SD
‘?GF&P) are worklng to 1nstall a dock in the near future. The swiml
fbeach maintained by the SLIA has llmlted access and parklng
‘e;avallablllty. The other three publlc areas are easily access1b1e
;:because they are adjacent to a townshlp gravel road malntalned by

'fTurner County.
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1 Township Right of»Way' ) ; - Game Fish & Park
‘ || Public Acess - N State Owned
~Game Fish & Pari\ | = +— ~—.. N.E. access

- Park ’

Géme Fish‘& Park
Boat Ramp

=] Swim Beach

Fal]

~ West Park East Park

- Boat Ramp
- Parkinglot -

Figure 4. Swan Lake Public AcceSs.
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| SIZE AND ECONOMIC STRU(.'I'URE OF

"sZ»POTENTIAL USER POPULATION

 POPULATION

i:f'fhehhumber of potential users to‘be’found within 80 kilometers

fé;(so mlles) of Swan Lake requlres ‘census data from elght South
:jDakota counties, three Iowa countles, ‘three Nebraska counties,

73;and one Mlnnesota county (Flgure 8). These 15 counties located:

1"E,:Ln four states represent a total of 227 townships and 73

-]g mun1c1pa11t1es. To portray the characterlstlcs of the population

f§>w1th1n the Swan Lake user area, data from these townshlps and

3.commun1t1es were used.

7i§kThe 1980 and 1990 U.S. population census estimates will serve as

‘v,f'sources of population numbers; ahd{1987 data will be used for per

| capita income information. Employment data has been gathered

ongroﬁ,Departmeht of Laborireports.

'z(f'The total population within a 80,km,radius of Swan Lake is

»f{>259,830‘persons. Eighty'perCent"(209,247) reside in South Dakota

v.§HWithethe remaining 20 percent (50 583) residing in adjacent

Iffstates, prlmarlly in Iowa (30 332) - Seventy-four percent

(192 723) of the potentlal user populatlon reside in communltles

-~,21’ 3
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;iranging‘in size of less thaﬁ 50 pérSons to Sioux Falls, a

>;{§metropolltan area of over 100 000 populatlon. The remaining 26

'fipercent (67 107) of this populatlon are rural re51dents living on
.;open-country farms or acreages out51de incorporated boundaries

~ (Tables 4 and 5).

:};The'more'immediate user area:within‘40 kmf(25 miles) of the lake
‘éinoorporates eight South,Dekotefoouhties oomprised of 67
}étownships and 22 municipalities (cities). The total population
'f3ofithisrarea is’28,849 persohs of which 12,288 (43%) reside in
1f;communities ranging from 43kpersons (Dalton, SD) to the largesti

 community, Beresford, SD with 1,849 people.

l‘iéAS‘Stated earlier, Swan Lekeeehcompasses an area of 72.8 hectares
'f;?(lao acres). Lakeside development includes 80 homes 51tuated
fi;near the southern and northwest shorellne. Almost all of an
lh;estlmated 262 occupants ofglakeshore homes are seasonal residents’
;(96%) Approximately 10‘occhpants#ere'year round residents.
‘7ESeasonal re51dency is generally deflned as continuous occupancy

’Q‘idurlng the months of May through ‘August.

7§A comparison of the total population in the local user area (40
'?km radius) in 1980 and 1990 revealed a net loss of 6 percent or'
tﬁl 980 persons (Figure 6) : A~1oss of nearly seven percent of the

«f;rural populatlon (2,265) was only sllghtly compensated by a small

" ;Elncrease in the urban populatlon (285)
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TABLE 4. POPULATION AROUND SWAN LAKE IN 1986

 40KILOMETERRADIUS . 80 KILOMETER RADIUS

STATE = COUNTY _RURAL URBAN RURAL  URBAN
SOUTH DAKOTA LR ;
BON HOMME . 3%a1  e806
ClLAY 1781 68 2920 10769
LINCOLN 4408 3863 . 6554 7,388
DAVISON o o
~ MCCOOK " 262 -~ 2003 3541
HANSON , 2088 1014
HUTCHINSON 1108 2,255 © a2 as0
MINNEHAHA 1369 17435 1748
TURNER . - 4461 2083 . aaet 2083
UNION 558 1,504 483 4050
YANKTON 4881 765 . 590 13082
MINER , : s
LAKE ' , L es
MOODY ‘ om0
SUBTOTAL 16826 12,003 T 52689 139,365
NEBRASKA e ;
~ CEDAR T o es8 1730
DIXON , ; 02049 1,057
KNOX ' ' 3219 1,393
SUBTOTAL 0 0 T 11,876 4,180
~ IOWA e
, LYON - s3z 269
SIoUX : ~ 14047 11,730
_ PLYMOUTH ‘ ‘ 3984 1517
SUBTOTAL o o 26353 15940
MINNESOTA S
ROCK S 2807 1011
S==="VotAL 882 12005 oni62 167,302
TOTALPOPULATIONOF . TOTAL POPULATION OF
40KILOMETERRADIUS = 80 KILOMETER RADIUS

30,829 PEOPLE - 265,084 PEOPLE
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© ' TABLES. POPUALTION AROUND SWAN LAKE IN 1880

T 4OKILOMETERRADIUS 80 KILOMETER RADIUS
STATE  COUNTY RURAL URBAN  ~ RURAL  URBAN

 SOUTH DAKOTA S s i
'BON HOMME S 2412 3406

ey 1429 s ",2',614 10572

~ LNCOLN 4624 4000  ' ees  8e0

. DAVISON : e 2 312

i MCCOOK. 232 Y T

g prANSOka ‘ i B e 958

 HUTCHINSON 981 2061 ; 73.492 ; aszs

' ‘;MINNEHAHA o2 12720 10083

~TURNER 5146’; 3430 : : 5146 3430

i ’UNiON 3 S0 2895 3768

YANKTON, 2,783 750 : - 5508 13,744
MNER , | 5  37 :
LAKE . e 016

_ MOODY : a7

SUBTOTAL 16561 12288 = 46580 162,667
 NEBRASKA e ;
.. CEDER . - 463 2708
'DXON ; 2 1202

'KNOX S 1415 7 1185

~ SUBTOTAL 0 o 7178 5085
LYON L o 3a3 s
Sloux , S 532 12720

__PLYMOUTH 180 1726

Ry SUBTOTAL o o 10785 19547
“MINNESOTA R
.. ROCK Lo 2564 5414

16651 12288 . 6710/ 19&7e3
TOTALPOPULATIONOF . TOTAL POPULATION OF

40 KLOMETERRADIUS =~ - 80 KILOMETER RADIUS
17,849 PEOPLE - 259,830 PEOPLE
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.;x%The population in the 80‘km'radius:of the lake also decreased but

*rfiproportionately less than that of the 40 km radius area (Figure

7_57); The total net populatlon loss 1n the larger user area over
’ﬂtheilast 10 years was 2 percent or 5 234 people. There was a

rfédecreaserof 31 percent or~30,655 people 1n the rural population.

‘;féHowever, the urban population increased 13 percent or 25,421

t?people.‘ The growth of Sloux Falls and 1ts surrounding
‘fécommunltles is largely respon51b1e for the increase in the urban
lj?populatlon. Due to the rural nature of the area and the drop in
¢3theffarm economy those areasfdependant on the family farm will
licontinue'to decline. However, the growth of Sioux Falls will
*?écontinue to bring‘people,rjobs; and stability to the area and
fn_;ghquld eventually:balance’theArecent population losses in the

- rural community.
~  Employment Profile

ffSeventy-flve percent of the res1dents within 80 km of Swan Lake

'iéare employed in the non-manufacturlng type occupations

~,ﬂrepresented by agriculture, agrl—bu51ness, education and service

;'~§induStries; In Turner Connty, more than 90% of the work force is

'iéemployed in agricnlture and~agriCultural related business. The

]féunemployment rate for Turner County 1n 1990 was approximately

‘nfz 5% in a labor force of nearly 4 300 workers (Figure 8). This f

‘%{was substantlally below the~state/average of 3.7% and the
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national average of 5.5% for that year; A positive sign for the
local economy has been a graduaiiy declining.unemployment ratef -
- from 1982 to 1991 in the,face ef‘increasing available labor

(Figure 8).

' In 1987, perrcapita inceme¢effrtraiftownships‘in‘the 40 ¥n user
area WasrverY~similar‘to thétgéffthe urbah per capita inceme;inr
the same ﬁser area (approxiﬁateiy $8 610). This centrasts‘with
an estimated $8, 717 for c1ty re51dents outside the 40 km radlus,ﬂ‘
reflectlng the hlgher wages pa1d in the largest 01ty, SlOUX
Falls, about 46 kmanortheastkof ‘Swan Lake. ‘Per caplta_lncome iﬁ
southeastern Soﬁth Dakotalwithin;an 80 km radius of Swan Lake was
substantially belowrthe natioaal‘aVeragevsll,QZB (1988) and
slightly,less thahrthe etate average of $8,916,(1988). Since
1979, however; perVCapita ineemerin thet4Q"km radius around Swan‘
Lake has 1ncreased approx1mately 51% and approximately 60%,fert‘
the area out51de the 40 km radlus (Flgure 9). This reflects ﬁbre‘
,rapld growth of the jOb market 1n the 1arger cities than 1n the

small agrlcultural areas.
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SUMMARY OF HISTORICAL LAKE USES

Swan Lake is a shallow natural lake in the Vermllllon Rlver ba51n
w1th a surface area of approx1mately 72 8 hectares (180 acres),ka
- mean depth of 1.4 meter,(4,5’ft), and a maxlmum‘depth of;1,8
’kmeter;(6 ft). There.is no}enduriné'summer stratification;,a
Turbiddwater conditicns‘that usually7prevaii during the groming
seascn [meanr1991;secchi debth{ 0;37;m (<15 inches)] hinder |

| developmentrof submerged aquaticrplants.t Swan Lake nonetheless
supports large populationsfcf blanktdnic algaelduring the spring

and summer months.

Swan‘Lake and its surroundingfwatershed'conSistiof approximately
33 013 hectares (81 576 acres) 1n southcentral Turner County..r
Th1s acreages 1ncludes the lake s orlglnal (natural) watershed

| estlmated at approx1mately 420~hectares (1 040 acres),as well—as
V the greater part of the nearby Turkey Rldge Creek. dralnage whlch,
~was diverted in 1914 by creation of a diversion dltch from 1ower .
'>Turkey~R1dge,Creek;to:the»northeast:corner-of the lake. The
diVersionkwas constructed todfill the lake each year with'spring
runoff water to compensate for the consxderable seasonal drop 1n,,
lake water: level that occurs in summer due. to evaporatlon and

seepage.
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‘igfo provide control over water 1nflow, two gated culverts with
'iiéconcrete support structures were 1nstalled in the 230 foot long
Qtdlvers1on channel with a small sedlment settling basin between
‘Zéthem. A small check dam of corrugated steel was placed across h
J',éTurkey Rldge Creek approx1mately 630 feet downstream of the dltCh
j~to raise the water level of_the stream suff1c1ently to ensure a
;;oseahle gravity flow to Swathakei(Appendix C) In the 1930's a"
d~road ‘was constructed across’ the lake s natural outlet and three

'evz30 inch oval culverts were 1nsta11ed in the roadway to serve as a

d_ésp;llway. In 1981, this road was ralsed 15 cm (6 inches) to

vg.Strengthen its function asfaifloodgbarrier.

‘kéﬁyl1974, sedimenticarriedrihtorthe'lake by the diversion ditch
léand,lakeshore erosion hadraccumulated‘in this naturally shallow -
1éhasin (mean depth: 3 metersyato the’extent that boating became
ftéhaaardousiduring the low water sdmﬁer seaSon in some areas of the
Jéiake; A dredge project was:initiated by the SD GF&P which ,’
ffi;removed approximately 325 000 cublc yards of sediment by the end
hf;of 1975. ‘Unfortunately, most beneflts of this project are no
-*;longer ev1dent the lake hav1ng become re-silted to nearly pre
f ;1975 levels with its shallower areas again a threat to summer
—l;éboatlng and waterskllng However, no signlflcant fish kills have
”fjfbeen reported in Swan Lake since completlon of the dredging

. project (Robert Hanten, SDrGE&P, verbal communication) .

"“:?Swan Lake has provided recreatlonal opportunities for Turner

{%County and surrounding areas v1rtually since early settlement of



‘the region?more;than'a centuryaago., In the 1870's Swan Lake ‘was
a popular site for 4th of July celebratlons organized by settlers
'of the area., A small town named Swan Lake City was establlshed

‘near the Lake and by 1872 had become the county seat.

No doubt an,important‘appeal forfsettlement,ofkthis area wasrthe
'availability of potable water;randra plentiful supply of |
kwaterfowl.and fish'for,consumption_and recreational sport. Early
narratives particularly note}the exCellent'Waterfowl hunting and
fishing avallable‘in,thehSWanwLake area. kThis recreational
rpotentlal appears to have been malntalned well 1nto the: present

k century . Anecdotal accounts relate that common fish spec1es in
the lake during the 1930's and 40's con51sted of gar, buffalo,.
carp, black bullhead sunflsh yellow perch crapple, northern
pike, and~walleye»in approx1mate order of abundance. Durlng thls
period the acceptable water quallty of Swan Lake was attested to
by the presence of an establlshed 1ce cuttlng operatlon and a

‘ permanent ice house located at lake51de.

Actual usage data has never been kept on Swan Lake, so 1t cannot
be. establlshed w1th -any confldence when lake usage started to |
‘decllne, and makes accurate,assessment of losses in benefrclal g
hours impossible.; Based onfcircumstantialrevidence, conditlons
may have begun to worsen perceptlbly during the 1940" s and 1950 s
as agrlculture became more 1ntens1ve, and as ground water usage

: lncreased, The result of 1ntens1f1ed 1and use may have been more.

"sediment?laden runoff due'toilncreased eros1on,1n‘the Turkey
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%feRidge Creek watershed. »Because,df its reiatively small acreage
¢§ and naturally shallow ba51n, Swan Lake is vulnerable to even
sf‘moderate levels of sedlmentatlon and loss of water by evaporatlon'

7‘and seepage.

' j?fWater Quality standards/Beneficial_Uses

ff-SWahVLake is presently classified under the South Dakota Water

VieQﬁaiity Standards for the:followingibeneficial uses:

1. Warm-water semi-permanent fish life propagation;
2.  Immersion recreation;
3. Limited contact recreation; and

4. wildlife propagation and stock watering

':{},Wétef quality criteria for beneficial uses are listed in Table 1.

- Lakeshore Development/Lakeside Community

%?Presentxlakeshore developmehtvincludes 80 private residences 75

'VQ}ofewhich are summer houses and five permanent homes. Located on

ﬁftheusbuth lakeshore is éyehﬁrCh‘eamp, a small public swimming

/fjbeaCh, and a state boat rampsand parking lot. Located on the
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north side of the lake 1s a huntlng and large publlc access area,
a small camplng area, and a publlc park. A smallfgeneralvstorep
is located near the south east shore. ~There has heen,
_,con51derable local 1nterest 1n the 1ake as’ demonstrated by the’
exten51ve 1nvolvement of the Swan Lake Improvement Assoc1atlon‘
and other local support for past lake restoratlon prOJects such
as the SD GF&P lake dredglng prOJect (1974 and 1975),

riprapping project for the‘eastern and western;shorellnes
(1978-1980), and an,extensiweirenovationeofrtheflake inletr'

~ structure.
Drainage

Approximately 96%;ofpthe‘surface ianQW~to.5wan:hake‘is prowided
by‘Turkey'Ridge_Creek, an;intermittentastream,which‘drains’a_land
: area;iniexcesS of 32,0do'hectares (éo,obo acres). From;late f£all
,rthroughlwinter most_of’the‘flowvis derived from surface aquifer
seepage'or»artesian wells, 1ocated approx1mately 22 km (14 mlles)
northwest of the. lake, rather than from snowmelt or storm water
runoff. These w1nter flows do replace a substantlal portlon of
the lake water volume lost by evaporatlon., Local res1dents
malntaln that there were several seepages or sprlngs located 1n
v'the lake ba51n wh1ch may have been rendered inactive by '

sedlmentatlon.
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~h,§An inlet from the natural dralnage enters Swan Lake at the

:;southwest corner.; Thls minor channel carries primarily ralnstorm
f”and snowmelt runoff from a small portlon of the lake's immediate

: ?watershed.

?,HjELake outflows make‘their waygthrough the culvert spillway at the

ié southeast corner of Suan"Lekekend‘into a channel that directs
é{splllway water back 1nto lower Turkey Rldge Creek. The creek
ffflows in a general southeasterly d1rectlon to its confluence w1th
Ldéthe;Vermllllon Rlver, avstralghtfl;ne dlstance of nearly 16 km

| (10 miles) southeast of the lake.

”7d50ver the years the loss of depth in the southwest bay located

‘arénear the Chr1st1an Camp has caused the SD GF&P to prohibit motor

‘7;§boats from using the area. The benefits wh1ch were hoped to be

h?galned by this actlon were to reduce the sedlment suspended by

~;;boat motors, reduce shorellne er051on from excessive wave actlon,

:1j;have a place to canoe w1th less danger, and enhance wildlife in

L?the area.
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Wildlife Propagation

The southern and eastern shores‘of Swan Lake are surrounded by a
‘border of trees comprlsed of a number of spec1es such as ash
cottonwood, silver maple, aspen, elm, locust, box-elder and
-others. Scattered groups of honey locust are found 1n the |
grassland areas borderlng much of the lake perimeter. Thls type
of varied habltat has attracted a dlverse assemblage of birds
including Waterfowl, shore blrds,,and songblrds. Fleld,personnel
incidentally noted 20mspec1esiof blrdsyln the short spacepofttwo‘

hours in mid May 1992.

~ There was; in past decades;ﬁoonSiderablefuse of the lake for o

, waterfoWl hunting.‘ Howeyerffthis‘aotivityﬁhas‘declined?in‘recent

years in part‘due'to smaller numbers~of7waterfowl in the area and
 throughout the nation, ‘and to a lesser extent, Shorelineof

- development. Nevertheless the lake Stlll serves ‘as a

'significant staging and restlng area'for mlgratory waterfowl.

;Swan Lake: is 1ocated on or near the mlgratory routes of not only
,waterfowl but other types of blrds as: well. - The number and'
‘variety of trees near the lake prov1des a tree-llned shelter: for
‘both mlgratory and nestlng blrd species and attracts woodland

"birds not‘ordinarily:found’inffields or grasslands. -
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f%Sport Fishing/Commercia15Harvest'y

hpéIn the flrst decades of thls century Swan Lake supported an
";Eactlve warm-water flshery for game and pan fishes notably
"yénorthern plke, walleye,\sunflsh yellow perch and crappie.
r;éSubsequent years saw an 1ncrease 1n 1ake51de development;
7?1nten51f1catlon of agrlculture, utlllzatlon of groundwater; and
;;dlver51on of the Turkey Rldge Creek,watershed into the lake. Inﬂ
,g;the‘last few decades, lakernutrient concentrations and consequent
qeéalgai populations‘have~reached hypereutrophic levels. Other
7,;51gns of lower water quallty are increased turbidity and winterr
‘yft;oxygen deficits (<5 mg\L) : Most serious, however, is the present
f yélow water clarltyrand the seyere siltation problem that has :
! fédeveloped in Swan'Lake primarily,from the’Turkey Ridge diversion
r,éand secondarily,’from lakeshore’erosion. Large accumulations of
4‘“.5511t and organlc matter have hlndered sw1mm1ng and boating and
‘produced extensive winter f;sh kills. Former game and panfish
’popuiations have been replaced hyflarge populations of carp,
1‘Qhuffalo,5bullhead; and other rough fish. As a result, sport
‘fishing activity has declined appreciably‘in the last ten years’
’vcﬂdesplte periodic stocklng of walleye and northern pike by SD GF&P

fv{and attempts to remove rough flsh by commerc1a1 seining.

‘fTable 6 suggests that rough‘fish are favored by the present |
:écondltlons in Swan Lake (shallow, 51lty, and turbid), despite

‘erepeated stocking of game flsh juvenlles and fry during the early
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1980's (Tab1e17) ' Rough flsh such as carp and black bullheads
compete w1th other spec1es for habltat and food resources., These
bottom feedlng fish may also contrlbute substantially to water |
turb1d1ty~1n Swan'Lake by constanrly stlrrlng up~shallow'1ake )
sediments. ,ciearly;'addiriohal efforts should-he made fohimprove

lake habitat to the advantagelof the~more valuable fish:species.

Table 6. Trap Net Survey Data (1971-1985) and stocklng records
(1976-1991) from Swan Lake.

Total catch~ofr7~trap nets,(mesh~51ze 3/4 - 1"), July 12- 14 1971
‘ ' : : Average )

Species No. % Wt. % Inch Ibs.
. Black Bullhead 465 57.1 172.00 35.1 - 8.0 0.37
Green Sunfish 2123 15{1“ .19.68 4.1 - 5.7 0.16
Carp 104 12.8 116.48 23.7 13.3 1.12
White Sucker 81 9.9~ 30.78 6.3 9.8 0.38
Buffalo . 21 2.6 - ©143.,00 - .29.2 21.6 6.81
Orange Sunfish 11 1.3 ~1.00 0.2 4.6 0.09
Bluegill 7 0.9 0.77 0.2 5.2 0.11
- Crappie : 2 0.2 2.32 0.4 12.1 1.16
Northern Pike 1 0.1 3.80 0.8 - 24.0 3.80
Rough Fish . 671 82.3 - 462.26  94.4
17.7 27.57 5.6

Game Fish 144

,Total catch of six trap netsh(mesh'size 3/4"), June 28430,31976.
: 2 : S / S Average

: 'Sge01es ; No. % ” Wt. % Inch  Ibs.
Yellow Perch 163 30.2 33.42 14.1 7.5 0.21
- Black Bullhead 125 23.1  42.88 18.1 8.3 . .0.34
Green Sunflsh 101 18.7 13.90 5.9 5.5 - 0.34
' Carp .78 14.4 . 62.76 26.5 12.2 ~0.80
White Sucker 59 - 10.9 . 48.48 20.4 12.5 . 0.82
~ Orange Sunfish 9 1.7 0.45 0.1 3.7  0.05
'~ Buffalo 4 - 0.7 21.51 9.1 20.7 -5.38
Northern Pike 1 . 0.2° °  13.80 5.8 37.2  13.80
Rough Fish - 266 49.3 175.63 ~74.0
Game Fish - 274 50.7 61.57. 26.0



rgTotal catch of

80.

Total catch of 3 trap nets (mesh size 3/4 -1"), March 28, 19
Average

14 trap nets (mesh size 3/4"), June 22-23, 19
X5 P : o | Average
‘Species No. 3 Wt. . | Inch Lbs. -
~1Yellow Perch 892 36.4 267.5 24.7  8.26 0.30
'Bullhead 617 25.2. 296.2 27.3 8.98 0.48
- 'White Sucker 543 22.2 385.5 - 35.6 11.80 0.71
;EGreen Sunfish 197 8.1 37.4 | 3.5 6.18 0.19
.Orange Sunfish 164 6.7 6.6 0.6 3.84 0.04
‘Buffalo - 15 0.6 51.2 4.7 17.33 3.41
Carp 15 0.6 - 22.5 2.1 14.48 1.50
Walleye 5 0.2 17.5 1.6 20.82 3.50
Rough Fish 1,190 48.6 .~ 755.4 69.7
Game Flsh 1,258 51.4 329.0 30.3

85.

Game Fish

Sge01e No. % Wt. 3 Inch Ibs.
‘tg;Black Bullhead 535 84.3 - NA NA NA NA
©/Buffalo 21 3.3 ‘NA NA NA NA

‘Northern Pike = 17 2.7 NA NA NA NA

*;White.Sucker 17 2.7 NA NA NA NA

'Walleye 15 2.4 NA NA NA NA

carp : - 13 2.0 NA NA NA NA

‘Yellow Perch 12 1.9 NA - NA NA NA

Green Sunflsh 3 0.4 - .NA NA NA NA

Rough Flsh -~ 586 92.6 ‘NA NA NA NA

47 7.4 NA ~NA NA NA

' Source:

SD GF&P, Swan Lake Management Reports 1971, 1976, 1980

and 1985.

Table 7. Stocking Records

Year Number Species Size

1976 33,275  Bluegill Fingerling

~ ‘ 18,000 - Largemouth Bass Fingerling
180,000 'Northern Pike Fry
180,000 - Walleye Fry
1977 180,000 . Northern Pike Fry
1979 180,000 ~ Northern Pike Fry
1980 ~ Northern Pike Fry

200,000
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1980 886  Northern Pike Fry

1981 100,000  Walleye  Fry
: 9,100 . Walleye ’ Fingerling
1982 350,000  Northern Pike Fry
1983 180,000 Northern Pike Fry
1989 200 Northern Pike Adult
9200 ~ Walleye -+ ~Fingerling
1991 20,000 ;,jbﬂlwalleyej, : . vFingerling

Source: 'sD GF&P,,Swah Lake“Yearly'Stocking,Reports.

: Relatlvely small guantltles of rough flsh were‘removed from Swan
kLake when commercial nettlng operatlons began about 15 years ago.
 For flscal year 1976 -1977, 13,050fpounds of carp and buffalo were
taken. Dur;ng~the follow1ng:fiscal Year this'totalydropped to
6, 235 poﬁnds (Tablets) As a result fishing was dlscontlnued
~for a perlod of 10 years.l Commerc1a1 catches of rough flsh
,1mproved con51derably when selnlng resumed in 1989 but fell to
negllglble levels in 1990 and 1991 (Table 8). The explalnatlon'
was because of the large catch,;n,the 1989-1990 season, the
oopulation‘was depleted'aﬁd'itjgas not economically feasible.

- Table 8. South Dakota cOmmerc1a1 F1sh Catch (pounds) in Swan
, Lake, 1976 to 1992.

Fiscal Carp Buffalo‘ _ Blackf Total
Year ‘ Bullhead :
1976-77 5,375 7,675 - : 13,050
1977-78 1,000 ' 5 200 - 6,200 ;
1978-88 - - ~ Not Fished
'1989-90 .24, 850 21 500 4,640 . 50,990
' 1990-91 T Negllgible Catch -
©01991 - - " Negligible Catch -

 Source: SD GF&P Records
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 POPULATION SEGMENTS ADVERSELY AFFECTED

. BY LARE DEGRADATION

i”:ét["lyn.;ner County is one of the m6re sparsely populated counties in
iféedétern South Dakota with‘a’total of 8,576 residents. Swan Lake
édevelopment, therefore,‘fepteéents an‘important local tax base.
 ,§The assessed valuation of lékéside‘homes énd properties is
   ;$727,o7o'with a levied taxjcf,$20,590,that accrues to the countyt

 each year.

‘Y;?it is likely thatias present conditiéns iﬁ the lake show no
‘i;percéptible improvement or gndergo further deterioration,
fféiakeéide:propertyivaluesjméy deciihe and this tax base may erode.
~;In'addition, individual 1¢cé;~bu§inesses such as a lakeside
r?éeheral store andithe nearby towné’bf Viborg and Hurley may
~ekpérience financial revéfséé if fecréatidnal fishing and boating
péﬁéntiai remains'marginaifés it,has been for the recent past.
‘Thﬁs, thé-economié health of certain businesses in these small
: grufai communities could be‘seriousif affected unless steps are

f;f?taken to improve the recreéﬁidnal‘quality of Swan Lake.
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COMPARISON OF LAKE USES TO USES OF

 OTHER LAKRES IN THE REGION

Swan Lakedlies‘within the‘lbwer half of the Vermillion River
Basin in southeastern South Dakota. This basin‘horders the Big'
Sioux Coteau on the north ‘a reglon which contaln ‘a relatlvely
large number of freshwater 1akes of good quallty. In the area :
fw1th1n an 80 km radlus of 8wan Lake, 1akes of s1m11ar;qua11ty are
‘comparatlvely few. Wlthln state boundarles,‘seven lakes. w1th a
total area of sllghtly over 5 000 acres, ‘have comparable publlc
fa0111t1es to those of,Swan;Lake,:not ;nclud;ng Lew;s,and Clark
Reservoir~on the MisSouriuRiver\(Tabie.9).~’Most ofhthe other ‘
lakeslidentified in an'80 kn radiuSFOf Swan Lake have marginal.

flsherles ‘with reduced access and few fac111t1es such as

serv1ceable<boat ramps. Because of the 51zable populatlon w1th1n o

this perlmeter (259 830), there is estlmated to be a large\4r
, unfulfllled demand for water based recreatlon in this reglon of

southeastern South Dakota.
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"1§T§b1e 9.  Lakes Within an 80 km Radlus of Swan Lake and Their

“QFulton Lake

':“g*Uées: B = Boating
N H = Hunting

>icnicking

'F = Fishing

Uses.
. WATERBODY AR *usES NEAREST
(o D ‘ MUNICIPALITY
- Lake Madison 1 4 ~ B,C,F,P,S Madison, SD
,fiiBrandt Lake 1 3 B,C,F,P,S Chester, SD
-+ Fairview Pond 0. 0 F Inwood, IA
' Lake Pahoja 0 i1 B,CF,H,P,S Larchwood, IA
- i-Burbank Lake 0 0 F,S Burbank, SD
- Lake Cole 0 0 F -
. Beaver (State) Lake 0 1 F Utica, SD
./ Westside Lake ) 0 F -
i Marindahl Lake 0 1 B,F,S Irene, SD
- Lake Yankton 1 1 B,F,S Yankton, SD
i Lewis & Clark Reserv01r 1. 4 B,C,F,P,S Yankton, SD
. Clear Lake ~ 0 . 0 F,S -
.1 Lake Henry 0L i A F,S Scotland, SD
. Kloucek Lake 0 0 F Tabor, SD
©iLake Menno 0. .0 F,S Menno, SD
- Lake Dimock 0. 1 F,S Dimock, SD
~i.Lake Tripp 0. 1 F Tripp, SD
% 8ilver Lake .0 1 F Dolton, SD
 Swan Lake 1 1 B,C,F,H,P,S Viborg, SD
- Lake Marion 0 -0 F Marion, SD
. Baureles (Schultz) Lake 0 0 F Spencer, SD
" Gross Lake .0 0 F Spencer, SD
" Schimmels Lake 0 0 F Spencer, SD
.~ Tuschens Slough , 0 0 'H Spencer, SD
.. East Lake Vermillion R P 3 B,F,P,S Humbolt, SD
+ i 'Wall Lake ‘1 1 B,F,P,S Hartford, SD
.- Baltic Lake 0 0 F,S Baltic, SD
-1 Beaver Lake -0 1 F,s Humbolt, SD
/. Clear Lake 0 1 F,H Colton, SD
. Lost Lake 0 0 F,H Humbolt, SD
~. | Covell Lake 0 - 0 F,s Sioux Falls, SD
~ ' Dell Rapid Lake 0 B | F Dell Rapids, SD
. i Loss Lake 0 1 F Hartford, SD
. Lake Alvin 1 2 B,F,H,P,S Harrisburg, SD
. Pattee Creek Watershed T ~ ,
' Reservoir #1 (Lakota) 1 1 B,F,S Fairview, SD
. Pattee Creek Watershed o s
"Reservoir #2 0 - 0 F,S Fairview, SD
.. Hanson Lake o 1 B,F,S Alexandria, SD
L Lake Ethan 0 1 F Ethan, SD
0 0o F Fulton, SD

S = Swimming

 Source: SD GF&P



INVENTORY OF POINT SOURCE

POLIUTION DISCHARGES -

There are no known pOiht'SOurcg\dischargerS~located,in the Swan

Lake ﬁatershed.~':
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 Land Uses In The Watershed

,7{The'SWan Lake watershed has»approximately‘81,576 acres of
 ‘;ptimari1y agricultural land.3 The percentage of land use was
,1;?éstiﬁated by planimetering:one-half of the (even numbered

"ésections) ASCS aerial section photos in the watershed. This

constituted one-half of thé’Watershed. A digital planimeter was

' fuééd to set the scale for eachvéheét. Oonce the land uses for
»:%éé¢h section werefplanimeteréd,‘the acreages were added, and
f;;divided by the total acreageskinithé section. Since only

41 ;one;ha1f of the sécfions:wefé’plénimetered, the total was doubled"

‘{f?to arrive at an estimategof;the éhtire watershed. An estimafe of
7§§fQﬁr aéres was giyen to eadh mile‘of‘road:(transportation)

: é%sufroundihg a section. inithe'Swah Lake watershed, cropland
5%(7j.92%)fand pasture (13;71%) maké‘up ovet 90 percent of the
ijAtershed., The remaininQIQSes totél less than 2.5 percent each;

bﬁFiqure’lo summarizes the,land‘uses in the watershed. The

acreages of the sectionsiplénimetered are located on Table 10.

“ffPercéntaQes for sub-waterspeds were also calculated (Table 11).

Sub-watersheds were choseh b? their location, type of topography

| and size (Figure 11). SUbwaﬁerShéd 1 is the natural drainage
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TABLE 10. LAND USE FOR SWAN LAKE WATERSHED

LOCATION * DESCRIPTION
TOWNSHIP - ! CROP- : HEL HEL FARM 'LOWDENS. TOTAL PER
. RANGE ' SECT.| - LAND - PASTURE CROPLAND PASTURE _CRP STEAD Fonesr WATEH TFIANS mwur-‘s POPULATION _ SECTION
97-53 ;' 2] 1373 - : ; 137.3
97-53 14| 5079 47.9 229 1584 16 610.34
97-53 8| a7 2073 ©126 .0 8.9 .18 8585
87-53 ¢ ‘10| 328 147 S 82 i 16 501.2
97-53 16| 3888 97 LT3 4816 16 25.8 620.3
97-53: .. {-18| 5027 5.9 210708 ) 16 625.4
97-53. i1 20| 1444 SO 6 87.7 248.1
97-53 i8] :558.8 48.8 8.1 16 : 631.8
9754 .. 2} 5507 11,2 - 32, 16 881.1
87-54 4] -521.8 457 45 1489 18 602.8
97-54 6] 508.9 51.3 182 - 204 ‘18 6158
97-54 - ‘8| 5725 75 226 - 164 16 702.5
97-54 10| 5381 1158 6.7 5 16 670.7
97-54 12 4688 141.8 h 4.1 16 628.5
97-54 - 14| 5851 48.8 8.1 : 18 858.1
6754 - 18 478’ 74 24 ) 18 575
§7-54: .18 are 111.8 85 © 24 3 o5 16 530.9
87-54 20| 3507 150.8 58 105.1 16 . 16 653.4
97-54 22 524 ‘49 (244 18 613.4
97-54 - 28 530 89 1.5 Lary- 18 884.2
97-54 1 30| ases 242 87.7 ' 31.8 16 5122
97-55 2| .4184 156 12 12721 16 636.1
97-55 ;-4 4985 87.8 14.1 -7 ATHERR 2 16 6455
87-55 .10 484.4 6.8 1N 11.8 : 16 540.8
97-55 i 12 (4138 130.1 4.1 L85 375 16 610.1
97-55. i 14| 4785 - 35.4 87 148 10 16 639.7
97.55 S22} 38 151 49.9 9.6 6 2 6.4 16 608
97-55 i24| -4305 1198 342 1231 .- 68 3.8 16 634.3
97-65 . - 26| -351.2 833 10.7 118 219 13 1 16 635
98-53° -, 18| "384.8 1138 ) 8 416.4
88-53 ;20| 854 8.3 214 .36 : 16 645.7
88-53 i 28| ‘3284 5 5108 - 18 Sy 8 3707
98-53 . 30| - 5543 40 72 . 4 2 16 8235
98-53 i'a2] ‘5988 8.4 - S 113 2 . .87 16 645
98-53 i 34| 2501 13.2 3 8 . 2743
86-54 co-4) 2789 .7 88 -8 303.8
08-54 - i 6] 4398 180.7 104 . .202 18 667.1
96-54 i8] 5104 383 307 214 65 1.8 16 633.9
98-54 . 110 , 603 18.2 a2 : 16 641.4
9854 ;. 12| 5669 26 98 - 116 16 630.4
88-54 14| 5848 15.2 157 16 631.8
98-54 - 18] ‘5133 40.7 1357 75 16 591
98-54 i 18] 4882 121.7 8.4 5 18 610.3
08-54 | 20] 5747 36 - 18.8. 16.3 16 629.4
98-54 ' 22| . 5657 65.4 98 - 4 16 660.9
98-54.¢ . 24| . 527.4 755 14.4 13 5 16 646.3
98-54 126 4145 143.4 15.8 17.7 0.5 16 607.9
98-54 {28 547 57 1.7 58 18 586
98-54 30| 5048 102.3 8. 1 16 641.9
9854 .32 5175 628 125 242 16 633.1
8854 ~ .. 34| ' 8227 438 [-<X-] 11005 12 6129
98-54 138 5162 107.8 23 S 16 642.3
98-55 2 484 38.4 1" 18.1 16 547.5
88-55 4| eas [ ) I -3 73.4
98-55: 8| . 3606 a8 182 - 153 72 18 4623
98-55 ' 10| .555.6 35 . 398 9.6 16 8245
98-55 12 356 251.2 52 2712 16.7 0848
9855 .. 14 487 829 16.6 148 19.6 620.9
9855 ' 16| . 5067 ‘823 16 92 ' 48 16 635.1
98-55 18| 4574 183.8 13.4 5 16 74 18 698.7
98-55 L 20| <2887 1726 36.5 268 139 16 6325
98-55 . 22| 443 192.7 ~15 7. "30.4 16 607.1
98-55 i 24| - 583 286 22 12, 16 635.7
8855 26| - 4839 107.5 10.2 17 16 8446
98-55 1 28| 258.4 .287.8 18.1 125721 16 614.8
98-55 - ., 30| - 507.8 67.3 12 13127 2 16 630.8
98-55 32| 4188 85.4 103 77 5 37 16 836.7
98-55 34| 1841 arze 36 55 49 12 664.4
98-55- 36 | 4228 1786 182 ) 16 635.4
98-56 ¢ 10 88.7 RN £ 4 97.7
9856 ¢ 1 12 325 55 43 ] 15.2 - 16 4457
98-56 1 14| ' 560.8 13.8 15.8 16 606.4
98-56 P22 5033 87.7 17.1. 10.3 18 844.4
98-56 ;241 5121 104.1 ‘47 8.6 18 6455
99-55 E 34| . 568.1 237 (252 010 16 843
TOTAL 33841.2° 5086.7 2831 2212 401.8 1069.6°  690.14 148.8 1113.3 (144 258 43679.14
PERCENTAGE -~ CROP-" . HEL ‘HEL FARM— LOW DENS.
OF TOTAL ;’ LAND =~ PASTURE CROPLAND PASTURE CRP STEAD FOREST WATER THANS WRDUFE  POPULATION
77.02% 13.71% - 051% 0.82% :2145% 0.22% 0.06%

0.85%

158% 0.34%  2.55%
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Figure 11. Sub-Basins in the Swan Lake Watershed.



_area before the inletjchanneléwaSrconstructed on the north'side
~of the lake. The other seven sub4watersheds where added to the
- Swan Lake watershed when the 1nlet was constructed connecting

the lake to Turkey Rldge Creek._,»

Nonpoint Source Loadings

By Land Use

Nonpoint'source loadings were determined by calculating the soil
- loss from the sectlons d1v1s1b1e by four (one half of the‘
sectlons planlmetered for land use) As’ suggested by the EPA

"Clean . Lakes Guidance Manual (EPA, 1980), the Universal Soil Loss

Equatlon (USLE) was used. to estlmate the 5011 loss on spec1f1c
sectlons.‘ Because one-quarter of the sectlons were used to
estimate soil loss, the total‘for the entire watershed was
‘derived by multipljingsthe_loss:per”section‘byrfour. It must be
noted that the USLE willcgiveAan}estimate:and should not be taken
at facelvalue. The USLE glves an approximation of the amount of
soil 1eav1ng the land and does not calculate how much of that

sedlment is actually dellvered“to~the lake. It is better: used as

a comparlson to f1nd areas of hlghest 'soil 1loss.
The equatlon of the USLE (A~RLSKCP) estlmates 5011 loss (A) by
multlplylng spec1flc factors-' 1) R = rainfall factor, 2) L=

slope length, 3) S = slope steepness, 4) K = erodability factor,
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;Q'S)'C = cropping factor and 6) P = conservation practice. Everyj

{[5011 type in the watershed has a ‘given RKLS factor. The C and P

s‘f'factors were acqulred from the Turner County SCS office. The P

fifactor of 1 was glven for the entlre watershed indicating good
f'conservatlon practices in the watershed. The cropping or C

fkfactor is dependant on the type of cropplng rotatlon on a plece

*ﬁ};tof“land.v From files ofythe ASCS,offlce it was determined that 80

'f percent of the crop plantedrih‘the watershed is in a corn and
jé}bean rotation. Ten pereehtfiStrqtated between corn, beans and

:E Oats,'and 10 pereent between'cprn, bean, oats, and‘alfalfa. Each
4‘§'léhd parcel was given these percehtages for calculation, using

’f theac factors giwen belew}l The C factors‘given to the crop areas
Qf'were 0.38,for‘cofn bean;rotatiohs;‘0,33 for corn bean oats and
}f,0;26 for corn bean oats‘alfalfa;;'The C factors usually given to

'f,pastures vary from 0.1 for_pastures in poor condition to 0.01 for

 pastures in good condition. A factor of 0.05 was used as an

f%raverage for all pastures in the watershed; By giving all of the
k‘éfseCtions the same P factor 1, and each patcel the same C factor
f?_thebonly:variable is soil_type."The calculated soil losses will

{é give the a comparison for potential of each area to lose soil.

':EfThe actual soil loss can be e1ther higher or lower depending on.

'fj-the cropplng practlces applled to the land. Table 12 is a

g cqmpllatlon of all sections calculated, soils, and land use.
.,éfThe soil loss was totaled for eaeh subwatershed. Not all of the
?tsediment which comes off the‘land~will reach a stream or lake.

afi,MUCh/Of the sediment is’simply relocated. To obtain a more
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TABLE 12. SEDIMENT LOSS PER SECTION." - )

.~ CB-O : C-B-O-A TOTALSOIL ‘TOTALLOSS

cB
TOWNSHIP. SECTION -~ TYPE __ACREAGE SOIL - RKLS  80% CROP 10% CRO 10%CRO- . LOSS ~ 'PERACRE
97-53 4 c 210 EFA |~ 64 . 40858 4435 3484 487.87 232
97-53 4 c 150 ETB 231 1,05336 11435 " 90.08 . 1,257.80 8.39 .
97-53 4 c 100 EGB 212 64448 - 69.96 55.12. ° 769.56 770"
87-53 4 S C ‘80 EEB 26.4 64205 69.70 5481 ' 768.66 0.58
97-53 4 c 20 CA a5 2128 2310 - 182 2541 1.27
97-53 4 P 30 EFA 6.4 : S ‘18,2 064
97-53 4 P 24 LA a8 11.52 048
97-53 4 P 14 EFA .84 8.06 064
97-53 4 P 7 ETB 23.1 16.17 2.31
97-53 4 P 5 EEB ‘26.4 : . . S 132 264
97-53 8 c 20 EFA 6.4 62250 ' 67.58 - 53.25 743.42 232
97-53 8 R -] 280 WCA 5.2 44262 4805 ' 3786 . - 52853 -1.89
87-53 8 C 40 LA 48 - 5837 634 . 489 . 6870 1.74
97-53 16 LG 350  EFA 6.4 68086 . 7392 - 58.24 813.12 232
9753 16 c 100 - EEB 264 80256 . B7.12 - . 68.64 958.32 0.58
97-53 16 c 40 ETB 231 28080 3049 . -2402 335.41 8.39
87-53 16 c 33 wo 46 4815 501 385 55.10 - 1.67
©7-53 18 P 85 EEB 26.4 B R 145.2 264
97-53 18 P 25 ETC -29.1: 72.75 C a8t
97-53 18 ] 24 EFA 64 15.36 064
87-53 18 P 16 BA 48 7.36 ‘0.46
97-53 18 P 5 ETB 23.1 11.55 231
97-53 16 P 2 TE 48 S 0.96 0.48
97-53 20 c 165 EFA 6.4 321.02 :34.85:  27.48 383.33 232
67-53 20 [ 20 BA 46 - 2187 '3.04 239 33.40 1.67
97-53 20 P “30.. WO 46 o 138 0.46
67-53 20 P 25 BB 48 11.5 0.48
97-53 20 P 25  EFA 6.4 e 16 - 0.64
87-54 4 c 320 EFA 6.4 62259 .67.58 "~ 53.25 743.42 232
97-54 4 c 180 LA 48 26266 . 2851 . 2246 313.63 1.74
97-54 4 c 34 AC 58 57.88° 628 . 485 69.12 203.
97-54 4 P 85 RO 6.4 ) 80.8 084
9754 47 P 1 co 5.3 LT 5.83 053
87-54 8 c 250 EGB . 212" 161120 17490 . 137.80 . 1,823.90 7.70
97-54 8 c 7130 EEB .. 264 . 1,043.33 11326 . 89.23 - 1,245.682 9.58
97-54 8 c 120 - EFA 64. 23347 © 2534 - -19.97 278.78 232
8754 8 c .. 507 AC 56 8512 . 828 728 101.64 203
9754 -8 c 20 cA 35 21.28 231 1.82 25.41 1.27
97-54 8 P 50 cc 56 ) . 28 0.56
97-54 8 P 22 EEB 26.4 . e : 58.08 264
97-54. 12 c 450 EFA 6.4 87552 9504 ° 7488 104544 232
8754 12 c 50 cD 5.3 80.56 . 8.75 6.89 96.20 1.82
97-54 - 12 c 30 LA 48 | 4378 . 475 . 374 52.27 1.74
97-54 12 P 70 BA 46 : : a2 - 0.46°
97-54 12 P 40 CA 35 B : : 14 0.35
9754 16 c 250 EEB 264 2,006.40  :217.80 171,60 = 2385.80 -8.58
97.54 18 c 200 AC 5.6 340.48 1 -26.86. . 20.12 406.56 203
87-54 16 c 125 EFA 6.4 24320 . 2640 . 2080 . 290.40 242
97-54 16 c 25 ETC 291 22116 . 2401 1882 264.08 10.56
9754 16 P 45 ‘cC 5.6 ; S e 25.2 . 056
97-54 20 c . 50 EEB ‘26,4 4,012.80 - 43560 34320 4,7981.60 - 9.58
97-54 20 c .30 EFA 64 .58.37 834 499 1 69.70 232
97-54 20 c ‘30 ETC 291 26539 2881 . 2270 - 316.90 10.56
97-54 20 c 20 cA as L2128 2310 182" 25.41 127
97-54 20 P 60 BEE 140 g D e 840 14.00
97-54 28 c 430 . EEB. 264 345101 37462 - 28515 4,120.78 9.58
97-54 28 c 40 AC 56 68.10 .- 7.39 5.82 81.31 203
9754 28 c ‘40 1E 48 5837 634 . 489 69.70 1.74
9754 . 28 c 20 CA 35 2128 - 231 182 25.41 127
97-54 28 P 7 EEB 264 . I 2 187.44 2.64
97-54 28 P 40 SA 37 PR i 148 - 0.37
97.55 4 c 340 EEB. ~ 264 2728.70 ~ 20621 -~ 23338  3,258.29 058
97.55 4 c 145 EGB 212 §3450 101.44 - .79.82 - 1,115.86 7.70
97-55 4 c 20 CA as 21.28 231" 1.82 25.41 127
9755 4 c 18 EEB 26.4 14446 91568 . 1236 17250
97-55 4 P 40 ETC 29.1 : 116.4 . 291
97-55 4 P 20 EGB 21.2 424 212
97-55 4 P 20 ESD 63 126 6.30
o755 4 P 7 L TE 48 . . 3.3 .0.48
9755 12 c 320 EEB 264 256818 27878 - 218.65 ° 3,086.62 9.58
97-55 12 c 80 EGB 212 51558 . '5587 - 4410 - 61565 7.70
97-55 12 c 50 ETC 281 44232 4802 3783 ° 52817 - .10.56
87-55 12 [+ 40 ETB 231 280.80 30.48 2402 1 335.41 . - 8.39 -
97-55 12 P 80 BEE *140 : : 840 . 1400
97-55 12 P 50 .. “ESD - 63 315 . -630
97-55 12 P 50 EEB 26.4 132 254
87-55 12 P 30 ETC 20.1 87.3 291
19785 12 P 20 CA 35 . : 7 0.35
97-55 . 24 c 200 EEB 26.4 - 1,605.12 17424 - 137.28 191664 8.58
‘97-55 24 c 80 ETC 291 707.71 76.82 - 60.53 845.06 10.58
97-55 24 c 30 CA - +-35 31.82 347 2713 -38.12 1.27
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Table 12 oa{ﬁr[ued.

C-B-O -CB-OA TOTALSO!L TJOTAL LOSS

] Jicd cB

TOWNSHIP SECTION  TYPE__ACREAGE SOIL ____RKLS 80% CROP_10% CRO 10%CRO - LOSS PERACRE
9785 24 . C 30 EEB 264 24077 . 2614 20.58 287.50 9.56
97-55 24 “c 20 TE 48 20.18 317 250 3485 1.74
755 - 24 P 60 WO 46 : 278 0.48
0755 . 24 P 43 ETC 281 125.13 291
9755 il 24 P 5 WO 46 ; 23 0.46
9853 1200 . C 328 EFA 6.4 638.16  89.27  54.58 762,01 2.32
8853 ., ‘20 0 € 150 CA as 15060 . 17.33 " - 1365 190.58 KT 5
9853 - 120 - c 80 EGB 212 51558 5597 - 44.10 815.65 7.70
9853 120 - c 32 BA: . 48 44.75 4.88 383 53.43 1.87
9853 .- 20 c . 20 EEB 264 180.51 1742 . 1373 191.66 9.58
9653 120 P 27 EFA 6.4 k 17.28 0.64
9853 | 28 c 315 EFA 64 61286 6653 - 5242 731.81 . 232
9853 .. 28" c 15 WCA ' 52 2871 257 . 203 28.31 1.88
88-53 . 1. 28 c . 10 ETC 201 8848 960 7.57 105.63 10.56
96853 28 c 5 EGB 212 3222 3% 276 . .38.48 7.70
96-53 28 P 15 EFA | 64 98 0.64
9853 -0 28 ° P 7 EEB . 26.4 - 18.48 264
9653 132 c 178 WCA 5.2 28296 3072 2420 .. . 337.88 1.0
9653 .32 c 160 BKA . 4 19456 2112 1664 232,32 1.45
$853 . 8% C 110 EFA 6.4 21402 2323 . 1830 .. 25555 23
8853 . .32 c a3 DO 36 36.12 382 3.00 - 43.12 1.31
98-53 . 32 c a3 WCA 5.2 5217 5.66 4.45 ‘62.28 1.89
9653 .32 B <] a3 LA 48 48.15 5.23 412 57.50 1.74
9853 .32 .. ' C 30 8MB 1.8 107.62  11.88 820 . 12850 428
9853 .32 . c 20 LA a8 2918 . 317 250 3485 1.74
8853, 32 P 13 WCA 5.2 : R g 6.76 0.52
9854 . | 4 c 180 CHB 185 90268 = .88.01 . 77.22  1,078.11 5.00
8854 i 4 T ..C 50 coB 21 319.20 3465 27.30 381.15 7.62
9854 . ' 4. " C 50 CHA ' 3@ 5028  6.44 5.07 7079 1.42
9854 - 8. c 150 cos 21 957.60 - 103.95 © . 81.80 | 1,143.45 7.62
8854 . . .8 c 20 COB - 21 57456 6237 49.14 686.07 7.62
98-54 8 c 62 coc 201 548.48 5954 . 4681 654.92 10.56
8854 .1 8. c 60 CKA 3s 63.84 683 546 76.23 1.27
9854 . 8 c 80 cos 21 383.04 . 41.58 - 32.76 457.38 7.62
9854 - 1 8 c 40 CcOoB 21 25536 . 27.72 - 21.84 304.82 7.62
9854 . . 8 . c 40 CHA 39 4742 515 406 - 56.63 1.42
88-54 8 [o] 30 CKA as 31.82 3.47 273 38.12 127
98-54 8 c 20 CHB 165 100.32 - 10.89 8.58 118.79 5.90
9854 . 8 c 20 coc . 281 17683 . 1921 1543 211.27 10.56
6854 - " 8 C 20 CR - 1824 188 1.58 2178 1.09
9854, 8 - P 30 coc 281 i 87.3 291
854 . B P 10 cos 21 21 2.10
96-54 B P 10 DAA 5.1 [ . ) 5.1 051
98-54 e 320 CHA - as 379.30 - 4118 . 3245 ° 45302 1.42
98-54 c .80 CKA 35 85.12 924 728 101.64 127
98-54 e 80 CHB 165 40128 © 4356 3432 . 479.18 5.90
98-54 P 15 cos 21 : s 2415 2.10
98-54 P 22 CHA - | 38 ; 8.58 0.28
9854 c ars CHB 165  1881.00 20419  160.88 ' 2,246.06 5.90
98-54 c 150 CKA .- ' 35 159.60 . 17.33 © 13.65 190.58 127
96-54 P 36 coc 291 [ 104.76 291
86-54 P 12 CHB 165 19.8 1.65
98-54 P 8 CHB 165 . 13.2 1.65
88-54 c 235 CHA - 38 27862 3024 - 2383 332.69 1.42
98-54 .. c 210 CKA 35 22344 2426 . 1911 266.81 127
98-54. - c 100 CKA 35 10640 . 1155 810 . 127.05 127
98-54 C 45 . COB . 21 287.28 - 31.19 - 2457 343.04 7.62
9854 P 13 CHA 38 gk i . 5.07 0.30
8854 | P 13 CHA ag o EET R X, 4 0.39
96-54 c 185 SA .37 208.09 2259 . 17.80 248.47 1.34
0854 c 140 CHB 1185 70224  76.23. - 60.06 838.53 5.90
98-54 .. - C 85 WCA . 82 10275 1115 8.79 /122,60 1.80
96-54 c 60 coe 21 38304 - 4158 3278 457.38 7.62
98-54 c 80 CHA - . a8 M4 172 6.08 84.84 1.42
98-54 c 45 EFA . 64 8755 . 9.50 7.48 104.54 23
98-54 ! “C 30 WCA 52 4742 515 408. 5683 1.00
98-54 c 10 CHA 3¢ 11.86 1.28 1.01 14.18 1.42
98-54 c 10 CHB 16.5 50.16 545 429 $6.80 5.90
98-54 P 14 CHB 16.5 : 234 1.65
98-54 -P 10 WCA 52 e .52 0.52
9854 28 . c 220 CKA 35 23408 2541 20.02 279.51 27
9654 . 28 [ 200 CHA i a® 23712 2574 . 2028 283.14 1.42
9854 - 28 c 120 CKA 35 12768 1386 1082 152.48 127
9854 i 28 " c L] CR 3 36.48 3.06 3.12 43.56 1.00
8854 -« i 28 P 20 CHA 39 o 7.8 0.39
98-54 .| 32 c 80 coB 21 57456 8237 - 49.14 686.07 V.82
9854 32 c .80 CHA 38 9485 1030 - 8.1 113.26 1.42
98-54 < | 32 . C 80 DAA 5.1 12403 . 13456 1061 “148.10 1.88
96-54° - .32 c 80 RO . &4 11674 1267 . 988 139.38 232
98-54 . 32 c 40 EFA ' 64 7782 . ‘845 . 666 . . 8293 232
9854 | 32 c 30 cHB 16.5 150.48 - 16.34° 1287 179.69 599
9854 .32 ~C 20 coc 291 176.83 211.27 10.58
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Table 12 continued.

'CBO  CBOA TOTALSOIL TOTALLOSS

: cB
TJOWNSHIP SECTION - TYPE ACREAGE SOl -RKLS 80%CROP 10%CRO 10%CRO ' LOSS ~  PER ACRE
:96-54 32 C- ‘20 LA 48 2018 . 347 .250 34.85 174
98-54 32 P 30 RO ‘6.4 ST et : 192 064
68-54 32 P 10 DAA B - 5.1 0.51
88-54 . 32 P 8 CHA as i o L 312 039
9854 36 RN 2 190 LA 48 27725 73010 2371 - '331.06 1.74
98-54 36 C 105 . EFA 84 20420 2218 1747 24394 232
96-54 .3 € 105 WCA 52 18568 - 1802 1420 188.20 1.89
9854 .36 c. 50 RO 64 §7.28 1056 . 832 . 11618 232
9854 36 c 50 BMB 11.8 179.36  19.47 1534 - 21417 4.28
96-54 - 36 c: 40 SA 37 4499 © 488 385 5372 1.34
68-54 - 96 P 74 SA 37 e o 27.38 037
96-54 38 P 5 WO: 48 . ‘ S 23 " 048
98-55 4 c 70 cos 21 44888 4851 3822 533.61 7.62
98-55 8 c 370 - CKa as 39368 4274 . 3367 - 470.00 1.27
96-55 12 c- 80 : COB 21 51072 5544 4368 ' 800.84 - 7.62
98-55 12 c 80 CKA a5 8512 924 - 728 .. 101.64 127
96-55 12 c . 80 cos 21 51072 . 5544 4368 - - B609.84 7.62
96-55 a2 P 180 coB ‘21 EERATA 1. 336 T2.10
98-55 12 P 160 cos 21 336 2.10
-98-55 12 P 80 cos 21 . RO 168 210
96-55 16 c ©.287 cos ©.21 247061 -268.18 . 21130 2,850.10 7.62
98-55 16 P 97 cos 21 - et G 2037 210 -
98-55 20 c 160 EEB 264 1,284.10 * 138.39 - 109.82 - 1,533.31 8.58
96-55 20 . C 104 EEB 264 - 83466 9060 . 71.38° " 996.65 0.58
96-55 20 c 102 EEB 26.4 81861 . 88.86- ' 70.01.° . .9877.49 9.58
88-55 20 . c 80 EGB 21.2 51558 5587 - 44.10 61565 . - 7.70
" 98-55 20 c 80 EEB 26.4 642.05  69.70 5491 766.66 ° 958 -
88-55 20 P 58 cC . 5.6 a S 32.48 0.58
98-55 20 P 56 EEB. 26.4 e 147.84 264
88-55 24 c 320 CHA a8 379.39 - 41.18 - 3245 453.02 1.42
88-55 24 c 320 . CKA 35 34048 ° 3696 02912 40656 27
:98-55 .28 c 150 EGB 212 96672 10494 8268 . 1,154.34 ‘770
. .968-55 28 c 80 EEB .~ 264 . 64205 . 69.70 5491 - . 76666 8.58
88-55 28 c 20 EEB . 264 160.51 17.42. 1373 191.68 - 958
9855 28 c n EGB . 212 7089 - 770 - 6.06 84.65 7.70
9855 . .° . 28 c 1 EEB . 264" 8828 ' .. 958 755 105.42 ° 0.58
9855 28 P 68 BEE 140 : B 852 1400
86-55 28 P 35 EGB 212 74.2° 212
96-55 28 P 30 BEE 140 420 _14.00
98-55 28 - P 20 cc 58 “me " 0.56
98-55 28 P 15 ETC 29.1 43.65 291
' 98-55 28 [ 4 1" LA 48 . ..528 0.48
96-55 28 P 10 EFA° ', .64 64 0.64
86-55 28 P 10 DGB 232 232" 232
98-55 28 P 10 ESD 63 83 6.30
96-55 28 P 10 cc 56 56 0.56
98-55 28 P 8 EEB 264 - 2112 264
98-55 28 P 5 cc 56 : R -28 0.56
98-55 .32 c 130 EEB 264 .-1,043.33 11326 .89.23°  1,245.82 958
98-55 32 c 80 EEB 264 - 64205 6970 54.91 766.66 9.58
96-55 32 c 60 EGB 212 38669 '41.88. . 33.07 " . 461.74 770 -
98-55 32 c 40 EEB. 264 321.02 - 3485 2746 38333 958
88-55 32 c 35 - EEB 264 280.80 3049 . 24.02 - 335.41 8.58
96-55 32 c 30 EGB 1.2 18334 - 2099 - 1654 - 230.87 ..7.70
86-55 32 e 3 CA 35 . . 3182 - 347 . 273 38.12 “.27
88-55 32 c 25 EGB 21.2 161127 17.49 . 1378 . 18239 7.70
96-55 ‘3 c 25 ETC 201 22116 2401 1862 - 264.08 10.58
98-55 a2 c 20 CA 35 21.28 231 182 . 2541 e
$8-55 32 c 20 EFA 64 3891 . 422 - 333 46.48 232
96-55 32 c 20 ETC 29.1 17683 - 1821, -15.13 2127 10.56
96-55 32 c 12 EGB 21.2 77.34 8.40 8.61 92.35° 7.70
8655 a2 c 10 EGB 212 6445 700 551 76.96 7.70
96-55 32 c. 10 wo 46 1388 "1.52 1.20 16.70 167
96-55 - 32 C 10 EFA 64 1946 . 2117 .0 166 ‘2323 232
'98-55 -3 P 40 ETC 29.1 1164 291
96:55 32 P 27 EEB 264 71.28 264
98-55 32 P 13 ESD 63 e 81.9 6.30
96-55 36 c 280 RO 6.4 54477  58.14 4659 650.50 232,
96-55 36 c 180 EFA 64 311.30 3379 26682 - 3771 232
9855 36 cC 1w LA 48 20420 2218°7 1747 24394 - 1.74
98-55 36 P 40 EFA 64 : ) 256 0.64.
98-55 36 P 20 LA 48 . : 0.6 0.48
98-56 -10 [o] 30 .. CDB 9.5 86.64 g.41° 7.41 285 0.95
98-56 10 c 60 CNC . 24.4 . 445.08 48.31 38.08 146.4 244
9656 - 12 c . 325 CNC 244 241072 261.69 . 206.18 793 244
96-56 12 c- 20 CB . 42 . 2554 277 218 8.4 .042
96-56 12 c .- 50 coB 9.5 144.40 1568 . 12.35 47.5 . 085
.. 8856 12 c .50 - ETC 28.1 44232 ° 4802 . 37.83 1455 291
96-56 14 © € .. .70 . CDB 9.5 20216 2185 17.29 66.5 0.95
9656 14 c 250 EGB 212 1,611.20 17490 137.80 530 212
-88-56 14 ‘c- 75 . WW 41 8348 . 10.15 8.00 30.75 0.41
96-56 14 c 60 ™ 29 52,90 874 17.4 0.29
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-'Eaccurate estlmate of sedlment loss in the watershed a dellvery
'ﬁaratlo was derlved for each subwatershed. Methods for arr1v1ng at
‘a;a dellvery ratio are glven 1n a table in the Clean Lake Guidance:

'QManual section 4 (EPA, 1980).' The size of the subwatershed is

",?diVided by the lehgth of stteam~m1les in the subwatershed. That

;nﬁmber is located on a tableftO'give the corresponding percent of
| delivery ratio. Table 13lshowsythe soil loss from each
 subwatershed. Figure 12 is a map of the measured sections and

_ the areas where high erosion rates (>6 tons/acre) were found.

f?_éThe subwatershed whlch seems to have the largest amount of 5011
‘éloss is subwatershed 7. Subwatershed 7 is located on the steep

'll?sloplng rldge of the watershed; Subwatershed 8 is also

e  %relative1y high in per acre loss as the tributaries approach

a;Thrkey Ridge Creek and thelland'flattens to less than a three
1épe'rcent slope. Subwatershed 1 located adjacent to the lake,
’ffcon51dered the natural watershed also has one of the highest
:§§501l losses per acre and has the most direct drainage to the

f_gglake.

: ififtyéfive percent of subWatershed;acreages have soil losses of
,§1ess than 2.5 tons per hectare'or'approximately 1 ton per acre. .
'thhese are insignificant soilflosses compared to those in the

w;~§remaining 45 percent of the.WaterShed discussed above.
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Table 12 continued.

'CB-O. 'C-B-O-A TOTALSOIL TOTAL LOSS

cB

TOWNSHIP SECTION - . TYPE . ACREAGE SOIL - RKLS 80% CROP 10% CRO 10%CRO - - LOSS - . “PERACRE
98-58 . 14 c a5 CDA 4 4256 462 264 14 0.40
98-56 14 c. 20 DEA 5.6 34.05 370 291 1.2 0.56
98-56 14 c 65 HCA 4 - 7904 . 858 676 26 0.40
98-56 14 P 5 coB .85 L : 475 0.85

" 98-56 14 P 5 CDA .4 : ER 2 0.40
96-56 2 c 120 . CNC 244 890.11 . 9662 ' 76.13 2028 244
96-56 2 ‘C - 130 HCA .4 158.08 17.16 1352 o os2 '0.40 -
98-56 2 e 225 HMB 86 588.24 - '63.86 . 5031 1835 - 0.88
96-56 2 c 10° ~ HMB 86 26.14 - 284 224 868 0.86
96-56 2 c 70 ETD 61.6 . -1,310.85 14230 " 112.11 4312 8.16
96-56 2 - .C 60 co8 95 - . 17328 . 18.81 14.82 57 085

- 96-56 2. c 10 TE 48 14.59 1.58 125 48 - 0.48
- 98-58 2 P 15 HCA 4 s [ 0.40
98-56 -] P 25 CNC 244 R . 61 244"
96-56 24 [} 60 EAC 317 578216277 - 49.45 180.2 347
99-56 24 c 100 ETD 61.6 1,87264 20328 - 160.18 616 6,16
96-56 24 c 100 . EBC 246 747.84 . 81.18 ° 63.98 246 2.48
96-56 24 c 50 EAC 317 481.84 5231 . 41.21 158.5 2.7

. 9856 24 c - 320 EGB 212 7 206234 22387 178.38 - 678.4 2.12
98-56 24 P 5 EBC 246 123 246
96-56 24 P 15 c8 42 63 0.42
98-56 -24 P 5 EAC 31.7 15.85 3.17

. TOTAL . 21,553.00 78,593.42 411

. 8,531.52°.6,721.81  88,614.66
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,;EfeedlotSi

'éﬁvfeedlot survey Was conducted to:determine the number of
1f:éllvestock operatlons w1th1n three-quarters of a mile from Turkey
'1;éR1dge Creek. Thirty-two feedlots were located in all. sSixteen

i;of tnese'feedlots were foundradjacent to the main channel of

}ETurkey,Ridge'Creek.' The%;otsdranged in size from 185+ head to 6+

\Enead'of cattle, with an average of 35+ head and a median of

gapprox1mate1y 20+ cattle. There were a few hog and sheep

déoperatlons but cattle were the most abundant livestock raised.

: f;slxteen more feedlots where counted within three-quarters of a
oémlle of Turkey Rldge Creek, but not dlrectly on the main channel.
ogNumbers of cattle could only be counted on eight of the feedlots.
l?The number of cattle ranged from 200+ head to 2+ head. The

-‘fmedlan number of cattle was approx1mate1y 23 head.



BIOLOGICAL AND ECOLOGICAL REIATIONSHIPS

SECTION SUMMARY

Swan Lake has‘a largé Variéﬁy,and concentration ofkalgae[
however, Swan Léke dbeslnéﬁ'éXperience the tYpicél floating,méts
(blooms) of algae.r,Agﬁaticfbiénté are hqt bresent in-the}lake
basin; howeﬁer, cattails; bu;fuéhes, and othér aqﬁatiC‘plants‘

.. ‘cover apprbximateiy 15<pefcent of the shpfeline.

Swan Lake éxpériences large,numbers of migratory birds (waterfowl‘
and song) -in thefspring and'fall. - In the summer, the bay on the

~ southwest corner is home to various species of breeding ducks.
- BIOLOGICAL AND ECOLOGICAL RELATIONSHIPS
'v'Algae"‘

‘,Swan‘Lake is a.highlyAéutrophiCnhaterbody that supports~1arge
populatidns Of'aigaé‘despite-prevailingrWQtér‘turbidity.
‘Chlorophyll a éoncehtration ranged from 51 to 188 mg/m3 from 1978:
to’19éo. Algal diversity for 1979 was low (d = 0.88) butftYpiqal‘x

of shallow, highly enriched lakes.
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lféThe‘indigenous free-floating;algalaspecies apparently do not form
fécohspicuous blooms nor do,they appear to produce the |
,;gobjectionable surface scums‘and mats frequently observed in somel
Jtiother state lakes of s1m11ar trophlc status. - In 1979, abundant"
ajéalgal taxa in Swan Lake were Osc1llator1a, Spiru llna and anedra’

~ (Table 14).

féThe algal assemblages that occurred in Swan Lake during late

%sprlng and summer of 1979 and 1989 were not typlcal of
lf?communltles found in most other state lakes (Tables 14 and 15);
~j%suﬁmerfalga1 bloous of eutrophic’state lakes are usually
'c;comprised of one or more of'the:ubiquitous blue-green genera
l,éA hahizomenon, Microcystls‘ahd Anabaena. These taxa apparently’

;~§were absent or uncommon in Swan Lake during 1979 and 1989. The

'»{freason may lie in the lake conditions of high dissolved solids

ﬁ!;(>2000 mg/L) concentratlon and hlgh water turbidity that
Echaracterlze thls waterbody.‘ The blue-green alga Spirulina is
‘;abundant in shallow sallne lakes (playa lakes) as are some
<l€05c1llator1a spec1es. S nedra, 1tzsch1a and_Navicula are diatom
:rggenera not usually common 1n the open water of lakes but more |
‘f[%often occur llVlng on substrates (rocks, gravel, and rubble) in
gshallow water from which they;are frequently dislodged by wave
;féaction. Their presence as promlnent members of the plankton

"}Ecommunlty often denotes a shallow water habitat. The remaining

':i?algal taxa collected in Swan Lake are typical of eutrophic

. waters.
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TABLE 14, ALGAL SPECIES AND VOLUMES FOR SWAN LAKE.

6179

Koth, 1981.
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| 7/30/79 ~
o - -Micrometers ‘ : Micrometers
Cells/ml . . Cubed ~ Cells/ml . Cubed
Ankistrodesmus falcatus 244 . 12,200 541 27,050
~ Closterium sp. 2 ~ 1,000
Melosira granulata %2 27600
Navicula cuspidata 25 - 193,750 ‘ P
Oscillatoria limnetica S . 3,480,357 31,323,213
O. tenuis 52,205 835,280
Pediastrum duplex var. ‘ S = S
clathratum 52 32,500 s
Peridinium bipes A : : ‘ ; 155 3,975,750
Scenedesmus quadricauda 881 400,050 Gt e
- S. quadricauda var. longispina s 309 324,450
Spirulina princeps - e ; 8,353 44,772,080
Synedraacus = 4512 2955360 G
TOTAL 5308 . 3,622,460 3,541,920 81,257,823



 TABLE15. ALGAL SPECIES IN SWAN LAKE.

Taxa

~ June 26, 1989

~ June 31, 1989

Stewart, 1989,

65

Number ~Units/m!  Number Units/ml
Merismopedia 88 134,037 6 2,500
Aphanocapsa 64 24,754 28 11,667 -
Lyngbya contorta 51 19,726 - -
Algae (other) 23 8896 22 9,167
Lyngbya diguetii 17 6575 17 7,083
Dactylococcopsis 16 6,189 - -
Nitzschia reversa 11 4,255 3 1,250
‘Green Algae (other) 10 3,868 - -
Cryptomonas 8 309 - -
Tetrastrum 5 1,934 - -
Scenedesmus 4 1,547 2 833
Nitzschia 4 1,547 29 12,083
Aphanizomenon flos-aquae 4 1,547 - -
Blue-green (other) 3 1,160 2 833
Diatom (pennate) 38 1,160 - -
Phacus’' 1 1,160 - -
Loefgrenia anamala - - 159 66,250
Lyngbya contorta - - 42 17,500
Algae (flagellate) - . 1 417
Total 312 121,449 311 129,583



- The summer plankton in 1989 as 1n 1979 was domlnated by
blue-green algae, notably Merlsmopedla,‘two Lyngbya spec1es,
Loefgrenla anamala,~and Aphanocapsa. The diatom Nltzschla was

‘also common in the plankton (Table 15)

The Lyngbya spec1es collected are very common in hardwater lakes
- and apparently are tolerant of turbid water condltlons.

Nltzschla dlatoms may become abundant in plankton of shallow,,
eutrophlc lakes and,Nltzschla‘reversa may be an 1nd1cator of.high
dissolved'solids((TDS)ncontent;kbeingkalso present in Angostura
VReservoir,in southwest Soutthakota;:and'RedfieldiLake in central
South Dakota wheretTDS leyelsicommonly exceed 2,000ymg/Laand 1500

mg/L, respectively.

Like the blue—green taxa present in Swan Lake durlng 1979,

Lyngbya Merlsmopedla Loefgrenla, and Aphanocagsa usually do not

‘clot or agglutlnate to form notlceable floatlng masses, at least

L w1th1nklocal,lakes.

Freeéfloating‘algae interactsinia”number~offimportantfwaysrwith
thelr habltat and nelghborlng organlsms within the ecosystem of a;‘
lake. Through the process of daytlme photosynthes1s and
nlghttlme resplratlon, algae may affect water quallty by
1ncrea51ng fluctuatlons in pH, alkallnlty, and dlssolved oxygen.
. Algae serves asrfood for,zooplankton (planktonlc anlmals) ‘and
benthic inyertebrates (bottom dwellers) . As such the growth and

‘*comp051tlon of algae 1n a lake influences the abundance of local
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v;:faquatic animal life to the extent that it feeds on them. More
';3oons§icuously, however, dense algal'populations reduce water

Léclarlty,‘and as they 51nk to the lake bottom at the end of each

"ai:grow1ng season may contlnually add to the sedlmentatlon and

f?lnternal nutrlent'load of waterbodies such as Swan Lake
’éhgnatic Plants

vhéWhlle turbld water condltlons in Swan Lake showed no evidence of

:'7éaffect1ng phytoplankton growth and abundance, they were
1?1nh1b1tory to the development of vascular aquatic plants and

,;f;restrlcted periphyton growth (substrate-assoc1ated algae), such

.vhéas dlatoms and attached green algae., Emergent macrophytes were
téfound close to shore and water depths of less than 0.7 meter.

*féFloatlng and submerged plants were not observed in Swan Lake.
f?Addltlonal factors that may have prevented establishment of
‘virooted submergent vegetatlon were fluctuatlng water levels and
géwave ‘action on unstable sand substrates. Wlnd protected areas

' véare 1mportant for development of floatlng macrophytes. The
':absence of floatlng vegetatlon 1n Swan Lake may result from the*

fi%lack of wind sheltered bays.}
f;Emergent aquatic vegetation was present around the lake
Aféperiphery. Results of a~recent plant survey are presented in the

' next section.
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Aquatic Plant Inventory'

- An aquatic vegetationfsurvey-was%condnCted in Swan Lake on May
14, 1992, Common emergent macrophytes in approx1mate order of
abundance were: Narrow-leaved cattail (Typha angustifolla), |
hardstem bulrush (801;pus acutus), river bulrush (501rpus
fluv1atills), and giant reed grass (Phragmltes australis) Less
~ frequently observed were broad-leaved cattail (_yp__ latifolla)
and w1llow,(Sa11x sp.). Floatlng and submerged vascular aquatlc
- plants were absent in Swan Lake probably due primarlly to water

turbidity.

Except for the bay-like southwestern part of Swan Lake and the
eastern shore, only scattered patches of emergent vegetation were
found in the water. None were observed more than 3 meters from
the shoreline and most were w1th1n half that: distance to the g
water's edge. There are exten51ve riprapped areas, beach frontN
development and rocky»shoreline~where human activities have
disturbed or removed the emergent plant communities. Diversity

~ of emergent macrophytes in Swan Lake appeared rather 1ow at the”ar
time of the»survey.a Probably both diver51ty;as well as,aerialf
plant coverage increases as the growing Season progresses.‘ |
Aerialicoverage was estimated as 15 to 20~percent of the’
shoreline in mid May,1992; The‘primary plant‘speoies observed"b‘

along the shoreline and in the water are shown in Figure 13.

68"



MOJIIM
(sa11wbeayd) pasy

S
X
ysniing wajspieH 4
ysniIng Jaald y
[{e}}e0 paAEa|-apIM =
IIE}}BD paAea|-MOJIEN O

"AdM

R —

ﬁ;n_E_;uw_ joog

X S wmi:a&om_z mv_m._ cm\s.w.,




’Principal aquatic plants~that5may\also occur in Swan'Lake or its
‘ watershed and surroundlng area, or whose range extends 1nto

southeastern South Dakota are llsted 1n ‘Table 16.
"Terrestrial;Plants‘

The Swan ‘Lake watershed lles on the perlphery of the Eastern
Dec1duous Forest Prov1nce.,‘F1ngere1;ke prOJectlons of this
reglon extend north,along thefBig Sioux~kiverkto'the northern
‘border of Llncoln County and west along the Mlssourl Rlver tou/
Charles Mix County. Newton HlllS Park and an adjoining game
,preserve in adjacent Llncoln County are remnants of'thls
extensive’natural vegetation,region Whichﬂonceycovered_largerg'
areas of the eastern U;S. andgreached itskwestern limit in. |
eastern South Dakota.u Typicalﬂtrees of the Eastern Deciduous

Flora in thls area 1nclude basswood (Tllla amerlcana), bur oak

,(Quercus macroca;g ) 51lver maple (Acer saccharlnum), amerlcan'V

eln (Ulmus amerlcana), black walnut -(Juglans nlgra), and green

ash (Frax1nus Qennsylvanlca) Some herbaceous plants typlcal of

'~these dec1duous forests are common nettle (Urtlca dlolca), woods
' anemone (Anemone gglnggefolla), geranlum (Geranium maculatum),
riw1ld glnger (Asarum canadense), bellwort (Uvularla grandlflora)

- and blue cohosh (Caulophxllum thallct01des)
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TABLE 16 AQUATIC\EMERGENT PLANTS OCCURRING lN SWAN LAKE AND ITS WATERSHED

: COMMON NAME SCIENTIFIC NAME
Common Cattail Typha latifolia -
Narrow-leaved Cattail ; Typha augustifolia
Leafy Pondweed - Potamogeton foliosus |
Sago: Pondweed 'Potamogeton pectinatus

Rlchardson Pondweed
Flatstem Pondweed
Wldgeon Grass -
Horned Pondweed
Slender Nalad
Naiad =
Broadleaf Water Plantain
Northem Arrowhead
Waterweed,
Eel Grass
Reed Grass
Wild Rice
~ Slender Spikerush
Common Spikerush
Hardstem Bulrush
Sofstem Bullrush
Three Square
River Bulrush
‘Slender Bulrush
Alkali Bulrush -
SweetFlag -
Lesser Duckweed
Star Duckweed
Giant Duckweed
- Water Stargrass
Coontal. ~
Northern Water Milfoil
Common Bladderwort
Giant Reed Grass

_Potamogeton richardsonii
- Potamogeton zosteriformis
- Ruppia occidentalis
‘ Zanmchella palustris -
Najas flexilis
Najas marina - .
- Alisma plantago-aquatica
- Sagittaria cuneata
ﬁ ,,‘Anacharls occidentalis

Vallisneria americana
Phragmites australis
Zizania aquatica

'E_Ieocharis acicularis
~ Eleocharis palustris

Scirpus acutus
Scirpus validus
Scirpus americanus

‘Scirpus fluviatilis

Scirpus heterochaetus

Scirpus paludosus
- Acorus calamus

~Lemna minor

Lemna trisulca

Spirodela polyrhiza
Heteranthera dubia

* Ceratophyllum demersum
~ Myriophyllum exalbescens

Utricularia vulgaris

Phragmites australis

Harlo, and Harrar, 1950.
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Turner County, which cOntains the Swan Lake watershed'ffails,
almost entlrely w1th1n the Tall Grass Prairie vegetatlon reglon
in South Dakota. However, very little of the natural pralrle
still remains. A few small remnants still ex1st but the majorlty
of thls land has been plowed overgrazed and so dlsturbed that
only 1ndlcator plant spec1es can be found (Van Bruggen, 1976) A
few remalnlng examples of. true pralrle can be seen on R
rallroad-roadslde rlght-of-ways, state parks, and openlngs in

wooded areas (1b1d )

Table 17‘lists the principal trees and shrubs obserVed or
‘expected to occur in the,SwanaLake‘area or whose range is known
to extend into southeastern“South Dakota.~,Table 18 lists locally
,occurringpterrestrial andraouatic plant taxa that have been

~VCOnsidered~state,and federal threatened and endangered.
Fish

‘Since 1914 Swan'Lake has been part of the Turkey Ridge Creek
watershed whlch dralns 1nto the Vermllllon Rlver - a trlbutary of
the M1ssour1 Rlver. Its aquatlc 11fe is potentlally replenlshed
and supplied with‘diver81tyfby this connection. Fish known to
:;inhabit Swan Lake ‘are listed in‘Table 19. These fish spe01es
‘have been caught in test nettings conducted by the SD GF&P but do

not necessarlly represent_the total species possible. It is more
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TABLE 17 NATIVE TREES & SHRUBS IN THE SWAN LAKE WATERSHED.

COMMON NAME ' SCIENTIFIC NAME
Black Willow . - Salix niger
Quaking Aspen * Populus tremuloides

Blgtooth Cottonwood
Eastern Cottonwood
Paper Blrch

Bur Oak, S
American Elm
Slippery EIm
Rock Elm
Hackberry
Silver Maple
Boxelder -
Basswood

Green Ash

Honey Locust

Black Walnut :

Wwild Plum
Gooseberry
Smooth Sumac
Poison lvy g
Silver Buffalo Berry

Populus tacamahacca

Populus deltoides

 Betula paprifera
 Quercus macrocarpa
- Ulmus americana

Ulmus rubra
Ulmus thomasi
Celtis occidentalis

- Acer saccharium
- Acer negundo

Tilia americana

 Fraxinus pennsylvanica
- Gleditsia triacanthos

Juglans nigra
Prunus americana

- Ribes missouriense

Rhus glabra

- Toxicodendron rydbergii

Shepherdia argentea

Harlo, ar]d _Harrar, 1950.
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TABLE 18. LIST OF RARE PLANTS IN THE SWAN LAKE REGION.

“SCIENTIFIC NAME

COMMON NAME-

Sugar Maple Acer saccharum
Sweetflag - Acorus americanus
Wood Anemone: Anemone quinquefolia
Spikenard Arallaracemosa
Wild Ginger Asarum candense
Rush Aster Aster borealis
Flattop Aster - Aster umbellatus
Indian Plantain - Cacalla plantaginea
Hair Sedge - Carex capillaris
Lake Sedge ~ Carex lacustris
Pednuncled Sedge ~ Carex pedunclata
Blue Cohosh - Caulophyllum thalictroides

Pale Coral-Root -
White Lady Slipper
Toothwort '
Downy Gentian

Small Fringed Gentian

Wild Cranesbill
Bottlebrush Grass
Virginia Cutgrass
Water Nymph

Balsam Popular -
Nodding Trillium
Declining Trillium -
Large-flowered Bellwart
Wildrice ‘

Corallorhiza trifida
Cypripedium candidum

‘Dentaria laciniata
- Gentiana puberulenta

Gentianopsis procera

- Geranium maculatum
 Hystrix patula
Leersia virginica
Najas marina
" Populus balsamifera

Trillium cernum

" Trillium flexipes
Ulvularia grandifiora
- Zizania aquatica |

Moyle, 1954,
Van Bruggené 1976.
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TABLE 19. FISH SPECIES IN SWAN LAKE

COMMON NAME

SCIENTIFIC NAME

Black Bullhead Ictalurus melas

Yellow. Perch Perca flavescens ;
White Sucker Catostomus commersoni
Northern Pnke Esox lucius .
Carp ' Cyprinus carpio.

Smallmouth Buffalo
Brgmouth Buffalo

~ Walleye
Blue Gill

Black Crappie

White Crappie
Fathead Minnow
Orangespotted Sunfish
Gizzard Shad

Sand Shiner

River Carpsucker
Largemouth Bass
Green Sunfish
Channel catfrsh

Ictiobus bubalus
Ictiobus cyprinellus
Stizostedion vitreum
Lepomis macrochirus
Pomoxis nigromaculatus '
Pomoxis annularis.
Pimephales promelas
Lepomis humilis
Dorosoma cepedianum
Notropls straminus
Carpiodes carpio
Micropterus salmoides
Lepomis cyanellus
Ictalurus punctatus

Koth 1986
Sharps and Benzon 1984

South Dakota Department of Game, Fish, & Parks (1987-1 990)
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than llkely, for example, that some small minnow spe01es in the

,lake may have av01ded capture.ﬂvli*"

Many spec1es 1nhab1t1ng the Vermllllon Rlver have the potent1a1
- to reach the v101n1ty of Swan Lake.j FlSh taxa other than*those
in Table 19 that have prev1ously been reported in the Vermllllon

River dralnage are_llsted‘;n‘Tableyzo,
Reptiles and‘Amphihiansal}

Table 21 presents a llst of reptlles and amphlblans p0551ble in
the Swan Lake watershed. ThlS 11st was complled from observatlon '
and descrlptlons of the ranges of these taxa in recent
llterature.' About half of the 11sted spe01es are at the western,
or northern boundarles of thelr,known ranges in extreme
,»southeastern South Dakota. The majorlty of these are taxae

; characterlstlc of the eastern U S. and others are most prevalent
in the mlddle»and southern~pla1ns states. Several are western |
species whose range reaches 1ts eastern limit in the study area
or follows the Mlssourl Rlver along a narrow band in South
Dakota. Among the above mentloned are six taxa that have been '

designated‘by the state as threatened spe01es,(Table,21).
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TABLE 20 FISH SPECIES POSSIBLE IN THE SWAN LAKE WATERSHED

Emerald Shiner
Bigmouth shiner
Brassy Minnow
Bluntnose Minnow
Stoneroller v ;
'Shorthead Redhorse
Stonecat

Plains Topmlnnow* :

Brook Stlckleback
Johnny Darter
lowa Darter o
Freshwater Drum
Amencan Eel '

COMMON NAME SCIENTIFIC NAME
Shortnose Gar Lepisosteus platostomus
Goldeye Hiodon alosoides
Mudminnow* Umbra limi

- Silvery Minnow Hybognathus nuchalis
Golden Shiner Notemigonos crysoleucas
Banded Killifish* Fundulus diaphanus
Sauger Stizostedion canadense
Creekchub - = Semotilus atromaculatus
Common Shiner Notropls cornutus
Red Shiner Notropis lutrensis
Topeka Shiner Notropis topeka
Flathead Chub Hybopsis gracilis
Blacknoée Dace Rhinichthys atratulus

Notropis atherinoides
Notropis dorsalis
Hybognathus hankinsoni
Pimephales notatus
Campostoma anomalum
Moxostoma macrolepidotum
Noturus flavus
Fundulus sciadicus
Culaea inconstans
Etheostoma nigrum
Etheostoma exile
Aplodinotus grunniens
Anqurlla rostrata

*Flsh spemes on either state or federal endangered or

threatened specnes Ilsts

Harper; & Row, 1981 .
SD GF&P, 1992.
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TABLE 21. REPTILES AND AMPHIBIANS POSSIBLE IN THE SWAN LAKE WATERSHED

COMMON NAME STATUS SCIENTIFIC NAME =
Painted Turtle - Chrysemys picta
Snapping Turtle Chelydra serpentina
Common Garter Snake Rt Thamnophis sirtalis
Smooth Green Snake L - Opheodrys vernalis
Bullsnake Ll L - Pituophis melanoleucus
Tiger Salamander S Ambystoma tigrinum
American Toad L Bufo americanus
Creat Plains Toad Bufo cognatus

- Woodhouse's Toad Bufo woodhousii
Plains Spadefoot > Scaphiopus bombifrons
Prairie Rattlesnake L Crotalus viridis
Red Milk Snake L. - Lampropeitis triangulum
Western Fox Snake E ~ Elaphe vulpina
Yellowbelly Racer L ‘Coluber constrictor
Eastern Hognose Snake L, ST Heterodon platirhinos
Prairie Ringneck Snake - L Diadophis punctatus ‘
Northern Redbelly Snake L, ST . Storeria occipitomaculata
Lined Snake ' L, ST Trop/doclomum lineatum
Western Plains Garter Snake W Thamnophis radix
Blanding’s Turtle o L, ST - Emydoidea blandingii
Western Spiny Softshell Turtle L ST Trionyx spinifera
Midland Smooth Softshell Turtle L Trionyx mutica
Ornate Box Turtle L Terrapena ornata B
False Map Turtle L, ST - Graptemys pseudogeographica‘ .
Northern Prairie Skink = ‘Eumeces septentrionalis S
Gray Tree Frog Lo Hyla versicolor
Plains Leopard Frog L Rana blairi
Northern Leo’pard Frog ~Rana pipiens
Bulifrog L - Rana catesbeiana
Blanchard's Cricket Frog : Acris crepitans
Chorus Frog . Pseudacris triseriata

Harper & Row, 1981.
Conant and Colllns 1991

L= boundary of range in extreme southeastern South Dakota .

ST = state threatened specres
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i;‘Swan Lake and 1ts watershed are 1ocated on the Central Flyway and
recelve heavy use in the sprlng and fall by migrating and breed
blrds. Waterfowl as well as other blrds dependent on water are
yﬁythe most prevalent espe01ally durlng mlgratlon and are listed on
'*Table 22. Swan Lake has many attrlbutes whlch make it a regular
“'{stop-over for a varlety of breedlng species as well (Table 23).

's;{The southwest bay, due to 1ts shallow depth, has been restrlcted

fﬁéfrom motor boat use. The bay also.has a large amount of emergent
Eh;maorophytes creating an exoellentjarea for nesting and raising:
’TéyoUng A list of raptors whlch elther pass through or breed in
~i%the Swan Lake area is llsted on Table 24.  Swan Lake also
",j‘attracts a varlety of nestlng or mlgratlng song birds. Migrating
{éor:unlque birds observed 1n»the.spr1ng of 1992 included:
:f?geilow-rumped’Warbler (Dendroica:coroggta), Yellow Warbler
:héy(Dendroica petechia), Amerioan Redstart (Setophaga ruticilla),
‘h?Northern Orlole (Icterus galbula), ‘and American Goldfinch
'VQV(Carduells trlstls) W1th reference to birds dependent on water
,{Efor habltat 91 species not 1nclud1ng an occasional incidental,
"~?may be seen in the Swan Lake watershed. A third of those species
'eﬁémay nest in or around the lake.d Table 25 lists all of the
iréfederal and state threatened or endangered birds which can be

;;found in the Swan Lake area;;k
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TABLE 22. MIGRATIONAL BIRDS IN THE SWAN LAKE AREA DEPENDENT ON WATER

SCIENTIFIC NAME

COMMON NAME . ' COMMON NAME SCIENTIFIC NAME
- LOONS BHTERNS HERONS AND IBISES
Common Loon Gavia immer S
: .., Great Egret U :Casmerodius albus
GREBES - Snowy Egret U Egretia thula
, : - Little Blue Heron R Egretia caerulea
Red-Necked Grebe Podiceps grisegena Cattle Egret. - u Bubulcus ibis
“Hommed Grebe Podeceps auritus Yellow-Crowned Night-Heron R Nyctanassa violacea
’ S White-Faced Ibis R. - Plegadis chihi
PELICANS AND CORMORANTS L g .
White Pelican Pelecanus erythrorhynchos G S :
Double Crested Cormorant Phalacrocoraz auritus Black-Bellied Plover = =~ Piuvialis squatarola
‘ : ‘ Lesser Golden Piover Piuvialis dominica
SWANS AND GEESE Semipalmated Plover . Chamdnu:xmpabnam:
Tundra Swan Cygnus columbianus SANDPIPERS AND PHALAROPES
Greater Whlte-Fronted Goose Anser albifrons : :
Snow Goose - Chen caerilescens . Greater Yellowlegs Tringa melanoleuca
Ross’ Goose Chen rossii Lesser Yellowlegs Tringa flavipes
: " Solitary Sandpiper Tringa solitaria
PUDDLE DUCKS " Hudsonian Godwit Lim:sa haemastica
: : : Marbled Godwit Limosa fedoa
' Green-Winged Teal Anascrecca . Ruddy Turnstone Arenaria inter pres
‘American Widgeon Anas americana - Sanderling " Calidris alba
o ‘ ‘Semipalmated Sandpiper Calidris pusilla
BAY DUCKS Western Sandpiper Calidris mauri - -
Least Sandpiper Calidris minutilla
Ring-Necked Duck Aythya colloris - " White-Rumped Sandpiper Calidris fuscicollis
Greater Scaup Avhya marila. Baird's Sandpiper - Calidris bairdii
Lesser Scaup Aythya af finis * Pectoral Sandpiper. " Calidris melanotos
) Dunlin : Calidris alpina
SEA DUCKS Stilt Sandpiper Calidris himanto pus
: Buff-Breasted Sandpiper Tryngites subruficollis -
Common Goldeneye Bucephala clangula Short-Billed Dowitcher Limnodromus griseus :
Bufflehead . Bucephala albeola " Long-Billed Dowitcher Limnodromus scolopaceus
Oldsquaw " Clangula hyemalis  Red-Necked Phalarope Phalaropuslobatus .
Black Scoter Melanina nigra i :
Surf Scoter Melaniua perspicillata © GULLS AND TERNS
White-Winged Scoter Melaniua fusca - -
~Frankiin's Gull - Larus pipixcan
MERGANSERS ‘Bonaparte's Gull Larus philadel phia
- ' : o - Ring-Billed Gull - Larus delawarensis
Hooded Merganser Lophodwtes cucullatus California Gull Larus californicus
Common Merganser Mergun merganser ~Herring Gull- Larus argentatus
Red-Brested Merganser Mergus serrator - Caspian Tern . Sterna caspia " -
. ‘ - “'Common Tern Sterna hirundo
CRANES - LeastTern . Sterna antillarum
Sandhill Crane Grus canadensis
‘Whooping Crane - Grus americana

The South Dakota Omithologists’ Union, 1991.

U= Uncommon Occurrence

R = Rare Occurrence
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TABLE 23 BREEDING BIRDS IN THE SWAN LAKE AREA

DEPENDENT ON WATER
COMMON NAME . ‘ SCIENTIFIC NAME
R "’ GREBES
EaredGrebei Podice ps nigricollis
Western Grebe . . Aechmo phorus occidentalis
Pie-Billed Grebe -~ o Podalvmbus podiceps
.. GEESE
CmadaGoose e Brania canadensis
- PUDDLE DUCKS
Gadwall .= | o Anas strepera
Northern Pintail * -~ - Anas acuta
Blue-ngod Teal . Anas discors
Northern. Shoveler o o Anas clypeala
Wood Duck‘ - o Aix sponsa
. DIVING DUCKS
Canvasback Awhya valisineria
Redhead - ;' © - Awhya americana
Ruddy Duck : . ] Oxwira iamaicensis
- BITTERNS AND HERONS
Least Blﬂefl'; 55 . : u Ixobrychus exillis
American Bitern .. u Botavrus lentiginosus
Green-Backed Heron ) o Butorides striatus
Great Blue Heron E Ardea herodias
Black- Crowned nghl Heton : Y Nywiicorax nycticorax |
RAILS AND COOTS
Virginia Rail o Rallus limicola
Sora” i SRR ) Por:ana carolina
American Coot : : Fulica americana
- PLOVERS AND AVOVETS
Killdeer - : Charadrius vociferus
Amencan Avooe& ’ Recurvirostra americana
SANDPIPERS AND PHALAROPES
wilet Cato ptrophorus semi palma
Spotted Sandplper i : Actitis macularia
Common Snipe . )  Gallinago gallinago
American Woodcock Philohela minor
Witson Pha!évqpe e ‘ ) Phalaropus tricolor
~ TERNS
Forester s Tem i Sterna forsteri

BlackTorm Pl S Chlidonias niger

The $outh Dakota Ormtholognsts Umon, 1991.

U= Uncommon Occurrenoe




TABLE 24. RAPTORS POSSIBLE IN THE‘SWAN tLA}KE REGION;}‘

COMMON NAME

SCIENTIFIC NAME =

PERMANENT OR BREEDING SPECIES

Great Horned Owl

~ Barred Owl

- Short-Eared Owl
Long -Eared Owl
BarnOwl ;
Eastern Scrcech owl

DI CC

Red-Tailed Hawk

Swainson’s Hawk :
Rough-Legged Hawk - U
Norther Harrier- SRR R
~ Kestrel ; : '
Gyrfalcon R

' MIGRATIONAL SPECIES |

Turkey Vulture U
Northern Goshawk "R
- Sharpshinned Hawk
Golden Eagle

Bald Eagle '
. 'Osprey
~ Coopers Hawk

, Broad-wlnged Hawk ~

ccc

‘ ~Merlin

* U
Peregrlne Falcon U
Prame Falcon : u

Bubo 'wrg/nianus

~ Strixvaria
 Asio flammeus
- Asio otus
~Tyto alba
- Otus asio

- Buteo jamaicensis
‘Buteo swainsoni
~ Buteo lagopus
- Circus cynaneus

Falco sparverius

: Fal}co» rustlcolus

- Cathartes aura
" Accipiter gentilis
- Accipiter striatus
. Aquila chrysaetus
 Haliaeetus leucocephalus
Pandio haliaetus
~ Acciper cooperii
e Buteo platypterus
_Falco columbarius
‘Falco peregrinus
Falco mexicanus

.South Dakota Ornlthologusts Unxon 1991

U ‘Uncommon Occurrence ,
R = Rare Occurrence
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TABLE 25 -BIRD SPECIES ON STATE AND FEDERAL ENDANGERED OR THREATENED
SPECIES LISTS COMMON AND MIGRATIONAL IN THE SWAN LAKE REGION

COMMON NAME ; SCIENTIFIC NAME
Plplng Plover ‘ ST,FT L Charadrzus semi palmatus
- Whooping Crane ' SE,FE ~ Grusamericana
Least Tern SE,FE - Sterna antillarum
Peregrine Falcon SE,FE ' Falco pergrinus
Bald Eagle SE,FE ; - Haliaeetus leucoce phalus
8T " Pandio haliaetus

Osprey N

Houtctﬁ‘éper, et. al. 1985.

ST = State Threatened
SE = State Endangered
FT = Federal Threatened
FE ,Federal Endangered



/‘ .

" Mammals

““ The mammals llsted 1n Table 26 are found in the Swan Lake ‘

watershed. Many are dependent on readlly avallable water for

‘their,surv1val.‘ Three of the spec1es in Table 26 are con51dered

'rare or uncommon to the area.l 1east shrew ( ;zgtotls g ),

keen's. myotls (Mzotls keenll) and 51lver-ha1red bat

(La51onycterls noctlvagans) None of the anlmals on the llst are

o con31dered threatened or endangered. The remalnlng taxa are J

common to the area or at least have the potentlal to be found in -

the Swan" Lake watershed.nn
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TABLE 26. MAMMALS OF THE SWAN LAKE REGION

COMMON NAME : SCIENTIFIC NAME
Short-Tailed Shrew - Blarina brevicauda
Masked Shrew - -Sorex cinereus
Least Shrew , ~ Cryptotis parva
Eastern Mole" ' Scalopus aquaticus
Keen's Myotis - Myotis keeni

Big Brown Bat Eptesicus fuscus
RedBat = - Lasiurus borealis
Eastern Cottontail - Sylvilagus floridanus
White-Tailed Jackrabbnt . Lepus townsendi
Eastern Chipmunk . Tamias striatus

Richardson’s Ground Squirrel
Thirteen-Lined Ground Squirrel
Franklin's Ground Squirrel
Fox Squirrel

Grey Squirrel

Plains Pocket Gopher
Plains- Pocket Mouse
Beaver =

Deer Mouse
White-Footed Deer Mouse
Meadow Vole .

Muskrat

Porcupine

Coyote

Red Fox”

Racoon

Long-Talled Weasel

Mink - ‘

Badgers e

Striped Skunk -
White-Tail Deer
.Norwelgan Rat

Opossum

Silver-Haired Bat

Hoary Bat

Least Weasel - ,
Western Harvest Mouse
Northern Grasshopper Mouse
Prairie Vole
Meadowaumping Mouse
House Mouse

Spermophilus richardsonii
Spermophilus tridecemlineatus

- Spermophilus franklinii

Sciurus carolinensis
Sciurus niger

Geomys bursarius
Perognathus flavescens
Caster canadensis
Peromyscus maniculatus

~ Peromyscus leucopus
- Microtus pennsylvanicus

Ondatra zibethica

~ Erethizon dorsatum
Canis latrans

s\'f Vulpes vulpes
- Procyon lotor

Mustela frenata
Mustela vision

‘Taxidea taxus
- Mephitis mephitis
-Odocoilus virginianus

Rattus norvegicus
Didelphis marsupialis
Lasionycteris noctivagans

' Lasiurus cinereus

Mustela rixosa

- Reithrodontomys megalotis

Onychomys leucogaster

~ Microtus ochrogaster

Zapus hudsonius

Mus musculus

Burt and%Grossenheider, 1976.
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' WATER QUALITY MONITORING

'SECTION SUMMARY

\The overall water quality of the trlbutarles in the Swan Lake
watershed is poor due to hlgh levels of nutrlents during run-off
~events: and relatlvely -good when water is from the ground water
recharge of the Turkey Rldge Creek aqulfer. Fecal collform
counts, total phosphorus and nltrogen concentratlons increase
7dur1ng run-off events. The number of feedlots d1rectly on Turkey
‘Rldge Creek are the most probable source of these hlgh nutrlent
atlevels durlng run-off events.‘ There is also a large res1dent |
beaver colony on the creek whlch may be addlng to the 1mpa1red
water quallty. Turkey Rldge Creek serves as the major 1n1et to
,Swan Lake and is deslgned to keep the lake full in dry perlods.‘
’,Turkey,R;dge~Creek couldrbetter;serve 1ts purpose if the high
'unutrient peaks could be lessened orfdiverted from entering theyJ
f*lake. Two control structures were. constructed to keep out
rksedlment and nutrlent rlch water, allow1ng only cleaner ground
water from Turkey Rldge Creek to enter. Improper management of -

these structures, however, have had an 111 effect on the lake.

: Swan Lake is. con51dered a hypereutrophlc lake, whlch means 1t has<

o an over abundance of nutrlents (1e. nitrogen and phosphorus)

Swan Lake averages approx1mately 4 feet in depth (720 acre/feet

of volume) : Swan Lake recelves 24 1nches of prec1p1tatlon and 41
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1nches of evaporatlon (net loss of 17 1nches) Other sources or
recharge include run-off from approx1mately 1,000 acres of Swan
Lakes or1g1na1 watershed,‘and approx1mately 81,600 acres of the

[MéTurkey Ridge Creek watershed.

The major‘losses of‘benef1c1a1 use are due to Swan Lake's shallow
depth. Because of the shallow depth the turbldlty (lack of
water clarity) in ‘Swan Lake is hlgh., Algae, along with
Aresuspen51on of sedlments,,are respons1b1e for the high

;turbldlty. Wwind and subsequent waves action, motorboats, and

',];rdﬁgh fish are the most probable cause of the sediment

~ resuspension.

Swan Lake experlences 1ts hlghest nutrlent levels in the summer.
The best water quallty is found in the winter when 1nput to the

x'ylakevls from groundwater andrmetabollc activity is slowed.

. WATER QUALITY MONITORING

Jénbnitoring Procedure

‘%The_Swan}Lake study was designed to: 1. identify, monitor, and
’u,éevaluate:pollutants (sediment'e nutrients and their primary

*wf}sources) entering Swan Lake from the Turkey Ridge Creek
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watershed; 2. assess the current in-lake water quallty condltlons
"and the status of the watershed,,3. document how sedlment ‘and
nutrlent loadlngs have affected publlc uses of the lake; 4.
1dent1fy spe01f1c and cost-effectlve measures available that
swould restore the water quallty to uses. of the lake, and - 5
‘pdevelop spec1f1c 1mplementatlon recommendatlons whlch are

‘feasable to the State and local sponsor.

’wThe data collectlon phase of the study con51sted of water quallty

, sampllng under the best poss1b1e condltlons to obtaln the most -

' 5daccurate data/lnformatlon p0551b1e. Data collectlon was the

respon51b111ty of the ‘Swan Lake Improvement As5001atlon (SLIA)
| The.SLIA hired Arlo Andersen to conduct the water quallty
vsampllng, and collectlon the other 1nformatlon needed in the
Phase I study.f The prOJect was superv1sed DENR. - The sample
lcollectlon, preservatlon, and analys1s was conducted in
-accordance w1th the Quallty Assurance Program of the DENR
\VD1v151on of Water Resources Management (WRM) Chemical analys1s;'
‘ was conducted by the EPA certlfled State Health Lab in Plerre,
SD, ~in accordance w1th thelr approved Quality Assurance Program;

The raw data was analyzed and evaluated by DENR.

. Data evaluation con51sted of a thorough analy51s of all the data
klncludlng computer modellng and stat1st1ca1 testlng. Products
';1ncluded" current trophlc status of Swan Lake, nutrlent loadlngs

,from the watershed 1n—1akerwater.qua11ty analy31s, and sources
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: Eof'nutrients.' Fr¢m'thisiinformation, alternatives for
'~ restoration were developed.

 §Specia1 Monitoring CircumstanCes'

:iiéThfbughout the prOjéct, discrefionary samples were taken to
5 §sth'other causes/sourcesrof‘nutrignt‘loading to the lake or to a

 ﬂ;tfibutary. " The same inforﬁétionfwas collected as in the
 §estab1ished tribuﬁary or:inélake‘monitoring,~depending on the

'1¥?situation.
- Tributary Sampling

%FiVé tributary monitoring'sitéS'were strategically placed in the

'j%Watershed for the?best comprehensive coverage with the available

‘T_;equipment. The plaéement#also attempted to target certain areas

«,zwith!suspected water quality_problems in the watershed. The
‘iésiteSusélected'fo# sampling are shpwn in Figure 14, and the

' descriptions are as follows:

Sité 1. Turkey Ridge‘Creek, é‘large concrete culvert
- at a gravel‘rpéd access 2 miles west and 3
miies north_bf,Turkey Ridge in the SE1/4,
SE1/4, SE1/4, SE1/4, Section 22; T98N, R55W;

Latitude: 43° 17° 7" N, Longitude: 97° 19' 8" W.
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. Site 2.

© site 3.

 site 5.

43

'Tutkey Ridge‘creek 'at a gravel road access

1 mlle north of nghway 18 and 2 miles east
of Turkey Rldge., The 51te‘1s’1n the SEl1/4,

SE1/4 SE1/4 SE1/4 of Sedtion 32; T97N, R54W;‘/

Lat;tude:{43 '15' 32" N, Longitude: 97° 14' 23" W..

Turkey'Ridge'Creek,‘lamilernorth of Swan Lake.

,The sampling site Was located at the gravel

road access to Turkey Ridge Creek located in

, the NE1/4, SW1/4 NE1/4 SE1/4 of Section 9;
T97N, R53W; Latltude 43° 14" o" N, Longitude 97°

6' 12" W.

The Divereiohfchannel between Turkey Ridge
Creek and’Swan’Lake.' The sampling site was
at‘the roadiacceés ih the SWi/4, SW1/4,

NEi/4, NW1/4ijectien 15; T97N, R53W; Latitude:

o

43° 13' 30" N, Longitude 97° 5' 41" W.

Swan Lake Outlet located at the southeast

corner of Swan Lake on the outlet structure on

the ‘west 51de of the road in the NE1/4, NE1/4

NEl/4, SW1/4 of Sectlon 15; T97N, R53W; Latitude:

© 131 12" N, Longitude 97° 5' 33" W.
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A pressure transducer, placed 1n a well screen located 1n the
bottom of the stream, was used to collect hourly stage helghts.
:The stages were recorded by d1g1ta1 data loggers secured in metal
’protectlve boxes. The data loggers were checked at least once a
week to assure: they were. properly recordlng the data.' The stage,
*-1nformatlon was retrleved from the data 1oggers by DENR personnel'
'tw1ce durlng the sampllng season. Flow data was collected by
taking p01nt veloc1t1es w1th a Marsh-McBlrney flow meter and
'u51ng a cross-sectlon of the tributaries to calculate. cublc

feet/second (cfs).

Slnce the flow of Turkey Rldge Creek is 1nterm1ttent eSpecially/r
:durlng dry perlods, sampllng was modlfled according to flow '
volume at each site. It was 1mperat1ve that a complete stage and
j,dlscharge record was kept from the beglnnlng to ‘the end of the
: sampllng season E={o) a hydrologlc budget could be calculated.‘;'
,Ideally,‘sample collectlon was to be taken at the helght of the .
-runoff event for the best understandlng of occurrences . 1n the
';watershed however, due to untlmely run-off events samples were

taken as close to the peak run-off event as p0551b1e.

The followingfsamplingischedule;wasyobserved whenever possible.
All the tributary sites were to be sampled twice weekly during'
| the flrst week of snow-melt runoff and once a week thereafter
untll runoff stops.' Samples were to be taken durlng or after’
‘storm events which 1nduce a runoff event. When storm events or

"snow-melt were not occurrlng, base flow samples were to be: taken

92



once*a‘month from the spring snow;melt;until the winter freeze.
lThls schedule was to be followed as closely as possible. It was
'dleft to the dlscretlon of the sampler w1th guidance prov1ded by
"DENR to declde if and when adjustments ‘to. the orlglnal schedule

were needed to 1mprove ‘the data collectlon procedure.,

‘Certaln parameters wvere chosen to. characterlze lake inflow and
1outflow and to develop a nutrlent and sedlment budget. These
samples were collected accordlng to established methods of the

jState Health Laboratory. The‘parameters analyzed for were as

,follows.; _ ‘

iB;ottle A Bottle B ’l"] Bottle ¢ Bottle D
’y;ilkalinity ‘Ammonia—Nd; FecalfColiform Total Dis. PO4-P
o :“ Total Solids NO3-NO2-N ' |

,5bota1 Dis. Solids ‘TKN-N
';‘fTotal Susp. Solids Total P04—P‘_

dVolatlle Sollds

‘dFleld personnel were also requested to make note of conditions
‘that may affect the nutrient concentratlons or flow of water.
‘fThe field parameters to be analyzed and visual observations to be

‘recorded by the sample collector were:

lﬂ“fWaterrTemp. (°c) Air:Teﬁpty(Oc) PH
v‘5~Precipitation | ‘4ﬁéad,FiSh Wind
f d‘SurfacefWater Film  Odor ]dd - Turbldity
,Septic Conditions ’ lWater;Color Animal Activity



,fTributary*Data

The Swan Lake trlbutary 51tes were chosen to target watershed
,areas whlch could be a source of nutrlent and sedlment loadlngs.
Table 27 summarlzes the trlbutary samples taken by- llstlng the L

- median of the selected parameters for each s1te. The medlan was

l,chosen because 1t was a’ more accurate representatlon of what was

”7happen1ng throughout the year. The mean values were somewhat

,:fhlgher than the median value because of one: or two run off events

1n whlch concentratlons were a magnltude or more hlgher than the
vast majorlty of the other samples. The»actual concentratlons

'can be found in Appendlx D-

In most 1nc1dences the concentratlons 1ncrease ‘as the water
!npasses through 51tes 1, 2 to 3.‘ Concentratlons at s1te 4
t'however, are lower due to the 1nfluence of the hydrologlcally o
,connected lake water.‘ Slte 5 does have hlgher values 1n :
suspended sedlment wh1ch 1s probably the result of resuspens1on
 of’ sedlments by w1nd and wave actlon.: The nltrogen values are
also somewhat hlgher than the trlbutary sites. Reasons for thesef“i'
: 1ncreases may be the break-down of- organlc matter or the 1nput S
: from waste dlsposal systems around the lake.ﬂ,A s;te~by slte '?p

explanatlon is glven after Table 27.

94



-~Tab1e'27.'

Median Concentratlons of Selected Parameters on
' Trlbutary Sites. : :
~ parameter Slte.l slte;gf Site‘3 Site 4 Site 5
' Fecal , H o ‘
“ Coliform 115 80 140 32 30
‘Total"Susp. } R S
,Sollds : 22 mg/L 38mg/L 48 mg/L 25 mg/L 22 mg/L
ngon—volatlle : { , e s ! o :
~fSusp. Sollds - 10 mg/L 18 mg/L 33 mg/L 16 mg/L 22 mg/L
Ammonla .02 mg/L .03 mg/L .02 mg/L .04 mg/L .20 mg/L
;No2 No3 .10 mg/L .10 mg/L .30 mg/L .10 mg/L .20 mg/L
‘Total Kjeldahl t S PR 2
Nltrogen .46 mg/L .74 mg/L .75 mg/L .81 mg/L 1.34 mg/L
Total : e i , ,
Phosphorus .115 mg/L .159 mg/L .136 mg/L .108 mg/L .125 mg/L

site 1

,'éitellt(Fioure 14) is'classified’for the beneficial uses of stock:'
a;waterlng, wildlife propagatlon and 1rrlgat10n. No exceedences of
the South Dakota Water Quallty Standards were found during
lsampllng. -Fecal collform counts wereffound to be high during
r,sprlng rain events show1ng ev1dence of elther domestic livestock,

w11d anlmal or human waste 1n thefstream.

Concentrations of
phosphorus wvere also hlghest at thls tlme. When phosphorus and
l*nltrogen loadlngs were calculated the highest daily loads were

uflfound in the spring.

‘Site‘1~ofkTurkey Ridge Creek is recharged by snow-melt, rain, and
«iground water. The ground water recharge to site 1 is significant

diespec1ally 1n fall and w1nter when sprlngs upstream of the site
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flow freely. In summer, howeuer, dry conditions and the fact

,that the creek loses large amounts water to evapotransplratlon,
i the stream ‘to lose 1ts usual flow.- The water quality, of what
1s ground water recharge, 1s relatlvely good compared to run-off

;fevents. However, fecal collform counts are still hlgh durlng

“perlods of flushlng by ground water. ~ For example the fecal

~coliform count on October 15 1991 ‘was 570 counts per 100- ml

(Appendlx,D). There was no raln during the tlme of the ‘sample,

J'f,but the stream d1d begln to’ rise and flow because of ground water

recharge. The stream flrst started to flow on October 4, 1991.
In the. watershed above site 1 there are four feedlots whlch
dlscharge dlrectly to Turkey Rldge Creek and approx1mately seven

more within 3/4 of a: m11e of the main dralnage.

,Theydrainage into site 1'is‘very steep‘which causes intense
runofo ,Theffeedlotsuin these:areas‘may,be the cause of the,high
fecal counts during raintaii ewents.chThe overa;l water quality
- of sitejltis,relativeIYfgood‘, The estimated‘discharge at site 1
vdurlng the sampling perlod (March 6 1992 to October 15, 1992)
:.was 540 613,938 11ters/year (438 acre-feet/year) The estimated
: load of- total phosphorus at 51te 1 durlng the sampllng perlod was
82 kllograms (kg) or 180 8 pounds. The estimated total nltrogen,r
:oload was 490.16 kg’(1‘080 lbs.). The suspended‘solid 1oad‘canhbe‘,'
d1v1ded into organic and. 1n—organ1c components, the organlc |
sollds were estlmated at 5,272 kg (5 8 tons) Inorganic

,compoundsk(sedlment),were;estlmated at 6,802 kg (7.5 tons).
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‘site 2

hﬁéfte zdhas the beneficial uses cf‘etoc# watering, wildlife
: propagatlon and irrigation. IndiCatoré of water quality

: degradatlon are 1ncreased concentratlons of fecal coliform, total
) phosphorus and. nitrogen. Pc551ble rea;ons for these increases
;aéetlé feedlots located within?3/4 of'a mile of the main channel
between site 1 and 51te 2. 1In addition} there is a large

/ populatlon of beavers in the area whlch may be adding to the

'nutrlent and fecal cpllform problem.‘ £

4The recharge to site 2, as w1th ‘site 1 is snow-melt, rainfall
and groundwater. The dralnage to 51te 2 comes from the steep
bslopes of Turkey Rldge as well as the relatlvely flat land for
m;les'around the stream. Water flow ;s very slow in this stream
hsegment due to the ievel slopesland heaver activities. Due to
*the%iarge amounts of water,ithe riverris,wider and deeper at site
,,2?than at site 1. Unlike site‘i Whereithere is open water almost
Tyear round the slugglsh current at 51te 2 allows the cold
’temperatures of w1nter to freeze the surface of the creek. Water
stlllypasses under'the ice but was nqtisampled during the winter
‘fncnths; Evidence of better water quality during the winter
‘umonths is that the: concentratlons of all nutrient parameters were ,

‘found to be lowest in early sprlng when the ground was still

'-frozen.



7{)The amount of water Whlch passed by ‘site 2 durlng the sampllng
‘year (March 6 1992 to 0ctober 29 1992) was estlmated at

784 636 701 llters/year (636 1 acre-feet/year) w1th s1xteen more
days of sampllng then at 51te 1.; The increase in the water load
A\from 51te 1 to site 2 is 45%-; To remaln con51stent w1th the
watershed which dralns 1nto 51te #1, the 1ncreases in the ’uﬁﬁk
kloadlngs of all the parameters should also 1ncrease 45% Totaiﬁr
k{SOlldS 1ncreased approx1mately 58% a percent relatlvely s1m11ar

f,to the 1ncrease 1n water from the two polnts.. There was a

x‘;sv51gn1f1cant increase in suspended SOlldS from s1te 1 to 51te 2.

The suspended sollds (13 3 tons) at site 1 were 1. 5% of the. total
SOlldS (866 5 tons), at site 2 the suspended SOlldS (49 9 tons)

'were 3.6% of the total sollds (1 372 tons). The 1ncrease 1n

S suspended sollds was- 267%.; Suspended SOlldS con51st of organlc

and 1n-organlc partlcles. The organlc sollds are parts of an"
forganlsm which is orgwas‘11v1ng.» In-organlc solids, for the most
,;part’,are considered.sediments. The 1norgan1c solid load at s1te

1 was 7. 5 tons, at 51te 2 the 1norgan1c sollds 1ncreased (352%)

o to 33 9 tons. The increase in 1n-organ1cs can be attrlbuted to

’1ncreased farmlng act1v1ty between 51tes 1 and 2. ‘Organlc.solldS"

also,lncreased but not,as much as the in-organic solids.
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Nutrlents also 1ncreased more than the 45% of the water load.
,’Total phosphorus 1ncreased from 82 kg at 51te 1 to 272 kg at site
;2 (231%) ‘Total nltrogen 1ncreased 490 kg at 51te 1 to 1,325 kg ’
'iat s1te 2 (170%) The percent 1ncrease in ammonia was the ‘
yehlghest however, 480%. The 1ncrease was from 32.38 kg (site 1)
kfto 187 76 kg (site 2) These nutrlent loads\are also the result

,”of 1ncreased agrlcultural act1v1ty.

The overall quality of the water at site 2, was relatlvely good
T:con51der1ng the size of the dralnage above the site (Appendlx E).
nThlS agaln can be explalned by,the‘recharge of ground water to

‘ the creek.\‘This is not to‘Sayvthat the creek does not need
acorrectlve measures. Large increases in the percent of the loads
Ttook place between these flrst two 51tes. Also, the sampling

}season (1991) was one of low runcff ‘due to below normal rainfall.
 site 3

..Siteljeis given the‘benefiCial uses'of warm-water marginal fish
hhpropagatlon, 11m1ted contact recreatlon, wildlife propagation,
rstock watering, and 1rrlgatlon. Dur;ng the study there were
;yexceedenceS'of the standard for fecalccoliform. The standard for
‘flimited contact recreation'isfl,doo coionies of bacteria per 100
.ivml.f On April 29, 1991 the‘bacteria per 100 ml was 38,000
‘1 001on1es (Appendlx D). The probable reason for the exceedence is’
‘fthe presence of a feedlot adjacent to Turkey Ridge Creek and

‘1d1rectly above the sample 51te. On,June 13, 1991, the fecal
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ibacterla concentratlon reached 2 700 per 100 ml (Appendlx D)V”
Agaln the probable explanatlon 1s the close prox1m1ty of the-
‘ifeedlot to 51te 3.i Slte 3 also exceeded the standard on July 8,
_‘1991. The bacterla count at. the tlme was 2 000 per 100 ml .
k(Appendlx;D).' As. w1th the prlor exceedences, feedlots are the

r~most probable source.

Slte 3 was. placed as. close to the 1nlet of the lake as pos51b1e.

) The reason for this placement was to see the dlfference between

awhat ‘was: enterlng the lake and what was pas51ng by the lake 1nletk
‘and flow1ng down stream. Unfortunately, in the fall of 1990
-when the transducer was put 1n place, beavers had erected a dam
whlch created a pool where the transducer was set. Snow-melt in
the sprlng of 1991 removed the beaver dam 1eav1ng the transducer
dry by the mlddle of June, 1991. As a~result_loads could~only be

calculatedkto this point (Appendlx E).

- The increase in thefwateryloadlfrom site 2 to site 3 from»March
‘6,“1991; to June 13, w1991 uwas‘38%; “As dlscussed in the- sectlon
- about site 2, if the nutrlents and sediment loads increase the
~Same as‘the»water load between'two sites, the watershed for the

lower sitehislnot‘addingrmorepnutrients;than the above watershed.

:The total solids load for site 3 increased'14% since the ‘
‘dlscharge 1ncreased 38% 1t appears that the drainage below 51te 2"
;‘does not plck up as many sollds as would be expected. Dlssolved

: SOlldS 1ncreased only 13% and suspended sollds 1ncreased 26%.}‘v
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7The smaller sedlment load is probably ‘due to the low slope
=between s1tes 2 and 3. The flatter slopes would have less

‘,veloc1ty and thus have less ablllty to move sedlment.

:rTotal phosphorus 1ncreased 48% dlssolved phosphorus increased
; '51%.: These percentage 1ncreases, although a little higher, are
k:very 51m11ar to the the percent 1ncreases in the discharge of the
;stream (38%). Nltrogen loadlngs reacted differently than the
‘phosphorus loadlngs. The nltrogen loadlngs had a very little
1ncrease from site 2 to 3. Total nitrogen increased only 3% from
51te 2 to slte 3. The blggest'change was in ammonia which
fdecreased 65% between the two sampllng sites. It appears the
;hlghoconcentratlons of ammonia found at site 2 were oxidized and
'converted to NO -Noi'while,traveling‘downstream (NO,-NO,

, -0 NO,-NOy 2!
~increased 58%).

wSlte 3 is the most nutrlent rlch of the three sites. ~This would
;'be expected since 1t has more of the watershed run-off flowing
;thru 1t than the two upstream . 51tes. - The site does have high

: nutrlent loads in the spring whlch are largely caused by
fllvestock pastured and conflned along the drainage. However, the
ihlghest nutrlent 1ncrease is: occurrlng in the watershed between
a51tes 1 and 2. The 1ncreased loadlng of nutrlents and sediment
lat 51te 3 1s relatlvely low when compared to the increased water
'>flow at site 3. The total annual load cannot be calculated due

: to,the 01rcumstances mentioned earlier, As with site 2, no
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- w1nter samples ‘were- taken whlch could show the water quallty of

-.the ground water recharge in the stream.
Site 4 S

Slte 4 is located at the control structure downstream of both the
1n1et channel and a small settllng pond to Swan Lake. Unforeseen,
problems were encountered 1n attemptlng to calculate flows |

through the inlet. The 1n1et to the lake 1s lower in elevatlon

% lthan the outlet of the lake (water flows both in and out of the

,osame culvert) ' Because of thls c1rcumstance accurate flows are not
’1ava11able and a stage-dlscharge table could not be calculated.~
Dependlng on lake level water may be flowing 1n, out, or: not at
,’all w1th 51m11ar stages at dlfferent times in the year.

' Dlscu551on of the water quallty at this s1te will be limited to

concentratlons s1nce no loadlng data 1s avallable."

Water 1s diverted 1nto 51te 4 by a’ sheet steel check dam

approx1mately 500 feet downstream of the 1nlet channel - The

e elevatlon of the lowest part of the dam 1s sllghtly over 1 foot

'hlgher than the elevatlon of the culvert at site 4. Water. w1ll

,enter,the lake before:water'can_overflow the dam.

High nutrient concentrationS"were observed throughout the
‘~5sampling_season.; Although samples taken durlng March through May
h(of 1991, show drops in fecal collform counts between site 3 and

s1te 4,‘run—off events later 1n the year showed high fecal
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‘-collform counts. On June 13, 1991 the fecal coliform count at
51te 4 was 1,200 colonles perkloo ml.' ‘On the same date dissolved
‘;oxygen 1evels at thls site were 1. l mg/L (low enough to kill
fflsh) At this tlme many carp were observed trapped in the
‘ﬁsedlment settling bas1n, the SD Department of GF&P was notified
aand an estimated 2, 000 pounds of carp were seined out. On
,gFebruary 19, 1992 the fecal count was 2 500 colonies per 100 ml.
"Thls was the first flush from snow melt that spring, and run-off
'from feedlots was probably the cause.r Phosphorus and nitrogen

!concentratlons were also hlgh when fecal counts were hlgh.

’The current four foot deep sedlment retentlon pond has lost most
‘;of 1ts ab111ty to collect sedlment out of the water column. The
g’concentratlons of total suspended SOlldS at site 4 are only
'asllghtly less than those at ofv51te 3.- The retention pond also

“has grazing'along it's bordersdwhich‘have caused bank erosion.

rThe fall and winter ground water recharge to Turkey Rldge Creek
enters Swan Lake through the 1n1et channel (51te 4). The

f;concentratlon of the nutrlents flow1ng into the lake during the
itw1nter groundwater recharge perlod are the lowest concentrations

~1n the sampllng year (Appendlx D)
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'Sitefs

.Site 5 serves as the outlet from .Swan Lake back to Turkey Ridge
Creek., There is a large bulld ‘up- of macrophytes, trees, and
sediments on the head wall which retards flow to the outlet
This build-up acts as a dam and raises the water level of the
‘~1ake higher that that of the outlet. The outlet con51sts of
,three oval: shaped culverts approx1mate1y 3 5 feet wide and 2 3
‘;feet ‘high which 51t flush on a concrete apron. The discharge end
l of the culvert has a steel flap gate to keep flood flows and |
anlmals out. The flap gate also retards flow. The maximum |
outflow measured during 1991 monltoring period was slightly over
.5 cubic feet/second wh1ch calculates to slightly ‘more than 1
acre,foot/day.~ The duration of these outflows lasted |
:approximately seven weeks., Outflow started about April 25 1991
_and ended approx1mately July 12 1991.r~The max1mum loss of water
through the outlet durlng the 1991 sampling season was estimated
rbetween 45 and 60 acre—feet By May 21, 1991 the 1ake level ‘had
t;reached the level of the creek and water was flow1ng out. of the

vglnlet also..

“From the samples taken at the outlet of the lake, the: median
‘concentrations of many of the parameters in- Table 27 are higher
than the median concentrations‘1n~the tributaries. The |

- concentrations listed on Table 27 show site 5 to be higher in ;

o non-volatlle suspended solids than many of the tributary sites.

L This is: probably due to the resuspended sedlment in the shallow
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'la%e;i Ammonia is muoh higher,in choentration than in the
~~tributary, as is kjeldahl nitroden.{ The increases in ammonia may
‘be dlrectly related to the increase. in kjeldahl (organic)
enltrogen. As vascular vegetatlon decomposes large amounts of
ﬁorganlc nltrogen (kjeldahl mlnus ammonla) are released. Much of
;tthls nltrogen is absorbed by the sedlments, where bacteria break “
*1t down into ammonla and other 1norganlc forms. This process is
treversed ‘in flow1ng rivers where ammonla is easily ox1dlzed and

converted into n1trate+n1tr1te. v
' Hydrologic Budget

,wBecause of the problems experlenced at the inlet with water
flow1ng both dlrectlons at 51te 4 an accurate hydrologlo and
~,,’nutrlent budget can not be calculated the usual way. Using the
jlake elevatlon and the outlet flow estlmatlon, the volume of
fwater that entered the lake can be estlmated. Continuous lake
: elevatlon data is not avallable untll November 1991. The most
“con51stent sample data wasrtaken from February 1991. It is
massumed‘that the lake elevation behaved similarly in the winter
of ‘719'90'—1991 as it did during the winter 1991-1992. The nutrient
”budget is estimated for 1991 by u51ng representatlve 1991 and
rd1992 concentratlons, 1991 outlet 1nformat10n, and 1992 lake

’elevation data.

“The total volume of Swan Lake isr888{206 cubic meters (720
~"acre-feet) In November of 1991‘ Swan Lake was approximately
0 46 meters (1.5 feet) low (333 077 cublc meters or 270
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;'acre-feet) As. stated earller, 1t w1ll be assumed that the lake
’elevatlon was also 0. 46 meters low in 1990. Because the,’sl
groundwater component was not measured 1t w1ll be assumed that
the 1nput and output from groundwater was equal. Water losses to

the lake system are from evaporatlon, whlch is approx1mately

. 758,676 cublc meters (615 acre- feet), and outflow through 51te 5,

}approx1mate1y 74 017 cublc meters (60 acre-feet) The estlmated
1nputs to the lake were from both surface water, approx1mate1y
388 590 cubic meters (315 acre-feet) and ralnfall whlch was
:,approx1mate1y 444 103 cublc meters (360 acre-feet). The
hydraullc re51dence time for Swan Lake ‘in 1991 was approx1mate1y ,
12 years. The flow out of the lake may have been a llttle ‘more

: 51nce ‘water was observed flow1ng ‘out site: 4., Estlmatlons of thls
. amount are around 24,672 cublc meters (20 acre-feet), so the
hydraullc re51dence-tlme‘may~be~closer to 9Lyears. 'These flguresi
Vare ‘based on data for only one year, however the drop in the

lakes elevatlon are falrly cons1stent from year to year.

Nutrient Budget

To calculate a nutrlent budget representlve mean concentratlons
were multlplled with the volume estlmatlons.A The concentratlons
were - chosen by correlatlng a concentratlon to dates wh1ch were

representatlve of a flow at a’ certaln tlme.

From November to February the lake elevatlon rose 0.38. meters

'(1 25 feet) or 277, 564 cub1c meters (225 acre-feet)
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'Renresentatlve nutrlents and sollds concentratlons taken from the
',tlme water was flow1ng when the ground was frozen, were averaged.
tThe mean of the February 11, and March 6 samples taken in the
"w1nter of 1991 and one sample taken December of 1991 were applled
Eto the 277, 564 cublc meters (225 acre-feet) whlch entered the

'7lake durlng this tlme perlod.,

>rFrom February to Aprll the lake rose another 0.076 meters (0.25
,feet) _since flow remalned somewhat constant discharge is
Jassumed to be equal on each day.‘ Three samples were taken during
_'thls‘two month perlod. The concentrations were averaged and that
fﬁeankwas multiplied by thezyolume,(55;513 cubic meters or 45

fracre%feet):which entered the lakeQ,

; fhe?input from May to Julygwas~also;anproximately 0.076 meters
77(45 acre—feet) Two samples:weredtaken during this period, as
w1th the previous concentratlons, they were averaged. The mean
’ concentratlons for all of the t;me‘perlods are listed on Table

28.

:To calculate loads for this perlod the load (277,564 cubic
meters) ‘was converted to 11ters (multiplying by 1,000). The
converted load (277, 564 320 llters) was then multiplied by the
irconcentratlon of the chosen parameter (1e. total solids 1,444
'.mg/L) The result was the mllllgrams of "total solids" enterlng

Tthe lake at the time (400, 802 416, 080 mg). This number was then
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Tableh28. Mean Concentratlons Used ‘in Calculatlng Inputs.

 Time Period -------> Nov. - Feb Feb. - Apr. May - Jul.

- Cubic Meters —-=---> = 277, 564 55,513 55,513
- Parameter : Concentratlon in Mllllgrams/ther
1) Total solids fi‘* ;1,444.00 - 1,601.00 ~1;188.00
2).'Total suspended N e : . o
- solids ‘ - 8.00 1 43.00 . 34.00
3) Volatile suspended B ; BRI
" solids ; : 3270 o 14:00 - - 15.00
4) Non-volatile SRt : B
-~ suspended- solids: . 4.30 ; 29.00 : 19.00
5) Total nitrogen - 0.94- , 1 73 oo 1.82
6) Total organic - A s '; ‘ mol
~ ‘nitrogen ’ . 0.48 '1.11 0.79
~7) Total Kjeldahl ol T AR
- nitrogen . 0.58 1.25  1.37
~8) Nitrate-Nitrite . .0.37. © 0.66 ... 0.48
+9) Ammonia R 0.09 - 0.14 0 0.58
10) Total phosphorus 0.081 0.254 . 0.405
11) Total dissolved e S S R
"phosphorUS“b« ©0.062" 0.139 . 0.217

converted 1nto kllograms (400 802 kg) by d1v1d1ng by 1 000 1000.

The resultlng number was the load in- kg/time perlod

: The:loadings from Table;29fshowfthat from November to the end of
February the lake receives—theVz.Sptimes,more,water'thanwit does
the rest of the year. -Input~from~frozenfground are shown in the

‘ first COlumn in Table 29. The other two columns deplct loadlngs

o when the ground had thawed and the trlbutarles were rece1v1ng

1ncreased non-p01nt source run-off from the watershed. Table'30
-shows: the loadings to the lake when=the‘ground was frozen and
when the ground was thawed the purpose is to compare the changes

'1n concentratlons under the two dlfferent condltlons.
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';The thlrd column in Table 30

’frozen to the thawed ground.

. phosphorus

Loading of Parameters 1n Kg/Tlme Period.

Table 29.‘

Tlme Period -—=---- ->  Nov. = Feb. ‘Mar. - Apr.  May - Jul.

Cublc Meters —-—-=-- -> 277,564 SR - 55,513 55,513
‘Qi Parameter Load in Kilograms
"1), Total solids : 400, 802 88,876 65,949
'2) - Total suspended

i solids 2,221 2,387 1,887
3) Volatile suspended O ~

. solids 1,026 777 833
~4) Non-volatile Lo

. suspended solids 1,194 1,610 1,056
“5) Total nitrogen 261 96 101
6) Total organic o

i _nitrogen 1133 62 44
~7) Total Kjeldahl o

~. 7 nitrogen 161 69 76
: 8)"N1trate-N1tr1te 103 37 27
~:9)  Ammonia ‘ 25 8 32
10)  Total phosphorus .22 14 22
11)  Total dissolved o

s 17 8 12

shOWS the percent change from the

if»therwater quality would remain

d;the same from the winter 1nflow and the spring and summer inflow,

‘:pereent change in volume (4‘60%).

drop in load close to - 60%,was,total solids.

ytﬁe_percent‘in load,change’sheﬁldiremain relatively close to the
 The only parameter which had a

This can be

eiplained because the largest;cemponent in total solids is

dlssolved solids.

4re1at1vely constant through out: the sampllng year.

Total diSSolved"solid concentrations stay

All other

f7parameters were higher than the - 60% decrease in load, in many

_cases instead of a comparatlve decrease, the loads actually

ylncreased with 2.5 times less water. '
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Table 30. leferences 1n Loadlngs Over Tlme.,

'7 Frozen : ' Thawed FER Increase -

' Time Period -<-----> Nov. - Feb. Mar. - Jul. or Decrease
Cubic Meters ——-——=> 277,564 .- 111 026 : - 60%
Parameter . v Load 1n;Kllograms

"1) Total solids 400,802 154,825 - 61%

2)  Total suspended S : s
el solids 2,221 4,274 - +.92% .
- 3) Volatile suspended‘ R . EORR
' solids S 1,026 ‘ 1,610 .+ 57%

4) Non-volatile Lo Lo . -

- suspended solids: 1,194 2,666+ 123%
~5) Total nitrogen 261 197 - 25%
~ 6) Total organic e L e
L nitrogen T:133 106 - - 20%

7) Total Kjeldahl ' S ~ = TR
~ _nitrogen 161 145 - 10%
'8) Nitrate-Nitrite = 103 64 - 38%
' 9) Ammonia 25 40 - +.60%
10) Total phosphorus 22 : 36 -+ 64%
11) Total dissolved SRR y ; R N

- phosphorus . 17 20 2 + 18%

The largest percent 1ncrease was 1n total suspended non—volatlle
SOlldS. -The percent change from column 1 to column 2 (Table 30)
“was a- p051t1ve 123%., ThlS verlfles the 1ncrease sedlmentatlon
hkthrough the inlet when the ground 1s thawed.. The second 1argest
increase was in suspended sedlment (+ 92%), of which non-volatlle
sollds are a sub-component., Slnce phosphorus sorbs onto- |
fsedlment, it also 1ncreasedr(+;64%) 1nfload-w1th a decrease_in

water volume.

Although the nitrogen-components”also increased, most did not
increaSe aS«highfin percentage aS‘thefOther»parameters.; ‘Ammonia
levels d1d ‘increase + 60% wh1ch may 1ndlcate an increase 1n

'fertlllzer or waste products.
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“The volume of water whlch flowed through the outlet of Swan Lake
’,was estlmated at 74, 017 cublc meters (60 acre-feet) The samples
‘taken at the 51te were prorated verses time, and concentratlons

| then multlplled by the approprlate volume to arrive at the

; estlmated load whlch left the lake (Table 31).

’Table 31 also shows the load whlch is retained or stored in the
flake'ln ‘a year. Accordlng to the estlmatlons 387,571 kg (427.3
tdns):of total solids are stored 1n Swan Lake. Of these, only
"4 154 kg (4 65 tons) are suspended sollds. This may explain the
;hlgh dlssolved solid concentratlons experienced in the lake.
;however, dlssolved solids alone~can not account for the turbid
conditions in a lake. The small oolloidal ciay particles and
tsuspended sediment are probably the most likely reasons for the
:llakes cloudy appearence. The suspended sediment components,
i;volatlle and non-volatlle SOlldS, are approximately the,same.
;cOn51der1ng the nutrients whlch are stored in the lake, nitrogen
. ccumulates in much greater concentratlons than phosphorus.
dAlthough the loadlngs stored are relatlvely small, the lake can
not effectlvely release the nutrlents through the outlet. This
'\1nab111ty causes a reservoir of nutrlents which can be released

and‘recycled throughout the year.‘
Although the phosphorus levels are relatlvely low, plants use
' much 1ess phosphorus than nltrogen for growth. The lower

phosphorus ‘loads are probably respon51ble for the same if not
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‘hore growth than the larger loads of nltrogen. As expected the
amount of total dlssolved phosphorus 1eav1ng the lake is low due
rto 1ts avallablllty and up-take by plants and animals and also
71ts adsorbtlon to sediment partlcles., The total phosphorus
 1evels,‘are caused by adsorbtlon as mentioned above, plus the
fact that the high in-lake oxyegen levels seldom allow for the
phosphorus to be released from the sediment. The most likely way
for phosphorus to leave the lake 1s through the outlet on days

;when wind and waves resuspend the sedlments.

“Ih conclu51on Swan Lake is storlng nutrlents which can be used
_and recycled throughout the year.‘ The lake does not appear to be
‘rece1v1ng large 1oads of sedlment frohtthe inlet, however, data
;was collected in a relatlvely dry year;. The sediment‘
~‘accumulatlon in the lake may have come'from large flood events

 Wthh have entered the lake before the road was raised.

:‘Birstopping:the flow of water to the lake once the ground has
thawed thehestimated‘loads'could be'reducedfby 50% in most
‘;cases, while only loosing approx1mately 15.24 centimeters (6

‘ nches) of surface water volume. ' If additional groundwater

‘henterS‘the lake, there may be‘no water‘volume lost.



’,Inélake'Sampling

Three 1n-1ake sampllng 51tes were selected for Swan Lake (see

Flgure 15), and the descrlptlons are as- fOllOWS‘

>~‘ Site‘s o In—lake depth approx1mate1y l 5 meters,,
e located on the southeast 51de of the
lake halfway between the: far east 1sland :
and the south shore. | ” |
'Latltude-f ,513!l15"‘N,

Longitude: 97? 5' 45" W.

 Site 7 "ln-lake“depth‘approximately‘1.55lmeters,t
E ‘ located,indthefcenter of the;lake between
the'boat ranp‘and the shore dlrectly north
of‘the.boat'ranp;‘the boat ramp runs‘
directlycon’a:section‘llne,whlch can be -
‘seenifrom either:Shore;‘
o

Latitude: 43° 13' 15" N,

Longitude: 97° 6' 5" W. -

- Site 8 Inélakeddepth approximately‘0.75,meters,
| located in the~center of the~far west bay.i
',The 51te is stralght west of the small cove ’
to the east, and stralght north of the small

cove to the south.‘~1f_the site 1s,unreachable
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due‘toiboatinglrestrictions,,the sample was
*taken'as far into the west bay as possible.
 Latitude: 43° 13' 6" N,

' Longitude: 97° &' 35" W,

' The sampllng schedule for the 1n-lake 51tes was. monthly from

g October through March and tw1ce a month from April to September.

L‘There ‘were about four weeks between each monthly sampllng and two o

f‘sweeks between each blmonthly sampllng. Early w1nter or late

‘ﬂ'sprlng samples were taken only 1f ice condltlons were safe.

;The chemical'parameters assigned to the‘tributary‘samplingkweree

the same for lake sampllng but also included chlorophyll a

B analy51s.‘ This parameter was f1e1d filtered by the sampler and
lthen put on ice for examlnatlon by DENR personnel at a later

'tlme. Fleld analy51s 1nc1uded- .

Water Temp. (°c) ‘,rl7vAirlTemp..(°C) pH ,
sDis. Oxygen  (mg/L) ,~_; Secch1 Dlsk (m) - Water Depth (m)
Ice Thickness (m) , Chlorophyll a (fleld flltered)

;.Dissolved oxygen (DO) was. measurediwith a‘YSI meter. Water
‘temperature and DO were taken at the center of the water column
because of the shallow depth of Swan Lake.‘ Also, due to the |
it shallowness of Swan Lake, only a surface grab sample was
“*collected. The grab samples were taken at depths from 0. 4m to

o0.6m.
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Surface v1sua1 observations were conducted by the sampler to
record any 01rcumstances whlch wculd effect the sampling data.

They 1nc1uded but were not llmlted to.

Precipitation ~ Dead Fish Wind

. Surface Water Film ~ Odor Turbidity

:}f‘septic,Conditions  Water Color Algal Blooms

vf;gbinflcw'From Tributaries

‘Iﬁélake~Data

fThe 1n-lake water quallty w111 be dlscussed by parameter. The
vparameters whlch w111 be dlscussed are thcse which have an

'1ex1st1ng water quallty standard or whlch may be responsible for
';llmltlng the benef1c1a1 uses of the lake. Graphs comparing the

S n-lake 51tes can be found in Appendlx F.
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Table'32,

In-lake Mean Concentratlons.

Parameters ~ : COncentratlons oo
: Sltes 6 & 7 __Site 8
Water Temperature 18.2 °c 17.5%
- Total Depth ~1.54 M - 0.75 M
Secchi Disk - 0.74 M 0.31 M -

- ~Dissolved Oxygen . ~8.35 mg/L 7.6 mg/L" -
© Field pH : 8.15 units 8.10 units
'fLaboratory PH - 8.26 mg/L 8.22 mg/L
Total Alkalinity. 121.5 mg/L 140.9 mg/L.

2,458.8 mg/L
2,403.3 mg/L

‘Total Solids

: ,2 306.5 mg/L
Total Dissolved Sollds

42,269.4‘mg/L

- Total Suspended Solids 37.1 mg/L 55.5 mg/L
~Volatile Solids . 14.6 mg/L '19.3 mg/L
‘Non-volatile Sollds_ oo 2501 mg/L 45.4 mg/L

~ Ammonia ' - 0.105 mg/L “0.11 mg/L

- Un-ionized Ammonia 0.0074 mg/L 0.0045 mg/L

- Nitrate-Nitrite 0.29 mg/L - 0.3 mg/L

- Total Kjeldahl 1.29 mg/L . 1.61 mg/L
Organic Nitrogen 1.19 mg/L "1.50 mg/L
‘Total Nitrogen 1.58 mg/L 1.89 mg/L
Total Phosphorus ©0.146 mg/L 0.211 mg/L
- Total Dissolved Phosphorus - 0.040 mg/L 0.040 mg/L
N:P Ratio : ©11.7:1 10.47:1
TSI for Phosphorus - 74.5 80.29

 71.86

‘TSI for Secchi Disk 77.62

Depthsf}

-'fThe mean depth at the 51tes 6 and 7 are both approx1mately 1.5
L meters (4 8 feet). The mean depth at 51te 8 is 0.75 meters (2 46
t:feet)f The depth dlfferences between 51tes 8 and 51tes 6 and : 7
- can cause 51gn1f1cant changes 1n concentratlons of certaln ,v‘-

' parameters. The effect w1nd and waves have on concentratlons of -
'certaln parameters at the shallow depths of 31te 8 can be
documented.VrBecause~phosphorusfls usually attached to,sedlmeuts;i

~ and wind and wauesxresuspend7Sediemntinmthetwater«columh,ptotalhi5

phosphorus levels increase with resuspension.
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“Changes in depths at the 1nd1v1dual 51tes can be attributed to
'ithe 1ncreases and decreases in lake level. .Swan Lake can vary
fapprox1mate1y 0.6 meters (2 feet) during a year. Also, even
:though every attempt was made to p051t10n the boat in the same

hfp051tlon at every site, sllght variations were experlenced.
' Dissolved Oxygen

yThe State of South Dakota has assigned the beneficial use of
'marm?water, semi-permanent fish life‘propagation to Swan Lake.
fTherefore, dissolved oxygen (DO) concentratlons should not fall

"below 5.0 mg/L.

'In general DO concentratlons were adequate to sustain fish and
aquatlc life. Annual means for 1n-1ake sites ranged from 7.6 to
;\8 35 mg/L for the in-lake 51tes. No‘exceedences of the standards
.occurred during the the sampllng season. The lowest DO value
jp(5 Y mg/L) was recorded at s1te #8 on August 15, 1991 (Appendix
',F) , The drop in DO was probably due to the 1ncreased biological

»,aact1v1ty which occurs durlng‘the summer months. The increase in

"algal productlon causes an. 1ncrease in decomp051tlon as the algae

"dles; Decomp051t10n takes place at. the expense of oxygen, thus

i 1ncreased activity by detrltus w111 lower oxygen levels.

;\Dlssolved oxygen values at 1n-lake 51tes were generally lower
'from ‘late May through September 1991 but increased to high values
’ from October to April. Although the data dlsplays only surface

"7~D0 measurements, when the DO probe was dropped near the bottom,
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'_there_wasfnokdifferencetindbotlevels were detected until the '
probefhitvthe Sediments. The thorough m1x1ng of the water column
is most 11kely due to the lake's shallow depths and mixing caused

p‘by wind and wave actlon.

‘~Relat1ve1y hlgh DO was. also recorded in February 1991 for all
s1tes. ‘This ‘was most llkely due to an. under the ice algal bloom.
In comparlng all the 1n-lake s1tes, lowest surface oxygen levels

were ‘usually recorded at shallowest site, #8.
Fecal Coliform

Asdprgviously stated, Swan‘Lakefhasibeen7assi§ned the beneficla1:~
‘use of immersion~recreation. Therefore, fecal collform levels
are 11m1ted to 200 per 100 ml as a geometrlc mean based on a
mlnlmum of not less than f1ve samples obtalned during separate
,‘24-hour periods for any. 30-day perlod _nor shall they exceed thlsr'
value in more than 20% of the samples examined in the above
‘descrlbed 30-day perlod, nor shall they exceed 400 per 100 ml 1n E

cany one sample from May 1 to September 30f

In—lake’fecal coliform'concentrations were low or at undetectable
levels during the~monitoringlprogram forfsites 6 and 7.. Site 8,
locatedfin the nearlthe Christian Camp, experienced tWO«samplesj‘
w1th collform colony counts at least 9 times hlgher than: the mean
'at the other 1n—1ake 51tes. The counts on Apr11‘3, 1992,.and’r

- September 11, 1992 were 110 and 70 counts per 100 ml
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;respectlvely The hlgh counts on Aprll 3 may have been due to
f 1and run-off or the 1ncreas1ng groundwater 1evels flushing drain
=f1elds of the camp 1nto the 1ake., Slnce there was no recorded
:“raln fall on the September 11 sample, the septlc systems of the
;camp are the most probable cause of the increased fecal count on
_that day. "Although there are detectable levels of fecal collform‘
r‘at all of the s1tes some tlme durlng the study, the maximums at
,>51te 6 and 7 were 20 and 30 counts respectlvely. Since the
trlbutary was blocked from the lake durlng the most of the

sampllng ‘season the slight: increases 1n the 1ake can only come

~from‘non-tr1butary sources,

'«The most strlngent crlterlon for pH occurs under the beneficial
use category of immersion recreatlon. The pH shall be greater

rithan 6.5 units and less than 8 3 unlts.

thDhrinéathe recent monitorino,period (February 1991 - April 1992)
the}<8§3»1imit was exceededfini417peroent of in-lake pH readings
hhkhnpendix F). Lake pH valnes ranged from 7.6 to 8.5. Mean pH
hvalues were 51m11ar for the three 1n—1ake sites, 8. 1‘at sites 6
fand 8, and 8 2 at 51te 7. Water flow1ng into the lake from
"Turkey Ridge Creek 51te 3 was observed to have a lower annual

j_'mean pH of 7.9 with a range from 7.5 to 8.3.
\lestjstreams and lakes of eastern'South~Dakota have relatively
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~ hard water w1th typlcally hlgh pH (> 8.0). Large‘algal'
v’populatlons (such as those present in Swan Lake) may ea51ly
' remove enough dlssolved carbon d1-ox1de from surface waters to

:‘1ncrease daytlme PH to 8. 3 or hlgher.
Alkalinity,‘

Alkalinity canwbe defined as’ the ‘sum total of components in the
water that tend to elevate the PH of water above mean value of

: 4 5 (EPA 1976) .- Therefore,ylt can be con51dered as representlngi,
the bufferlng capac1ty of “a: lake or stream. Bufferlng 1n
‘waterbodles is 1mportant for the malntenance of a aquatlc llfe
~Slnce most lethal effects occur ~when the pH is less than 4, 5 or.

. greater than 9.5 (Wetzel 1983)

Alkallnlty level 1n nature can are usually found from 20 mg/L to
200 mg/L (Llnd 1985) Swan Lake is a well buffered lake w1th
lmean annual alkallnlty, measured as: mg CaCO per liter of -water,
feranglng from -120.6 mg/L at 51te 7 to 140 9 mg/L at site 8 |
;(Appendlx F). Data 1nd1cate the alkallnlty levels remalned

falrly stable ~over the annual cycle of the lake.

4ht theirange~of_pH's in;SwanVLaker(7;6 Q;é.S), alkalinity«isk
presentsprimarily as HCOé-(bicarbonateS) Waterbodies’with ‘

*ialkallnlty above 100 mg/L have 51gn1f1cant bufferlng capac1ty.

V'Waters w1th concentratlons above - 200 mg/L such as Turkey Rldger:’

Creek have large bufferlng capac1ty.
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Total:Dissolved Solids

"Drssolved solids 1s‘a term assoc1ated w1th freshwater systems and
‘Acon51sts of inorganic salts, small amounts of organlc matter, and
‘edlssolved material (EPA, 1976). The pr1nc1pa1 1norgan1c anions
:(negatlvely—charged ions) dissolved 1n water include carbonates,,
uchlorldes, sulfates, and nltrates. The most abundant anion in
';Swan Lake is sulfate (SO ) followed dlstantly by carbonate. The
pr1nc1pa1 cations (p051t1ve 1ons) 1n freshwater lakes are
:aca1c1um, magne51um, sodlum, and'pota551um. In Swan Lake, calcium
“1s the most abundant catlon (220 mg/L) followed by magnes1um (160
‘mg/L) Sodium is about one-half as{abundant and potassium about

one-tenth as abundant as ca1c1um.“

bSulfate accounts for the largest percentage of total dissolved
1;SOlldS in Swan Lake. The concentratlon of So4 ranged from 668 to
‘f1112 mng/L durlng 1974 and averaged 725 mg/L in 1979. No recent
rosulfate measurements have been performed but it is poss1b1e
'levels have increased since 1979 based on significantly higher
“Tps_readlngs obtalned in 1991.; Totalidlssolved solids generally
~ranged from 2143 to§2825 mg/b.k,Based on the beneficial uses
';'a551gned to Swan Lake total dlssolved solids should not exceed

’2500 mg/L., During 1991, thls level was exceeded in 19 percent of

f‘theslake samples (Appendlx‘F).
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‘TotalfSuspended Solids

The llmlts for suspended sollds establlshed for - a warmwater

semlpermanent flshery 1s 90 mg/L.r Exces51ve suspended sollds in

a- body of water can have a detrlmental effect on a 1ake s

flshery ~In 1965, the European Flsherles Adv1sory Commlttee'\f

1dent1f1ed four means by whlch suspended solids can affect fish
and flsh food populatlons (EPA 1976) Flsh sw1mm1ng 1n waters

w1th hlgh suspended sollds can be kllled dlrectly, thelr growth

,rate reduced or their re51stance to dlsease reduced. In
) addltlon,‘suspended solids can prevent the successful development

”of flsh eggs and larva and reduce the abundance of food avallable

to_flsh,

'Only one . exceedence of suspended sollds was observed in Swan Lake,

durlng 1991 (51te 8 108 mg/L Appendlx F) Annual mean TSS

;fvaluesywere 55.5 mg/L at site 8 and - 31.7 mg/L at sites 6 and 7

fk(Table'zs)' Slte 8 1s the shallowest station (Flgure 18) and

thus~like1y to be the- most turbld ‘due to greater resuspens1on of :

bottom sedlments by w1nd and wave actlon. Literature 1nd1cates

, that growth and productlon of more de51rab1e flsh spe01es and

fish food organlsms begln to be seriously affected at the TSS

levels encountered 1nv5wan,Lake.

j‘The water clarlty and aesthetlc appearance of a lake is often not
\fapparent on. examlnatlon of TSS 1evels.' When suspended part;cles "

are very small such as colloidal clays,rit,doesmnot require,af5
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‘latge amount of TSS to make the water turbld. An important
factor that contrlbutes to per51stent turbldlty in Swan Lake and
‘,other 51m11ar lakes is the amount of dlspersed colloidal clay in
;the dralnage area. In addltlon, due to the very shallow nature
-fof Swan Lake, bottom sedlments over most of the lake basin are
dsubject to resuspen51on by w1nd and wave action. Flnally,
! 91zab1e populatlons of rough flSh such as black bullhead and
Vﬂpartlcularly carp stlr up bottom sedlment contrlbutlng to turbid
wcondltlons. Boat motors have also been implicated in stirring up
jlake‘sediments. ’

o R

: Afvisible biological effect OfﬁthiS'algal and non—algal turbidity

,,1s the lack of submersed rooted and floatlng-leaved aquatic
_plants. Macrophyte populatlons in moderate numbers is beneficial
,fto‘flsh and general lake ecology. 7

Volatile and Non-Volatile Solids

7?V§1ati1e solids are a percent of suspended solids which are

,:generally considered organic (something that is or was living).

g'Nonévolatile solids;are the percent of suspended solids which are

generally considered inorganics(sediment).

fSlte78‘is approximately twice aS‘shallow as sites 6 and 7. The

3'occurrence of wind and wave actlon along with bottom feeding fish

Tgreatly increases the percentage of non-volatlle solids. Shallow h

t?depth~1s‘the nmost probablegreasongthat,approxlmately 70% of the
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suspended sollds are 1norgan1c or sedlment Ev1dence of the;7*

reffect of w1nd on the resuspens1on of sedlment at 51te 8 was

‘:f,demonstrated on days when there was ice: cover or no w1nd The

volatlle sollds percentage exceeded the non-volatlle percentage"

lon February 11 1991 and June 19 1991 (Appendlx ‘F).

| Unlike site 8, 51tes 6 and 7 are both located in a unrestrlcted
'boatlng area. Resuspen51on of sedlments by boat motors 1n depths
kof only 1.5 meters (4 5 feet) can’ be 51gn1f1cant As w1th 51te 8
‘,w1nd and -wave resuspen51on seemed to play a large part 1n‘
1ncrea51ng the percentage of 1norgan1c SOlldS in the water
column.g Each sample when the volatlle solld percentage exceeded
;bthe non-volatlle percentage occurred when ‘the. w1nd was calm. The
only exceptlon to the last statement occurred at 51te 6 on July ;
2; 1992. The percent of volatlle to non-volatlle solids. on. that
»‘day was 53% and. 47% respectlvely. A large algal-bloom or plece
v‘;of organlc matter (1e. a leaf or part ofa macrophyte) enterlng
* the bottle at the tlme of. the sampllng may have altered the

volatlle and non-volatlle percentages.

«Nitrates and Nitrites

Average concentratlons of n1trates+n1tr1tes (No -NO ) for 51tesﬁ
-7 and 8 were 0.29 mg/L and 0 30 mg/L respectlvely (Table 28)
,Levels of NOZ-NO3 ranged from a mlnlmum of 0.1 mg/L to a max1mum

; value of o. 8 mg/L, whlch was found at 51te 7. The nltrate and

{nltrlte levels show a 51gn1f1cant increase beglnnlng June 19 and
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“]endlng August 15, 1991. All three in-lake sampling sites exhibit
N]thls 1ncrease durlng the same tlme perlod. It was interesting
'fhowever that the increase of nltrates occurred while the more
[readlly‘avallable ammonia what stlll detectable in the lake.

: Durlng these months, sources of 1norgan1c nltrogen may arise from

.’several areas.

Néé—ﬁb3 increases can'be caused‘by break-down of organic nitrogen
%or‘nitrification ofEammonia;”ﬁ(Nitrification is the process of
kiadding oxygen to NH4+'to get“No2 or,Nosydepending on how far the

‘ogidation proceeds.) Intensive agricultural~activities may
.icontribute more nitrogen to tne lake than any other non-point

ééﬁrce.‘ Also, the evaporation offwater from the lake may

‘1ncrease concentratlon by decrea51ng the water volume, thus

1ncrea51ng the concentratlons. ‘
_ Ammonia/Un-ionized Ammonia

| Un—1onlzed ammonia concentratlons are calculated using a formula
_1nclud1ng PH, water temperature, and ammonla. Un-ionized ammonia
‘Jls as51gned a state standard of no more than 0.04 mg/L under the
iawarm-water semlpermanent flshery benef1c1a1 use. Levels of
f(un—lonlzed ammonia d1d not exceed this value. Average levels of
‘dun-lonlzed ammonia from 1n-lake sampllng sites 6-7, and 8 were
fo 0074 mg/L and 0.0045 respectlvely (Table 28). Maximum values
‘U»ranged from 0 0326 mg/L at s1te 7 and 0.0295 mg/L at site 6 to

g0,01588 mg/L at site 8. Two(51tes, 7 and 8, had maximum values
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of un-lonlzed ammonia present durlng the: June and July sampllng

- perlods. One reason for th1s 1ncrease may be due to the fact

that ammonia 1s an: 1mportant n1trogenous end product of the
:;heterotrophlc bacterlal breakdown of organlc substances. During;
June and July 1t may become very promlnent in the summer
"hypollmnlon of eutrophlc lakes (Cole, 1983) ~Even though no Don
concentratlons of 0.0 mg/L were recorded sedlment in the lake is
under anoxic condltlons and may be relea51ng ammonla. Septlc

. waste from drainage systems around the lake may- also be-a

' probable source.
Total Kjeldahl Nitrogen (TKN)

TKN is used to measure organlo nltrogen whlch is TKN mlnus the
~ammon1a concentratlon. The TKN averagesffor,51tes 6-7, and 8 :
‘!'were 1.29 mg/L and 1.6l mg/Ljrespectively (Table 28) .. TKNVlevels'
;were>not significantly different from each other7during sampling
Ttlmes, however 51te '8 on: the average had hlgher values. 'Organic
nltrogen may ‘be released from large quantities of decaying
”‘macrophytes or algae whlch may be. the reason for the hlgh values :

at 51te 8'i ‘Site 8 is surrounded by species of wetland plantsg
Total Nitrogen

Organlc forms of nltrogen usually make. up from 75% to 80% of the L
total n1trogen.f Unlike 1norgan1c nltrogen, organlc nltrogen does

a not make itself readily avallable as nutrlents for plants. Itgls
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'1nev1tab1e however, that the organlc form w111 be broken down by
kdetrltus and transformed 1nto an 1norgan1c state which can be

f used by living matter. Durlng the summer, as the total nitrogen
f{ln the lake 1ncreases so does the percent of organic nitrogen ‘
:(around 90%) ThlS'can be expected,because of increased
’:productlon of algae . and also aquatlc macrophytes along the shores
'?of the lake. Durlng winter sprlng and fall, the inorganic
‘percent does increase but not atra hlghly significant rate. The
low avallablllty of n1trogen (mostly in organic form) in the lake
'may be the reason the lake sometlmes becomes nitrogen limited.
fWhen comparlng total nltrogen concentratlons of the water in the
trlbutarles to the water leav1ng the~1ake, the concentrations
’leav1ng the lake are generally hlgher. These higher |
fconcentratlons are probably due to the 1ncreased biological
\act;v1ty 1n the lake creating organ;c nitrogen and eventually

‘inorganic nitrogen.5
fTotal‘Phosghorus

‘?Phosphorus‘is essential for the growth of all living things. 1In
;excess1ve levels, phosphorus can be the cause of nuisance algal
fblooms whlch can hamper most contact recreatlon activities. The
eimlnlmum 1n-lake concentratlons needed for algal growth varies
‘sfamong dlfferent species allow1ng for diversity in aquatic systems
ehowever any concentratlon above 0. 02 mg/L can stimulate most
,green and’blue—green growth‘(Wetzel, 1983). Average total

luphosphorus‘levels for site'6¥7~and 8 were 0.146 mg/L and 0.211
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1mg/L respectively~(Tahle 28) The ‘high average phosphorus level"

1n 51te 8 may be attrlbuted to the low mean depth in the area. 5"

.g981te -8 may have 1ts sedlments resuspended by wave . actlon :

'.dlstrlbutlng phosphorus throughout the entlre water column.j Thls
,may also occur 1n sites 6 and 7 but to a lesser degree because of"h
the1r greater depths.‘ July and August are also the tlmes when
algal ‘blooms are most prevalent addlng to the total phosphorus

in the water column.

Total phosphorus levels. may 1ncrease durlng summer as ' a result of
1ncreased algal product1v1ty and also 5011 partlcles relea51ng
1phosphorus when dlssolved oxygen levels are depleted, although
vfew if any- anox1c levels were recorded. Other sources whlch may
also contrlbute to thls 1ncrease 1n phosphorus are agrlcultural

act1v1t1es and breakdown of aquatlc macrophytes or algae..v
vTotal‘Dissolved Phoshhorusaf[;»

: The'total dlssolved phosphorus, or avallable phosphorus, levels
averaged 0.040 mg/L for all. 1n-1ake 51tes (Table 28). The e
bvmlnlmum 1n-lake level for total dlssolved phosphorus was 0. 610
‘ mg/L at 51tes 7 and 8. Samples taken at in-lake sites 6 and 8 in
late,July and early»August revealed ‘total dlssolved'phosphorus ’
levels exceedlng 0.110 mg/L (Appendlx F) This level of g
:l_phosphorus is ‘more than 5 tlmes the amount requlred for optlmum
vgrowth of many algal spec1es (Wetzel 1983) The percentage of

javallable phosphorus compared to total phosphorus at site 6 was

11130




~approx1mately 27%, at sites 7 and 8 the percentage of available
}phosphorus is approx1mately 18%.\ Some reasons which could
flexplaln the 1ncreases in percent avallablllty at 51te 6 are: 1)

k.an 1ncrease in algal act1v1ty whlch may release available

’ ~phosphorus as it dles and 1s decomposed 2) site 6 1s closest to

"the retentlon pond near the 1n1et, dlssolved oxygen levels in the
pond were recorded at near anox1c levels. If some anoxic water

,tpresent in the settling pond managed to seep into the lake
through the closed off stop logs durlng the summer, phosphorus

tmay have been released from- the sedlments.

It appears that the lake is actlng as a sorb for the avallable
'phosphorus in the trlbutarles.‘ As water enters the trlbutarles
‘>1t 1s approx1mately 68% avallable phosphorus. As more and more
_non-volatlle solids enter the trlbutary system it appears that
the phosphorus sorbs to the sedlments., Once the water enters
g‘hlghly turbld Swan Lake, phosphorus continues to sorbs with the
{°sed1ments and hold 1t until released from the sediment by low
«uoxygen levels. The low percentage of total dissolved phosphorus
‘:1n the lake and 1eav1ng the outlet are evidence that the sediment
‘Jls’actlng a large reservolr for the phosphorus and is not

‘ relea51ng it because of hlgh DO levels throughout the water

'column.
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'Limitinq Nutrient (N/P ratioYEA

If an organlsm 1s to surv1ve 1n a given env1ronment it must have
the necessary nutrlents to malntaln 1tself and be able to

. reproduce. If an essentlal materlal approaches a critical |
‘mlnlmum, thlS materlal w111 be the llmltlng factor (Odum, 1971)

" Phosphorus (P) is often the nutrlent that 1s limiting in aquatlc ‘
ecosystems. However,;a number of hlghly eutrophlc lakes 1n«T
eastern South Dakota are known to develop nltrogen (N)

‘limitation.

In order to determlne which nutrlent w1ll tend to be llmltlng,
-Wetzel (1983) has suggested a N to P ratlo of 10:1. If the ratio
1s greater than 10:1 the lake is assumed to be phosphorus
11m1ted. If the ratlo is less ‘than 10: 1 the lake is assumed to
-be ‘nitrogen llmlted.~ The further the calculated ratlos are from

10: 1,4the more confldent the analyst is 1n the conclus1on.

Appendlx F shows the nltrogen-phosphorus (N/P) ratios for . Swan ,
Lake durlng 1991. The,graph 1ndlcatesfcon51derable temporal and
Vspatlal varlablllty ex1sts in the relative abundance of nltrogen

and phosphorus over a yearly cycle.

Annual mean ratios wereﬁll 741 at5sites 6-7, and 10.47:1 atqsite o
8 (Table 28) Therefore over an annual cycle Swan Lake would be”
' ‘con51dered ‘a . lake with a sllght tendency toward phosphorus

llmltatlon. Cons1der1ng the 1arge algal populatlons present in
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:Swan Lake, and the shadlng effect exerted by water turbldlty, it
Lls doubtful whether elther nltrogen or phosphorus limitation
:fplays an 1mportant role in 11m1t1ng planktonlc algal growth or

dlver51ty in this hlghly eutrophlc waterbody
p Trophic‘State Index

dTheiTrophic state Index (TSI)'is an’index which can be used to
vmeasure the relatlve eutrophlc state of a water body. Carlson's
Index ‘was used to measure the trophlc status of both phosphorus
‘and secch1 disk. In the Carlson Index, TSI levels 65 and above
are con51dered hypereutrophlc. Swan~Lake exceeds the
hypereutrophlc level using both phosphorus and secchi disk in the
:oalculatlon. February 11, 1991, Swan Lake's TSI level was below
‘_éél “The influ# of relatively olean‘springwater is the most |
‘?probable cause for the low TSI levels. The mean TSI for
’phosphorus on sites #6-47, and #8 were 74.5 and 80.29
?,respectlvely (Table 28).

:~Chlorophyllkg

rléhlorophyll a samples wereicollected, filtered and frozen during
7lune;»July; and August of 1991:~ These three samples will be
;*analyzed in the winter of lQQétﬁ Once analysis is complete, the
_{1nformat10n will be ‘added to the Lake Assessment dooument which
,1s updated annually or avallable upon request. Information

ffavallable w111 be Carlson's TSI using chlorophyll a
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concentratlons in: mg/m3, and as a quallflcatlon of phytoplankton‘1

gstandlng crop (L1nd, 1985)
sediment Sampling

An 1n-lake sedlment and water samples (elutrlate sample) wvere.
ftaken on March 14, 1990. The maln reason for ‘the sample 1s to
test to see if sedlment removal would ‘cause any ‘health problems'
or add contamlnates to the area where the sedlments sp01ls are
placed. The sample was sent to the Corp of Englneers Laboratory
: in;omaha, Nebraska. The sample set consisted of a sediment
sample.and a receiving waterksample; The two samplesfweref~

'teSted, then mixed, agitated(fandktested again‘(elutriate water).

In the'Swan‘Lake Sample,,nutrient data,was taken from,the water
and the elntriate‘and not from'the sediment.e However,assumptions
oanrbe made about the nutrient content in the sediment because,of
increases in ooncentratiOns from‘the'watergsample to the mixed‘

4elutriate. The~nutrients’whioh'Were tested were° 1) ammonla-N,

2) nltrate + nltrlte-N 3) total kjeldahl-N and 4) total

aphosphorus. From the‘data, it can be assumed that the sedlments

- are holding more nutrients then are being released.~ The sedlment
appears to release ammonla-N from the bacterla decompos1ng

; organlc materlal kjeldahl—N whlch could be organlc materlal not "

yet decomposed and phosphorus whlch sorbs on to sedlments and
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1fmay not he available to plantsvnntilfreleased by low oxygen
"1é§els.ﬁ The shallow nature of Swan Lake keeps oxygen levels well
mlxed throughout the water column ‘SO oxygen depletlon at the
f'sedlment water 1nterface 1s a very 1nfrequent occurrence. The
only nutrlent parameter which decreased in the elutriate sample
'h:was n1trate+n1tr1te—N. A probable reason for the decrease in
f)concentratlon is that the n1trate+n1tr1te-N was reduced to
'ammonla-N or that the amount of sedlment diluted the soluble

'nltrate+n1tr1te to where the concentratlons dropped.

‘:The 1nformat10n on tox1ns and metals is the main reason for the
~elutr1ate sample. After m1x1ngfthe sedlment with the water no
tOch levels or concentratlons of metals increased compared to
'the rece1v1ng water sample (Appendlx G) The resultsylndlcate‘
sthat»the sediment does notfappear to contain any high

~_concentrations of contaminated material.

Sediment Survey

I
D

:As stated earller Swan Lake has a shallow mean depth of 1.4
meters (4.5 feet). A major concern of the local res.ldents/users '
’1s that the shallow depth has restrlcted many beneficial uses.
'Although;local residents clalm,the lake was 20 feet deep and had

~a gravel bottom, no accurate measurements could be found. To
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quantify the amount sedimenﬁ;in;the‘lake for removal if the

dredgingfoption was selectéd,?é,sediment survey. was conducted.

In;the'fall'off1990 a contféctiwas signed with2Befnhard,
Eisenbréun,and Associates (B§E)‘bff¥énkt6n,»South‘Dakota;:to i
conduct a sediment sﬁrvey of Sﬁén Lake. The contractor uSed‘
echofsoniC‘sounding,of‘twadifferent'frequenéies-to acquirevthe
eleyétion of the top and bottdm_of the sedimentwlayers;‘ The
echb-sonic soundings were4féken‘at 50-fooﬁfintefvals across the
entiré~lake. From the sediment depths of the cross—seétidns, éﬁ

estimaterf,the‘amount of sediment was calculated.

"From‘ﬁhe sediment survey,itiﬁas‘found_that 3waanake,waSrneVerF;
rextfemély déep. The origiﬁjbf»thé sedimentatidn.is‘probably«ﬁrom
a'number.of sources. One'définite SOurceiis the inlet thrbﬁgh
_Turkey:Ridge Creek.’ Also; thé elevation difference between
Turkey,Ridgé'Creek'and,Swan’Lake is relatively flat. 1In past,ijf°

~ years water has flooded‘OVerrinto the lake,; The lake association7

- ;'recent1y~raised-the road between the creek and the‘lake‘tb stop.

the~spring or summer storh’fidéds ffom rising overﬁthé banks and ,
into the lake. " Sedimentati¢n méj hqve‘aiso occurred from erosion
6f sho;e1ines arouhd_the léke;{ Wind and wave action4hasymoved,

the‘;ake sediment_ﬁo where theﬁbottdm is’relatively flat 1eaving 

'no evidence to where heaviest loads of sediment have occurred..
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;The deepest potentlal depth found by the echo-sonic soundlng was -
-4 26 meters (14 feet) The potentlal average depth of the lake
~iwas estlmated at 2. 5 meters (8 to 9 feet) The total amount of
' sedlment calculated was estlmated at 1.3 mllllon cublc yards. ‘A
gpmap of the top and the bottom sedlment elevatlons along with the
iB&E contract is 1ncluded in Appendlx H or upon request from this

.Department.

»Quality Control/Quality Assurance

~ The quallty control/quallty assurance (QA/QC) monitoring program
fapproved by EPA was followed as closely as possible. ‘Three
‘,dlfferent QA/QC samples were to be taken° 1) Field Duplicate, 2)
ptBlank (dlstllled water), and 3) Phosphorus Spike. Because the
frsplke solutlon arrlved near the end of the sampling season only
ltwo were taken. A total of 83 water samples were taken during

rathe sampllng season along w1th 6 QA/QC sample sets (Table 29).

'Large concentratlons of dlssolved phosphorus were found during
our flrst sampllngs in the blank QA/QC sample set. To correct
T~the problem the State Health Lab stopped adding acid
a(preservatlve) to the bottle.' The llner in the dissolved
uphosphorus bottle was belng eaten away by the acid causing the

«hlgher concentratlons. Also the distilled water on certain
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trocca51ons became contamlnated such as the blank samples taken

July 16 -1991 and August 12, 1991.

vprhe dupllcate samples were Qery’51mllar to the "original®
vsamples.‘ The majorlty of the samples were well within 80% of the :
,tQA/QC samples taken. There were occas1ons when one or more of
1fthe parameters sent to the lab exceeded the EPA holding tlme
'before the tests could be run.‘ The numbers which are bold and
iﬂltallclzed on Table 32 are parameters for which EPA holding times
‘were exceeded. Even when these?holdlng were exceeded, the QA/QC

;assured samples takeh where‘acceptable.
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CONCIUSIONS -

Until 1914,)Swan7Lake was'a~small 180 acre natural glacial lake

‘Wlth approx1mately 1,038 acres of watershed.' In 1914 a channel
- was excavated from Turkey Rldge Creek to Swan Lake to as51st in
;malntalnlng con51stent watervlevels in Swan Lake. The resultlng'

- watershed increased from about 1 000 acres to approx1mately

81, 600 acres. A corrugated steel dam was placed downstream of

the 1nlet to ensure creek flow 1nto the lake. The elevatlon of

~ the 1nlet to Swan Lake 1s below both the steel dam and the lake :

outlet._ The dam allows flrst flushes of run-off to flow in the

1ake before g01ng over the steel dam. The low inlet permlts‘

water to 1eave the lake from the inlet if the 1ake elevatlon

1 rises high enough,_'h

‘ ”Afsediment'basin~1ocatedibetween-the~in1et channel,and,theflake~

. has filledéin and no,londer‘effeCtively removes sediment from”the

water before it enters Swan Lake. 'There'are‘control structureSa
located on the- 1nlet before and after the sedlment ba51n. The

flrst structure, at. the head of ‘the bas1n, cannot be closed and '

’needs_to be repa1red.~~The‘second structure,lsfa‘stop log:system;

whichtdoes hold back water as long as it'doesn't‘flow over the

top board.
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gtTwokmajor problems 11e in the present gate system. In the
‘w1nter, groundwater, whlch flows from aquifers in the Turkey
1R1dge Creek watershed recharges the lake. The gates are opened'
h,ln the fall as the sprlngs begln flow1ng when there is less
vdemand on the aqulfer s water. Therwater flows throughout the
l~w1nter and brings the lake level to that of the outlet. The
.flrst problem occurs in the sprlng when the gates should be
~‘closed off. 1Ice forms around the gate structures preventing the
;gates from belng closed. Th1s allows all of the sprlng runoff to
aflow into the lake.f The second problem arises any time the lake'
.’level’becomes low.ﬂ Local c1tlzens open the gate on their own
vvolltlon in an attempt to flll the lake. When spring and summer
1jstorms arrive the sedlment and nutrlent laden runoff flows

:dlrectly 1nto Swan Lake.

Presently the 81, 606 acre watershed isfapproximately 77% cropland
,vand 14% pasture. Along with the large percentages of
vagrlcultural land use in the dralnage,kthere is an estimated 16
»feedlots dlrectly on Turkey Rldge Creek and another 16 3/4 mile
‘off the creek's main channel. That does not include other

: feedlots located on trlbutarles off the main channel of Turkey
ledge~Creek. The hlgh agr;cultural use of the watershed creates

‘_'a:'ipotentialy for nutrient and sediment loadings to the lake.

gA sedlment survey completed under contract for the Swan Lake
;proyect shows approx1mate1y 1.3 mllllon cubic yards of sediment

'ﬂln the lake. The present depth averages approximately 4 feet.
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If all the sedlment was remoyed’ the ayerage depth would be
approx1mately 9 to 10 feet.‘ There are a number of p0551b111t1es
which may have caused the sedlmentatlon of Swan Lake. “Three of ~
kthekmost‘l;kely;causes’aregl)leros;onkfrom the watershed.entering
the 1ake, 2) floods~which haye'passed over the land separatingjf
the 1ake and Turkey Rldge Creek and 3) 1n-1ake shorellne »
erosion. At least 50 percent of the shoreline has been .
riprappedf, There are Stlll some areas whlch need and should be

‘stabilized{

fhe water quality of the creekwvaries greatly depending on
whethertthe water is‘from runoff events or’from‘ground water;
ngher nutrlent and sedlment loads .are typlcal of the runoff
':1events.‘ The water dlscharged from the ground water is relatlvely

low in- nutrlents and suspended sollds.

The water quallty in the lake 1s typlcal for lakes in the reglon. |
’Two thlngs make Swan Lake dlfferent from the "typical" south |
»eastern South Dakota lake.A One ‘is that the lake's dlssolved :
'solld concentratlons are among the hlghest in the state (Lake

"Assessment, 1989) The . second is that Swan Lake also has high

chlorophyll levels: but ‘no algal spec1es whlch typlcally produce

"rfloatlng mat blooms. The turbldlty 1n Swan~Lake is also very '

high, blocklng sunllght and preventlng growth of macrophytes-,

Slnce the lake is recharged annually by groundwater from sprlngs

";’ln the watershed the lake level in the sprlng usually rlses to
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:the outlet level. Ellmlnatlng the hlgh nutrient spring runoff
~events from the lake would greatly reduce the nutrient problems
',from Turkey Ridge Creek. If sedlment could be kept from enterlng
f the lake and shorellnes stablllzed removal of ex1st1ng sediment
“;would concelvably prov1de 1ong-term beneflts to the lake as a

natural ‘resource.

_;Future water quallty monltorlng can be based on the same basic
*sampllng plan as used in the Phase I study, with only minor

changes in the trlbutary sample locatlons.

sChanges in the monitoring plan should ‘be contingent on the
k_objectlve of the monltorlng. If the objectlve is to measure
‘changes in the lake alone, then many of the trlbutary sites could
~be ellmlnated. To sample Swan Lake only, three tributary sites,

'h along with the same in-lake and,outlet sites would be needed.

To calculate the hydrologlc budget, 51te 3 should be moved and
'located at the Junctlon of Turkey Rldge Creek and Highway 18,
,-between sections 9 and 4 in T97 R53, Latitude 43 14"33.5',
1Long1tude 97°07"1.5'. This slte;would’replace the current site 3
.:which~experienced flow and:gaging problems, and data could be
fgathered to document the water flow1ng through Turkey Ridge Creek
,,from the watershed.' Site 9, located at the dam downstream of
~i1nlet channel was added to th1s Phase I when site 3 proved no
f;longer functlonal. ThlS 51te,would be used to calculate the

ramount of water passing over the dam.  The differences in site 3
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and'siteyé should be what is’éﬁﬁering the'lake minus evaporation,
| transplratlon, and losses to groundwater, thus ellmlnatlng the"
, current site 4. The other p0551b1e way to measure the flow 1nto
the lake from Turkey Rldge Creek is by recordlng dlscharge at |
s1te 4 with a flow meter, durlng every run-off event in addltlon
to flows three tlmes a week.‘ Averages would have to. be
rcalculated to f1nd the dlscharge on days when flows are not
taken. ,The flow meter‘data, collected at the 1nlet would be more
accurate‘than calculating*the dlfferences from 51te 3»to slte;9,“

as long as frequent and accurate measurements were taken.

In addition, a site should be:blace on“the7tributaryfentering'the
south:west bay.ﬁ The 51gn1flcance of this 51te is to document the
'water quallty entering the 1ake from the "natural watershed"
There are also tllesrlocated';n’the south west bay which should
be sampled to see:ifvmorelintense monitoring is required.’ TheSeb
,changes 1n the monltorlng program would allow for a more accuratef,

‘in-lake hydrologlc budget. .

,,If both the watershed and the lake are to be studied, all: of the
'changes made to study the 1n-lake 51tes llsted above should be o
1ncluded. The only . other change would be to add one more 51te on
Turkey Rldge Creek as. close to the head waters as p0551ble.~ ThlSJ
site would give. you background data on the water quallty before

_'1t passes«through,any_of the watershed. The data could also be

,compared to the quallty of the spring Water,whlcheenters therlakefx

"in the winter.
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E _, ntstATION ALTERNATIVES

:*There are many ways to correct problems in watersheds and
elncrease recreatlonal beneflts 1n lakes. However, every lake has -
*rdlfferent problems so not all restoratlon alternatlves can be
5 con51dered v1able correctlve measures. The alternatives
: cons1dered for restoratlon of the Turkey Ridge Creek watershed
*and Swan Lake have been chosen because of their effectlveness,
:cost and their ab111ty to be accompllshed. The alternatives
vnlnclude the follow1ng. S
1. No action

2. Construct retentionrdans
‘ 3:t Dig dugouts and wells
| ?i4.' Plant Buffer strips |

';5; Promote the‘Conservation Reserve Program

16f Build an1ma1 waste management systenms

/i?’i Build sediment dlke E
'?;7rs.; Remove rough fish L
;ﬁ‘,s, Stabilize shorelines-?
;éflb;e‘Repair control structures onrthe inlet
”?;11,, Rebuild control strnctnref |

12;~ Build new dam down stream of the inlet channel
/‘ﬁfiS, Remove sediment ‘
;:f14., Conduct information and'education programs

';_3_;5;_ Develop a Sanitary‘District_‘
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No Action

Ther"No action" alternatlve con51sts of no. changes to the_lakejor
‘,the adjacent watershed. Slnce ‘the natural success1on of a ;y’"
'»pralrle lake is from an aquatlc to terrestrial state, the'lakef:

S will contlnue to deterlorate._ The lake may lose more depth and
vresult 1n lncreased flSh kllls. Tradltlona1~lake recreation may
‘be 1ncrea51ngly 1mpa1red and aesthetlc beauty may be lost. A
result of the degradatlon may be a drop 1n the assessed property

' value5~around~theflake,'resultlng';n a‘reduced tax base.
Construct Retention Dams af

‘Bulldlng retentlon dams 1n}the dralnage ways of Turkey Rldge‘d
: Creek would retard‘water-flow, ‘As.the water slows, sedlment L
drops,out of the water COiumn5; Thezmajor;benefits would beyless
.ssuspended solids dowhstream of‘the‘structure."Although"cattle .
may. Stlll use the creek for waterlng, nutrlent levels may Stlll
,decrease. However, the decrease would be minimal. - Currently,
the U.s. Flsh and Wlldllfe Serv1ce has developed a program to :
1nsta11 small sedlment structures whlch can also be used for o

waterfowl habitat. ‘
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' Dig Dugouts and Wells

jA source of both sedlment and nutrlent loadlngs are cattle with

'5;d1rect access to streams.‘ Impacts come from direct input of

;'anlmal waste and stream bank degradatlon from hoof action.
'Dugouts or wells for waterlng placed awvay from streams could
'prevent this from happenlng.' Thls alternatlve needs to include
(gra21ng management systems to work effectlvely Private
7contractors would be needed to drlll wells and may also assist in
fthe,de51gn of thefdugouts._ De51gns-should be prepared so the dam
or well could be low malntenance so the idea will be more
;:palatable for farmers. Beneflts, as stated earlier, would be

, lower sedlment and nutrient 1oads when cattle are in the water.
' Plant Buffer Strips

fBufferVStrips consist of vegetation planted between the river and
' an‘erosion'or nutrient source;l A buffer strip will help fllter
~out suspended sollds and may trap and use nutrients which

otherw1se would end up in a trlbutary or lake.
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PromotejConservation“Reserve Program

The COnservatlon Reserve Programk(CRP) is managed by the U.S.
Dept of Agrlculture. The program pays farmers a contracted ‘
amount per acre to plant a selected fleld to natural pralrle :
vegetatlon. The most beneflt from this alternative would be from

' CRP contract flelds located 1n hlghly erosive and rlparlan areas.
The vegetatlon would remove sedlment from the water column,

'ellmlnate eros1on,{and prov;de,habltat for»w1ld11fe.
Build Animal Waste Hanagementysystems;

Animal Waste,ManagementQSYSfemsh(AWMS)’arekused~to‘e1iminate>
feedlot runoff from entering drainage~areas. A usual system

con51sts of flrst routlng as much clean water away from the

V'f‘feedlot as poss1ble. Two dlfferent types of holdlng ponds may be

'bullt 1) an evaporatlon pond whlch doesn't have to be cleaned
,out but takes a large surface area and 2) a storage pond, . whlch
~covers a smaller surface area and is pumped out-and applled tO‘

cropland at approprlate tlmes by the land owner.

'wf Large nutrlent loadlngs have been attrlbuted to feedlots. The"

'_‘beneflts of AWMS can be 51gn1f1cant although the costs can be a’
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?deterrent A small | AWMS can cost from $8,000 to $12,000, while

d*large systems can range up . to $70, 000.
'Build Sediment Dike

‘?Ausedlment dike constructed on the north and east side of Swan
l:Lake ‘would a551st 1n keeplng Turkey Ridge Creek from flowing over
land and into the lake Flood waters carry large amounts of
“sedlment and may be:responsiblejfor much of the 1akes
“sedinentation. Theitownship road'on‘the north and the east side
r’of the lake was raised aftersthe last flood. To assess if a dike
‘ 1s needed a qualified consultant w111 have to be contacted. 1If
,;constructlon of a dlke is needed an easement would have to be

;’obta;ned from the landowner before construction begins.
,Remove Rough Fish

ARough flsh can cause turbldlty in the lake and also take up much

fof the forage base which could be used by more desirable game

"{flsh. Several alternatlves are avallable for rough fish control.

_;Kllllng all the fish in the lake 1s one avenue which could be
. pursued. The chemlcal, rotenone, is usually used to eliminate

:all‘the fish in a lake. In some cases, killing off a whole lake
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’lS an. excellent ch01ce for lake’restoratlon._ Swan Lake’however
is utlllzed by many local flshermen. The two years lt wouldftake
- to repopulate the lake 1s unacceptable to local flshermen. -Test
nets do- show that rough flsh are the most prevalent spec1es 1n'
Swan Lake ‘but there are falr numbers of game fish. 1n the lake.
Because of the Turkey Rldge Creek connectlon, rough flSh could

enter the lake as soon as the 1nlet was opened.pv,

Removal of rough flsh by commerc1a1 nettlng could also be e

cons1dered.; The SD GF&P test nets lakes for rough flSh. If the
frough flsh populatlon is s1gn1f1cant .a contract is s1gned with a
prlvate company to remove a recommended amount of fish, under the,v
superv151on of SD GF&P., Thls alternatlve would allow the SD GF&P»H
to remove only rough flSh and keep the populatlon of more de51red

speclesplntact.
Stabilize Shorelines

‘;Sedimentation,from collapSingwbanks~can?be Significant;ﬁlBank
'Stabilization‘usually consistszofrplacing:riprap or rock‘gabions
alongdcut'banks to prevent shorelines'from slumping'into the
lake. "The local lake assoc1atlon has already acquired the proper
permlts and rlprapped much of the shorellne.\ De51gn and cost
},estlmates ‘would: have to be obtalned from - a quallfled consultant

'daﬁor,addltlonalrshorellne work. s
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;'kepair Control Structures on the Inlet

a'Both structures 1n the 1n1et channel to Swan Lake could be
corrected  The ex1st1ng concrete structure with a wheel operated
metal gate cannot be completely closed. Frequent blockage by
. rock and sediment prevent the gate from holdlng runoff waters out
;of the inlet. The sedlment ba51n between the inlet channel and
‘the lake holds and traps these nutrlent—rlch waters and flushes
r‘them 1nto the lake when the stop-boards are raised. The
; stop-board structure between the sedlment basin and lake also
tneeds repalr. Boards which are to prevent runoff waters from
enterlng the lake are taken out by local people when the lake
,level 1s lower than des1red.; A more secure system should be
placed at the inlet so nutrlent r1ch water can be w1thheld from

,enterlng the lake.
RehuildhControl Structures

hA new control structure could be bullt at the mouth of the inlet
;channel to Swan Lake. The secured structure should have a
rfeature which would allow it to be closed in late winter when 1ce
:may llne the channel. Such a structure‘would allow more control
on what and when water should enter the lake. A pipe should run

dlrectly from the creek to the lake whlch would eliminate the
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sediment basin. The'pipe would eliminate~the nutrients which;are
trapped in the ba51n and those nutrlents dellvered from the

llvestock now u51ng the sedlment ba51n as a waterlng hole.
Build a New Dam Downstream of the Inlet Channel

At the present tlme, a four foot sheet plllng dam raises- thel
level - of Turkey Rldge Creek hlgh enough so Turkey Ridge Creek can
flow 1ntokSwan Lake. Not only has the dam ‘held back water but 1t
has also acted as aksedlment bas1n.,_Sed1ment‘has filled Turkey .’
Ridge Creek to the top of‘the”dam;" Because the water cannot‘be
flushedfpassed the dam, the sedlment held back by the dam enters>
the 1ake._ The-dam needs to be constructed with a control
allow1ng base flow and run-off events to- pass downstream. When'
the groundwater sprlngs start to run in the fall the gate shouldl'
be left open to allow Turkey Rldge Creek to "clean itself . out",
'Once clear water flows down the creek the gate can be closed and

«the cleaner water routed 1nto the lake.d
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~ Remove In-lake Sediment

,if the sedlment is removed from lake ba51n,’several 1mprovements
!'w111 be evident. FlSh habltat can be enhanced and the threat of
‘rsummer and w1nter flsh kllls 1s usually reduced. There can be
;better control of macrophytes 1n deeper areas. The water is
;;generally clearer because the deeper‘depths help keep waves from

resuspending solids in the water column.

';Both whole lake and selectlve dredglng would be beneficial to the
>olake. Selective dredglng is less expen51ve and less tlme
’consumlng than whole lake dredglng., Fewer sediment disposal
spondskare»needed. A negatrve effect.is that not as much

| ndtrlent—rich sediment is renoﬁed - Suspended solids would still
‘Vbe a problem in the areas not chosen for sediment removal and

: theseqareas may have a negat;ye’lmpact on the entire lake.

«Whole lake dredging is‘more expensive but also more effective in

‘ the long term. The estlmated amount of sedlment in Swan Lake is
l1 3 mllllon cublc yards (Appendlx H) The average cost of a
reten—lnch dredge for a year, runnlng 2 ten~hour shifts a day, 5
hdays a week, for 36 weeks is $325 000 plus a one time
moblllzatlon cost. A ten-inch dredge will remove an average of
‘_125 000 cublc yards of sedlment durlng the 1987-1990 dredging

seasons.; The total cost for whole lake dredging is estimated at
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'$3 250 000 .over 10 years and approx1mately $20 000 for the

_one-tlme mobilization cost.\

The‘ayerage cost of a fourteen}inch dredge for«a year, running‘
for the same 1ength of*time‘as~the ten inch dredge mentioned
vabove, is $425 000 plus one tlme moblllzatlon cost. In past
years the fourteen-lnch dredge has moved approx1mate1y 500 000
'cublc yards of sedlment a year.d The total cost for whole ‘lake
dredglng with the fourteen 1nch dredge is $1,275, 000 over 3
years, plus approx1mate1y;$50,0oo_forfone-tlme moblllzat;on~'

costs. “
Conduct Information and Education Programs ‘

Publicheducation_is neededytobinform pe9ple,aboutuiake‘
restoration and‘of‘the unigue~situation of'the ground‘water
'entering'swan Lake.i A properly 1mp1emented 1nformatlon and
educatlon program can change the way people manage the land and
/water resources. These changes may result in 1mprovements whlch’
w111 benefit the lake., Wlthout an effort belng made to educate

- the publlc about why spec1f1c restoratlon act1v1t1es have been

chosen, rumors and bad pub11c1ty can result. Publlc meetlngs, L

question and answer se551ons,~and publlcatlons could all be used

'-‘to 1nform the publlc what is belng done and why. The Swan Lake

r»kImprovement Assoc1atlon, Department of Env1ronment and Natural
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'Resources, or the Department of Game, Flsh and Parks should
"coordlnate these act1v1t1es to 1nform the publlc on all aspects

of the pro;ect.
Develop a Sanitary District

'The formatlon of a sanltary dlstrlct would beneflt Swan Lake by
onerseelng the dlsposal of waste, water and garbage. Taxes

' 1ev1ed by the sanltary dlStrlCt could ‘be used to sponsor
Jassessments of the condltlon of the waste collection facilities
iaround the lake, take enforcement on known polluters to the lake,

and 1mplement a central collectlon system.



RECOMMENDATIONS

ased on the 1nformatlon collected durlng the course of thls‘
study and the evaluatlon of the hlstorlcal data, the Water
Resource Management DlVlSlon'Of the'SD DENR recommends'the
follow1ng act1v1t1es for the 1mprovement of Swan Lake and its.

~ watershed in- order of prlorlty°‘

Primary Activities

1) Control,structure,fepair,on,vélvefnext to Turkey,Ridge”
Creek b | | ’ |

d2)‘.Dam structufe repair down steam of the inlet channel

3) In-lake sedlment removal : e

4) Bank stablllzatlon |

5) fSediment dike '

6) ;Buffer strlps or CRP 1n orlglnal watershed

7,,7)» Rough fish control |

8) San;tary dlstrlct development,

~ Secondary Activities‘v

,9)~ Anlmal waste management systems

10) Dugouts and wells
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DiScussion of Primary Activities

jPrlmary activities are those Wthh have the most direct benefit

i to the lake. - These are the act1v1t1es which need to be addressed 5

flrst. It is the pollcy of the Clean Lakes Program that all
'sources of lake degradatlon be addressed before in-lake
restoratlon begins. ;A,major‘cause of_Swan Lake's degradation at

’thisftime is sedimentation.

7The most direct way to prevent the sedlments and nutrlents of
rTurkey Rldge Creek from enterlng Swan Lake is to ellmlnate the
'1nletvstructure. However, ellmlnatlng Turkey Ridge Creek from
;the Swan Lake hydrologlc system would stop the recharge the lake
‘jusually recelves from groundwater springs in the winter and fall.
rkTo keep the groundwater recharge enterlng the lake, the inlet to
,Swan Lake should be reconstructed. The structure should be
;secured and controlled by a 51ngle entlty agreed upon by the SD
*DENR SD GF&P, and the SLIA. The 1nlet should be managed to
'allow only high quallty water to enter the lake. The inlet
‘should also be constructed as. close to the main channel of Turkey
"Rldge Creek as p0551ble. Bulldlng the structure close to the
ytcreek would keep the sedlment and nutrlent laden water from
tsettllng in the inlet channel. A dlrect pipe should be placed
‘between,theicreek and the lakerthusyeliminating the sediment

basin in the current system. Elimination of the sediment pond
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~would keep cattle, carp, and other anlmals from addlng sedlment

and nutrlents to the sedlment basin and eventually the lake.

The dam located‘downstreamlofnthe»inlet channel has'alsoecreated :
a,water quality problem whlch,needs to be addressed. The
:funCtlonEthe,currentdfourhfootfdam“is to raise the water level of
;TurkeyﬂRidge Creek higher‘thantthat,of the lake, so,it_can{enter
rthe lake;‘:WithinfTurkeyrﬁidge:Creek the dam mentioned;above,
has- created a sedlment ba51n between dam and the 1n1et channel.
The sedlment level of this area has nearly reached the top of theu
’dam. A ‘control: needs to be 1nsta11ed on the dam to flush away

- the sedlment from the 1nlet and downstream. The expected beneflt
is that the sedlment and nutrlent ladened mater1a1 from the
,entlre watershed w1ll flow by the inlet before 1t is opened. The

result should be cleaner water enterlng the lake.

As stated in the alternatlves dredglng would be very benef1c1a1
1fto Swan Lake. The shallow depths are largely respons1ble for the
jlack of water clarlty of the lake.; DredglngAwould_enhance the“
-uses of -the lake. Resuspen51on~of sediment from boat motors‘and‘
summer winds would be reduced ‘rlsk of fish kllls would be.
reduced and the potentlal for 1ncrea51ng a hydrologlc connectlon ‘

to groundwater would be. 1ncreased.'
. On an average year Swan~Lake loses approximately 1 meter (415'
.f1nches) of water to- evaporatlon each year and only averages (0.6

,meters) 24 1nches of ralnfall.' The net loss to evaporatlon at
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;jthe nresent tinme is£0;43 metersv(17‘inches),or approximately 30
"perCent of the total:wolume'of the lake not inCluding what enters
-from the trlbutarles. Doubllng the depth would make it possible
~lffor the lake to sustaln the temporary loss by evaporation (15
5tpercent of total water volume) untll the fall/w1nter groundwater

: 1nflow would again ralse the elevatlon.

‘Whole lake dredglng would be the ‘most benef1c1a1 to Swan Lake.

As stated in the alternatlves it would be more time efficient and:
,'cost effectlve to secure use of the 14 inch dredge. 1In three
"years ‘the entlre ba51n of Swan Lake could be cleaned out and at
an estlmated cost of 1.325° mllllon dollars. The cost estimated
1n the alternatlves 1s representatlve of average costs over the
'-lasts three ‘years of the State owned dredge. Since that time, it
: has been mandated that the dredges be sold, so costs under

cdlfferent ownershlp cannot be estlmated.

“;The:local'share of the entire”projecttat current cost estimations
1'isi$320'000 plus a?$50 oooymobilization cost. The local sponsor
ncan use either cash or 1n—k1nd work to match the state and

;federal dollars usually requlred in a dredglng project.

‘Lake shoreline stablllzatlon‘on cut banks would prevent wave
bactlon from further cuttlng into already degraded shorelines.
Shorellnes in the southwest bay are most in need of
,stablllzatlon. In 1978 and 1979, the SLIA acquired a grant for

}stablllzatlon of the north andveast shore and completed the
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, project.e‘ﬁost of«theisOuthpshore‘is maintained‘by ;1oca;~,;f
‘~residents who own theﬁlandh’ihfter’theTShores:in the southwest

~bay are:protected, there will be‘little chance for further'
shoreline,collapse. Approx1mately 3, 000 feet of shorellne need
: riprapplng at an. average vertical of approx1mate1y 7 feet.‘ The

estimated cost of this progect is’ $30 000.

Although the road between the Turkey Ridge Creek and. Swan Lake
has been raised a flood control dike may need to be constructed :
between Turkey Ridge Creek and Swan Lake would help in preventlng’
flood waters from flow1ng over the narrow. strlp of land between
the two waterbodies. Because of the volume of overland flow,;sr
flood waters usually carry 1arge amounts of nutrients and . |

p sediment; The road or. dike ‘should be high enough to repel these

7 waters and long enough to force the waters past the lake.

Buffer strips placed along the lake or flelds placed in the
chservation Reserve Program (CRP) would settle out some: of the
~suspended solids carried 1n‘run—off. Buffer strips also keep~

lake banks from deteriorating;and falling into the lake.

Rough‘fiSh;canrbe'a significant,cause of turbidity and the loss
of maCrophytes. By controlling rough fish in Swan Lake there ‘may

‘be more macrophyte growth which would add oxygen to the lake, and'
,preduce turbldlty, which is de51red by locals who use the lake fori
contact recreatlon. ‘The most effectlve method to control rough v

;zfish would be removal by commerc1al means when populations are
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Vsignificant enough.? If removal 1s de51red and the number of
yrough f1sh is not large enough to make it fea51ble for the
'iprlvate entlty, an 1ncent1ve payment could be instituted to
ikensure the rough flSh would be removed. Controlling rough fish
,would be a malntenance restoratlon alternatlve and would require
sconstant monltorlng of rough flSh populatlons with cooperation

from the sn GF&P.

:A f1na1 primary recommendatlon is that the Swan Lake Improvement}
,Assoc1atlon develop a sanltary district which could oversee an
‘;exten51ve 1nventory of the waste and water disposal systems of

, the cablns around the lake., Because‘of the number of homes
';around the relatlvely smallylake, septic waste disposal systems
~cou1d be a source of nutrlent loadlngs to the lake. A sanitary
»dlstrlct would be respon51b1e for the correction of waste
hdlsposal problems. From taxes 1ev1ed on the home owners, the
m-sanltary district could bu11d a complete and contained dlsposal
vMsystem which would ellmlnate falllng waste water systems and also
the ellmlnate the p0551b111ty of leachlng of nutrlents from

'ﬁproperly constructed systems.‘f‘
 Discussion of Secondary Recommendations
,{The secondary recommendatlons are glven because of considerable

fwater quality problems in the Turkey Rldge Creek watershed.
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cOntrolllng feedlot runoff in any watershed can greatly 1mprove
water-quallty_ Trlbutary sample data revealed large fecal
| coliforn counts. The large counts of fecal coliform occurred
durlng runoff events whlch would p01nt to feedlots and poss1bly
gra21ng near rlparlan areas as the most probable source.,-The
.1nformatlon gathered durlng the study showed 16 feedlots of
varlous 81zes adjacent to the ma1n channel of Turkey Rldge Creek.
‘Slxteen other feedlots were counted w1th1n 3/4 of a mile of ‘the
, maln channel. ‘No_ feedlot 1nformatlon was gathered in the |
,trlbutarles running 1nto the Turkey Rldge Creek.‘ It is the‘
recommendatlon of the DENR that a feedlot 1nventory be conducted
~and ranked accordlng to the Feedlot Model developed by Dr. Young
'at the Agrlculture Research Instltute 1n Morrls Mlnnesota.‘ Once.
this 1s completed the feedlots whlch are shown to have the '
hlghest potentlal for nutrlent loads should be addressed. The -

»SCthas been utlllzed in past,projects»to,de51gn feedlot systems.

nDugouts~andﬁwells placed awayyfrom thefstreamsﬁwould'aISO,he:
instrumental in the stabiliaing tributaryrstream banks. AnOther"
beneflt of dugouts. and wells 1s that cattle, wh1ch normally water»
1n trlbutarles, would not stlr up sedlments, a551st 1n bank

“er051on, .or add nutrlents dlrectly to the waterways through thelr

waste.L
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- ENVIRONMENTAL EVALUATION

'DiSplacement of People

. Should a dredglng program be 1n1t1ated for Swan Lake, the needed

:dredge spoll d1sposa1 ponds would be located on farmland some

dlstance away from any lakes1de~development. Existing roads

;would be used for access. Any new roadways required will be

short and constructed on non-re51dent1al land. Therefore, a

:proposed dredglng or any other recommendatlons would not displace

aany people from residences orpplaces of business.
‘Defacement of Residential Areas

ofThe 1n1t1al "settlng-up" and launchlng of a hydraulic dredge in
1%Swan Lake nay 1nvolve llmlted dlsruptlon of the land in the path

; of the launch. Work on the shorellnes and the inlet structure

w1ll also take place awvay from re51dent1a1 areas. These

odlsturbances will take place away from lakeside residential

acreages and should be mlnor, temporary and easily repaired.
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Settllng and temporarlly storlng dredged lake sediment may
1n1t1ally requlre a number of dredge sp011 ponds. The size of:
lthe ponds varles but the total w1ll probably not exceed 40 acres,f
'Some land dlsruptlon w1ll occur durlng constructlon of the ponds

but this will take: place«on5farmland and will not affect," |
7aesthetic values or native plant and animal life. When | |
7completed low-lylng berms (dlkes) -of the ponds will not obstruct
hthe local landscape. The’ ponds are relatively unobtru51ve after
theirfconstruction‘site have been pollced and the slopes of berms
grassed. In any case, the ponds ‘are temporary constructions
whose dlkes are to be leveled and the sites reverted to farmland -
approx1mately two years afterythe complet;on ofethe dredging k

project.
Changes in Land Use Patternsd

- No major land use changes are ant1c1pated as a result of “this
uprOJect. There is con51derab1e lake51de development ‘on Swan Lake
‘at the present tlme and llttle remalnlng lakeshore acreage is
avallable for constructlon., The primary benefits of the progect
~w1ll be 1ncreased lake use, partlcularly from boatlng, fishing,

and sw1mm1ng, which w1ll g1ve a boost to the local economy.
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_ Impacts on Prime Agricultural Land

rkThe 51tes of the dredge sp01l ponds w111 be on agricultural land.
‘It 1s estlmated a max1mum of 15 hectares (40 acres) of farmland

f may temporarlly be taken out'of~productlon for two to four years
'as the pro;ect contlnues. After dredglng is completed, the
,'collected lake sedlment w1ll be allowed to settle for one year

‘before it is ready for reclamatlon and cultivation.
Other work to benefit the lake will have no change on prime
"aéricultural land.

"iﬁpacts on;Parkland; other Public Land, and Scenic Resources

,:The Swan Lake restoratlon prOJect w1ll have no impact on local

parkland ‘other publlc land, or scenlc resources.

‘rImpacts on HlStOIlC, Archltectural Archaeologlcal or Cultural

‘Resou.rces

fThe p0551ble sites for the ponds have ‘been farmed for many years

i7and so are unllkely to contaln 51gn1flcant historic or
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archaeoiogiCai~artifacts. The other restoratlon recommendatlons
w111 have llttle excavatlon. However, the poss1b111ty ex1sts; |
1 that such artlfacts may 1n fact be present. Therefore, before
lkthe de51gn phase of the pro;ect has begun, an archaeologlcal
1nvest1gatlon will be conducted on the proyect site. The de51gn

phase w1ll not proceed unt11 clearance has been granted. In the

o event that archaeolog1ca1 or hlstorlcal resources are uncovered‘

' the 51tes will be shown on maps and other alternative 51tes w1ll

be con51dered or mltlgatlon measured discussed.
LongiRangellncreases-injEnergyrpemand

Restoratlon alternatlves proposed for Swan Lake do not 1nvolve
A aeratlon, pumplng, malntenance dredglng, harvestlng, chem1ca1
_treatments, or any other alternatlves whlch may cause. 1ncreases

in energy demand over a perlod of tlme.
~ Changes in’Ambient«Air“Qualitv;or Noise Levels;

Minor short-term a1r pollutlon (blow1ng dust) may occur . durlng
'fsome of the restoratlon pro;ect.' In51gn1f1cant short-term a1r
pollutlon w1ll be produced by the hydraullc dredge exhaust.w Alr‘

~qua11ty problems on 51te can be mlnlmlzed through varlous
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,constructlon management measures. Soil erosion (wind and water)
f‘on the constructlon s1te can: be mlnlmlzed with Best Management

'Practlces (BMP's)

“A change in the 1ocal nolse level due to a dredglng project will
:probably be notlceable durlng the launchlng of the dredge and
epartlcularly during constructlon of the sp011 ponds. The
:1ncrease in noise caused by constructlon machlnery will be
»;temporary (short-term) and not exce551ve since most of the
‘constructlon activities w1ll takefplace some distance away from
_15ieshofé residences; The hydraullc dredge produces relatively
-;moderate englne n01se durlng normal operatlon. There have been
‘very few noise complalnts by re51dents in past dredging projects
‘even those conducted at relatlvely close quarters in the smallerdd

i7waterbod1es.
',Adﬁe:se Effects of ChemicaliTreatmenttaﬂ

”There’are,no'plans for the use of in-lake chemical treatment in

~ Swan Lake at this time.
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; '_APPENDIX B - Sbils Assdciatioﬁs 1n the Swan Lake Watershed
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= Egan—Ethanjassociation - 25%

‘The Egan-Ethan assoc1at10n 1s located 1n southwestern part of the_

watershed. It is found in upland areas w1th slopes ranglng from
0 to 25 percent.. In Turner COunty the Egan 501ls ‘make up 50

percent the Ethan soils- -30 percent and minor 50115 the -

. remalnlng 20 percent. The Egan s01ls are falrly level 501ls w1th'

the surface a dark gray 51lt clay loam. The subsoil 1s dark

. graylsh brown, brown, and graylsh brown 511ty clay loam and clay

loam. The underlylng materlal is llght yellow1sh brown, mottled ’

,calcareous clay loam. - The Ethan s01ls are found on knolls and

uppervslderslopes.g Typlcally the surface is dark graylsh brown
loam. The next layer is llght brownlsh gray clay loam. And the
underlylng material is light gray and pale yellow, mottled clay
loam, and“calcareous throughout., About 80 percent of the
association'is usedjfor cropland.”’The steeper slopes‘support
native grasses and'arevuSed for grazing.r For crops the major/
concerns are controlllng er051on, conserv1ng m01sture, and

1mprov1ng,fert111ty (So11’Conservatlon Serv1ce,,1982).

Clarno-Bonilla association - 19.5%

The Clarno—Bonilla1association:is‘locatedgin the upper central

part of the watershed. This associations makes up 50 percent of
~- the watershed and is usually found on uplands characteriZedﬁby
‘many low moist or marshy areas. - In;TurnerlCounty,the,association

- consists of about;solpercent Clarno soils; 20 percent Bonilla .
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yf5501ls, and 20 percent minor 50115. Generally the Clarno soils

frare on the upland areas and the Bonllla s01ls are usually located

”ifeln swales and are subject to floodlng. The surface of Clarno
',?”SOlls is typlcally dark graylsh brown loam. The color continues
:‘gelnto the sub5011 but may also be graylsh brown and light graylsh

':é brown loam. The underlylng materlal is light yellowish brown,

rf and 11ght gray, mottled, calcareous clay loam. The surface of -

"ié'the Bonilla SOllS is typlcally very dark clay loam. The subsoil

‘é,is dark gray, grayish brown, and light brownish gray gray clay

l;~loamQ The underlying material is light brownish gray, light
%,yellowish brown,iand liéht/gray, mottled, calcareous clay loam.

yé’About 90 percentzof theiassooiation is cropland and in level .

sﬁ;areas these soils can be used for almost any purpose. In the

| steeper slopes erosion and conserving moisture are the main

}f;concerns (Soil Snrvey of Turner'County, 1982).

?'f Clarno-Ethan association - 17%

;?gThe’CIarno-Ethan‘association;is located on the northwest side of

? the,Watershed. Its slopes are predominately 2 to 25 percent but

‘sé'do range down to 0 percent . slope. The surface of Clarno soils is

i,é”typlcally dark graylsh brown loam. The color continues into the

1E*subs01l but may also bekgraylsh'brown and light grayish brown

wj;'loam. The underlying material is light yellowish brown, and

,tjwllght gray, mottled calcareous clay loam. The Ethan soils are
Lé‘found on the knolls and upper side slopes. Typically the surface

;ffis'dark grayish brown loam,‘ TherneXt layer is lith brownish
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/graY“clay,loam., And the underlylng mater1a1 1s llght gray- and
pale yellow, mottled clay . loam.: The SOllS are calcareous
throughout. Elghty percent of the a55001atlon is cropland. The
steeper slopes are used for gra21ng. As in the assoc1atlon
‘mentloned above controlllng er051on, conserv1ng m01sture, and
'~1mprov1ng fert111ty are the major concerns (SOll Conservation

Serv1ce, 1982)

Clamo-Lamo association - lS.l%‘7~

Thls‘assoc1atlon is located adjacent to Turkey Rldge Creek
ba51ca11y it is found in. flood plalns and has a slope of 0} to 2
fpercent. ThlS a55001atlon 1s about 35 percent Clamo 25 percent :
‘ Lamo, and 40 percent other mlnor 501ls. - The poorly dralned‘Clamo
3“$°lls are in the lowkparts pfathe‘flood:plains; .Theysurface is
,_typicallykyery darkdsilty‘clay;< The’subSurfacetis~darkkgray
silty clayﬁandVSiltyjclay,loam;thhe;lower partkofgtheisuhsurface
ls«calcareous;‘ The underlyingflayer,is gray and light oliye“
| ,gray, mottled,_calcareousksilty clay loam.»iThe Lamo soilsfarew
~‘h1gher in the flood plaln than the Clamo SOllS.; The surface is
yvery dark gray silty clay wh1ch contlnues 1nto the subsurface.uk‘
',The underlylng materlal is- 11ght brownlsh gray and gray, mottledidd

i 511ty loam and also has accumulatlons of gypsum. The soils are

~calcareous throughout.9 Seventy-flve percent of the»clamo-ﬁamoft,y

‘assoc1at1on‘1sfcropland; Controlling,wetneSS‘is the—majori,~'

~ concern in these soils. Preparing the soil for seeding and
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 i;Egan-Treht - 12.7%

improving root penetration is also a concern (Soil Conservation

| Service, 1982).

  ?Thé‘Egan-Trent asédciation ¢ov¢rs_the fifth largest surface areég
;;éItlis mainly lodated in ﬁhe‘56utheastern part of the watershed.
'féThis is another upiand aésbéiation, however the slopes only rangé
i éffém,o to 6 perceht. About 60 pefcent of the association is made
 §up'of Egén soils,zls percent is Trent soils, and the remaining 25
éperdent are various other’soils. ‘The.Eganysoils arefgenérally
' ;foﬁnd:on the highér groundj¢f‘the iandscape. The surface is
i?éﬁsﬁally a dark gray siltyciéy~loam} The subsoil is dark grayish
  3browﬁ, bfown, and‘grayish brdwn silty clay loam and clay loam.
éThelunderiying material iS'light,yellowish brown, mottled,r
Lécaléaréous clay léam. Thé1m6derately drained, nearly level Trent
?;isoils'are in swales and subject to flooding. The surface is
"gusually dark gray;silty élay)loam; ‘The subsoil is very dark
 @g;ayish brown, gréyish browh,,ahd,light brownish gray, mottled
 §§11ty clay loam. It is calcareous‘infthe lower part. The
:éﬁhderlying material is light gray,‘mottled, calcareous silty clay
yfgibam. About 90 péréent of the asséciation is cropped. In the
 ¥§ﬁeaf1y‘1eve1 areaé,‘thesé sbils have: few limitations. 1In the
‘jéuhdulétinq areas, controlling erosion is a major concern.
'ﬂ §C§hserving moisture is also a‘éohcérn for the Egan-Trent

iféaSSociation (Soil Conservation Service, 1982).
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Egan-Worthing association - 5.5%

The 2000 acres in the southwestern‘partfof the watershed are
characterized by uplands with\many7depressions. ~Slopeslare

usually short and convex, ranglng from 0 to 9 percent., The :

,a55001atlon is made up of about 45 percent Egan, 15. percent

Worthlng,;and 40 percent othergmlnorr501ls. -The Egan soils are

onvwe11~drained nearlyflevel~to gently rolling areas. ,The .

surface 1s usually a dark gray s11t clay loan. Thefsubsoil is~:

dark graylsh brown, brown, and grayish. brown silty clay loam and

clay,loam. The underlylng materlal is" llght yellowish brown,'

mottled, calcareous clay loam.. The poorly.dralned, level

'Worthlng s01ls are in depre551ons. ‘Typically the surface is very

dark, dark grey, and gray 51lty clay It is calcareous in the

- lower part. The underlylng materlal 1s llght gray, mottled

‘ calcareous‘51lty~clayfloam- 'About 65 percent'of thls assoc1ation

is cropland, but most of the Worthlng soils are ‘used for gra21ng

“or Wlldllfe habltat. As w1th the other soils controlllng er051on

and conserv1ng m01sture are the main concerns w1th the. Egan

-soils. Pondlng;of'water-lsfthe maJor concern;ofkthe,Worthlng~

soils (Soil Conservation Service, 1982).

'Wentworth-Chancel1or-Wakonda - 2.5%

l“;Thls assoc1at10n 1ocated in the northeastern part of the ,d

' watershed ‘is on uplands with many dralnages termlnatlng 1n small

depres51ons. The'slopes for the Wentworth-chancelloréWakonda
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flass001atlon range from 0 to 6 percent The association is made

:ftup of about 40 percent Wentworth 501ls, 25 percent Chancellor

.f!501ls, 15 percent Wakonda 501ls, and 20 percent other minor
tf soils. The well dralned and moderately well dralned nearly
'gylevel to undulatlng Wentworth soils are found on slight rises.
E;The surface layer is very dark gray 511ty clay loam. The next |
‘é layer is dark graylsh brown, grayish brown, and light brownish
*éigréYVSilty clay loam. itsis calcareous and mottled'in the lower
vfkpart. The underlylng materlal is pale yellow and light gray,
ipmottled calcareous 51lty clay loam. The Chancellor soils,
1é}located in shallow,dralnages, are~poorly drained and are subject
1€ato_flooding. The surfaceysoil is very dark gray silty clay loam.
:jésThe‘subsoil is yery dark gray; dark,gray, and light brownish'gray
fépsllty clay and silty clay;loamQ It too is mottled in the lower
‘TE part. The bottom layer‘of materialxis light yellowish brown‘and
:f—llght gray, mottled calcareous 51lty clay loam. lt may have‘
‘épaccumulatlons of gypsum 1n the lower part. The moderately well
é’dralned Wakonda SOllS occur 1nterm1ngled with Wentworth soils
{gabove swales and depressions. Typically the surface layer is

- dark gray silty clay loam. . The next layer is dark gray and olive

';é broanSilty clay loam. The underlying material is light brownish

i'gray,silty clay loam, and pale yellow clay loam. It is mottled
and has accumulations of gypsum in the lower part. The soils are

' calcareous throughout. The association is about 90 percent

- cropland. The main management concerns are controlling wetness

iig in the Chancellor soils and‘imprOVing fertility in the Wakonda

| soils (Soil ConservationkService, 1982).
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Clarno-Crossplain-Davison association. - 1.2%

'fThe7Clarno-Crossplain—DayiSOn association is the smallest’t
assoc1atlon located w1th1n the Swan Lake watershed. It'coyers‘
approx1mately 2.5 square mlles in the- upper central part of the
watershed. ~The slopes of thls a55001atlon range from 0 to 6
ipercent.r The Clarno SOllS whlch make up 55 percent of the
associatlon'are typlcally-on sllght~r1ses‘of‘the landscape. The
surface of Clarno 50115 are typlcally dark graylsh brown 1oam.,"
The color contlnues 1nto the subs01l but may also be graylsh
brown and llght graylsh brown loam.‘ Theéunderlylng mater1a1 is
llght yellow1sh brown, and 11ght gray, mottled calcareous clay
loam. The somewhat poorly dralned -nearly level Crossplaln 501ls
are 1n swales and shallow dralnages.f,These soils wh;ch.can\be
subject to floodlng usually appear~as a darkngray clay loam.l The
subsoll is dark gray, gray,.and 11ght brownlsh gray, mottled clay
,and clay loam. - The underlylng materlal is. llght brownlsh gray '
and llght yellow1sh brown, mottled calcareous clay loam.,~Ther
cmoderately drained, gently*undulatlng Dav1son s01ls occur as
f'convex areas 1nterm1ng1ed w1th areas of the Clarno 501ls abovez
swales and depre551ons. These 50115 are also. known to be wet andv
appear as a grayish- brown loam. The next surface is graylsh o
tbrown clay loam. The underlylng mater1a1 is llght yellow1sh
.brown;clay«loam.‘fIt has lrregular spots and variations ln‘color‘
'yandrgypsum in thellower part., The,Davison'soils are calcareous o
'¢throughout. About 90 percent of this association is cropland. :

u;,TheVClarno‘501ls have few llmltatlons., Controlllng wetness on
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_ the Crossplain, and improving fertility in the Davison soils are
f%the areas of soil management concern (Soil Conservation Service,

. 1982).
‘ﬁ“ﬁgﬂi-cm-w;__m-_l_a_; G

. ;This association is locahed‘oh the far western edge of the Swan
‘ﬁéLake watershed and is glac1a1 plaln partly covered by glacial
iéoutwash dep051ts.f The assoc;atlon is about 45 percent Hand

\'Esolls, 25 percent;Clarnogsoils,;lé percent Davison soils, and
.a?aboat 15 percent other minof:soils;‘ The Hand soils formed in

"iéélacial meltwaterjdeposits;‘aHand soils are well drained and
W;nearly level to gently rolling;’ The surface layer is dark
Teégfayish brown 10am. The:sﬁbsoii is grayish brown in‘the upper
%;partfand iight gray, caloareous loam in the lower part. The
:Eunderlylng material is llght yellow1sh brown and llght gray,
»fécalcareous silt loam and loam Clarno soils formed in glacial
”létlll. The Clarno soils arekalso‘well drained and nearly level.

‘fféThey,have a surfaée layer of:dark gray clay loam. The subsoil is
 ??dark érayish browh clay loam’in the upper part and grayish brown
hzloam in the middle part., The 1ower part of the subsoil and the
1%under1y1ng material are pale yellow and light yellowish brown,
~‘écalcareous loam. The Davlson 50115 are in low rises and formed
'ﬁéby glac1a1 meltwaters. Davison eoils are moderately well drained
”éand nearly level to undulating. The surface layer is grayish

‘~ibrown loam. The underlylng material is light yellowish brown

{ooe

;iloam and silty loam at a‘depth of 37 inches. Below that, layers
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L
are pale'yellow'fine‘to verygfine sandy 1oam.v Thefseilskare
calcareous throughbui. 'Rﬁnefff;stslow tormedium.debending‘oa the
- slope. 1The soilsehave,a'ﬁediﬁm’fertility; “The high con;ent,bf,
limeein\the DaVieon soi1s'makee:£hem SuSCeptible to blowing.{ The °
main- management concerns are controlllng er051on in the
undulatlng areas of the assoc1atlon, control of blow1ng
espe01a11y in the Dav1son 50115, ‘and malntalnlng fertlllty (8011

Conservatlon Serv1ce, 1978)
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APPENDIX C - Inlet Control Structures and Dam
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][ ',Fig”'e C-2. Inlet Culvert to Swan Lake

} Figure C-3. Second Control Structure Before the
i

inlet to Swanil'_ake.
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Figure C-6. Inlet Channel From
;o Turkey Ridge Creek.-

Figure C-7. Turkey Ridge Creek between
the Inlet Channel and Dam.

FigUrefC-B.i Dam Structure Downstream
SR from the Inlet Channel.




‘ APPENDIX D ‘-_‘/,:,Tr‘ibutary‘ Sample Concentrations
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SWAN LAKE INLAKE SAMPLES 1991-1992
~ COMPARISON OF TOTAL DEPTH
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Figure F-1.. In-Lake Total Depths.
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COMPARISON OF SECCHI DISK DEPTHS
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Figure F-3. In-lake Surface Water Temperature.
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SWAN LAKE INLAKE SAMPLES 1991-1992

'COMPARISON OF ALKALINITY
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Figure F-9. In-lake Total Solids.
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SWAN LAKE INLAKE SAMPLES 1991-1992
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Figure F-23. Phosphorus TSt Levels.
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o : e - ; : . ; b : _ MRD LAB:;JO/Z?O
k i . ) : e - sheet &7of 4 i
~Table G-1. Elutriate Sample . DEPARTMENT OF THE ARMY 2
: Hlssoun River Division, Corps of Engineers
" Division I.aboratory
onaha Nebraska

: Pro;ect South Dakots Department of Uater and Natural Resource L
Date Sample Taken: 14 Mar 90 : Customer Sample Id: SWan Lake

Date Sample Received: 17 Mar 90 - MRD Lab Sample No: M-1180 '
Sample Description: Water and Sedment Sanple Contuner. 3- 1gal glass (water) and 1-1gal glass (sedment)

Time Sample Taken: 3:00 PM
Comments: Swan Lake (Turner Co.) South leota

Receiving - Elutriate

Sediment S Water Water :
Analysis ‘ - “Result Units Result Units Result Units
Ammonias Nitrogen : : R 0.45 »g/L 5.3 mo/L
Chemical Oxygen Demand ; Lo 39 mg/L 54 © mgfL
Total Cyanide . BN <0.02 mg/L <0.02 - mg/L
Nitrate-Nitrite Nitrogen = - i Co . 0.19 “mg/L <0.01 ' mg/L
Total. Phosphorus : . ol 0.09 wmg/L ) .. 0.28 mg/L-
~Total Kjeldahl Nitrogen . e ) 2.0 mg/L . 5.1 mg/L
Oil and Grease ER ; RO €5 mg/L <5 mg/L.
Antimony S : = <10 mg/Kg . URE | ug/L 3 ‘ug/L
Arsenic - 12 mgfKg e 2 Cugfl 13 ug/L
Barium o - 310 - mg/Kg 110 ug/L 260 ug/L
Beryllium . ) 14 " mg/Kg BRI 4 | ug/l <« ug/L
Cadmium R . <0.1 mg/Kg: - <0.1 ug/L - <0.1 ug/L
Chromium - L 38 mg/Kg 2 T« ug/L L <1 ug/L -
Copper. - : 23 i mg/Kg . T <10 vg/L <10 ug/L
Iron .. 26000 ‘mg/Kg S| ug/L 80 ug/t
Lead . . <5 Somg/Kgs T« ug/L <« ug/L
Magnesium = - 14000 o wg/Kg 160 mg/L 170 mg/L
Manganese ' . 1600 Lomg/Kg " <§ ug/L 1500 ug/L
‘Mercury : ) .. <0.1 o mgIKg . <0.2 ug/L. <0.2 ug/L
Selenium =~ - 0.50 mg/Kg 5.0 ug/L 1.0 ug/L
2inc ‘ : 98 mg/Kg . <10 ug/L <10 ug/L
~ Nickel . B 36 CoomglKg - ‘ug/L 3 ug/L
Aluminum - e 30000 L mg/Kg . <50 ug/L <50 oug/L
Calcium - : <. 930000 . mg/Kg - : - 220 _mg/L -.210 . mg/L
Sodium . 600 . mg/Kg . 94 “mg/L .94 . mg/L
Potassium o R 4900 mg/Kg : 17 ~ mg/L .23 mg/L
Silver ~ . R . <1 ®g/Kg . <10 ug/L <10 ug/L
-Simazine (Prmcep) ) ) <100 ug/Xg ) ' <0.1 ug/L <0.1 ug/L
Metribuzin (Lexone) = <100 ug/Kg - . <0.1 - w/L o <0, ug/L
Atrazine (Aatrex) <100 o uglKg Co<0,1 ug/L - <0.1 ug/L
- Aldrin : <10 . ug/Kg <0.01 ug/L. - <0,01 ug/L
alpha-BHC - <10 ug/kg <0.01 ug/L <0.01 ug/L
. ‘beta-BHC . <10 . ug/Kg - <0.01 ug/L L <0.01 . ug/L
-+ gamma=-BHC (Lmdane) <10 ug/kg - v «<0.01 ug/L <0.01 ug/L
- Mirex <50 ug, ' Xg - <0.01 ug/L ! <0.91 ug/L
Chlordane , L <10 ug/kg . <0.01 ug/L <0.01 - wg/L -
~P'PWDDD . s <10 Tug/Kg - <0.01 - ug/L <0.01 - ugsL -
P'P*DDE o <10 ug/Kg - <0.01 ug/L <0.01 ug/L
P'P*DDT . ) <10 ug/Kg . <0.01 ug/L <0.01 ug/L
~ Dieldrin <10 ug/Kg. <0.01 ug/L <0.01  ug/L
©Endosul fan 1 E <10 ug/Kkg <0.01 ug/L : <0.01 w/L
Propachlor (Ramrod) <100. . ug/kg <0.1 ug/L <0.1 ug/L
Metolachlor (Dual) : <100 - ug/Kg <0.1 ug/L <0.1 ug/L
“Alachlor (Lasso) : <100 ug/Kg <0.1 ug/L - <0.1 ug/L
Diazinon = - . <100 ug/Kg <0.1 ug/L <0.1 ug/l
_Endrin - <10 ug/Kg. <0.01 ug/L : <0.01 ug/L
" Heptachlor <10 ug/Kg' - <0.01 ug/L - <0.01 ug/L
Heptachlor epoxide <10 ug/Kg <0.01 ug/L <0.01 wg/L .
‘--Methoxychlor - <10 .. . ug/Kg <0.01 ug/L 8 <0.01 ug/L
. Toxaphene . ' ... <500 - . .ug/Kg <0.50 ug/L o <050 0 ug/L
- PCB-1016 - s . <100 T ugl/Kg -.<0.10 ug/L <0.10 ug/L
pcB-1221- . - o <100 ug/Kg <0.10 ug/L " <0.10 uvg/L
PCB-1232 T <100 ug/Kg <0.10 ug/L ) <0.10 ug/L.
- PCB-1242 - : <100 ug/Kg <0.10 ug/L <0.10 ug/L’
. PCB-1248 <100 .- - ug/Kg ' <0.10 . ug/L - <0.10 - ug/L
PCB-1254 ! <100 © ug/kg . <0.10 - ug/L o <0,10 - Tug/L

. PCB-1260 <100 wg/kg © <0.10  ug/L <010 . w/L
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| Tablé H 1 Sedlment Volume Computatlons b W AJ.V .LIAA.EI i
e BT SEDIMENT VOLUME COMPUTATION S

: __AREAS in SQ IFT mwum'm cU_Mms|
.mnmv . ’ ’
0+00 0. 0 : o m'," .
1400 0 | 2408 }— 4455
2400 | o | 375 |—2 11445
3400 -0 7614 - - g . i;gzg

_4+00 0 8997 5 ETEn
5400 | o __ 11326 F— <3362
6400 -0 12100 o | eas78
7400 0 | 11884 ——

0 40260
8+00 . 0 9877 o —32088
9400 .0 9556 o T se14
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1400 | o 11334 5 ey
12400 £ 12589 0 | #7387
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25500 £ 5700 ) 25731
26400 0 8194 T 20435
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0 23143
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0 | ‘15065

3400 0| des 0 14035
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3%+00. | 0 3133 e
40400 0. 1542 o oy
41+00 0 2271 —o rom
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43400 0 | 4081 I— 9505
44400 0 5603 e T
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- - Q. 26859
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- 0 20715 -

47400 0 B4 -
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TOTAL ESTIMATED SEDIMENT VOLUME = 1 323 000 CU YDS
a2
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