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a“vi;f‘iseverlly have frequenfly been observed

l”ffaccording +o SCS esllmales.jtfzfv;fjli

'“;fjdHendrlcks WQSA prOJec+

Lake Hendrlcks WQSA Summary

r}7f:rThe Lake Hendrlcks Wa+er Quallfy STudy Area conslsfs of abouf 31 430 acres I
T, Brooklngs and Deuel Counlles,kSoulh Dakola and Llnooln CounTy, Minnesofa.‘ The
*af'walershed lles ln The mlddle of lhe Pralrle CoTeau, a plaTeau-llke hlghland aT
k:;:i;;elevaflons of abou+ 1 600 +o l 800 fee+ Lake Hendrlcks was formed by glaclal ;
:"acflon durlng +he Lafe WIsconsln glaclal perlod some . 13 000—15 000 years ago.i~si€:u;a
H:;f The lake has a surface area of l 634 acres, an average deplh of 5 feef and a yi
~t;f maxlmum dep+h of 10 feef., Lake Hendrlcks ls classlfled under The Soufh Dakola »‘?d-”nl
‘d:Waler Quallfy Sfandards for lhe beneflclal uses of warm wafer marglnal flsh llfeilsf.f
id;propagallon, lmmerslon recreaflon, llmlled conlacl recreallon, slock walerlng

kl{xffand wlldllfe propagaflon.,,kaiﬁ

fiiAquallc Weeds are nof abundan+ ln Lake Hendrlcks buf annual blooms of blue-greeank
u'fj'algae conslllufe vlsual evldence of eulrophlcaflon. Prlmary flSh specles f,

‘Ag:;:fmanaged for are walleye, norlhern plke, and panflsh. Flsh klllS of varylng

“f,flfprproxlmaTely 74% of The Lake Hendrlcks wafershed is cropland and 26% rangeland fvfr,i,

'f';hor pasfure. Abou+ 2/3 of lhe dralnage area was adequalely Trealed ln 1981

'1w'fLakeshore developmen+ lncludes aboul 40 lakeside resldences, Two parks. a number;ﬁ;f'l

‘s7iiof farms, and +he wan of Hendrlcks, Minnesofa IocaTed near The norlheasfern

‘ lefshore.; Lake Hendrlcks has exfenslve:publlc use as a- recreallonal area and Thereﬂj}fff
';:fls conslderable local Inleresf ln +he lake as ls evldenced by The ex:sfence of l;f~f,ﬁ*

lfﬂ;fhe Lake Hendrlcks lmprovemen+ Assoclallon and s+rong local suppor+ for fhe Lake‘;flm




g wllhln +he wa+ershed, samples were Taken aT s:x snfes. One site was Iocaled on;f’

';&;jl;runoff,éf

'Lii concenfrallons of Tolal phosphorus for ln—lake slfes ranged from 0. 85 to ,-’ |

";;f en+erlng the lake from the Deer Creek SITe durlng 1983 were 0 12 and

"’51:dafes from 1980 To 1983 Generally, fecal collforms are not a serlous problem

“C‘fffWalershed erosnon, prlmarlly from cropland, provnded 2 978 Tons and lakeshore |

: ‘ﬁ”eroslon conTrlbufed 220 lons of sedlmenl To Lake Hendrlcks. Tofal esflmafed

To delermlne water quallTy characferlsllcs and idenflfy water quallly problems f,

Pt P

Evg Deer Creek lwo were esfabllshed on maJor lnTermITTenT Trlbufarles, two were

: ln-lake slfes, and one was locafed near ThefLac Qul Parle Rlver, “the lake f‘ Dv -

L -

~§f oulleT Samples were collecled affer ralnfcll evenfs and durlng snowmell ff?ﬂ:

by
¥

: ln-Iake sampllng lndlcafed Lake Hendrlcks To be hypereulrophlc, as evndenced by‘b’

5 hlgh concenfra+lons of total phosphorus and organlc nlfrogen.< Annual mean lfAL??f’

206 mg/l from 1980 +o 1983 Correspondlngkvalues,for organlo nlfrogen rangedfgfv

‘ li‘from 76 +o 1 42 mg/l.;'

The prlnclpal problem at Lake Hendrlcks appears to be ex+ensnve nulrlenf loadlng?g

N :from lhe walershed vla Deer Creek. Annual phosphorus and nllrogen loads

*‘,l 22 g/mz/year, respecllvely. These values represenf dangerous loadlng levels ,,4‘

N

b:for Lake Hendrlcks (mean depfh l 5 m).k~,e

”,gExcesslve fecal collform levels were observed ln-lake on only three sampllng e

’ln Lake Hendrlcks. Mean fecal collform counTs for Deer Creek and The maJor ;b"*

“filnlermlflenl Trlbularles were relaflvely low and ranged from 7 To 127/100 ml.

i

11‘?sedlnenf yleld amounted to abouf 2 5 acre-feel per year or: 03% of lake waler

"i,icapacily.-~
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'Wg;{lNon-polnT sources ofipollufion from The‘Deer Creek walershed as Indlcaled'by‘
.,ffvrelaflvely hlgh nufrlenf loadlng and sednmenls To The lake are prlmarlly from a
er_;lack of bes+ managemenf prac?lces ln +he walershed Approxlmafely 33% of +he k
lfiwalershed ls ln need of Trealmenl +o mlnlmlze eroslon.\ Secondary sources of
lf"nulrlenfs as well as primary sources of fecal collforms To fhe lake are f"-d
nﬁf{iillvesfock operaTlons wllhoul polluflon conTrols and falling lndlvidual sepflc

":,»Tanks sysfems.¢fkiﬂ, fd
. Recommendations :

efiNulrienT loadlng To Lake Hendrlcks from The Deer Creek dralnagermay be reduced

".f?;iby uflllzlng BMP's on: +he land lncluding |mplemenTaTlon of ferllllzer managemenl
“'kﬁdh{pracflces, and conservallon Tlllage +o reduce eroslon. Proper grazlng use and ;ff,jf“
ui]f?feedlol wasTe managemen+ sys+ems wlll help in The reducflon of nulrlenls,f;'fj;1~;fr;

'*fﬂzparllcularly phosphorus, and posslble bac+er|al confamlnallon +o The lake.{ ey

“°ﬁ*niMalfunc+lonlng sepflc +ank sysfems around The Iake perlphery should be upgradedjf'wfk’

1fiand lechnlcal asslsfance should be provlded To conlrol exlsflng problems.lf_~\d‘b‘jk

":i;Followlng lmplemenfaflon of walershed Trealmenl a selec+lve dredglng program
'[;fland/or chemlcal phosphorus flocculaflon +o lmprove waler quallly and The overallh;;f

"“hiirecrealional poTenTlal of The Iake should be lnvesflgaled.:-f~75ffif?irflﬁf :




Lake Hendricks Watershed Descrlpllon ft :
g | A '

e Lake Hendricks is a glaclal lake locafed ln The norlheasfern corner ofu,

2 }kBrooklngs Counfy abou+ 20 miles norfheasf of The Clly of Brooklngs.,fh

< L

General Descrlpllon

i APProxImaTelY 1/3 of lhe Iake, lncludlng The outlet, ‘extends . lnfo e

o fThe | ake covers l 634 acres and has a maximum depth of 10 feet and a

S Is supplied to Lake Hendrlcks by Deer Creek and lwo other major

‘InfermITTenT lrlbufarles +ha+ enler The lake at ITS norfh-cenlral and {7r

Llncoln Counly, MnnnesoTa.‘ The Town of Hendrlcks. Mlnnesofa, lles ff L

near the norfheasfern shoreline. |

The |ake is posllloned in a relaflvely wel | dlssecfed oufwash channel

tributary to the Lac Qul Parle Rlver in extreme eastern Mlnneso+a.‘y ;“’f~

Lake Hendrlcks Is flushed adequalely in normal years by surface wafers;V

dlscharged from a waTershed of aboul 31 430 acres (Flgure 1. Waler_.ﬂx

soufheasf»shore. The oufflow empfnes into the Lac Qul Parle River. j-*ﬁid

‘féi_mean dep+h of abou+ 5 feeT The boTTom consnsTs of sllf and muck- ln ‘_f"

: l;i panflsh represenf,common;fish,specles.

“About 5% of The shorellne area ls covered by-cattall and bullrush

, bays.‘ Symptoms of eulrophlcaflon such as blooms of blue—green alga977

~and reduced waTer clarlly, are presen+ annually.; Carp.,bullhead and a

The | ake basln with sand and gravel in +he near shore areas.

while submergenf aquallc vegelalion is Ilmlfed +o a. few shellered

1 &



' Lac Qui Parle
" River~

b ~1 2z 3 ¢ 5 6 7 &

Ch Miles

. Figure 1. ke Hendricks walarshed: | oo



‘ e advanced eulrophy of Lake Hendricks, fish kllls of varylng severnTy

Beneficlal Uses and lmpalrmenfsrlﬁ

'V, Lake Hendrlcks is a. popular recreallon lake prov1dlng sw1mm|ng,

~ flshlng, camping, walerskling, and boaling. I+>helps to serve The\

:'65-mxle radius of The lake.g;

' Accord|ng to +he Soulh Dakola Board of Wa+er and Nalural Resources

| warmwater marglnal fish lee propagaTion, |mmerslon recreallon,

' waler quallfy s+andards for +hese beneftcnal ‘uses are presenled ln

‘Table 1.

”l/ Lake Hendrlcks supporTs a warmwafer sport flshery for walleye,

'§ vDeparTmenT of Game, FlSh and Parks (GF&P) manages +he lake for

| walleye, norfhern plke, and panflsh. Due To The shallow depfh and

é - may be expecled to occur on a regular basls, as Is indicated by The

‘Iake S beneficlal use classlflcallon as a marglnal flshery.

: recreaflonal needs of a populalior esllmafedka+1159;831,wlfhln auif:ki

Regulaflons, Chapfer 74 03 02 v"Surface Hafer Quall?y Sfandards" Lake Vf

Hendrncks ls classlfled as havlng The beneficlal use designations of '

'Ilmlfed contact recreallon, slock waferlng, and wnldlife propagaflon.gf

Deer Creek from Medary Creek To SBO-TlllN-R47W |s classlfled

for: warmwafer marglnal flsh llfe propagaTlon, Aimited contact

' irecreaflon' wildllfe propagallon, sfock walerlng, and lrrlgallon. The o

‘,i

norfhern plke, crapple, carp,'and bullhead. ‘The Sou+h Dakofa

'”:‘ther Impalrmenls to Iake waler quaIlTy lnclude nufrlenf and sedlmenlai”
"loadxng from The walershed Excesslve slopes in the watershed (mean }f{*i

A0 4%) lmpose a polenfla||y hazardous sedlmenT dlscharge. AddlllonalrfiA
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© Parameters

'f‘Ahso'74io3:62:30

Benef1c1al Uses of Publxc Waters Establlshed

o SURFACE JATER QUALITY STANDARDS

:;fishvlife‘propagatiqn 9

Domestic watérfSupbjy i
4HCold'Watef permanent .

—
N,
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S
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Commerce and industry =

';4Cadm1um mg/1

- £ " o

,'.i-m,i; .I.illiz'-!!!} ;1!!?!!'::. ; :;7;‘1'» ]

'~7fQH, Standard. Units"

“"Selen1um mg/l

.Sulfate mg/]

J<S11ver mg/1

" Alkalinity, Total as

- CaC03 mg/l

.05

"f;~Arsen1c mg/]

§ —'}‘Bar1um mg/]

1.0

~750 -

BT I

Chloride mg/1 y

'-'chior1ﬁé.ﬂrdta1,ReéidqalA' it
R

250 | 100 |

Clo2

.02

.02 |

: *,Chrom1um mg/l

.05

'Coliform #/100 ml

5000

‘ ;Conduct1v1ty

M1cromhos/cm‘@ 250 C

‘ ki‘Col1form Fecal #/100 mlyi;k

200

1000 -

| 2000

2500 -

'ffv _xfn1de, Free mg/1

:005¢

.005 |

.005 |

005

"‘;;Cvanxde Total mg/l

.02

e |

020

02

?’,f;‘de ogen Su]f1de

002 -

.Lead mg/]

.05

| oo

"k.'v(jt)Z‘:1

ooz -

"5:Mercury mg/l

002

50|

- Nitrogen. N1trates as N mg/1 i

o]

04

05

‘ Nxtrogen Ammonia as N mg/]

"f0 xgen, Dlssolved mg/]

|50

5.0%

04
5.0

150 o

5.0

" Oxygen, Dissolved mg/1

Agjspawnlnq areas)

: ‘7;o,r

6.0

6.5-9

'«~Polychlor1nated b1pheny15

*1'.6;5-9 6. 6-8 s

000001
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.000601

1000001

6.3-9_
.000001

o
000001

6.5-8.3

6-9

6-9.5
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1o

f Sod1um, absorpt1on ratio &

10
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30 |
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.-90°
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i T'Sollds Total Dlssolved mg/l' 1000 -
' T

500 |

2500 |
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: 1'emnerature Fahrenhe1t
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80|
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j ‘,In runoff from nearby farms, seepage from failing individual sepflc

’xfkfank sysfems around fhe Iake periphery, and sform wafer runoff from
§ kfby erld observers In 1979. ‘15~*5't‘
:§~’Land Use

l?,;The 1981 DWNR lakes classiflcafion survey esflmafed the Lake Hendrncksf7;,

R wafershed fo comprise 31 430 acres or abouf 49 square miles. nosfly in; 7
B predominanfly agrlculfura|.~ Approximafely 74% is cropland and 26}

‘,“,farmlng, ferracnng, grass seedlng, and proper management of hayland p‘t

A yand pasfure.

:”:parks, a number of farms, and fhe Town of Hendricks, MInnesofa, neari;

inﬁfhe norfheasfern shore of fhe lake.‘
. ~'clima+e, Geology,'andfMéjdf«$¢7i5f*: 5
| Climate

fioe The climafe of easf—cenfral Soufh Dakofa is conffnenfal wnTh Cold, dry’py.

E“stources of nufrienfs and sedlmenfs fo the lake may be Ilvesfock wasfes;¥f

M e i

+he Town of Hendricks.. Shoreline erosqon was estimated to be mlnimalrf?l

g

. Brooklngs Counfy. Abouf 1/5 of fhe wafershed exfends across the sfafegtgf

8

line into: Lincoln Counfy, M:nnesofa.t Land use In fhe wafershed is ff

‘Ef,rangeland or Pasfure. SCS esfimafed about 2/3 of the. wafershed was fl‘?ii

e
‘/
-

el 5
R

‘adequafely freafed wlfh erosIon confrol Pracfices lncludlng confour ;f]af=

’,1

liiiialiiiiii

Lakeshore developmenf lncludes abouf 40 lakesnde res:dences, fwo ;”:

-~

e wnnfers and relafively shorf springs marked by rapid weafher changes.g;wf

Over 40% of the annual precipifaflon falls: durlng the fhree month -

1; period from Aprll fhrough June.; Sunmer and aufumn are characferlzed ”f .




;'-!5hh-!-?5;!!!'2 2

B o

;ﬂ,,evaporaflon amounl To 21 and 34 lnches, respecflvely..'

ﬁf!floamy glaclal +lll.rn

3 e

'fyf’as ho+ +o MIld wllh an abundance of sunshlne.a The average dally

l *yfflemperalure ls 43 5° F.; Average annual preclplfaflon and lake

’T’:f;}Glaclal drlfl ls The parenf malerlal of The soils in The Lake
‘H;{fhendrlcks wa+ershed. The drlfl conslsfs of llll and oulwash dePOSI+557T3~ &
‘;3T,1’lald down durlng The Lale Wlsconsln Age (Cary deposlfs). The former ;A;;Xe
'ls comprlsed of a helerogeneous mlxlure of maferials dlrecfly - e
"*~c:rfdeposl+ed by The glacier. The Till ln The norlheasfern corner of
‘”‘SlyBrooklngs Counfy has developed lnlo a loam wlTh a conTenl of abouf 45%
k,;;fsand 30’ slll, and 25% clay., ln ThlS norfheasf area of Cary drIfT, s‘;?Thk
Ts,;;fhe Slngsaas soll serles and l+s associales occur.v The glaclal ok
;,ﬁffoufwash lS a sor+ed deposn+ conslsflng of sand gravel, and clay ThaT ffﬂff?

‘:f{was deposiled by meIT waTer slreams |ssu1ng from The ice sheef.{f‘5h

A;,\ 5

Tf%Accordlng To so:l surveys conducled by lhe SCS ln fhe walershed The h~‘7&”-
: ifollowlng soll assoclallon are found ln The draInage area (Soll Survey ;7““

S :of Brooklngs Coun'l'y,_SOU‘l'h Dakol‘a, 1955)

"f:Kranzburg-Brooklngs-Vlenna. Well dralned and moderafely well dralned gﬁﬂ

'(qffnearly level To sloplng, sllTy solls.

' 'jgiForman-Buse-- Well dralned, undulallng To hllly, loamy solls formed ln i




g “~l “Singsaas-Oak Lakezi Well drained and moderafely well drained neanquat’:

,ﬂj[ Noninalions for desrgﬁa+raniés a Waier Qualily STudy Area (WQSA) wllhin the iﬂ,

‘Lff‘commissioners and the following lakes were prlorafized~ Lake Hendricks:f5537n“
#L:(Brookings CounTy) Lake . Norden (Hamlin Counfy)° and Lake Car'rhage (Miner

'7'ii Commiflee crlferia, the Soufh Dakola Lake Signiflcance Ranking CFlTerla,;q ;f 4

: 5avai|abi|l+y of land use, soi[s, and waler qualify dala and ldenlificaiion

‘l';f fon WQSA selecfion. k ’;*5hy;; f,:_:il

'Lake Hendr Icks Water QualifijTQdy;Anea,seiecfion

‘Flrsf District Commission. In January, 1980, nomlnafions were open +o all i

'The criieria used for WQSA seleclion were the Sfafe Lakes Preservalion‘ff”f1“

of wa+er probiems. STrong public supporl was also a maJor consnderalion S

Sl S

. “f

level To unduiallng siliy and loamy soils.

f:j‘Lamour: Poorly drained;fnearly‘level, sllty soils.

[P

Firs+ Planning and Developmenl Dislricf were. sollclled by DWNR from The

l

S

g

inpul from The F|rs+ Planning and Developmenl DlSTFlCT Commission, The

5

L

‘”\'The Lake Hendricks waTershed received designallon as lhe WQSA in the Flrsf i

f'f{afPlanning and Developmenf Disfrlcl for 1980 Overwheimlng publ:c supporl
“fdkfor the project slrongly influenced fhis deslgnaTion.
S

’iiir SCS conducted soil erosion and sedimenf yield sfudxes of The Immediate. Lake [;:
'ddff‘Hendricks watershed (16 045 acres). The sludies detalled the Type and k

'sge exlenl of eroslon and sedlmenlalion probiems lncludlng contribution from fk¢3dﬂu

pt

soll'Erqsion'and‘SedimenfiyieidiSunméryZ

ti
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-~

’5fgf'cropland, grassland s+reambanks.,gullles, and olher sources..;DelalLed??”«'

ﬁVwi_"resulfs of These sludles are presenled n Appendlx A.;aa1¥7:~7kg‘*:(dk‘ o

:“535 SCS esflmafed eroslon ln fhe Lake Hendricks wafershed To be 42 764 fons perfk‘

"f;year wlfh +o+al sedlmenf depos;led ln Lake Hendrlcks af 3 198 TOHS or7: 4”~

"‘12 5 acre-fee+ Per Year. Abouf 93% of The sedlmenl volume was confrlbufed.*~e,'

°'rbe walershed eroslon, prlmarlly from cropland, and 7p was provnded by

lakeshore eroslon.<f7f'ﬁi

ldf’wk}scs selecfed Bes+ Managemen+ Pracflces (BMPs) for The waTershedATc reddceigl'kd
57:sed|menf yleld and nuTrlenls fo Lake Hendrxcks. Examples of needed R
ficonservafion pracflces are CrOP res:due managemenf, conservallon flllage:ialcwkv‘n‘
iJiproper graz:ng use of grassland, and pasfure and hayland managemenl.f Th?¥fil‘ e
:,rSCS esllmafed lhal 10 700 acres or aboul 67% of The Lake hendrlcks‘?~;:!~,,.

1]rwa+ershed was adequalely Trealed ln 1981

)waerfduanf+yf‘sfafus;—fcr' Lja:k'é;'He,ndt""?k‘s?" .

ml;Lake Hendrlcks Is located ln Brookings CounTy, Soulh Dakofa, al a laTlTude &

rf7of 44 Deg., 29 Mln.,'54 Sec.,norfh and a longllude of 96 Deg., 27 Mln.,,r~e

¢ f;ik12 Sec. norfh in Townshlp 112N Range 47w and Secflons 15, 21, 22, 27 28, j'¢~~-‘

;d29 and 33 Deer Creek ls The maJor lnflow and Lac Qul Parle River is The ,.{'

'lf‘najor oufflow.v The morphomelry of Lake Hendrlcks is summarlzed below-li;w

“\;jArea o ;’ 'VQKQJ'ﬂfL:LFQf;ffiglffll 600 A (647 5 ha)

'>‘~j<feMax:mum Depfh L f‘ff[;;f~f9erﬁgrlo f+. (3 0 w

“fLilMean Deplh ‘Jfli'f }‘:fitﬂ .;fﬁ{j;i5 f+. (l 5 m) “i EJijt“:d;';‘ |

T‘anolume -:Qﬁrf1¥55ff;?¥‘:l~;;3if?<f{f8 OOO acrerfeel (9 869 X 106nP)

"ff;?Walershed/Lake Surface Area Ra+l05§~;20wi_llffif'*




o‘;of Sou+h DakoTa-

:'?ff3 ~and 6 were In-lake slfes and Slle 6, alThough an ln—lake slle, was

"ﬂf:Deer Creek +he maJor lnflow., Slles 4 and 5 were’ esfabllshed on

/ efi‘Flgure 2 and Table lV-

'7fa_oxygen, blochemlcal oxygen demand fecal collforms, pH, ToTal alkallany,» .

f?.ilofal sollds, total suspended solids, +o+a| dissolved sol ids, nitrite,

ny‘phosphorus raflos were delermlnedo ﬁe

"Orlgln of Lake Baslnfle,};j:,:‘;» . Glaclal

Thermal Sfrallflcallon:;!y~i'if‘ff No -

“:Q~,Lake Hendricks has been assigned +he following benefnc;al uses by fhe STaTe

l\’é.Warmwalerlmarglnal frshQYllé‘phoPaQéﬁioné~‘l |
e flmmerslon recréaflon;
77'f, ° | imited contact recreaflonjlandf ; di

i?'«O,w;|dlife propagaflon and’sfookkwafenlng,

"?ﬁ Slx sampllng slTes were chosen for The waler quallTy monllorlng. SlTes 1,!?.

localed near +he Lac Qui Parle, The naJor oqulow. Site 2 was localed on

s

;(;

,I'/ ;

y*-slrlbularles which usually conlalned runnlng water only durlng runof f

'7f;g(Flgure 2). Legal descrlpflons of The sampllng sites can be found in

’fﬁWaTer samples were analyzed for The fol owlng parameTers.‘ dlssolved

S
R
-

s nllrale, ammonla, total Kjeldahl anrogen. ToTal orThophosphaTe, and Tofal

i‘fphosphorus. Also, Trophic sTaTe lndlces and +o+al nlfrogen +o+al

fé? Tables lV-2 +hrough Iv-29 conlaln annual rmeans, standard devlaflons,-numben?‘fgf

"pyof observallons, ranges, and vlolallons‘of established criteria for eaohff;




“:}*%g;Ldﬁfduﬁ
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 Figure 2. Sanple sites for Lake Hendricks and its watershed.

Parle
~ River~



' 'kiék(HN‘1):7" . 28 Min., 35 Sec., Township 112N, Range 47V, Section 28,1" |

Casmoz Latitude 44 Deg., 28 Min., 14 Sec.; longl tude 96 Deg.,

 46Hw6  Latitude 44 Deg., 30 Min., 17 Sec., longltude 96 Deg.,

'
e

. oseHNO1  Latitude 44 Deg., 28 Min., 50 Sec., longitude 96 Deg., -

NW 1/4, NE 1/4, SE 1/4, N 1/4. This In-lake site Is -~
;Iocafed near: the Lake Hendr!cks s+a+e recrea+lon area boafk;ﬁ[v
landlng., : : ‘ , ‘ S

i
l

O (HN2) "~ 30 Min., 01 Sec., wanshtp 112N, Range 47W, Section 29. -

R L "SE 1/4, SE1/4, W 1/4, SW 1/4. This site Is located on S

A  Deer Creek adjacent to an east-west gravel road 2 miles
5 ‘ nwﬁmdkhmww3mrmﬁhofmermd

. 46HNO3 : La+l+ude 44 Deg., 29 Min., 52 Sec.; Iongifude 96 Deg., -
© (HN-3) 27 Min., 48 Sec., Township 112N, Range 47W, Section 22. -
DR R - SE 1/4, NE 1/4, NW 1/4, N 1/4, This in-lake site is =~
located off +he Lake Hendricks norfh public access boaT
ramp. O ; P :

. 46HNO4 : Lati tude 44 Deg., 29 MIn., 58 Sec.; longu#ude 96 Deg., L
~ (HN-4) o - 28 Mln., 02 Sec.; wanship 112N, Range 47W, Section 21. i
RO N Rt ~ NE 1/4, N{ 1/4, NE 1/4, NE 1/4. This site Is located on an T'fl
‘unnamed TribuTary ‘bel ow a bridge on an east-west gravel road
north of Lake Hendrlcks, south of the road i

o 46HNO5 ' ,Lafifude 44 Deg., 29 Mln., 1 Sec., Iongifude 96 Deg.,:~?
 (HN=5) 30 Min., 15 Sec., Township 112N, ‘Range 47W, Section 20. o
ey MW 1/4, SW1/4, SW1/4, SW 1/4. This site is located near a

‘culvert on a north-south: road and 3 miles norTh of .
: HMMMySO %ﬂ'ﬁ'merwd

‘ ;

o (HN-6) - - 26 Min., 06 Sec., wanshlp 112N, Range 46W, Section 18.

e T . SE1/4, NE1/4, SE 1/4, SW 1/4. This In-lake site Is
located near the |ake outlet, Lac Qui Parle River, at
Hendrlcks, Mlnnesofa. S :

an
+ P2

‘:7’Fi§ure 2 (cont.). Sample SIfes:forLLake{Hendricks'ahd!!fs watershed,

S

- -

k‘;{]Obfej" ‘




“lﬁ‘dafa.; Tables and Flgures are conlalned ln Appendlx B

isi;WaTer samples from Lake Hendricks and |+s Inflows and oulflows never

V'L?‘ lowesf durlng The summer.cﬂ*fif

‘g!ilV,y.-.E*L!l!lyl

,f‘!-!‘d,-lii “.!.EL;

';,A;paramefer. Flgures IV-l fhrough lV-104 are graphlcal presenlallons of The”f'~f

Q*}blssoLXQQ_QKiQéﬁ_iﬂQlf7:5}“d

'liffln +he Sfafe of Soufh Dakola, surface walers musf nof exhlbll dlssolved ]Q$
"lf(yoxygen concenfrallons below 4 O mg/l for warm waTer marglnal flsh llfe f;‘ o

flpropagallon.-~ ffF'-‘d‘

b'TconTalned DO concenlraflons below 4 0 mg/l (Tables lV-2' lV-3 IV—4, lV-5 :*3"
1v|v- lV-12 lV—13 lV-16 |v-21, and lV-22). Mean values for all sI'l‘es
"‘@['excepT Slle 4 were always greafer Than 9. O mg/l.‘ A DO analysls was

>;’>f yperformed once on a Slle 4 sample and a 5 6 mg/l DO was oblalned.;_ln j}ﬁi,;‘?

‘general Lake Hendrlcks and lTs assoclafed sfreams are well oxygenaTed

ZfTVSeasonallY, DO concenlraflons were usually hlghes+ durlng lhe wlnler and

‘”77;ﬁf:Mean BOD concenTrallons for Sifes 2 and 5 were exfrenely low.' Values over/,f}?f;fm
5._m5 0 mg/l were never oblalned and l+ appears Thal +he maJor inflow and

’sfmiou+flow +o Lake Hendrlcks do nof confaln hlgh levels of organlc polluTlon.,ifs;ki

’r*'?For Lake Hendricks, which Is used for lnmersion recreaflon, fecal collformjfifff{
'~‘y'coun+s mus+ no+ exceed 200/100 ml as a geomefrlc mean of no+ less +han flveii'
n:samples collecled durlng separale Twenly-four hour perlods for any 30 day

'~;per|od from May 1 To Sepfember 30 ln addiflon, more Than 20 of The ,;ﬂfgzj‘*




u“e;f counfs for Sites 1, 2, 3, 4, 5, and 6 durlng The sTudy period were

yvln'relallvely low; 114, 127, 75 6 5 74 and 16 per 100 ml. (Tables lV-6

"‘.fj;s.Te,soon September 9, 1982, 250/100 ml,

ki'v:ﬂjlf may be pruden+ to monlfor Lake Hendrlcks and lls lnflows more

'fnyako+a for surface wafers used for lnmersion recreaflon.4

- samples should no+ exceed counfs of 200/100 ml for any 30 day perlod fromoizly

l

i'ln any one sample.

E? {Five samples had fecal COllform’counfs‘greafer +han 400/100 ml and These .

i@‘occurred durlng The summer. Three of These vlolallons were from |n-lake

'sl+es, one from Deer Creek (Slle 2), and one~from Lac Qul Parle River

| '(sr+e 6) (Tables 1V-7, v- 11, V=15, and 1v-19). Mean fecal col Iform y;‘="'

‘ lV-lO lV—14 lV-16 1v=20, . and lV—24) i TWo samples had fecal collform»' g

: ?

i

f 3ssExcess fecal collforms may pose a healTh hazard To the lake users. 51hce:§]f/*

Laﬁmosf of the vlolallons occurred durlng lhe summer, fhe season of high use, fff

y .

;‘ffxnfenslvely durlng the summer ln order o locate any fecal collform

S sources.-

:*f7aA pH range of 6 .5-8.3 unlfs IS The crlferlon selecfed by The State of SouTh

xd‘AbouT one~+h|rd of the wafer samples had values of ph greafer than 8.3, bul

h“less than 9. 0, and all snles excepf Slfe 4 had vlolaTlons. However, all
“'sampllng sites had mean pH values wlfhln The Soufh DakoTa criteria

”ik,(Tables V=2 to 1V-25), These values ranged from 6.7 fo 8.2.

May 1 o September 30 and fecal collform counts must not exceed 400/100 mriifo

1
|

Y

'

riv;ﬂ:counfs greater than 200/100 ml s:+e 1 on Augusf 10, 1983, 280/100 mi; and



se'f'for surface waiers used for wlldlife propagalion and slock waTering.

;_Toial alkaliany concenirafions were never above 750 mg CaC /| and werek

| f'generally beTween 100'200 mg CaCO3/| Lake Hendrlcks ls Therefore a weli _*"

'”V<J;TofaldSollds; nissolvethQlrdg.aand7suspendaa*saiidéiﬁ‘7u"':”'

“ '7f3[“A maximum |]m|+ of 150 mg/l +o+al suspended solids has been chosen for
‘Eff_llSoulh Dakofa wafers whlch are used for warm wafer marglnal flsh Iife ‘
~1.Q{';propagalion. ln addifion, ToTal dlssolved solids mus+ n0T exceed

“Tx12 500 mg/l.i No sfandards have been sei for Tofal solids concenTraTlons.,ﬁz5[fa

i‘“f7The dissolved solids concenlrafions never exceeded 2 500 mg/l (Tables IV-Z

77£a,lo IV-25) Mean Tofal dissolved sollds concenirafions for Slles l 2 3

'7}?1These concenirailons are noT considered excessnve relailve To lhe

: lkipreviously menfloned criferion.;;;

k‘h;inTal suspended solids concenirallons exceeded i50 mg/l Twice

bﬁ}?To Lake Hendricks. during April 1982 and June, 1983

"~fgoccurred on a ralny day.‘ Slream bank erosion may have been relaTlvely hlgh

-

The STaTe of SouTh Dakofa had asslgned a maxlmum value of 750 mg Ca003/|~1fhfff~7«

"*57#454 5, and 6 vere. 612 582 631 934 623, and 554 mg/l, respecflvely. :1'f'7‘

5;sri(Table IV-li) Bolh vlolallons occurred on Slie 2 The Deer Creek inflow f%k;‘§=-~

'Csdie;The causes of These +wo vlolalions are unknown alihough The Aprll violaTion ﬁj_imf



41"The mean lofal suspended sollds concenlrallon durlng lhe sludy perlod for

r:7;Q*SIles 1, 2, 3, 5, and 6 were 17 8 76 O 23 8, 3 .5, and 14. 2, respecllvely.,”

;‘ﬁgc;”li S

lff:;:ﬁThe Slale of South Dakola'hasvnollsel water quallTY crlTerla for nlfrlfes-gﬁ;[

"7n;:;We+zeI (1975), however, reporled Thal nafural walers usually have nlfriles.iflf

in concenlrallons from O +o 01 mg/l._ Annual mean nllrife—nllrogen

};flconcenlrallons of Lake Hendricks waTer and lTs Trlbufarles were elfher

{~Tbelow the 01 mg/l laboralory deTecflon Ilml+ or Jusf sllgthy above

L 01 mg/1 (Tables 1V-2 to lV-5, V- 8 IV- ; 1v-12 V=13, 1V-16 to -8,

| “wvj‘}and 1V-22 o lV-23). These levels do no+ lndlcafe abnormal condlllons.,’
\51ln—lake Slle 3 dld have one" exTremer hlgh niTrlTe—anrogen concenlraflon

“ durlng Seplember 9, 1983 (O 62 mg/l) and lT is suspecfed lhaT This value

2

'ffi’was due to laboralory error or conlamlnalion of The sample bolfle.~,

e

ff?jjlhe;llmlf for nllralejancénfrallonsﬁln Soulh Dakofa surface wafers used
”“52\foé wlldllfe Propagallon‘andésfockiwalerlng is 50 mg/l.; This Limit was-~hh

1'?ljnever exceeded (Tables lV-2 +o lV-25).; NlTraTe—anrogen concenfrallons

;f~ranged fron below The O 1 mg/l laboralory delecllon llml+ To 19 8 mg/l -

hrffn(found on Sep+ember 9 1982 Slle 3) wifh most values around 0 1 fo
’fjfo 5 mg/l | L =

i

77!2;“;We+zel (1975) suggesled lhal unpollufed waters general ly have

. nllrale—nllrogen concenTraTlons ranglng from:0 +o 10 mg/ 1 and

‘7f£i3concenfrallons grealer +han 10 mg/l would lndlcafe nlfrale pollullon.

l

‘fflAccordlng +o this crlferla, Lake Hendrlcks and lTs assoclaled sTreams are

5lj};¥generally not anraTe pollufed. Only once was 10 mg/l exceeded (Slte 3 ; ffh’“

i
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”'fwrelaflonshlps are used below.‘ffls :

v”iJiSepfember 9 1982 19’8;59715. NiTr:Te and ammonia concenfrafions were .
'*.3r*also hlgh at Thls sife alfhough oTher paramefers were nof abnormally hlgh x
ff*or low. LaboraTory error or confamtnafion of The sample boffle is '
Tffisuspec+ed buT The presence of a localized Temporary polluTanf Is also a Tii

‘Vpossibllrfy
7?iThe Soufh Dakofa limlf for ammonia nITrogen Is based on The un-ionized
n ;:fracTIon. Lake Hendricks Is used for warm wafer margunal fIsh llfe

:‘propagafion and +herefore mus+ no+ exhibif ammonla concenfraflons greafercg

v7if +han 05 mg/l

‘l{fThis IImI+ was exceeded Twlce, once. aT Sife 1 on Sepfember 7 1983 el
v‘dfii-( 051 mg/l) and once aT Sife 2 on May 12 1983 ( 454 mg/l) The causes ori;‘na,;»“
wfﬂfhese VIolaTions are noT known. Mean ammonfa concenTraflons for Slfes 1 S
°ffv2 3 5 and 6 durlng fhe s+udy perlod were 010, .034,;.005,‘.001, and
':‘?i;} 012 mg/l, respecfively. ‘Vj- | . ; .
'y'f;Organic nrfrogen concenTraTions were calculafed bw subTracfing ?he ammonia7é?a;‘}fk
kf’uconcenTraflons from The Tofal Kjeldahl nifrogen concenTraTIons., lnorganici;}qri
%’if:nifrogen concenfraflons are The sum- of ammonla, nifrafe, and nlfrlfe ‘
; a;n|+rogen concen+ra+lons.; ln These calculaTIons, any value Whlch was
‘if'reporfed as belng below The defecflon Ilmif was assumed +o be The ‘same ;;c"fafiirjj
"f{concenfrafion as The deTechon limIT The STaTe of SouTh DakoTa does nonfféfo?fn
e fjd'have criferla for inorgan:c or organic nl‘rrogenpt We+zel (1975) presenfed Gd?{d;;;f

7;ffinforma+lon relafing These nlfrogen fracflons +o Trophlc sTaTe and These




7fd:a‘The mean lnorganlc nllrogen concenfrdflons during the sludy perlod for

'._1[.sr+es 1,2, 3, 4,5, and 6 were 33, .48, .18,i.21, 43, and .20 mg/'
"vg._’means indlcale ullra—ollgofrophlc +o meso-eufrophlc ConlelOHS. Mean
o ;d These means ,nd,cafe eulrophlc or hypereufrophxc condlflons.

. f(z 4, and 5) was in the form of Organlc nl+rogen and 70-90% of the folal 4?7'

o ',’Ik Qi’ alh Qr_‘IthbQSQh ate

*;iif;’lhe lolal orlhophosphale concenfrallons presenled also include some

'}iieprlor to 1983 were underslandably grealer than fhose of 1983. ~ The pre-198333;_

L 1 mg/l

‘vw_respecllvely Annual means are presenled in Tables lV-26 To V=29, These;fgf

-Azi\‘ . i o

fl-iﬁf’:

’ organlc anrogen concenlraflons durlng lhe sludy perlod for Slles 1, 2"3

'fni4 5, and 6 were 1.42, .76 1 41, .82 . 12 and l .26 mg/l, respecflvely.ff;:f“

-

vfinnS|x+y +o elghly percenl (60—80%) of The lolal nlfrogen in The stream sxfes,ifl

ii!!l n1§_

)

l

'ésffnlfrogen was organlc nlfrogen ln +he ln-lake slfes.

1)

1‘>Tb+al orlhophosphale concenlrallons for 1983 ranged from'.005‘fo .116 mg/l#éi7

and The annual means for Slles l 2 3 5, and 6 Were 050, ;050, .054, ;jfffq
. 079, and 046. respecllvely. These concenlrallons are excesslve and.

"phosphorus conlrol neasures shoulo be lnvesflgaled. Usually,’

:””l’orlhophosphale Is recycled rapldly and orThophosphale concenlrafions are ’f

: low (Welzel, 1975)

*}‘Prlor To 1983, the waler samples were p"eserVed wlfh'sulfurIC'acld andfse:fn!7

Ydihydrolyzable forms of phosphorus.i The Tolal orlhophosphale annual means ”;;f

o annual means ranged from 049 To 289 mg/l and most were grealer than ‘ ;::ﬂ*f'

- Wy em N




1 *f;ffMean TSI vaiues for Siies i 3, and 6 during The siudy period were 74 60

- r_;»&‘y, i tent ;‘,»‘» ks

‘L ;“limif for The beneficial uses assigned To Lake Hendricks.; Reckhow,kef.alnaf}{ s

e (1980) however‘, proposed a crH‘lcal liml'i' of 05 mg/l for lndlca'i"ing

'*;;fhypereuirophlc condiTions and +h|s criierion is used below.",:‘”~li

’77ff;5'The annuai means of ToTaI phosphorus conceniraiion for in-lake Sifes i 3riid

T‘FTifand 6 ranged frOm 085 +o 205 mg/i and indicaTed a hypereuirophic lake

"fthiies 2, 4 and 5 also had annuai means which indicared hypereufrophy,k ‘1,17

‘°f‘fﬁiva|ues ranged from 097 +o 380 n@/l (Tabies iV- iV-9 IV-i6 to. iV-18)

'T;These Tofal phosphorus leveis musT be decreased if an increase in Lake Tiig

f;?;Hendrick's wafer quaiiiy is desired.

‘TifoiiToTal phosphorus concenTraTion daia were applied To Carison's (1977)

Eif,fTTrophlc siaie index.‘ This index uses a scale from O To iOO To describe,gff"

'Ziiirophlc sfafe, and values greaTer Than 50 imply eufrophy. Lgr)ﬁ:f,‘ e

1:T;V”f71 78 and 74 68, respeciiveiy., These daTa indicafe ihaf Lake Hendricks is

'~ffeu+roph|c.,-~f"

: lf:;ﬂNuirieni limifaiion was deTermined wifh ToTai niirogen Tofal phosphorus af“';

:vt'fhrafios.j in-lake Slfes 1 3, and 5 had mean rafios Of; 4. 0 19 7’ and 16 4

i’ijl},;i.respeci'iveiy. These rafios vary from nifrogen limiiaiion io co-limlfaiion

T:The S+a+e of Sou+h Dakofa does noT have a Toial phosphorus concenfrafion }ffff

“~g;(TabIes IV—2 fo IV-5 lV 12 IV-13 iV-Zi,’and IV-22) The inflows,_n;“ TC':‘/

};fThe TSI vaiues for |n-lake Slfes i 3 and 6 ranged from 53 22 io 90 95.;{;{@;3’f?




"ff';9;64, respec+ively, and fhese;valuesvlndicafe nifrogen | imitation.

3;nbeTween the glven date and The mid-ponnf To The nexT sampling daTe and The3
4 fﬂjmid-poinf to the proceeding sampling daTe. The number of days beTween The

fff mld-poinTS was nulflplled by The nu+rlen+ load found wnThin +he mid-poinTs.

lﬁn,Hendricks from Slfe 2 were 0 12 and 1 22 g/m /yr.; respecfively.
i fVollenweider (1968 cited in Wefzel 1975 Table 12-10) presenfed

f:fffprovlsional dangerous phosphorus and niTrogen loading levels for lakes of

;ﬂ;+o phosphorus limlfaflon., These values are relaTively high. Since abOUT

"f}; 80% of the raTios implied nifrogen Ilmifafion, median values are perhaps 'fv

more informative. Median values for Slfes 1, 3, and 6 were~ll.i 9. ll, and

i’;_:for SiTe 2, Deer Creek, and Sife 6, an inTermitTenT stream. Since flow: ,'1'"'
'?kkdafa were only available for The 1983 spring'runoff, annual loadings veregf“'
fW;based on these data. Thus, +he annual Ioadingbvalues reporTed be | ow are o

b“fn,mosf iikely a slighT underesfimaTion of annual areal nutrient loading.;gf}flf'

Wff:Since fhe sampllng was. noT lemporally consfanf, nutrient Ioads were

"f :calculafed by taking the load on a given date and assumlng cons+ancy

S These values were +hen summed +o obTain total annual loadlng and dlvided by;°<

'The lakes surfcce area To obfain areallyoadlngs.

‘i
§

w”The annual Tolal phosphorus and Tolal n;lrogen areal loads to Lake

'17’varnous mean depfhs. For a Iake wl+h a mean depfh of 5 meters, PhOSPhorUS fﬁ :
&f:and nlfrogen areal loadlngs greaier +han 0.13 and 2.0 g/mz/yr-,
“»‘ifrespecfively, are consldered dangerous.; According to these crlferia, only93;

f?,fhe areal phosphorus loading from SlTe 2 was close to being considered

18

i Annual +ofal phosphorus and ToTal niTrogen areal loadlngs were calculafed

‘ i L

. 5,'

_“‘ i
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'!!l-~§lllnx ll-llfh!!!n,‘fl-ii"ijllt_'jll-l ‘!llllalllll - llilfjllillf

;f!!lgv*ll-L k-!.[’,ni!‘s -

. ° Immersion recreation;

:k?vf?;WlldllfefprepagaTYenaandfsfpckiwaférlng;

"v;l}excesslve. However, Lake Hendrlcks lS nol as deep as 5 melers (mean depTh'g; fh
U'f;j5§is 1 5 m) and The areal loadlngs may acfually be excessive for a lake of

'f~f+hls mean dep+h

f;h{The nufrlenf loadings of SlTe 2 were much greafer Than Those of Slfe 5
"“:J‘]Tolal phosphorus and +o+al nlfrogen areal loadlngs for Slfe 5 were 0 Ol and%ff;
Z‘ai:f;O 06 g/mz/yr., respecllvely. These values are Twelve and fwenfy flmes A
| fff?f|ower than Those of Slfe 2. ‘w|+h These dlfferences ln mlnd, it seems .

”ber:freasonable lo concenlrale furTher sampling To SlTe 2 and only sample Slfe Sf;ﬁr;a

‘:j%toccaslonally. g f_fpgﬂ';f;*}»*'

'7l:3Lake Hendrlcks ls a shallcw lake of glaclal orlgln whlch ls Iocaled ln :
"9fifBrookings Counly, Soufh Dakofa. Deer Creek is The maJor xnflow and The Lac7ﬁ5f51
”t‘anul Parle Rlver ls The maJor oufflow. The followlng benef|c1al uses have »;fd

x.gpbeen asslgned To lhe Iake'*;::““

feﬁWéEqutéffma&gfnal°f;shalife propagation;

lemllediconlaef‘recreafldn}fandﬁje

‘~i‘,f,-r i

’vkysThe followlng concluslons are based on The resulfs of nonlforlng Lake ’sl o

‘i,iiHendrlcks and lTs assoclafed s+reams from 1980 To 1983

:":fl.i!fLakeéHendrleksfisfgenerallv;welléekvgenafedgu"7r




”'7~;l;4f2;§7 Blochemical oxygen demandfleuels:uere low and reflecfedbfhe hlghtffiiia

. oxygen levels.

3. Fecal collform levels were general|y7nof eXcesslve. However, 5 T

o
-
o

samples exceeded fhe Soufh Dakofa sfandards durlng fhe ‘summer .

‘14;'kabouf one—fhlrd of The wafer samplesihad‘pH Values Qreafer than 8;35'~*
| buf Iess fhan 9.0. However, fhe nean'pH?values'of the sites wereffiffpf"

 within the South Dakofa crl‘l'erlon Ofﬁ6.5f8v.3%.
dféi 5. Tofal alkallnlfy concenfraflons were generally befween 100-200 n@ ;ff”“

: CaCOB/l and |ndxcafed a well buffered sysfem. i
“p;i 6., Total dlssolyed sollds‘concenfraflons‘never exceeded 2, 500 mg/l.w Mean

:values‘ranged from 554ifo;934‘ng[l and are nof consldered excesslve. dfgf~

i‘f};'k7.‘ Total suspended sollds concenfraflons were generally wel | below fhe 5,j¢f;

B 90~mg/l sfandard. Slfe 2 fhe Deer Creek lnflow exceeded 90 mg/l

>:fwlce, once durlng runoff ln 1982 and once durlng June of 1983 Tofali,

cév:suspended sollds do nof appear fo be a maJor problem.

~ Nitrite and~nlfrafeanlfrogen concenfraflons were comparable to fhose ,:,,'

. found In unpol luted naTural wafers and are nof consndered excesslve.'

' fff 9Q‘l The Soufh Dakofa sfandard for un-lonlzed ammonla was exceeded fwnce ,ft

durlng 1983 Mean ammonla concenfcaflons ranged from 001 to

P xg‘-'034 mg/l These levels do nof vlolafe fhe sfandard ( 05 mg/1) and
‘are not considered excessxve. :
"55¥>10;~,Mean concentrations of lnorganlc anrogen lndlcafed fhaf Lake

‘% Hendrlcks ls ulfra—ollgofrophlc fo meso—eufrophlc whereas mean organlcf;_
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’kif‘fg‘ni+rogen concenfraiions indicaied euTrOPhY orAhYpereufrth.~ Organicqaiia o

1~af,nr+rogen is The dominanT niTrogen fracfion- _;"~~"“

i

‘chonsidered excessive. Mean Toial orThophosphaTe Ievels ranged fromk':'-*’* 5

r’The +o+a| orfhophosphaie and ToTal phosphorus concenfraiions were

'1’7f;ff 046 To 079 mg/l Toiai phosphorus conceniraiions ranged from 0970”;

LJLQTO 380 mg/i and indlcaied hypereuTrophic condiiions.

g”{jz;;

. *frllake's waier quaiiTy.»u:: S

i_,:i5}fe8i+e 5 did no+ conTrlbuie maJor amounis of niTrogen and phosphorus To ’;,f

;Carlson's (1977) Tofal phosphorus irophlc s+a+e Index indicaied a f;ziffa
“‘7“;gfeu+roph|c sysfem. The vaiues ranged from 53 22 to 90 95 and mean

57*;¢;vaiues were around 74

}Based on Toial niTrogen +o+al phosphorus raTios, Lake Hendricks iS e

Eheglfnifrogen iimiTed.« pi

Phosphorus loadlng +o Lake Hendricks was considered dangerous To The:

"irLake Hendricks.

f%f?Lake Hendricks.r‘}',i'

;Deer Creek Siie 2 conirlbuied dangerous amounis of phosphorus +o ,;,".‘f‘k

: f“

fﬁv,Recamnenda%rdnsi-f;a

‘f"The hypereuirophic nafure of Lake Hendricks indicafes a need for iake

”’diiresforaiion acfivifies. Therefore, Iake resforafion acTiviiies should g

tafbe considered




& sources are idenfified.;s‘

E~‘Ioad|ng. Alfhough nITrogen Is The'limjflng hufrlenf in this lake;Theff{;}

fripaucify of vIable sTraTegies To reduce ntfrogen Inputs to the lake

T con+rolllng nifrogen in a nifrogen Iimlfed Iake may ‘be rlsky because |

oWl gtve “them a compeT!Tlve'advaniage over Iess noxious algae.

‘ 'Frequen? violaf!ons of parameTer s+andards occurred durlng sprlng
khrunoff This lmplies some erosnon is occurrlng and Therefore areas off.,7

4 »high eroslon should be delIneaTed and consnderaTIon should be glven To7;

. sources.

xf

Excessive phosphorus |oading levels lmply elfher ponnT or non—poinf :;f:T

phosphorus sources wifhin fhe waTershed.- These sources should be g

locafed and mifigaflve acfions should be +aken to reduce phosphorus .

€ L B

3 N

. 3
. > ‘

(excepf for poInT sources or ferTianer:usage) preCludeszhe use of

Techniques to dIrechy conTroI nifrogen sources. In addiTIon,

s ; Y
s»' - S

many noxnous blue—green algae can flx aTmospherlc ntfrogen and +his R ¢

mefhods which reduce eros:on and confrol nufrlenfs from non—poinT

The possible sources offfecai'coifforms should be noted, especially

during the summer, and mi+iga+|ve acfions shOuld,bezfakenfif these

22 ,
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1. Nutrient and Sediment Loading from Watershed Runoff ~

Lok o il Hstersid Prolons and recommndstions

A Watershed Problems and Recommendations

SRR

”?“fjprxcesslve nuTrlen+ loads from Deer Creek are probably a maJOr

i~conlrlbuflng facfor for lhe presenf hypereufrophlc condlflons lni';"‘

ﬁif;__fLake Hendrlcks.p The annual ToTal phosphorus and Tofal nlfrogen

k ;‘,;Lareal loads To Lake Hendrlcks for 1983 were 0 12 g/mz/year and

.:',?1 22, g/mz/year, respecflvely.- For a lake wifh a mean depfh of 51f~";:°

k:‘mmefers, Phosphorus and nlfrogen areal loadings grealer fhan ;7"‘ﬁ/'

‘:firfo 13 g/nb/year and 2 o g/m /year, respechvely, are cons;dered

"ffdep+h (l 5 m) s much less Than ThaT of The shallowesf lake (5 m)l:h

:k31dangerous (Vollenwelder, 1968) However, Lake Hendrlcks' mean ”ffv i

‘d;?consldered by Vollenwelder. Therefore, The areal loads recorded

“f°:~idurlng lhls sTudy are excesslve for a lake of lhls mean dep?h.g;k;w:i

i~V‘fn_i'Vlola'l'ions of several wa+er qualnly sTandards. such as Those for,j

"i'ffsuspended SOlldS, during sprlng runoff lndlcaTe +ha+ erosxon ls i;d‘:i"

f'L»iyﬁfoccurrlng In The waTershed (Chapfer lV).r SCS es+lma+ed wafershedf;[,fff

hf,eroslon, prlmarlly from cropland, provlaed 2, 978 Tons ;;:fffka~f'” e
iﬁs‘(Z 3 acre-feef) of sedlmenT To The lake.' Thls represenfs abouf

?f;:OS% of +he lake volume. ln general, sedlmenf loadlng does noT

"57f[appear o be a serlous lake—wlde problem ln Lake Hendrlcks.nf?f.gffff'

i*ifﬂFecal collform levels were generally no+ excesslve durlng The

ev'fjsludy perlod Only Three ln-lake samples lndlcafed vlolaflons of“f~fw'




fecal coliform slandards from 1980 to 1983 Fecal: coliformsﬁdo>g:*"

.
- e

not appear To be a. maJor problem in The lake (Chapfer ).

A door—lo—door saanary survey of 36 lakeside residences

conducfed by DWNR ln 1979 dld noT lndlcafe any obvious wasle 5
disposal sysfen failures. Over 90% of fhe lakesnde sepflc Tank
sysiems were siTuaTed more Than iOO feef from +he lakeshore in
compllance wilh currenT regulalions (ARSD 74 03 0t: 11). However,{&ﬁ,
infrared phoTo imagery by EPA durlng 1980 ldenfifled 8 residencesli&
round the lake periphery wi+h surface—failing on—sife wasTe ;,~ i;

dlsposal sysTems.

Recommendailonsfy_éllq

A sedimen+:COnTrOl?sTruclure'iTiIZ#R47-3i) Is presenfly in placeg,:f
to reduce sedimenl lnpu+ from the norfhwesfern +ribufary. .
: Sedlmenf Tnput from +he soufheasfern +ribu+ary, which dralns 1
’ dilched cropland in Minnesofa, could be reduced by consfrucflcn lig?f

of a sedimenl basin aT The influx (T112-R47-22)

Sedimenl and: nufrlenl inpuf info Lake Hendrlcks can be furfher e

l

reduced by ufllizing BMPs on. wafershed land where eroslon conTrol_}f}

pracfices need To be applied.Z Appropriate BMPs lnclude

""‘conservaflon +ll|age and crop residue ‘use. Proper grazing useQJ;h;f;

'should be pracficed To prevenl rangeland deTerlorallon and

s+reambank degradafion.' Vegefaflve sedimen+ buffer strips should5~b

(]

be esfabllshed To proTec+ overgrazed and erodlng slreambanks and aE

Thereby reduce +he\amoun+ Qf‘sedlnenf entering The TrlbuTarles;f?,*‘

o



"Dralnage pallerns and nulrlenf conlrlbullons of exisflng
"farellvesfock operallons near lhe lakeshore and ln +he walershed .

‘f?i}should be eslabllshed and monlfored To delermlne Thelr lmpac+ on

‘\fflLake Hendricks wafer quallfy Approprlale wasfe Trealmen? .
‘ai';sysfems could Then be consfrucfed where needed Tolreduce

fgjenufrlenf sedumenf and fecal collform Ievels enlerlng fhe lake.~

-/ 3 .,

k75f£fThe conlrlbuflon of +he Town of Hendrlcks +o sedlmenl and

ﬂflnufrlenl Ioads should also{be assessed. ~‘

J:}The Lake Hendricks lmprovemenf Assoclallon (LHIA) should lnlllafe

-,, -

*f5fﬁ;procedures necessary for correcflng The presenlly ldenllfled S

' fsep+lc Tank surface fallures around +he lake. A sanlfary

e .

. 1 . ~ g o . N -

“fdlslrlcl should be eslabllshed whlch would serve as a sponsoring

'rfﬂgagency ln efforls To secure funds for monllorlng and upgradnng

x“any needed facllllles. fo ¥fﬂfLiil"ﬁi“i'7

~ B.  In-Lake Probl emsandReCOmme"da“°“s
'711jThe maJor problem in Lake Hendrlcks ls eulrophlcaflon as
”k”%p7evloenced by hlgh concenlrallons of phosphorus and "ITrer"’dei:"‘

iiﬁ;ﬁannual blooms of blLe-green algae,kreduced depTh, and decreased

“1~féjwa+er clarlly.;;ti S

' iiranged from 085 +o 206 mg/l from 1980 To 1983 Correspondlng

'ﬁfbl;values for organlc nllrogen ranged from 76 +o 1.42 ng/l Tnesef,‘

g e

,-' - [-‘

'ﬁfumalfuncllonlng syslems and for The plannlng and conslrucllon of :Jf‘f,

'77Annual mean: concenlraflons of Tolal phosphorus for ln-lake slTes ::fwf;‘



Recommendafldns:ci?, ; Jj&;

"'Hendr|cks dredglng‘of ldenflfled areas of sllf accumulation f’5lp':d

: SCS esllmaled +ha+ shoreline eroslon confrlbufes 220 Tons or

, abou+ 7. 4% of The +o+al sedlnenf deposlTed ln Lake Hendrlcks each -

nufrlenl levels are Indlcafive of advanced eu*rophlc or

hypereufrophic condlflons (Chap+er lV).

The walershed Trealmenfs recommended’lnllhe prevlous secllon w
help allevlafe fhe nu+r1en+ problems ln Lake Hendricks. |
Following wafershed sTablllzaTlon, ln-lake Treafmenfs such as
selecflve dredglng and chemlcal phosphorus precnplfaflon may bedfjif
considered.~ Alfhough fhe presenf esflmafed rafe of sedlmen?
deposlflon is nof an lmmed|a+e +hrea+ to I ake waTer sforage

capachy, due To The shallow average depfh (5 feeT) of Lake

uill' l) prevenf slough-like condlflons from developing n. some ;71:“ ‘
areas of +he lake- 2) exfend +he_usefulilife of the lake; and;sx;;:df‘

3) remove nu+r|en+s bound To Thensedlnenls;

The second Trealmenl Involves The aPPIICaTlon of a'chemical suchfy"

as alumlnum sulfafe (alum) To The lake surface To Tle up The

soluble phosphorus whlch forms a preclplTaTe, seffles ouf, and

creafes a parflal bolfom seal.’ Trealmenf may have To be repeaTedﬁf

" every 1-3 years: dependlng on lake condlflons. Cos+ effecflveness,’

of both ln—lake Trea+men+s should be de+ermlned before any acflon%fk,;

is Taken.

- - - -

Shorel ine erosion

-;
3




’ e . B . : : : Ly G Ll

‘ g T g : .

3 summaryzand Concluslons s

T:ffyear., Lakeshore solls, when culflvafed, are llkely To be

”};[ferodlble wlfh SOll losses ln excess of 5 Tons/acre/year. o 0

o ;‘,',/',;Recommenda'l'l e

~fJ;Seedlng of grass ls recommended for lakeshore areas fhaf

:?ﬁ}b,presenfly lack adequafe vegefaflve cover. Slablllzaflon of

i“,,sl'eeper shorellne areas normally lnvolves shaping exlsflng sloughiﬂrzw

ndbanks fo a flaTTer, sfable 3 l slope by cu+ and/or flll, placlng‘p
d{.fsfone rlprap on The new slope and eslabllshlng grass on fhe

*Q:fpexposed areas above The rlprap. ;;l

'7;}ALakebHendrlcks ls abshallow lake whlch occuples a moderafely larger‘;lldﬁ g
\jféconfrlbuflng walershed (relaflve To The slze of The lake) comprlsed malnly
:iifof culTlvaled land._ As a resulf The lake is subJec+ +o proporflonalely
: ilarge annual sedlnenT and nulrlenl loads. Resllfullon of. lncomlng sedlmenfrf
/'if'and nulrlenls by means of wafershed s+ab|llza+lon and sedlmenf baslns ls ‘{g;;dff
“;;fnol expecfed lo apprecnably decrease algal bloom producflon due +o wlnd ~‘-
»ifgenera?ed mlxlng of nu+rlen+s from The bollom sedlmenls of The shallow p;;‘;k
& ;fklake.: Unless funds are avallable To lmplemenf bofh walershed sfablllzaflonﬁfa?k :
7'(sed1nen+ and nufrlenT reducflon) and ln—lake removal of sedlnenfs,ééTﬂFlfiﬁé“fdk'
"7i;psubs+an+lal lmprovemenf in Lake Hendrlcks waTer quallly cannol be =

ytelf;reasonably expec+ed. iy‘
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~ LINCOLN COUNTY, MINNESOTA

SOIL CONSERVATION SERVICE

HURON SOUTH DAKOTA

C : ASSISTED BY : 3
SOUTH DAKOTA DEPARTMENT OF WATER AND NATURAL RESOURCES
e PIERRE SOUTH DAKOTA

 September 1981

~ SECTION 208 - WATER QUALITY STUDY AREAS L

| SOIL EROSTON AND SEDIMENT YIELD STUDY =

U s DEPARTMENT OF AGRICULTURErévr-I;i;NI‘- e




SOIL EROSION AND SEDIMENT YIELD

~ LAKE HENDRICKS WATER QUALITY STUDY AREA

* BROOKINGS COUNTY, SOUTH DAKOTA
)

~ LINCOLN COUNTY, MINNESOTA

f}lntroduCtion

: 'Intense use of our natural resources over the years has caused a general
- deterloratlon of our environment. Some of our air, soil, and water resources:
have become polluted. 1Increased public awareness of this 51tuatlon helped to

" bring about the Federal Water Pollution Control Act Amendments of 1972 (Public =

‘5;Law 92-500). Section 208 of P. L '92-500 addresses water pollution problems

. ~as it calls for management practlces "...(to) be developed and 1mplemented to

] assure adequate control of sources of pollutants 1n each state.™

‘“}fThe South Dakota Department of Water and Natural Resources has respon51b111ty xf

- for formulatlng a section 208 water quallty management plan for South Dakota.

Lake Hendricks Watershed was’ one of four selected for study in. 1981 to fac1ll—l;f

'~':tate formulatlon of the plan.; (See Flgure 1.)

g It 1s generally thought that- sedlment anf/nuﬁilegts are’ the pr1nc1pal pollut-
'fdants 1n South Dakota. lakes and streams ‘

4

_‘Thls report outllnes more detalled 1nformatlon on 5011 er051on, sedlment
a‘sources and quantltles management practlces to control sediment, and costs

H[;'vatlon Service (SCS) for the South Dakota Department of Water and Natural
'5Resources « SR

°f1~l/te Mathew F. L., "Water Pollutlon 1n South Dakota Part I: Natural Water~h
.~ ° Quality and Pollution Sources 11970, South Dakota Water Resources

Institute, South Dakota State Unlver51ty, Brooklngs South Dakota, 34*:7:'

ppages-

'Cf;,72/~e,"Development Components of the South Dakota Water Plan, Volume II- B“fif"x"

1977, Division of Resources Management South Dakota Department of Water
"and Natural Resources, Plerre South Dakota

»f[ig/ff “A plan for the Class1f1cat10n-Preservatlon -Restoration of Lakes in-
Ll ’;Northeastern South Dakota':1977, State Lakes Preservation Committee,

State of South Dakota and the Old West Regional. Comm1551on Plerre, - e

7South Dakota.

*  for ‘those practices. This information was developed by the USDA Soil Conser-;d

Bl R i B K . o S S £F . - RN wh . RN 3 B s o < B 5 - -‘ . R o E Iy ) - o 5
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: The Unlversal 5011 Loss Equatlon (USLE) i
 and rill erosion in the WQSA's. SCS- personnel famlllar w1th each WQSA pro- =
0 vided the data needed for the USLE from their fleld experlence Section III-
Vfgof the South Dakota Technlcal Gu1de and detalled 501ls maps. T R T

swmmary

T”Sedlment was’ determlned to be a maJor pollutant in the Lake Hendrlcks Water',, o
iy fQuallty Study ‘Area (WQsA) . ~The source of these sedlments is from: sheet and
- -rill erosion from cropland grassland woodland and from gully, streambank}
‘“and lake bank er051on.\1<- A i 4 : : %

.‘The volume of 5011 enterlng the 1ake annually is- the gross er081on from allf

: fsources mu1t1p11ed by estlmated ‘sediment dellvery ratios develo 7d b g
‘watershed shape analy51s..

_to estimate the gross erosion from sheet and rill erosion. Gross erosion
,from gullles, streambanks and lake banks was estlmated by dlrect volume
'~calculatlon methods.. = S ; t D

The Unlversal Soil Loss Equatlon = was’ used

- 8011 and water conservatlon practlces needed to control erosion are outllned/'

in detail in the ‘Technical Gulde for South Dakota (ava11able at all Soil

“fConservatlon Service offlces) Those most apprOprlate for reduc1ng sedlment

are identified in the Technlcal Guide as best management practices: (BMP's).

" The kind and amount of these practlces were estimated by the SCS district =
t‘,,'conservatlonlsts and the SCS.state agronomlst Cost of the BMP's were s
;_fyabstracted from the SCS Cost Return Handbook -

. No. quantlflcatlon of reductlons in sedlment yleld due ‘to appllcatlon of BMP'
was attempted because ‘the collectlon of the - necessary data was overly time

consuming. It was also felt that time spent in this endeavor would not be

o productive since the actual selection of practlces applled ultlmately restsfh
,w1th the farmer operator.uyw»,xf, o t S :

2/, __/"

Ifl/;]h"Sedlment Yleld versus Gross Er0510n 1n Hlnnesota" by O M Flnkelson

»*};Geologlst SCS St. Paul Mlnnesota 1978.1

';;gjil Wlschmeler W H., and Smlth D.D., "Predlctlng Ralnfall Er031on Losses,f o

" .A Guide to Conservation Plannlng", Agricultural Handbook No 537
"December 1978 Sc1ence & Educatlon Admlnlstratlon IR e e

dg/;},"Estlmatlng 5011 Loss Resultlng from Water and Wlnd Er051on 1n South

- Dakota," June 1977, South Dakota Technlcal Gulde III 1 . USDA, ‘SCS,
; v»Huron South Dakota ' B :

was used to estlmate sheet o



FjDeflnltlon and Outllne of Study Methods:'

’ifEr051on

S furnished by the Plannlng Bureau,/,ﬂ

.Z;Sedlment Yleld

1 -_§Method is outllned in the‘"Er051on and ‘Sediment Inventory Handbook "
' USDA-SCS, Syracuse, New York . (1972) and in "Guide to Sedimentation
,}Investlgatlons " Technical Gu1de 12 South Techn1ca1 Service Center,
‘ﬁUSDA 5CS, Fort WOrth Texas (1976)

ized water.  Bank sloughlng, ‘or mlnlature landslldes .occur as the
bottom and lower banks are eroded v :

,“ Dakota State Planning Bureau and local SCS personnel. SCS provided :
~!soils maps, the Planning Bureau prov1ded Landsat data maps. These two .~
“maps were consolidated by the Plannlng Bureau to obtain land uses by

'nel provided the needed factors to use in the Universal Soil Loss Equation.

f',Er051on from constructlon 51tes roads and roadbanks was estlmated u51ng
a dlrect volume method (multlplylng the area of erosion by: an/estlmated ’7":
|rate of erosion and the volume weight of the eroding soil).
: ‘areas were observed, ﬂcalculatlons were made and expanded to the entlre S
’:~f~watershed : ol i | o ~ :

‘E"Sedlmentatlon " 1975 Nat1onal Englneerlng Handbook Section 3, USDA
. 8CS, Washlngton D.C. Bl

yi"Predlctlng Sediment Ylelds woin "Proceedlngs of the National Sympos1um

g s |

‘Sheet erosion occurs as water flows overland and moves layers of 5011
partlcles loosened by ralndrop 1mpact.’ Rill erosion is movement of. :
 soil particles as overland flow concentrates into small channels, or .
rllls 2 to 12 inches deep. Soil partlcles are loosened in rills by

'shear force exerted on the bottom and banks of the rill by the channel- -

Data for the estlmatlon of gross eros1on was developed by the South

soils mapping units. U51ng this 1nformat10n as a base, local SCS person-

The actual soil loss calculations and summarles were made by computer a

Sample

Gully and streambank erosion is 5011 moved by water flowing in channels
' that are greater than 12 inches deep. The mechanisms.of loosening and -
mov1ng soil particles are the same as in rill er051on except for the

|\ larger scale. Lake shore erosion occurs as wave action loosens and’
‘moves soil particles. The direct volume method was used to estimate
iqully, streambank, and lake shore er051on. The effects of ice were also:'
‘‘considered in the erosion rate. Sample areas were observed and aerlal
photographs were used ' to expand the sample data :

. 3

Sedlment yleld is the amount of 5011 removed from a dra1nage basin. 2/ 3/
:It is measured (or estlmated) at a p01nt or at a stream channel cross
§Sect10n and only represents a fractlon of the total 5011 eroded 1n the
§ba51n above that point. L . :

s
- O
£y :

' on Soil Erosion and Sedlmentatlon by Water," 1977, American Society of
Agrlcultural Englneers Publlcatlon 4 -77, St. Joseph Michigan.

- -’ i



‘fﬁ;In thls study, gross er031on was estlmated andsthem multlplled by an
g~est1mated sediment dellvery ratio to obtaln ‘sediment yield delivered

U tos Lake Hendrlcks- -This ratio is expressed ‘asa percent and represents

" the amount of soil removed from a ‘watershed (sedlment) divided by the
;gamount of 5011 moved in the. watershed (er051on) It is thus 1nversely
_a,proportlonal to the amount of dep051tlon occurrlng between p01nts of
if_er051on and the p01nt where sedlment yleld is measured,» R

'*lHMany factors affect sedlment yleld 1nclud1ng watershed size, ‘shape
7;hydrology, channel den51ty,~land use, vegetative cover, geology ‘and

‘777f5topography, 'soil structure, texture ~and’ permeablllty- ‘The 1nteract10n

 between all of these factors was subjectlvely analyzed to select a

~ delivery ratio for the dralnage area., ngher ratios were used to. estl- s
~ .mate. sedlment yield from gully, ‘streambank, and’ lakeshore er051on, 51nce~
i;;these areas are. closer to the - sedlment damage area (Lake Hendrlcks)

”fiiBest Management Practlces“'j_ﬁrf‘"fy’

jf!The Env1ronmental Protectlon Agency (EPA) has deflned best management
;fpractlces, as publlshed 1n the Federal Reglster as follows.

fﬁ"The term best management practlces (BMP) means a practlce or
‘ Lcomblnatlon of . practlces that is determined by a State (or: de51g-?‘ :
~ nated areawide plann1ng agency) ‘after problem assessment ‘examina-
~ tion of alternatlve practlces and appropriate public part1c1patlon
‘to be the most effective, practlcable (including technologlcal -
,,ffseconomlc, ‘and 1nst1tut10nal con51deratlons) means of preventlng or {'
. reducing. the amount of ‘pollution generated by nonp01nt sources to'a
'flevel compatlble w1th water quallty goals (40 CFR Part 130) W

~TjjThus best management practlces 1n sectlon 208 water quallty management
'ftfplans are primarily. those: management pI?ctlces that are believed to have
.~ a beneficial impact on water quality. Since sedlment yleld affects

. water quallty adversely in these study areas, management ‘practices ‘that

. reduce sediment yield will be BMP's.‘ Best management practices were!!

c_f~selected ‘from Section III of the South Dakota Technlcal Gulde and costs
ffg~were taken from the SCS Cost Return Handbook =

;Narratlve Comments

i:’The So1l Conservatlon Serv1ce completed a study of ‘the Lake Hendrlcks Watershed.glA
~_ The purpose of this study was to identify the water erosion and sedlmentatlon Sl
?‘ﬁﬁproblems in Lake Hendrlcks and 1ts dralnage area.f(See Watershed Hap) :

- i/ﬁ }"Env1ronmental Impact of Land Use on Water Quallty, Flnal Report on thef/

. Black Creek Project (Summary," 1977, U.S. Env1ronmental Protection
;fngency 905/9-77- 007 A Great Lakes Natlonal Program Offlce Chlcago
}“Illln01s._l : o : : , , e :




i“V“:‘;.Thz.s study 1dent1f1es the klnd amount and locatlon of the major erosion -
a",problems. Sedlment problems noted are entlrely w1th1n Lake Hendrlcks.
'7"fTable 1 shows the present "Land Uses. and Acres Needing Treatment" in the Lake
/‘saabout 2/3 of the watershed is now adequately treated. The remaining 5, 345

~-acres needs treatment by some combination of Best Management Practices wh1ch

‘}‘the entlre watershed. Estimates were made for sheet and rill erosion as-

eehf_d1splace about 2.3 acre feet of water or about .028 percent of the total
lake s capac1ty, : MY _\3 e

e wind.' It was felt that an estimate of 1 to 11 tons per acre per year could

- j'}Table 3 - Best Management Practlces (Conservatlon Practlces and Heasures)

~__costs{can only be obtained in a plannlng process with the owners and operators

"yfulused and treated ThlS study does not show thls sort of detalled 1nformat10n-»5,’

‘ ffNarrative‘Comments (cont.) ‘;jf

" Hendricks Watershed. | Figures:are given for the total watershed. The watershed

"contalns 16,045 acres. Local SCS personnel estimate that 10,696 acres or.

“will contrlbute to water quallty 1mprovement as well as erosion control onk‘”
fithe land in the watershed area.,; S P

;Table 2 - "5011 Er051on and Sedlment Yleld“ shows the erosion estlmates for
+well as erosion from other sources., The table also shows estimates of the‘

rfamount of sediment by sources: actually reachlng Lake Hendricks annually. =
~ This is estimated to be 3,034 tons. It is estimated that this sediment w1ll

5No flgures were developed show1ng the extent of soil losses from erosion by

x7ibe used 1f this 1nformatlon is needed.: -

'«i'

5shows the major land treatment needed in- thls watershed area. The table also

shows | ‘estimated amounts and probable costs! to get the land in this watershed:

7 "adequately treated". It must be kept in mlnd that these are "estimates"
‘only,,and that specific practlces ‘and. accurate amounts together with precise

- of each tract of land based on thelr dec1slons on how each field is to be

}
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16,045 acres

Lac Qu: Par!e )

ESTIMATED SHEET AND RILL EROSION |

WHERE CULTIVATED SOIL LOSSES LIKELY TO BE
>5 TONS/AC/YR 1 ,

'SOTL LOSSES GENERALLY <5 TONS/AC/YR |

Detalled soil information can be obtalned in the soil survey publlcatlon S
for Brooklngs County, South Dakota and L1ncoln County, Mlnnesota.
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"'{meTABLE 3 .* e

BEST MANAGEMENT PRACTICES (Conservatlon Practlces and Measures)1/2/3[

LAKE HENDRICKS WATERSHED AREA

'CONSERVATION PRACTICES

" Un1t4/

‘Cost

ELT/"ﬁﬁigy?“(DOllars)

:’Total:Watershedf'

Ambunt:f
Needed j

“Cost
(Dollars)

- Cropland - 10,594 acres L

~ Comservation Cropping System © . acre
‘Conservation Tlllage System t“-w';acrej““"
k’Grass & Legumes in Rotatlon , 4‘[_iacre}i;f

. Grass Waterways =~ ‘,{%;jacre 0
g f,fwaste Utilization A D .. facre o -
~ Minimize Fall- Tlllage Gl acTe i
 Pasture & Hayland Planting = acre
 Minimize Pesticide Use. = : f;wfraacre_vki,
-Contour Strlpcropplng BN ﬂtk_tfacrev; A

52,970
36,000 - o

- 10,000
6,000

!’fio¢000f;f

600

M7-6 336

j—Terraces » o mile 2,

EkGrassland~— 4 238 ‘acres

_ Proper Grazing Use SR . acre

" Pasttire and Hayland Plantlng . acre

TDeferred Gra21ng R STt i ioaere. s

- Planned Grazing Systems f-;;,'~‘ﬂﬁl_“acré'l_e‘
‘Livestock Water Statlons W acre o

. Critical Area Planting- ~  acre
 Pasture & Hayland Management - acre

- Waste . Management Systems L= oomols

. Wildlife Upland Habitat Mgmt.;c;-,gFaCrej» .
'a°ﬁw11d11fe Wetland Habltat Mtnce r7"acref e

r,ﬂ;Sedlment Control Measures>

\dfTQTALS f,Total‘Aoresrf>l6,045Ei‘

s/y’”‘

'GFarmsteads, Urban & Other— l 213 acres G

Vv60 OO(V)T.‘ S

U acre?»

;25000'

V'?joS .

202k426 or

\31/ Needed to get (Land Adequately Treated) L :
[‘Refer to Soil Conservation Service Technlcal Guide for South Dakota 1981
/ On site 1nvest1gatlon and plannlng are necessary to determlne klnds, locatlons,
. 'sizes, extent & costs of: ‘practices (BMP s). L
4/ Refer to 8011 Conservatlon Serv1ce Cost-Return Handbook for South Dakota 1981
':7'§lexamples of measures are: cover and green manure crop, ‘filter Strlps, 11ned and o
‘vf~1grassed waterways, dlver51ons, mulchlng, sedlment ba81ns, streambank protectlon,“ i.;r:”
‘*ffand cr1t1ca1 ‘area plantlng I e Sl I : -

12 62 per acre‘w}



Appendix B. E Water Q‘uyé,l’lu'fy,Summary Tables and Figures
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aeHNZ

. seHN3
C(He3)

~ 46HNO4 o
(HN=4) RS R
T . NE 1/4, M 1/4, NE 1/4, NE 1/4. This site Is located on an,f:f;”
. unnamed +ribu+ary below-a bridge on an: easf-wesf gravel road e

"f}nor+h of Lake Hendricks, soufh of The road ~ B B

46 Hr\osﬁ" i
o (HN—5),;* :

o 46HNE
O (HwE)

: _LaTITude 44 Deg., 29 Min., 52 Sec.,~longifude 96 Deg.,
27 Min., 48 Sec., Township 112N, Range 47V, ‘Section 22. LiTERe
~ SE 1/4, NE 1/4, N 1/4, N 1/4.- This in-lake site is‘_.;‘ S
o ‘;;,locaTed off - The Lake Hendricks norTh pub||c access. boa+

. ramp, : SR : r Rkt

N —;_

SlTe Descripfion

L*La+l+ude 44 Deg., 28 Mln., 50 Sec., Ionglfude 96 Deg.,
.28 Min., 35 Sec., Township 112N, Range 47W, Section: 28
N 1/4, NE 1/4 SE 1/4, N4 1/4. This In-lake site is
~ located near the Lake Hendrlcks s+a+e recreaflon area boaf"]fﬁg;:"
',.landing.‘_g,," el ‘ , L

'*t';La+i+ude 44 Deg., 28 MIn., 14 Sec., Ionngude 96 Deg.,
30 Min., 01 Sec., wanshlp 112N, ~Range 47W," Secfion 29, RN
- SE1/4, SE 1/4, SW 1/4, W 1/4.v This site is located on‘{k*ffgiwg -
| Deer Creek adjacent fo an east-west gravel road 2 miles Tl

“’fo'norTh of Hnghway 30, nor+h of The road. e ey

” "“»“‘Laﬂ'i'ude a Deg., 20 Min., 58 Sec., longl'l'ude %6 Deg.,,; .

28 Min., 02 Sec., Township- 112N, Range 47V, Section 21.

';‘”Laflfude 44 Deg., 29 Min., 11 Sec., Ionglfude 96 Deg., ,'
.30 Min.,, 15 Sec., wanshlp 112N, Range 47Y, Secflon 20. L
N 1/4, SW1/4, SW /4, S 1/4. This site is- locafed near a - -

- . _culvert on a north-south road and 3 mlles north of N T
"ﬁ,nghway 30 easf of The road n :

~ La+i+ude 44 Deg., 30 Mln., 17 Sec., longifude 96 Deg., ,,5f”
- 26 Min., 06 Sec., wanshlp 112N, Range 46¥, SecTIon 18.-
- SE1/4, NE1/4, SE 1/4, SH 1/4. This in-lake site Is
 located near -the | ake' ouflef Lac Qul Parle Rlver, af
o ;Hendricks, MInneso+a. SR EOE R i

S

Tfableﬁly-1;Lf$aane;sifesfforﬂLake;HéndrfCKs]andf[Ts watershed, =
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