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- LAKE ANDES AND ‘THE LAKE ANDES WATERSHED
LAKE ASSESSMENT PROJECT -

INTRODUCTION

The purpose of this report is to present and - dlscuss information-
gathered from the investigation conducted on Lake Andes and its
- watershed. The study site can be located by referring to Figure
1. The study was conducted from October, ‘1990, to May, 1992. ,
The cooperating parties involved with this prOJect were the State
of South Dakota Department of Env1ronment and Natural Resources
(SD DENR) , Lake Andes-Wagner Water Sytems, ‘the Charles Mix County
Conservation District, the Charles Mix County Soil Conservation
Serv1ce, and the U.S. Fish and Wlldllfe Service. :

The study was 1n1t1ated at local request to assess the current
status of the lake and 1ts watershed, to determine water quality
problems, to 1dent1fy pollutlon sources,'and develop specific
restoration alternatlves. This report addresses the results of -
the analyzed data and provides recommendatlons for restoratlon
w1th1n the lake 1tself and the watershed. i r

STUDY SITE DESCRIPTION

The Lake Andes watershed contalns 95 723 acres of prlmarlly
agr1cu1tura1 land (Flgure 2). From the lake, overflow water is
discharged into the Missouri River ‘through an outlet structure
constructed in 1934 on the south side of the south unit. The
city of Lake Andes is located on the southwestern shore of the
southern unit of the lake in Charles Mix County. Figure 2 shows
the location of the Lake Andes: watershed in relation to Charles
Mix and Douglas Countles in southcentral South Dakota.

The 1ake has a surface area of 4 616 acres, -a mean depth of 3.2
feet, and a max1mum depth of 10 feet. The. 1ong axis of Lake
Andes lies in a northeast to southwest orientation and is d1v1ded
up into three units which are separated by two dikes that were
also constructed in 1934. Andes Creek is the most promlnent :
tributary within the watershed and dlscharges into the north unltf

of Lake Andesr

The cllmate for the southcentral reglon of the state is dry to
semi-arid and the average annual pre01p1tatlon from 1981 to 1990
was 25.08 inches. Evaporation and transpiration rates are
greatest during Aprll through September and average 41. 2 dinches a
year (1981 through 1990) ‘The mean temperature is 47.8 °F and '
-ranged from -28 (taken from data recorded up to 1977) to 111°F
(recorded in 1957) (Agrlcultural Englneerlng Department SDSU,

1
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Brooklngs, South Dakota) The lowest and hlghest pre01p1tatlon
rates occur in. December (. 63 1nches) ‘and June (3.58 1nches) In
1990, the population within a 65 kilometer radlus of the lake was
123, 134 of which 16,555 were urban and 106,579 were rural (Census
Data Center, Brooklngs, South Dakota, 1990) ' :

WATERSHED
The entlre watershed of Lake Andes lles in a hummocky glac1al
moraine in an east-west trendlng sag located wlthln the Great
Plains phy51ograph1c province coteau du- Mlssourl. “The countles
of Charles Mix ‘and Douglas. encompass 1540 square miles of this
‘geologic area. During the Pleistocene epoch, glac1ers left
ground end and stagnation moraine deposits, and the meltwater
streams from wasting glaciers left collapsed, undlfferentlated
and valleytraln deposits. Quaternary deposits and formations
comprise alluvial valley fill loess, and other windblown dep051ts
(USGS, 1975,1977). The dominant bedrock formations that are
found w1th1n Lake Andes watershed are Nlobrara Marl, Pierre and
carlile shale and are,. depending on the. locatlon, approx1mately
300 feet beneath the surface (USGS 1972) This natural lake and.
a portion of the watershed are found in a bedrock valley that is
partly buried by ground moraine. It is part of a hummocky area
which is separated by a broad drainage basin. contalnlng Lake
Andes and Choteau Creek. Minor aquifers of concern are the:
Choteau ‘and Corsica, whereas the more important bedrock aqulfers
are the Dakota, Codell, and. Nlobrara. ‘The Dakota is the most -
1mportant because it isa potentlal source of water throughout
the area with a sufficient static head for artesian wells(USGS,
1977) . Along Andes Creek, which drains into the North Unit of
Lake Andes,;the alluvium can be as much as 15 feet thlck and is
dark gray to black 511ty clay locally contalnlng sand and gravel
(USGS 1975) . e R

BACKGROUND[HISTORICAL INFORMATION

General Hlstory

Lake Andes is a 4 616 acre natural lake whlch had a’ hlstory of
going dry on average every 13.8 years before the construction of
the outlet structure. Subsequent to this constructlon the
average period of time has decreased to 11.5 years. - Records and
o0ld accounts have indicated that the lake has gone dry in the
following years: 1863, 1870, 1878, 1883, 1893 1894, 1933-34,
1939, 1959, 1975-76, and 1981 (Decker, 1982) At present the
lake is:in. a state of stagnatlon and will continue in this state
or eventually become dry unless a considerable amount of rainfall
and snowmelt occur in the next few years. ‘Certain structures
have been constructed on both the watershed and the Lake to allow
for more ‘effective management of the water. However, these
structures do not deter the hlgh evaporatlon rates of thls
semlarld reglon. : 5 : B R




~In 1922 Congress passed a bill establlshlng a hlgh water
elevation of 1437.25 feet msl for Lake Andes via the constructlon
of an artificial outlet in 1934. This structure permanently g
lowered the high water elevation of 1450 feet msl required to
overflow the natural outlet by 12.75 feet.: Other structures
involved w1th ‘the Lake management were: v o

1) A dam progect constructed on Garden Creek: whlch dlverted 1ts
respective watercourse easterly via one and one-half miles of
open ditch to- Hutchinson. Creek.~ This then dlscharged into the
south end of Lake Andes. This dlver51on was later plugged as a
result of flash floods and the absence of flowage easements.;ﬂw

2) A d1ke and control structure constructed in 1936 on Owens Bay
which allowed the water level in Owens Bay to. be malntalned at an
' elevatlon of 1443 55 feet. . . SR

3) In 11938~ 39 under the dlrectlon of the Bureau of Blologlcal
Survey, two dikes were built across ‘Lake Andes to sub-lmpound the
water. This was done in hopes that the dikes would aid in the o
retention of water during dry- years allowing fish and- wildlife toFg
propagate. As a result of the dikes, the water elevatlon was
allowed to be malntalned at an elevation below that of the '
mandated high water elevation mark of 1437.25. The dike
kconstructlon was completed in 1942 and the Lake was then lelded
into three management. units - the North,; Center, and South.

~ Owens Bay had .its own dike and was owned in fee title and is
dealt with separately from: Lake Andes.p The average depths for
the three individual unlts 1n 1962 were 9.1, 12p9\,and,11 5pfeet
respectlvely.,,' o ~ 3 A

In 1976, ‘the Scs conducted a study to determlne if there were any
51gn1f1cant effects produced by the stock dams and dugouts on ‘the
drainage area of Lake Andes. It was found that, as of 1976,
there were 393 . dams and- dugouts in the Lake Andes drainage area.
These dams and dugouts were capable of holding back less than one
inch of surface water over: the entlre lake ‘surface (Decker, "f_ '
1982). TR SRR o o

The water supply for thlS lake comes almost entlrely from
watershed run-off. A very minor source of water which :
~per10d1cally drains into Owens Bay is an artesian well. The;[_
amount of precipitation during one year can have a dramatic
effect on the water level of Lake Andes. - The water. management
plan at Lake Andes in 1980 was concerned with holdlng as much
water as p0551ble in the lake with no manipulation between: unlts ’
i(Lake Andes NWR Annual Water Management Plan, 1980) L Thls plan'
was the direct result of three factors:

“1) there. usually was not enough water to manlpulate,

© 2) local citizens wanted recreation on the lake, and

©~3) -the perlodlc dry-wet cycles prov1ded max1mum 1nvertebrate

productlon for use by waterfowl.w i ; .

N ' 5 :



_The result of th1s management scheme was: the North Unlt must £ill
' before water spllls into the Center Unlt, which in turn must £ill
before the South Unit. ' The North Unit is usually the only unlt

w1th enough water to hold game fish (Decker, 1982) : :

JArte51an Wells

‘There have been several attempts at malntalnlng the water level
~within the lake. An additional attempt at maintaining the water
level was made by the construction of artesian wells.g Several
wells have been drilled within the confines of the: shore. Most
have either been plugged, are non-functlonal ,or 51mply have
never produced water. In any case, there Stlll is a functional
well found on the wildlife refuge. This well, in the absence of
runoff, does not produce enough water to malntaln the waterlevel
w1th1n Owens Bay. ; LR IR B L -

1sher1es Management Problems

Prlor to 1978 Lake Andes had been nearly dry for several years
and fish management activities were suspended., However, during
‘the winter and spring of 1977-78 ‘enough runoff occurred to flll
the North Unit and make it suitable to sustain game flsh.
Fathead minnows and northern pike fry were stocked in; the sprlng
of 1978; later that summer a few yellow perch, blueglll, ‘and
-,largemouth bass were added. Fish were sampled once. in 1979 and

'~ once in’'1980; data indicated that black bullheads ‘and yellow

- perch domlnated the fishery. In 1980, the populatlon biomass was
dominated by black: bullheads and northern pike. ' Limited numbers
of the largemouth and bluegill stocked the prev1ous year were
caught.. Because of the low water and. the right ‘conditions for a
summerkill, the scheduled fish stocklng of northern plke and
largemouth bass for 1980 was cancelled. As a result of the
‘fluctuating waterlevels within this lake, w1nterk111 and v
summerkill events are common place and greatly ‘influence the fish
populatlon ‘dynamics of this lake. ' A fisheries management plan
was attempted by estimating the relationship between fish kills,
lake depth ‘and probability that the lake will be at these depths
in any given year.‘ Through this procedure it was found that 65
percent of the time the North Unit will have an August maximum-
depth of 6 feet. However, this was only a hypothe51s and is:
based on 1ncomp1ete data. The recommendations for the ‘management
“plan in 1980 were that no further flsh stocklng should take place
unless the lake fllls (USFWS 1980) L i :

,The U. S Fish and Wlldllfe s management progress report for the
Lake Andes flshery in 1989 indicated that bullheads and carp were
a problem agaln. These fish have been a continual problem and-
must be dealt with each year as they cannot: be prevented from
enterlng the 1ake.> According to" the progress report, 1990 was a
very critical- year for the lake because the strong year class of
bluegllls found Wlthln the south unlt may have trouble

Fsh

M



: reproduc1ng as a result of the 1ncreased numbers of bullheads'fo
(USFWs, 1990). . o

,Waterfowl Populatlon Monltorlng |

The waterfowl populatlon for Lake Andes has been well-documented
as a result of the formation of the Lake Andes National Wildlife
Refuge in 1936.5 ‘The executive order which established the refuge
identified 365 acres of fee title land around Owens Bay to be set
apart as a refuge and breedlng ground for migratory birds and

" other wildlife. 1In 1939, the State of South Dakota granted a. o
- perpetual easement to the U.S. fish & Wildlife Service for the L
- management of Lake Andes. The lands covered in the easement are
", .. all lands lying within the ordinary high water mark of the
navigable meandered lake." The duck and goose population found

- within the refuge durlng the spring and fall migration perlods
can reach numbers well into the thousands. The water quality of
- this refuge fac111ty may be effected by these large numbers of
waterfowl. On the average, 1000 ducks. welghlng 4 1bs a piece can
produce 1.42 lbs of total nltrogen, 0.62 lbs of total phosphorus,
and 24 1bs of suspended solids per day along with other chem;cal
- parameters in small amounts (SCS 1978). Table 1 shows the

- waterfowl use of Lake Andes for three years taken from surveys
conducted by the USFWS and SDGF&P..f :

Table 1 .' Waterfowl Survev Numbers from Lake Andes.'

1990 , - NORTH jff‘fﬂ;j34,l38 : L ,43,797:*
R ~ CENTER . 41,350 . = = 24,060
SOUTH 571{22,399" 117,248
~ QWEN'S BAY 26,306 - 75,403
e . LAKE ANDEs;;;j”1,7ooa~~1,d;« 27,000
1991 “NORTH . 1,925 - . . 13,773
: Y "CENTER 33,785 = 15,057
souTH . . 6,113 8,523 -
QWEN'S BAY - \46,279’ . .29,392
_ BT LAKE ANDES 5,820 . 28,900
1992 NORTH }fv;” 5,140 . 9,359
R CENTER 1,877 . 4,721
 SOUTH . 280 - 2,498
OWEN'S BAY 8,003 18,751

* FROM SDGF&P AERIAL SURVEYS.,~~

-Selenlum Concerns

Selenlum has been found in certain concentrations within the area

of the proposed 1rr1gatlon prOJect which 1nc1udes a small portlon ,

of the Lake Andes watershed. A preliminary toxic element -
1nvest1gatlon ‘was completed in order to determine the ‘
,fconcentratlon levels of selenlum within the area of the proposed .



nLake Andes—Wagner/Marty II pro:ect. Accordlng to th1s :
investigation the total selenium in both till and non-tlll ‘
sediments appeared to be an order of magnltude hlgher ‘than the
drinking water standard of 50 ppb in 1990. It also concluded '
‘that the concentration levels were hlghly variable and extremely
‘unpredictable within the confines of till and non-till sediments.
Selenium, when taken internally in amounts exceedlng this level
of concentration, can cause severe physiological problems B
involving the gastr01ntest1nal system (Bureau of Reclamatlon,-
1990). | S e
HETHODS AND HATERIALS :
Water quallty monltorlng was the method that was used to
determine the sediment and nutrient problems with Lake Andes and
its watershed. The concentration of several physical and chemical
parameters can be 1ncorporated w1th the flow rates from selected
tributaries to yield a hydrologlc ‘budget. This method can be
very useful in 1dent1fy1ng areas of hlgh nutrlent 1nput but not ‘
w1thout exce551ve cost or tlme.» C e

Water Qualzty Monltorlng
Tr1butar1e5‘1*~ ”

The outlet and six 1nlets that were selected as trlbutary
sampllng sites for the Lake Andes Watershed are descrlbed below
and can be found on Flgure 3. g V : e TR

~Slte,1. AAndes Creek located at the north end of Lake Andes
... and enterlng the lake at sw1/4, SW1/4, s3 T97N
'_LR64W :

'Site72.f~North Refuge Trlbutary, located approx1mately 1
o " mile southwest of the northern Lake Andes National
- Wildlife Refuge and enterlng Lake Andes at E1/2,*
‘E1/2 Sl7 T97N R64W o ; ,

Site:3;7 Northwest Trlbutary A, enterlng lake Andes at
L INE1/4, SZO T97N R64W. : AR

Site,4_!:Northwest Trlbutary B, enterlng Lake Andes at
L ‘,QNE1/4, S31, T97N, R64w. e _ T

Site”S};iDezera Trlbutary, 1ocated approx1mately 1/4“m11el
. (,ewest of Dezera and enterlng Lake Andes at NE1/4 o
- 83, ToeN, REEW..: R g ; o

. Sitels; gLake Andes Outlet located approx1mately 1/4 mile
- - southeast of the town of Lake Andes and dlscharglng'
”from the lake at El/z NEl 4, 89 T96N, R65w.;
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,,Sitej7;,‘South Refuge Trlbutary, located approx1mately 1
. 'mile west of the southern end of the Lake Andes
. National Wlldllfe refuge and enterlng Lake Andes at
f~}ysw1/4 81, T96N R65W. . : e

,Sampllng was modlfled accordlng to flow volume at each 51te, :
samples were to be taken when the tributaries flowed.<»All sites
were to be sampled, if pos51ble, twice week durlng the first week
of snowmelt ‘runoff and once a week there-after until runoff was
completed. Samples were to be collected dally during| any runoff
;produc1ng Storm events.} Sstage recorders were placed- at sites 1,
3, 5, 6, and 7 to monitor perlods of peak runoff and any time

- subsequent to this perlod.g Current velocity was to be monltored
at these 51tes to determlne total flows and stage/dlscharge.;,“

Inlake Sampllng .
Three 1n1ake sampllng 51tes were selected}forfLake~Andes;(Figure
3) and are descrlbed as follows.f‘ BT R ' ‘, o

4 Slte‘8."N0rth 1nlake 51te, located approx;mately 1/4 mlle

.- mnorth of the mldp01nt of sectlons 16 and 21 T97N,
" R64W. . S N

dSité,Q;A.Mlddle 1nlake 51te, located approx1mately 1/4 m11e
- north of the midpoint of sectlons 31 (T96N R64W)
'and sectlon 6. (T97N R64W) e -

Site 10.fSouth 1n1ake 51te, located approx1mately 1/4 mlle
;, e ~east of the town of Lake Andes.‘ﬁ;,‘h E”‘ o
Sampllng took place monthly from October through March and tw1ce
a month from April through' September. ‘The lake 1tself ‘was very
shallow and most of the sampling was done by wadlng to the site
-and retr1ev1ng a grab sample approxmmately 5 feet below the
surface.~‘ , , N ) S P :

The sampllng perlod for the study extended from November 13 1990

through May 29, 1992. Durlng this perlod a total of 75 samples
were collected from the 10 51tes.;_vﬂ o A :

10




dTahlelz{ Sam lin:’Period and Number offSamfles

SITE # o SAMPLING PERIOD S - #£ OF- PLES
Co el FROM: To: S £ B
2 "~a*'ra e 0
- s
4 SR 0
5 ~5/29/91 £y
6 ST o]
7 Do - 5/29/91 : 1
8 11/13/90 - . 5/27/92 - T 24
9 11/13/90 - 5/27/92 - - 24
10 11/13/90 - ,',5/27/92~‘Vq13 p':‘ 24
Total Samples 75

Drought condltlons prevalled throughout ‘the entlre time perlod
‘that the phase I study was in progress.* As a result, sampling
was not p0551ble from 51tes 2, 3, 4o0or 6. The other tributary
sites received minimal runoff events and were sampled whenever
possible. The in-lake sites under normal conditions would have
samples collected at the surface and at the bottom of the lake,
- however, because of the shallow depth of Lake Andes, only surfacev
samples were taken. ’ v

‘The laboratory analy51s was conducted by the South Dakota State
Health Laboratory in Pierre, South Dakota. Field sample ' :
collection and analyses were conducted by Jim- VonEschen, a local

re51dent.

The raw data were complled by the South Dakota Department of ey
Environment and Natural Resources, D1v151on of Water Resources,~\
Management. Water quallty parameters were loaded 1nto the ~
computer and analyzed S : L

The water quallty parameters that were tested at all of the ' S
~sampling sites are shown in Table 3. A descrlptlon of each i
parameter may be found in Appendlx c. : v sl

'~¢ Table 3.’ Water Qualltv Parameters o

: Parameters

Water Temperature . . Total Solids 5

Air Temperature Lo ‘Total Dissolved Sollds
Secchi bisk =~~~ Total Suspended Solldsr
Dissolved Oxygen i o Ammonia S
Field pH © Nitrates & Nltrltes o
Fecal Coliform Bacterla -~ Total Kjeldahl Nltrogen

" Laboratory pH S Total Phosphorus : :

~Total Alkallnlty AR fOrthophosphate ‘

Unionized Ammonia -

11



WATER QUALITY STANDARD -
fThe surface water quallty standards for the state of South Dakota
—are based on the highest ranking benef1c1a1 use a551gned toa
body of water. The highest beneficial use ‘assigned to Lake Andes
is warmwater marglnal fish propagatlon. Other beneficial uses
assigned to Lake Andes are immersion recreatlon, 11m1ted contact
recreation, and wildlife propagation and stock waterlng.‘ The
water quallty standards for Lake Andes are llsted 1n Table 4.f;

i ?

e able»4. Lake Andes Water Quallty Standards iif

‘ Parameter L SRS ":Standard
'Total Chlorlne Residual -~ ...~ . <0.02 mg/L,
Un-Ionized Ammonia Nltrogen .~ .<0.05 mg/l
Total Cyanide = . <0.02 mg/L
' Free Cyanide - o <0 005'mg/L ’

. Dissolved Oxygen S >4.0 mg/L

‘vUndlsassoc1ated Hydrogen Sulflde . <0.002 mg/L o
PH B . >6.5 & <8,3 unlts

L Suspended Sollds }"Vr ‘«:..,,"Qajfy<159 mg/L i

- Temperature - . <90 F- ,

; Polychlorlnated Blphenyls o <0, 000001 mg/L
Fecal Coliform Organlsms . <200 per 100 ml
‘Total Alkalinity e mE e <750 mg/L ,
~Total Dissolved Sollds ... <2500 mg/L :

N ”CODdHCthlty R ... <400 mlcromhos/cm

8 Nltrates S ;-Y, A » ;3;-,3 ~;y_,-<50 mg/L

The appllcable crlterlon is to be malntalned at all tlmes o
,based upon the results of a 24-hour representative comp051te
‘sample. The ‘numerical value of a parameter ‘found in iany one grab
sample collected during. the perlod may not exceed 1 75 tlmes the
appllcable crlterlon., . T SO
Fecal collform organlsms from May 1 to September 30 may not
'exceed a concentration of 200 per 100 ml as a geometrlc ‘mean
‘based on a minimum of 5 samples obtained during separate 24 hour
periods for any 30-day perlod and they exceed this value only
20% of the samples examined in this 30-day period.: They may: not
exceed 400/100 ml 1n any one sample from May 1 to September 30.

The water supply for the lake is entlrely dependent upon
precipitation and snow melt; there are no permanent streams to

- the lake. Of the several 1nterm1ttent streams that dlscharge
into the Lake, Andes Creek is the most 1mportant.« Thls creek -
beglns a few miles northwest of Corsica in Douglas County and
continues ‘south discharging . into the north unit of Lake Andes.
The beneficial uses assigned to thls and the other trlbutarles of
" Lake Andes are wildlife propagatlon and stock waterlng and -

‘ 1rrlgatlon waters.‘ ‘The water quallty standards for these e



tributaries are listed in Table 5.

parameter . . " 'standard _

\_Total Alkalinity =~ . <750 mg/L
Total Dissolved Solids . - = <2500 mg/L
, ,}cOnduct1v1ty et o <2500 mlpromhos/cm
- Nitrates , ... <50 mg/L B
pPH Y . >6.0 § <9.5 units
Sodlum Absorption Ratlo e i - <10: 1 A

; " The appllcable criterion is to ‘be malntalned at all tlmes based
upon the results of a 24-hour representatlve comp051te sample.,u
the numerical value of a parameter found in any one grab sample
collected during the perlod may not exceed 1.75 times the
;appllcable criterion. ; : :

RESULTS AND DISCUSSION OF WATER QUALITY HONITORING
IN-LAKE : : ’

The data analy51s of the chemlcal parameters of a11 three in-lake
sites indicate a lake in a hypereutrophlc condltlon. The water
quality standards adopted by the state of South Dakota were
- exceeded in several cases. - The total nitrogen and. total
phosphorus parameters are not subject to these: standards but are
very important relative to the water ‘quality of a lake. The
parameters that are discussed below were chosen because they
exceeded their standards at least once throughout the course of _
the study and are respon51ble for limitations on a551gned uses.f
~ Table 6 contains all the in-lake data for the three in-lake
sites.  Graphs: comparlng the three in- lake 51tes can be found 1n
Appendlx C. ‘ s S : ~ ; :

’lAn 1mportant component whlch may have ‘had a 51gn1flcant effect on
,,the water quality of Lake Andes is stagnatlon. -Lake levels have
declined with no significant amounts of runoff and with no influx
-of water the lake became stagnate. This phenomena may result in
"and may be caused in part by anoxic conditions: and increased pH
and temperature. These conditions create a suitable situation in
which phosphorus and other trace elements ‘bound to the sediments
can be transferred to the water column. This action can then
cause algae blooms, summerklll events, and cause the state S
standards that were descrlbed prev1ously ‘to be exceeded.

;:Dlssolved Ogyg n:

There wvere several samples throughout the 1nvest1gatlon in wh1ch
the- concentratlons of dissolved oxygen were found to be . far lower
than the set standard of 4.0 mg/L. All three sites exhibited f :
similar levels throughout the course of the study. The_lowest
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level of dlssolved oxygen was 0. 13 mg/L whlch was recorded at
site 9 on May 27, 1992 (Table 6). Lake Andes was very shallow ‘
and the extremely low oxygen levels can be attributed;to plant
and an1ma1 respiration as ‘well as bacterlal decomp051tlon of
‘organlc matter. As the oxygen levels decline near- the sediment
interface, phosphorus and other nutrients have a hlgher potent1a1
to be released from the. sediments into the water column (Wetzel,
1983) "This process, ‘termed 1nternal loadlng, can cause many
~water quallty problems and may have a negatlve 1mpact on the
beneficial use of the lake. Low oxygen levels are also g'
vrespon51ble for fish kills. Most game fish cannot survive in
water where oxygen levels are lower than 3.5 mg/L (Cole, 1983).
In this case with decreased oxygen. ‘levels we can expect to have
an increase in the amount of phosphorus found w1th1n the water
samples. R LN ; Sl

;Fecal Collform Bacterla

Fecal collform bacterla 1nhab1t the dlgestlve systems of warm-'
blooded animals. The presence of fecal coliform bacteria in -
water is evidence of human or animal waste in the water supply.
Sources for these organlsms include wild mammals and domestlc
livestock near the lake or in. the watershed
fa111ng/1nsuff1c1ent sewage systems. High concentratlons of
these bacterial organisms generally coincide with hlgh 4
concentrations of nutrients such as- phosphorus and nltrogen.
ngh fecal coliform bacteria concentratlons also create a high
,oxygen demand, resulting in a lower levels of dlssolved oxygen
which support aquatlc life (MPCA). One. sample taken ion September
24, 1991, had a count of 420 organlsms per 100 ml. Thls was
taken at site 8 on the north unit. "There was only one other

sample with a fairly high count of 130 organisms. per {100 ml. ‘The

state standard listed for the hlghest benef1c1al use is :
considered to be 200 organlsms per 100 ml.; These were the only
~samples which. exhlblted any type of ‘an increase in the numbers: of
~ these organisms. ‘This suggests that there was no fecal problem
3w1th1n the lake durlng the course of the study. S

The pH standard for Lake Andes from Table 4 1s 6.3 & <8 3 unlts.
-0f the 72 samples that were taken, 50 exceeded the 8.3 standard.
The pH was analyzed. again. during the: ‘State Health Laboratory s
examination. . Of the 72 samples analyzed 45 exceeded ithe state: -
standard (Table 6). There vere approx1mately an equal number of
samples from each of the three in-lake sites which: exceeded this
standard. This indicated that the conditions causing the
increase in pH levels were prevalent throughout the lake.f The
causes for thls increase in pH are dependent upon many factors
1nclud1ng the hardness of the water, temperature, photosynthe51s,
and decomp051tlon., Hard waters act as a buffer to pH, however,
photosynthe51s may counteract the buffer and be respon51ble for

. i :
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;hlgh pH levels (Vallentyne, 1974) Stagnatlon, as prev1ously
' dlscussed ~may have caused the. lake to sllghtly 1ncrease 1n pH as

"well

,Un-lonlzed Ammonla

JUn-lonlzed ammonla is a calculated fractlon of total ammonla.f‘
The accumulation of ammonia greatly accelerates as the . R
;hypollmnlon becomes anoxic. Under anaerobic condltlons, :
‘bacterial nitrification of ammonia to nitrate and- nitrite ceases

ﬂ‘as the redox potential is reduced’ to below about +0. 4 volts.

With anoxic conditions prevalllng the adsorptive capaclty of the
“sediments is greatly reduced. A marked release of ammonia from

the sedlment then occurs. With an increase in pH and temperature, -

you can expect the concentratlon for un—lonlzed ammonia to E

- increase.. The standard for this parameter is 0.0875 mg/L (1. 75
~times 0.05 mg/L) for a single grab. sample., ‘Throughout the' course:
of the study the standard was surpassed 14 times with the hlghest
value of 0.36 mg/L occuring site at 9. Wlth a reduction in the
temperature and pH this parameter should also decrease in

- concentration. Thls parameter 1s hlghly tox1c to many organlsms, L

‘“espec1ally fish.

‘kPhosphorus

Although a state standard for thls nutrlent has not been :
1mplemented by this: state,,thls nutrient should ‘not be - 1gnored.f
It is an element which is very 1mportant for the productlon of
algae and macrophytes as well as other biological organlsms. B

- When a lake is subjected to anoxic condltlons,pphosphorus may be
- released from the sediments. After analysis, the in-lake samples
revealed minimum and maximum concentratlons of 0. ‘081 mg/L and
2.16 mg/L, respectlvely. The average concentratlons for each of
the three in-lake 51tes were.; site 8 = 0.764 mg/L; site 9 =
0.692 mg/L; site 10 = 0.807 mg/L. Lake Andes, even ‘
though stagnate, 'is Stlll ‘considered a hypereutrophlc lake. Thls~
means that the high concentrations of nutrients will cause
nuisance algae blooms. Optlmum conditions for a nuisance algae
bloom to occur ‘require minimum concentratlons of 0.02 mg/L
 (Wetzel, 1983). The minimum concentration of any of the three v
in-lake sites-was 0.081 mg/L exceedlng the necessary amount forf>
an algae bloom to occur. The more common sources of phosphorus
in a lake are known to be anlmal or human ‘waste, fertilizers,
detergents, run ‘off from land (sedlments), internal loadlng from
the sediments, and blodegradatlon of macrophytes and other

blologlcal organlsms.r

'leltlng Nutrlent

The llmltlng nutrlent concept states that the" productlon of algae
will be determined by the least abundant substance needed for
survival-in the env1ronment., Accordlng to the concept 1f you:
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control the llmltlng nutrient for. algae, you can control the :
production of the organism and thus it's rate of growth: (Wetzel
'1983). The applicability of thls theory to the Lake Andes
situation is somewhat decreased as a result of the stagnatlng
~lake water. - Throughout the course of the 1nvest1gatlon the
;concentratlons of both phosphorus and nltrogen were very hlgh as
wvas dlscussed.-, , S .

TRIBUTARY

To determine spe01f1c problem areas a55001ated with non-p01nt
‘source pollution, trlbutary sites were established within the
watershed of Lake Andes. The 1nformatlon gathered from these
monitoring sites would have also been used in the development of
a hydrologlc budget to estimate nutrient loads to the lake.
-During the 20 month sampllng period there was only one runoff
“‘occurrence in which inflow data was gained. No outflow occurred.
As a result, a hydrologic budget: could not be calculated and an
estimation. of the nutrient loadings could not be made. Although
" no tributary water samples were analyzed, the United States '
Geological Survey has several years of water guality data taken
from the same or near. the orlglnal tributary sites as well as the
in-lake. 51tes. There were high amounts of total. phosphorus in
all of the sites sampled by the USGS from both in-lake and the
tributaries exceeding the amount requlred for a nuisance algae
bloom. At most of the USGS sampling sites there were ‘higher than
state standard concentrations of unionized ammonia. The
parameters tested for by the USGS on the tributary sites were
essentially the same as those that were tested for during the -
present. study. The tabular-data for the USGS monltorlng 51tes ,
can be found in Appendix D. o : ,

A site by site analy51s of the trlbutarles for the LakepAndes
watershed was not feasible due to the existing drought '
conditions. As stated earlier, the tributary sites for ‘Lake -
Andes conform to a moderately different set of state standards :
because of their benef1c1a1 .use’ c1a551f1catlon., One runoff event
did occur during the study: period and was recorded at sites 1, 5,
and 7. The water samples taken during this May 29, 1991
occurrence were found to have extremely high fecal counts
(maximum number of 55,000 was recorded at site 5). These high
fecal counts may be a result of a first flush occurrence and it
is difficult to determine if there is a problem with this
organlsm from only one runoff event. :

k_CONCLUSIONS

Cole states in hls textbook of llmnology that "Natural lakes :
arise from phenomena that are almost entirely geologic in nature.
Once formed, they are doomed. Because of the concave nature of
basins, there is a compulsory trend toward obliteration as they
£fill with. sedlment " Lake Andes is succumblng to the fate that
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eventually falls upon all 1akes. 'With 1mp1ementatlon of ‘the
culvert in the 1930's which decreased the lake levels by 13 feet
(Decker, 82) ‘there was a trend for the ‘lake to go- dry
approximately every “eleven years.v Lake Andes has a falrly small
watershed relative to the lake size which does not prov1de
adequate ‘water during drought.f ‘Nutrients have caused a continual
decline in the water quality of this lake. The shallowness of
Lake Andes also encourages macrophyte growth, which with summer-
and winterkill events, make 1t a very dlfflcult flshery to '
manage. . : S : §

During wet years, the hlgh amounts of nutrlents makezLake Andes a
very productlve lake. The past- results of this hlgh product1v1ty
can be seen in the’ history of the lake recorded in terms of bass
fishing. However, with the increase of bullheads ‘and carp, this
fishery gradually declines. The lake at lower water ‘levels is
used by waterfowl during mlgratlon perlods, and as a 51gn1f1cant
waterfowl productlon area. ;'«, , - ," ,f ,,__& : :

The data galned in the present study plus the hlstorlcal
_information that was available indicated: that there are problems
with eutrophication. Before restoration of Lake Andes is’
attempted the watershed 1mprovement plans should be 1mplemented
Poo
It must be noted that even if- everythlng pos51ble 1s§done to
correct the problems in the watershed, Lake Andes w1ll probably
‘remain eutrophic to hypereutrophlc.f Beneflts recelved by the
alternatives listed below will shorten the duration and ‘
intensities of algae blooms, control some of the macrophyte
problem, and if bullhead and carp problems are dealt wlth
con51stently may 1mprove the flshery i R

: 5

(N
‘e
i

7 RESTORATION ALTERNATIVES

There are several alternatlves avallable for the restoratlon of
p Lake,Andes._ These alternatives listed below were. chosen on the
baSis_of effectlveness, cost, and thelr probablllty of succeSS'

1. No Action : D L R T T
2. Selective Dredglng TRt S

3. Land based removal of sedlment R e
4. fDllutlon/Flushlng S

No Actlon‘u‘

If no actlon is taken to restore ‘the quallty of Lake Andes and
its watershed, problems will continue and may become | more :
serious. Sediment bulldup will contlnue and depth Wlll decrease
until the lake is a wetland or marsh whlch could only be used by
waterfowl. The ‘fishery would contlnually be in a state flux as a
- result of the high rate winterkill and summerkill events and the
1nab111ty to prevent the 1nfestatlon of rough spec1es of flsh.
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,These stressful condltlons w1ll result in a poor flshery
dominated by bullheads and carp rather than the more popular game
fish such as northern plke and largemouth bass. Minimal outflow
~events would occur and nutrients would continue to cycle
‘throughout the. ecosystem of the lake. The lake would become a
wetland with limited contact recreational value. Benefits '
associated with this type of situation would be 1mproved hunting,
-perhaps . hlklng and camplng, and 1ncreased habltat for wlldllfe.

Selectlve Dredglng

If dredglng selected areas on the south unlt of the lake is
chosen a sediment survey must be completed prior to dredglng. :
This survey is usually completed during a phase I study but due
~to the mild winter and thin ice a sedlment ‘survey could not be
accomplished. It is necessary to have some: estimation of the
volume and distribution of the sediment w1th1n the south unlt.,
‘Before any major dredging is undertaken,‘the rate of
‘sedimentation should also be determined. It is of little value
~ to dredge a reservoir that is fllllng in at a rate of 2 1nches or
more a year if watershed controls for erosion are not , »
slmplemented Sediment removal to. retard nutrient release can be
highly: effectlve. Certain areas where dredging takes place may
- provide significant habitat for fish and other 1living. -organisms.
especially during fishkill events._ It will also remove some of
‘the nutrient-rich sediments. The water may become.- somewhat o
clearer because the ‘deeper depths will limit the wave action:
suspend1ng solids in the water column. = Selective dredging is
less expensive and less time consuming than whole lake dredging.
Areas not dredged will still have a macrophyte problem.- The
‘total amount of sediment and the location of the greatest ;
sediment concentrations would still need to be calculated. The
" average operational cost of an eight inch dredge for a year is
$175,000, not 1nclud1ng start-up costs of approx1mately $75 0o0o0.

A 11m1ted alum treatment along w1th selectlve dredglng may reduce
the amount of 1nterna1 loading. of phosphorus from the sediments.
However, this may not be effective if only the south unit is ,
treated. Temperature ‘and pH will have to be closely monltored to
determlne 1f this is’ fea51ble.2-(~'

Land Based Removal of Sedlment

Thls method may be the most fea51ble 51nce Lake Andes has a hlgh
‘tendency to go dry approx1mately once every twenty years. It may
“be 'in the best interest of this pro;ect to use land-based ;
equlpment to remove the sediment if this event takes place in the
next few years. The end result of land based removal would be -
~similar to that of selective dredging. The advantage of 1and-~
_based removal is that it can be accompllshed with conventlona1~
equipment such as dragllnes,~bulldozers, or scrapers. The dry
sedlment can be transported and dlsposed of 1mmed1ate1y by trucks‘
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,the 1mprovement of the Lake Andes and its watershed

‘Due to the condltlon of the watershed the land use
_.recommendatlons dlscussed below should be completed regardless of

or a series of 1slands may be built w1th rlprapplng surroundlng
the islands. The riprapping should prevent: dep051tlon of -
sediment from the islands into the lake. In addition to- the

-sediment removal fish structures such as rock piles,: dltches;sOr

walls can be constructed to 1mprove habltat for flsh and other.
quatlc organlsms.g;‘ Sy u , ETRE R :

11ut10n Flushln

In the event that the Lake Andes-Wagner/Marty II 1rr1gatlon
project is completed within the Lake Andes area a :
dllutlon/flushlng restoration alternatlve may be created wlth
off-peak pumping into the south- unit. It may be poss1ble to
lower the concentration of - nutrients Wlthln the south unit and
flush out algal cells by adding sufficient quantltles of
nutrient-poor (dllutlon) water from some additional source
prov1d1ng that the source is nutrlent—poor (in this case Lake
Francis Case) ~High amounts of additional water, whether low in
nutrients or not “may also be ‘used to flush algae out from the
lake faster than they grow. ~The dllutlon process depends upon a

low concentration of 1ncom1ng nutrients to effectively dilute the

higher concentration in the lake.' Concentratlon of nutrients
will also be affected by the ‘degree to which loss ofgphosphorus

‘to sediments. decreases and counters ‘the dilution: because of the

1ack of phosphorus within the ‘dilution water. Lakes iwith low -
initial flushing rates are poor candidates because 1n-lake '

““concentrations could increase unless the ‘dilution water is- e
- essentially dev01d of phosphorus (EPA,. 11990). If the depth of

the south unit is malntalned at the high ‘water elevatlon of"

1437. 25 feet msl it still may be necessary to dredge selectlvely'
to increase the depth in certain areas of the lake. ‘These
methods of in-lake restoration will not solve all of the problems
assoc1ated with the lake if watershed restoration does not occur
as well. Dlscharglng water within the south unit of | Lake Andes
is not going to restore the lake to. prlstlne condltlons. _The.
productivity of the southern portlon of the lake may also be -
somewhat decreased if there is an excessive amount of nutrlent

i

def1c1ent water dlscharged w1th1n the south unlt.-l_él

i
i

RECOMMENDATIONS

Although llttle 1nformatlon was galned durlng the course of the
study relatlng to water and nutrient budgets, there was enough
information available to ‘reasonably conclude that the problems

“with Lake Andes stem from inappropriate land use and;natural

eutrophic conditions. Based upon the information collected and
evaluation of the hlstorlcal data, the Water Resource Management
Division of the SD DENR recommends the following act1v1t1es for
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the outcome of the rest ‘of the restoratlon plan. ‘These optlons
were selected by the Charles Mix Conservatlon District, Soil

‘Conservation Service, and SD DENR on the basis of effectlvenessr'

and ability to sell these practlces to the land owners in the -
watershed These recommendatlons 1nc1ude the follow1ng°"‘

A) Conservatlon Dlstrlct scs, Exten51on Serv1ce, and DENR

~conduct small group meetlngs w1th farmers to discuss the effect
~management of cropland, ag waste, grassland, and rlparlan areas
,has -on the lake. Agree on needed actlon. :

lB) Conservation District and scs develop, with farmers, Resource
Management Plans that address crop residue use, grassed

waterways, nutrient appllcatlon, pesticides, grazing rlparlan
area activities, and ag waste handling. Economic benefits need
to be considered. Complete developlng these plans (about 100 in -
number) '

C) Conservatlon Dlstrlct work w1th Exten51on Serv1ce and County
Weed Supervisor to conduct 1nformatlon and educatlon act1v1t1es
on proper pest1c1de use and safety.. :
D) Conservatlon Dlstrlct and SCS establlsh followup program wlth‘
landowners and operators to assist in applylng conservation B
practices that not only solve individual farm problems but also
have p051t1ve 1mpact on the lake. ; E

Use of land-based egulpment for sedlment removal to increase
depth, improve fish habitat and reduce the threat of fish. klll.‘

,Conventlonal equlpment owned by the county or the city can be

used to remove as much sediment as desired. Fish structures such

as deep pools,.rock piles, points, and walls can be constructed

to increase recreational fishing. j Two or even three years of
sediment removal may be necessary. A more accurate time table
w1ll be avallable when the sedlment ‘survey is completed.

A third optlon avallable to the local sponsors is if the Lake
Andes-Wagner/Marty II irrigation project is . 1mplemented and water
is dlscharged into the south unit during off-peak pumping periods.

-resulting in a dllutlon/flushlng mechanism. Watershed

improvement plans that were discussed previously should also be
completed during the in-lake restoration. ‘The use of excessive
amounts of nutrient deficient water will not . ‘solve all of the

lakes' water quality problems. If the Lake Andes-Wagner/Marty II

irrigation project pumps water into the south unit during
favorable off-peak ‘periods, it ‘may necessary to de51gn a -

‘monitoring schedule to ‘determine the exact effect thls optlon may7

have on the Lake Andes ecosystem.

Selectlve dredglng may be another optlon to . increase the depth ,
in certaln areas and remove some- sedlment whlch ‘are’ r1ch 1n
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snutrlents., It may 1mprove the water quallty of the 1ake and
1mprove the flsh habltat.f :

ﬁThe local sponsors may select any of the restoratlon alternatives
listed and described in this report or choose to. take%another i
plan of action. The recommendations mentioned above are those
which- the State feels best can solve the problems addressed in.

~ this report. : . S ; :
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: LAKE ANDES LAND USE SURVEY

The 95,723 acre watershed for the Lake Andes Hydrologlc Unlt can
be broken down into seven separate subwatersheds by treatlng each
" main trlbutary separately (Flgure 4). Cropland makes up over 70%
~of the land use and about 25% is grassland as shown in Table 8.

" Other land uses are farmsteads and feedlots ‘plus hlghway/rallroad

- rights of way. The Lake Andes. National Wlldllfe Refuge and other
h,smaller wildlife land acres were included in the grassland acres.

It is estimated that about 15% of the farmstead/feedlot acres are
in farmstead w1ndbreaks.,r,w , L :

Domlnate 50115 in the 7 watersheds are nghmore, Eakln, and Ethan =
silt loams. Highmore silt loam is a deep, well drained, nearly :
level soil on uplands. It is well suited for cropland acres in
the Lake Andes HU. Measures that conserve moisture are the main L
conservation need. Leav1ng crop re51due on. the soil surface 1s a
good. example. ~ ; : :

Eakin silt loam is a deep,f well dralned 5011 on the hlgher
convex slopes. Steepness of" these slopes are from 2% to 6%. ,
Most slopes are long and smooth ~but some are short and complex.
These soils are well sulted to cultlvated crops. Conservatlon

- measures that control er051on and conserve m01sture are needed..f
“Examples are minimizing tlllage and leaving crop residue on the
surface. Contour farming, grassed waterways, and terraces can
help. Slopes in some areas, ‘however, are too short or too
'1rregular for contourlng and terrac1ng.- :

Ethan loam is a deep, well dralned undulatlng soil on knolls and
ridges. It is easy to recognlze by the much llghter tan color on
- the surface than found in the Eakin soil. Ethan soil is not as
well suited for crop productlon as the Eakin soil or the nghmore
soil. Because it is so 1nterm1xed with the Eakin SOllS it
'generally,‘ls difficult to manage separately., ‘Organic. matter
content and- fertlllty are low in the Ethan soil. The high
content of lime in the surface layer adversely affects the.
availability of plant nutrients. “Main concerns in managing this
soil are controlllng erosion and conserv1ng moisture. Increasing
the organic matter content and improving fertlllty also need to
be addressed. Minimizing t111age,p1eav1ng crop residues on the. -
soil surface, ‘and including grasses and legumes in the cropplng
- system help to control erosion, conserve moisture, increase the
.content of. organlc matter, and improve fertility. Contour . . .
farmlng, grassed waterways, and terraces also can. help to control_
«er051on, ‘but in some areas, slopes are too short or too 1rregu1ar -
for. contourlng and terrac1ng., : : =

‘Other soils in. the cropland acres that need to. be addressed are
Onita silt loam and Tetonka 511t loam.
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Onlta Sllt loams are deep, moderately well dralned 50115 on
uplands. They are occa51onally flooded. ' ‘There 501ls‘are well
suited to cultlvated crops. Conserving moisture is the main
management concern and leaving crop residue on the soil surface
is a good practlce. In some years. field work is delayed due to
,wetness but 1n most years the add1t10na1 molsture 1s benef1c1al.

Tetonka s;lt loams are deep poorly dralned SOllS in depress1ons
in the uplands. They are ponded during periods of snowmelt and
'heavy rainfall. These soils are. poorly suited to cultivated -
‘crops. Most areas of Tetonka soil located in cropland fields had
‘some surface dralnage installed: ‘where drainage could feasible be
done. This was done to bring these wetlands areas into crop
’productlon and to eliminate having to farm around them. Tetonka
soils are 1mportant for floodwater retention groundwater 3
recharge, ‘catch basins for cropland. nutrients, pest1c1de and 51lt
runoff as well as habltat for many klnds of w1ld11fe* o

Some landowners are very aware of these values and practlcef‘
wetlands conservation. Other. landowners need to be’ educated on
these values and still others will need financial 1ncent1ves to
restore and conserve this valuable resource. Grassland soils
vary greatly Most grassland acres are on ‘soils that are too
steep, too shallow or too wet to be used for cultlvate crops. B
About 60% of the grassland is in- rangeland (native grasses and
forbs),. about 35% is introduced grasses and/or legumes as
permanent cover, and the remalnder 1s Wlldllfe land that normally
is not hayed or grazed.f L

Ethan and Clarno loams on 9- 15% slopes plus Betts and Ethan 1oams
on 9-25% slopes are common soils on the steeper rangeland Eakin
and Ethan loams on 6-9% slopes common where introduced grasses
and legumes for permanent cover has been establlshedn Pothole
wetland soils are Tetonka and Worthlng. A few potholes may be
Hoven soils. Along the larger creeks the floodplains are usually
Bon soils. Andes Creek has some areas next to it that are =
Delmont and Enet soils. These: areas are where small gravel plts
‘have been or are now . actlve. ‘ ; e bl

More complete 1nformatlon about the 50115 in the Lake Andes ~
Hydrologic Unit is available in the Charles Mix County and
Douglas County Soil Surveys. See the ‘Land Use Table | (Table 8)
and map of the subwatersheds (Flgure 4) for ~more 1nformatlon on
problem areas. : : : v : , ~

'gAlmost all of the grassland acres need 1mproved grazlng

~7management. Many acres are overused so that desirable spec1es

~are’ set- back allowing weeds to become a problem. 5011 .erosion
occurs 'in some creek channels. Managlng for 1mprov1ng vegetatlve
- cover along the creek channels and rlparlan areas would
51gn1f1cantly reduce erosion occurring in these channels and
greatly reduce sedlment being dellvered to Lake Andes., Thls B
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would reduce the potential for delivery of fertilizers and =~
pesticides;Coming;from,cropland;EgImprpvinggripgriahvareaS'canﬁfﬂ
significantly reduce the potential for nutrients in runoff from
livestock feeding areas being delivered to the lake. .

' LAKE ANDES FEEDLOT SURVEY =

- Charles Mix Conservation District staff visited several farms

, ,locatedfadjacentftdjthe}lake]and;along«major,streams in each of
'the{;evenfsubwatersheds;>'Farmers’were7yefy co¢perative~in‘i '
answéringTQuéstions_aboutltheirfqperation;andfhow,ag,wastefwas o
-being handled. A good example of how ag waste can be handled is
~ found in Watershed No. 4 which has the Lakeview Colony with a

- large turkéy"operationfand”new hogECbnfinemeﬁt~Operation;f<The'
Colony~is,installing,ag“waste»handling;faCilities_in‘Cboperation
ronment and Natural Resources.. =

with théﬁDepartment‘of#Envi

Almost all farmers apply manure from their feedyards to cropland.
This is usually done in the spring or after small grain harvest
~in the summer. Problems for the lake come from winter feeding.
areas on the creeks and from storm runoff through the feed yards.
In a few cases fixing this problem can be done simply by moving
to a less hazardous feeding area or diverting storm runoff away
from feedyards and increasing the size of buffer areas between
feedyards and the lake or streams involved in the Lake Andes
Watershed. In many;caSes;ﬂhoweVer;,the:solutidn*w111 be'morefj

difficult and expensive.

The recommendations that weretéélé¢tea1tpfal;¢Viété these
- problems were previously'disgussedgon‘page 23,and 24.
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Watershed .
12,063

- Acres

1

Table 8.

2; «

LAKE ANDES LAND USE}SURVEY

;Subwatershed Number

6

Total

36,824

3 4 5

8,449

7,770

15,225

7

7,437

95,723

Cropiand

7,955

67,797

Acres

7,104

Cropland %

26,050

71

5,700 5,442

6,230

11,376

75

5,895

71

v Watershed

HEL

Croplahde7

Acres-

__59

‘>‘68 ?” fk6B' : 80

‘:79‘

3,479

HEL %
Cropland

1,439

755

‘;15fflf ’98‘ 0

1,171

10

Cropland

Eroding
>1.5 T

3,831

497

2,085

9,854

Highly

Eroding %

Croplandf

1,230

15

1,474

661

18

76

15

17

51

f26.,e13-12 - 8

326

167 °

CRP Acres

CRP &
Cropland

f!117  :’ 

236 0

1,043

Grassland'

Acres

4,297

24,279

Grassland

Watershed‘

9,811

‘:36

26.5

2,457

2,089

ﬁfl'zes‘;

3,119

20

~1.249

25

Farmstead *

Feedlot
Acres

233

29 26 16

113 93

136

319

"128;

Fstd/Fdlt

570

Watershed

Highway

Railroad

179 331

139

173

2,055

Right of Way 429

‘ Hwy/RR‘%

Watershed

411

31



 APPENDIX B. DESCRIPTION OF WATER QUALITY PARAMETERS
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WATER QUALITY PARAMETERS

i? 1€i Laboratory Analysxs e

Cay

i]Fecal Collform (organlsms/looml) 1nd1cates fecal _
‘contamination and thus potential human health hazards.g

Fecal coliform bacteria- are bacteria which live only- 1n

i the dlgestlve tract of: warm-blooded anlmals. These

“bacteria are cons1dered to be an 1nd1cator of sewage A

'd“pollutlon or llvestock manure.'

5 Laboratory pH is a measure of the hydrogen ion ;'~. .
activity which: dlrectly affects the tox1c1ty (solublllty)‘
~of heavy metals in water,,among other 1tems.“ ‘The pH

scale is a number range between 1 and 14, with 7 belng

'neutral ~Any value less than 7 is con51dered ac1d1c -and -

any value greater than 7 is considered basic. The pPH

't_range for most natural lakes is between the 6 and 9.,¢ﬁ’
~ Deviation, from the neutral PH 7, is a result of the

'jfdecomp051tlon of salts as they. reacted w1th water.; Gases

“7.{such as. carbon dioxide, hydrogen sulflde, ‘and ammon1a~"“

“have a 51gn1f1cant effect on pH. The PH of a lake is

U55“d1rectly related to the geography of the surroundlng Lo

- ,area. S

kUTotal Alkallnlty (mg/L) refer to the quantlty of S
“different compounds: that shift the PH to the alkallne .
‘side of- neutrallty.» Alkallnlty generally the result of

V*?gblcarbonates but is- expressed as a sum of hydroxide,

f'carbonate, and blcarbonate.r Carbonate and- blcarbonate e
are common in water because carbonate mlnerals are common

in nature. The contribution to alkallnlty by hydrox1des

.is rare in nature.k Thus alkallnlty is dlrectly related

: hfto geography. Expected total alkallnltles 1n nature
~range from 20 to 200 mg/L.5 ST T IS sl

“7,Total SOlldS (mg/L) are all the suspended and

~dissolved materlals present 1n water. These are the
”~mater1als left after the raw water has evaporated off.

| Total Dlssolved Sollds (mg/L) 1nc1ude salts and organlc

residue which' pass through a filtered water sample.
Total dissolved solids can also be determined by

";subtractlng the total sollds by the suspended sollds.~~

’1'Tota1 Suspended Sollds (mg/L) 1nclude organlc and

inorganic materials that are not dissolved. This

o parameter can indicate- ‘the sediment load 1nto a body of

7water and p0551ble problems to the blologlcal communlty
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- large aquatlc plants. 1In_ natural waters the | E
;?concentratlons are usually low,, around 0.1 mg/L. Some
. sources for 1norgan1c nitrogen are agrlcultural '
,i{act1v1t1es, sewage, and. atmospherlc pollutlon.‘,f‘~

ffsuspended SOllds does not 1nc1ude a measure of larger
- particles that are. moved along the stream bed‘durlng hlgh
‘;flows.~ S , : : S

iAmmonla-Nltrogen (mg/L) is generated by bacterla as a
,Aprlmary end product of decomposition of ‘organic matter..
- '‘Ammonia is the form of nitrogen. directly avallable to

" plants as a nutrlent for growth. High ammonla R
,,concentratlons can be used to demonstrate organlc
v,tpollutlon.o g,_,, ,u__ ﬁ. L ,,Tl,t;,.,ii__,

,?Unlonlzed Ammonla (mg/L) 1s often the most abundant ,
_:1norgan1c form of nitrogen. 'Nitrate constltutes the
‘inorganic form of nitrogen assimilated by algae’and

H

‘;; 1trate—N1trogen (mg/L) 1s often the ‘most abundant
'Vilnorganlc form of nltrogen., ‘Nitrate ‘constitutes the
~inorganic form of nltrogen a551m11ated by algae’ and

. llarger hydrophytes. ‘In. natural waters the o e
‘.;concentratlons are usually low, around 0.1 mg/L.'HSome~~
. sources for inorganic nitrogen are. agrlcultural i
fkact1v1t1es, sewage, and atmospherlc pollutlon.

g{Total K1e1dahl Nltroqen (mg/L) 1s used to measure both
.. total nitrogen and organic nitrogen. Ammonla is g
. subtracted from total kjeldahl nitrogen to acqulre “the
o;amount of organic nitrogen present.; Organic forms of

- nitrogen can be broken down into: dlfferent compounds

'~ which are then used by phytoplankton.- Organlc nitrogen
“can be released from living macrophytes. and large

- guantities can also be: released from decaylng
[{macrophytes.ghj ;;,,w ;,5, TR e e B

L
vg.,

ffTotal Nltrogen (mg/L) 1s the sum of nltrate-nltrlte m_
“nitrogen plus total kjeldahl nltrogen. Total nitrogen.

" to total. phosphorus rations are used to identify which

‘fnutrlent is limiting to algae growth in lake waters. a

- lake is usually defined as ‘phosphorus limited if the
- total. n1trogen/total phosphorus ratlo 1s greater than
-g_1o 1. : , , oy :

'ffTotal Phosphorus (mg/L) represents a11 of the phosphorus
- found in the water sample. Phosphorus is an ‘element

‘k}whlch is essential to all life. Not all of the

éfphosphorus is 1mmed1ate1y avallable to aquatlc plantsa
and algae. Soil can sorb to phosphorus which is
~ released when dlssolved oxygen ‘levels are depleted., When

‘72 concentratlons are hlgh nu1sance growth of aquatlc ‘
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‘plants or algae may result.~ ‘Sources of phosphorus are

from agrlculture, sewage, and from the decomp051tlon of
organlc matter. - S | ‘

,Ortho-Phosphorus (mg/L) is a form of phosphorus whlch 1s

readily available for . uptake by plants.

rIBLD ANALYSIS i

:Water Temperature ( c) is taken since it has a ;
~ considerable effect on the chemical process in a lake.

Also, temperature ls 1mportant to flsh life and other
aquatlc spec1es. : :

‘Fleld PH is a measure of the hydrogen ion act1v1ty

which dlrectly effects the toxicity (solublllty) of

:heavy metals in water, among other items. - The pH scale

is a number- range between 1 and 14, with 7 being
neutral. Any value less than 7 is considered: ac1d1c and

any value greater than 7: 15 con51dered basic.

Dissolved Oxvg (mg/L) the dissolved oxygen content of

",water results: from (1) the activities of growth and

decomp051tlon in the lake system; and (2) the air-water

- interface and the dlstrlbutlon by wind driven mixing.

- Oxygen levels less than 3.0 mg/L are. stressful to aquatlck5

.9-

vertebrates and most other aquatlc llfe.‘

Climate Condl}lons - w1nd, prec1p1tatlon, alr, and

temperature ( c)

Visual Observatlons - septlc condltlons, odor, water
‘color, turbldlty, or anythlng unusual worth notlng.

Water Depth in tributaries it is taken to assist in
calculating flow measurements. Water depth in lakes is
used as reference p01nts and to notlce changes 1n lake
elevatlon. : . : o

r.§gggh;_g;§g is taken for a comparlson of water clarlty. ,

In-Lake Sedlment Sampllng

a.

Sediment Surveys are conducted and topographlc maps are
made to: determlne sedlment volumes and concentratlons 1n

the lake.
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APP,ENDIX,-,C'.‘,- GRAPHS COMPARING PARAME’I‘ERS OF THE IN-LAKE ,
Sy S SAMPLING SITES ‘ :
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APPENDIX D. UNITED STATES GEOLOGICAL SURVEY WATER QUALITY DATA



. MI1SSOURI RIVER bAsxn

47

S 06452380 ANDES. caszx NEAR ARHOUR. SD :
' LOCATION---Lat 83°15'23%, long 9a°2l'oa- in SWiNwi sec.3, T.98 K., R.64 ¥ Chlrl
. . . - es Hix CO nt, H drolo 10 Unit :
10140101, at bridge 2.8 =i east of U. 5. Righvay. 281 uu.! 2. no;-t.h of Lll.te Anuu. : neye 3 ¥ L
. ?EHIOD OF RECDRD.--Aprn 1983 to curunt year.:
.- - REHSR;(E;/-;THQ .treln flows only durtn( the vet nuson. silplu are coll‘ected“only” when flow 1; g‘re’at:‘ex"';th’an;;
= UATER QUALIT! DATA. uxtsa !EAR ocroasn 1935 70 ssrrznssn 1986 k
2 : séz : : ’ B  BARO- OXYGEN, _ HARD-
R ' , - ) : ;" METRIC DIS- : -~ NESS
STREAM- . CIRIC G S U PRES-.. - . ° SOLVED . HARD- ' NONCARB .
Low, . CON- - PH f?tﬂPER-‘ :f " YUR-". . SURE ' OXYGEN, ~ (PER-. _ NESS =~  WH WAT
R ; . IRSTAN= - DUCT- - (STAND-  'ATURE, TEMPER- ~ BID- -~ (MM " “DIS- ' - CENT - (MG/L = TOT FLD
. DATE TIME  TANEOUS ANCE -~ ARD ..~ "AIR . -ATURE ITY OF ° . SOLVED 'SATUR- ~ AS MG/L AS
; (CFS)  (US/CH) 'UNITS)  (DEG o) (nsc €) (NTU) . HG) -~ (MG/L) - ATION) i‘cacos) CACO3
MAR SR T P e e St o S LR
Arﬁof" . .08k0 37 900 7.70  <5.0. o.o;,"tz 734 12.4 88 350 230
| e 1330 - 670 7.90 1.5 7.0 &2 T0 8.3 82 260 170
| g 0845 1% 1M0.  7.83 85 15 15121 6.5 63. 610 390
| Jv§5é,, . 0955 33 670 7.65 ' 28.0  22.5 7.0 718 . 3.8 a7 270 93
| . , : N S Ry - N IRy
o8 0. 0845 1 970 7.81 . . 24,0 285 6.2 T 2.2 28 390 130
l o L PR ‘ L 'SOLIDS, SOLIDS,
i : MAGNE- b . SODIUM :* POTAS- ALKA- cHLo- SILICA, -RESIDUE ‘RESIDUE
I CALCIUM -~ SIUM, SODIUM, _AD=." - SIUM, LINITY SULFATE = RIDE, DIS- . AT 180 AT 105
) - DIS-. S DIS- - DIS- _SORP- DIS- ' LAB .pIS- . DIS- SOLVED  DEG.-C. DEG. C;
; SOLVED ' SOLVED  SOLVED "~ TION"  SOLVED-. (MG/L '~ SOLVED ~SOLVED ~ (MG/L . . .DIS- ' SUS-
i DATE (MG/L " '(MG/L (MG/L ~ PERCENT  "RATIO ./ (MG/L AS " (MG/L  (MG/L AS. “SOLVED" PENDED
i AS CAY  AS'MG)  AS NA) SODIUM -~ =  ASK) €Ac03) AS SOY) - AS-CL) ~SI02) . (MG/L). . (MG/L)
_‘ MAR : i o e R P e
: 20... 81 35 38 - 18 0.9: 20 -7 118 - 300 23 18 600 7
i APR . : AT : R E S .
~18... 60 26 27 18 0.8 15 ‘91 230 9.9 13 B T RO
' MAY RRRS T ST B , S AR
i 07... 140 63 76 21 1. 720 217 530 32 2.5 1060 5
: JUN : ; s - S - . < = :
. .25... 62 28 28 17 0.8 19 177" . © 1150 10 16 usy . 4
JuL” L e - , o A
} 10... 90 40 48 20 20 . 255 230 21 18 “;,evof_‘f 24
! ‘ o ST L S
SOLIDS, NITRO- -~ N1TRO- NITRO- .- T - PHOS-
SUM OF -~ SOLIDS, SOLIDS, ~~ GEN,: ~ NITRO=' = GEN, . : GEN, . ~ NITRO= . - PHORUS,
CONSTI- '  DIS- DIS-  NITRITE . GEN,. ' NO2¢NO3 NITRATE '  GEN, - PHOS- .- ‘"ORTHO,
) ““'TUENTS, . SOLVED. SGLVED = 'DIS- ‘x:razrs" DIS- -~ DIS- ' KO2+NO3  PHORUS, - - DIS-
VT .. DIS- (TONS ~ (TOKS - SOLVED ~ T0TAL - SOLVED  SOLVED = TOTAL' ~ TOTAL - SGLVED
DATE: ~  SOLVED = ~PER PER (MGZL - (MG/L. 7 (MG/L- " (MG/L ™ ~(MG/L. .~ (MG/L (MG/L
. (MG/L)  AC-FT)-. DAY)  AS'N) AS K). . AS n) CUAS'N) CUAS M) RS P) 7 B) - ASP)
MAR cl , G sl s e A S .
‘ 20... 590 0.82 . 60 0.05 £.06 - 2.70 - 2.65 2.70 . 0.63 0.59 <70 0.51
; APR’ i ‘ . e o o , Lo :
18... 440 0.63 - .0.02 S Tee 71,00 0.98" - - - 9.37 60 0.31
MAY : 2 : SR : : . g R
i 07... 1000 1.4 40 €0.01. ¢0.01 . '€0.10 - €0.10 0.49 0.44 180 0.40
JUN ~ : :
| 25... 420 0.62 Lo 0.0% - D.14 0.10 - - 0.93 100 :0.87
: JUL AR « . o S e o
| 10... 620 0.91° 20 0.11 <= 0.6% . 0.53 -- - 0.88" 160 0.84
PHOS- . BERYL- CHRO- L o
: PHORUS, ARSEKIC 'BARIUM, = LIUM, ~CADMIUM  MIUM, COBALT, COPPER, CYANIDE IROK, - LEAD.
» : ‘ORTHO, ~ DIS- . DIS=- . " DIS~ DIS--° ‘DIS- - . DIS- . " DIS- pIS-. - DIS~ . DIS-
o ‘ 70TAL’  SOLVED SOLVED ~ - SOLVED ~ SOLVED - " SOLVED SOLVED . SOLVED = SOLVED  SOLVED' . SOLVED.
“DATE (MG/L (ug/L - - (ue/L* - (uesL - (UG/L " (UG/L (uG/L . (UG’L- - .(MG/L - (UG/L -~ (UG/L:
: ASP) AS AS) AS BA) AS BE) AS CD) AS CR)  AS CO) AS'CU) AS CN). AS FE)  AS PB) .
' 20 . 0.53 b . 80 .. <€0.5 €A ; <3 27 €0.01 1707 0 KLy
: APR « ' : L e : o SRR S
1 B i IR B 5L <0.5 Kl 2 S <3 UM €0.01 . Lie3 <
) ! 07... 0.8 T U85 €0.5 L < <1 <3 2.40.0% - 1B 2
: SN : : S S ‘ : S S
+ 25... e .10 60 40,50 ..« 3 JEE < TERNRRRNEE TRRPRRY (< Y -} B 27 . .<5
JuL " ISR TR S o AR : R : EE O
... o ee 120 BE <05« : €3 1. €001 10 <5




148 nxssoux: :xvza ausxu
- o6n523eo ANDES CREEK- nzua ARHOUR. SD--Cont!nued X
- WATER QUALIT! DATA. unr:n !EAR ocroszn 1985 T0 ssrr:nssn 198@
'MANGA- e CANTI- SELE- Sl THAL" o N _g BARIUH-.
|NESE, nsacuay NICKEL, ~ MONY,  NIUM, . SILVER,  LIUM, . zznc RRES - TOTAL.
‘.. DIS- pis- . DIS- - ' . DIS- = - DIS= pIs-. - DIS~ ' DIS-. ;Ansznxg  RECOV- .
T 'SOLVED. SOLVED  ~SOLVED SOLVED ~ SOLVED = SOLVED. SOLVED SOLVED - -TOTAL!: .= ERABLE
.~ DATE “(uesL . (ue/L o (UG/L (ue/L’ .(UG/L (ue/L - (Ue/L "~ (UG/L - (UG/L - (UG/L
0T AS MN)  AS HG)  AS NI) S SB)  AS SE)  AS AG) 'AS TL) A4S ZN) . AS AS) . AS BA)
MAR o S T s : . o Sl
200, - .60 €001 T3 «Q 13 S B : 1 3 100
APR - R E i . : - R L o NIl i S
18.4. 170 <041 12 <1 9 8Ks) ‘ 1 - -
MAY : o : Pl e : ~, o A i
0T 320 <0.1 5 S 3 s Q- -8 5 100
JUN_ T - o i o I
254 - 450 <0.1:° 5 1 0 B 1KY <1 12 - - -
JuL e : By e o ! SE . !
104, 890 0.1 5. Sy R a < 58 --
S L : L {7 SEDI=
cannxuu,; BORON, - NICKEL, . , SILVER, . - i " MENT,
TOTAL. TOTAL. = - TOTAL. - ANTI- SELE- - . TOTAL =~ THAL-. ssn:; - D1S-
, ifnzcov- " BECOV- ~ CYANIDE - RECOV-"  MONY, “NIUM,  RECOV- 'LIUM, ~: MENT, - CHARGE,
. ERABLE ERABLE TOTAL  ERABLE. POTAL " TOTAL . ° ERABLE = -TOTAL sus-; 'sus-
DATE (ue/L - (uG/L - (Mo/L - (UG/L - (UG/L . “(uerL - (uesL o (UG/L PENDED - PENDED
. U AS.CD)Y. AS B) '~ AS'CN)  -AS NI} AS SB) U UAS'SE) AS AG) AS TL) (MG/L)  (T/DAY)
<HAR E el . : : L e : i ey i ~ 3
20... S0 12077€0.01 8§ Sl 13 1 ca o he 1.9
Apn" E « E . Co B B v
“18... - an e - Pt - - as 9B --
: o7... < 200 . <0.01 a a 3 <1 ol 6 - 0.23
JUN BT « - e , S
T254. -- -- e - - - - - 15 1.3
JuL _ : ‘ : EORRENS
S 0. - -= -- == -- - -- -- j22: - .0.65

- BERYL-

LIUM,
TOTAL

" RECOV-

ERABLE

(uG/L

AS BE)

<o

. SED.
. SUSP.
SIEVE
- DIAM.
$ FINER
THAN.

.062 MM

98
89
89
96
88

o s

Y
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MISSOURI RIVER BASIN
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06452383 LAx: ANDES 1!:307&3! 0.3 lEAR ARMOUR, SD
LOCATION.--Lat ¥3°15'23*, long 98°25'S8", in SWiNEX
: 10140101, at bridge 4.3 mi east of U. : ’u‘“" z::f.s. T.98 N., R.6M W., Charles Mix County. !ydrolouc Unit
PERIOD OF lECO!D.--?ebrulry to September 1936. A AR
REMARKS.-~Streamflow occurs only Uurlng x.he wet uuon. Snpln are. uken vhen tlov ueuaa 2 r:’/s. L e
| WATER QUALITY mn. uﬂ:x !:u ocroszn 1935 TO SEPTEMBER 1986 -
sre :ggo- ; OXYGEN, HARD-
s : RIC : DIS- - ' NESS
STREAM- CIFIC - ) PRES- . ° .- . 'SOLVED . HARD- . NONCARB
FLOW, CON- PH-  YEWPER- .- . TUR- SURE ~ OXYGEN, - (PER-- ~NESS ~ WH WAT
DATE . INSTAN=: DUCT- . (STAND- - ATURE, ' TEMPER- BID- - (MM - DIS~ CENT. (MG/L - TOT FLD
v TIME . TANEOUS ANCE . ~ARD - . AIR' " ATURE . "ITY = OF SOLVED - SATUR- AS MG/L AS
: (CFs) (US/CM) ~ UNITS) . (pEG'C) . (DEG C) (ITU) HG) (MG/L) .~ ATION). cacos), cACO3
"?”. 1105 3.6 1240 7.90 2.0 . ©3.0 13 130 1.6 - 90 570 - 430
8., 110 N 1010 8.00 2.5 1.5 28 708 9.6 . 95 ‘lzo 300
: R . soLIps, SOLIDS,
MAGNE- SODIUM . ‘POTAS- ~ALKA-  CHLO-  SILICA, : RESIDUE RESIDUE
. CALCIUM. . SIUM, SODIUM, AD- - - SIUM,  LINITY - SULFATE - RIDE, . DIS-. - ‘AT 180 AT 105
: DIS- .. - DIS- DIS- " SORP- ' DIS- LAB . DIS- " DIS- SOLVED - DEG. C DEG. C,
: . SOLVED = SOLVED SOLVED = TPI1ON. 'SOLVED < (MG/L - SOLVED _ SOLVED ' .(MG/L . DIS- sus-
_DATE (MG/L (MG/L (MG/L  PERCENT ~RATIO - (MG/L AS. .. (MG/L - (MG/L ¢ AS '~ SOLVED ' PENDED
S AS CA)  as MG) RS NA)  SODIUM ' .« © . AS K) :CACO3) _AS SOK) .7 AS CL) . :5102) (MG/L) - (MG/L)
MAR | gt s e L P L
AP§°°'° ‘120 66 54 16 1020 150 580 .27 19 968 10
18... 89 a7 2 R RN TSR | SRR ) o390 15 woooTae L -
’f SOLIDS, ; NITRO- 'NITRO-- NITRO- ne PHOS-
SUM OF.  SOLIDS, SOLIDS, _GEN, 'NITRO- . GEN, _GEN, NITRO- PHOS- . . PHORUS,
'CONSTI- - ' DIS- DIS- . “NITRITE ~ GEN, : NO2+NO3 'NITRATE GEK, . PHOS- - PHORUS, ~ BORON, . ORTHO,
TUENTS,.  SOLVED.  SOLVED DIS- nxta:rs - DIS- -~ DIS- ~ND2+NO3 . PHORUS, DIS- pIS- DIS-
DIS- - = (TONS (TONS ~ SOLVED . TOTAL . SOLVED 'SOLVED - TOTAL :TOTAL ~ ~ SOLVED SOLVED - SOLVED
DATE ' SOLVED .- PER PER “(MG/L (MG/L.. - (MG/L - - (MG/L (MG/L - " (MG/L: (MG/L - (UG/L ' (MG/L
(MG/L). ~'AC-FT) DAY) AS X). AS N). TUAS'N) AS N) - AS N) ASP)  AS'P) ~AS B) -AS P)
MAR , ' o o s o BN o .
‘P§0-.. 930 1.3 9.4 0.06 0.06 3.80 3.74 . 3.80. 0.76 0.71 7. 80 0.65
16... 680 1.0 62 0.02 - 1200108 -- - o.51 70 . O.m2
PHOS- - , BERYL- = CHRO- R D ‘ :
PHORUS, ARSENIC BARIUM, ~ LIUM, - CADMIUM ~ MIUK,  COBALT, COPPER, CYANIDE -~ IRON,  LEAD,
ORTHO, DIS- pIS- . 'DIS- -+ DIS= .. DIS=~ DIs- DIS- “p1S- . D18= DIS-
“TOTAL SOLVED  SOLVED SOLVED ~ SOLVED. ~SOLVED SOLVED ~ SOLVED - SOLVED. SOLVED .. SOLVED
DATE . (MG/L.. (UG/L ~ ~(UG/L (ugGsL L (uGsLT L (UG/L (UG/L (UG/L. . {MG/L . (UG/L .. (UG/L-
AS P)". "AS AS) - AS BA)  AS BE) ~AS CD) AS CR) AS CO) AS CU) " 'AS CN)  AS FE)  AS PB)
we o T . JENT ~
20... 0.65 ° 3 88 <0.5 17 Q a3 1 €0.01 ‘55 1
APR : : T o e
18... -- 3 7% - <0:5 < 2 <3 3. <0.0% 48 Q
. o . ’ BERYL-
MANGA- » ANTI~  SELE-~ THAL- . _ 'BARIUM, = LIUM,
NESE, - MERCURY NICKEL,  MONY,  NIUM, =~ SILVER,  LIUM,. ‘ZINC, . <. TOTAL -7 TOTAL
© pIS- D1S- D1S- - DIS- DIS= ‘. DIS- : DIS-. . DIS=. ' ARSENIC RECOV- - RECOV-
'SOLVED . SOLVED -SOLVED = SOLVED ~ SOLVED . SOLVED SOLVED ~ SOLVED ~ TOTAL =+ ERABLE . ERABLE
DATE (uG/L .. (UG/L (uesL  (uery  (ucsL- o (uesL. - (UG/L (uGsL - (uesL. ~ (uG/L " (UG/L
AS MN)  AS HG) . S NI) AS SB) = AS SE) -AS AG) AS TL) - AS ZN) ASAS) AS BA) AS BE)
MAR o : ' o S SIS R S
20... 160 <0.Y 3 <1 21 1 s 6T 3. .200 - <10
T 8. 78 <0.1 9 « T QL €1 9 - L= --
- . ~ T g : SEDI- = - SED.
CADMIUM - BORON, . WICKEL, - EE SILVER, ; . MENT, - SUSP.-
. TOTAL TOTAL CSOTAL.. . ANTI- ~ SELE-- ~TOTAL  THAL- =~ SEDI-. . DIS- _SIEVE
RECOV-  'RECOV- CYANIDE ' RECOV- . MONY, NIUM, RECOV- . LIUM, = MENT, anncs. ~ 7 DIAM.
' - ERABLE ~ERABLE ~ TOTAL ERABLE  TOTAL = TOTAL  ERABLE- "TOTAL . SUS- “sus-  $ FINER
“DATE .. . .(UG/L (uc/L (MG/L ~ (ucsL © (UG/L (UG/L ~(ucsL-  (UG/L " . PENDED . PENDED ' ® THAN
: AS CD) - .AS B). . -AS CN)- . AS KI) AS SB) . AS .SE). . AS AG) AS TL) (MG/L) - (T/DAY) .062 MM
MAR - 7 ‘ : ‘ . 7 o
S20. .. 3 80 <0.01 ‘20 . er 22 Qb <1 20 0.19 - 99
KPR .7 o s ) &
18... -- -- -- - -- -- -- -- 63 5.3 99




150

LOCATION.
: Unit 101

PERIOD oF RECORD.--October 198!

REMARKS:.

--Lat "3'12'“3“

40101,

06l52386 LAKE ANDES TRIBUTAR! NO..

c.18,; T 97 N.s
T town of Laxe Andes. .

at culverz 3

exceeds 2. 0 re*/s.

7 HATER QUALIT! DLTA.

1ouz 98'26‘I5'
ai north and &.

to Septenber.1986(

‘; nxssoun: RIVER BASIN

in SE*S£§SE{ se
6 mi east ©

--Streamrlou occurs only durlng wet season.

HATER !’AR 0

2 ﬂEAR LAK‘ AHDES. SD

C*O‘ER 1985 TC SEPTEHBER 1986

R.64 W., Charles Hix cOunty.

Rydrologic

Hater qualxty sauples are taken onlyﬁﬁpeg”streamrlow‘

, v e BARO- _ OXYGEN,  HARD-
e 'sr:- RS METRIC DIS- i . KESS
'STREAM- CIFIC . ... . ;Pnes- SOLVED HARD- . NONCARB
"FLOW, ~ CON-  ~ PH . TEMPER- TUR-  SURE. oxxszu. C(PER-  NESS  WH WAT
'YNSTAN- DUCT-  (STAND- ATURE, - gEMPER-. = BID- - (MM . DIS- 'CENT ~ (MG/L - TOT FLD
DATE ~~ TIME  TANEOUS. - ANCE ARD < "ATURE 7Y OF SOLVED ~ SATUR- - AS . MG/L AS
. (CFS) (US/CH) UNITS) (nzc c)» (DEG ¢):  (NTU} o) - (MG/L) ATIQN)'4 CACO3)  CACO3
200,50 1385 6.8 g0 7.80 3.0 5.0 ‘3% 730 11.8 191 360 .~ 270
R e T B p Ly , ; t 2 o IR
17,04 w25 TH 980 . T.90 5.0 2.0 . 66 115 13.3 103 © 360 270
ERE I T W Sy | soups, soLIDS,
i . MAGNE- o SODIUM  POTAS-. ALKA-.:' ‘CHLO-  SILICA, RESIDUE RESIDUE
CALCIUM: - SIUM, SODIUM, - T AD- - .SIuM, CLINITY _SULFATE - RIDE, ' DIS= AT ‘180 AT 105
pIS-. ,  DIS-  DIS= . .o 0 SORP- pIS- . LaB nxs- . oDpIs- - SDLVED DEG. C  DEG. C,
SOLVED .~ SOLVED 'SOLVED "~ TION  SOLVED - (MG/L  SOLVED  SOLVED ~ (MG/L n15-, ~sus-
DATE (MG/L - (MG/L  (MG/L~ PERCENT RATIO  (MG/L  AS ;(MG/L‘ (MG/L AS _SOLVED . PENDED
AS CA) AS MG) - AS. W) SODIUM . AS X7 CACC3} ~AS SO4) . AS cL) 1 §102) (MG/L)  (MG/L)
20... 88 3U 320 15 ‘0.8 206 89 7310 22 , - 621 50
APR ‘ . RN SRR L Sl i g SRR
... 85 37 38 18 0.9 .16 . 96 i 3800 713 13 726 -
SOLIDS, o wiTRO- o “NITRO- Sl S . PHOS-
SUM OF . SOLIDS, ~SOLIDS, . GEN. NITRO- . GEN, . CONITRO- PHOS- * 'PHORUS,
CoNSTI-  DIS- - DIS-  NITRITE  GEN. NO2+NO3 - GEN, - PHOS- PHDRUS. “ BORON,” ~ :ORTHO,
TUENTS,  SOLVED = SOLVED ~ DIS- = NITRITE - pIs- 'Auozouos PHORUS, . DIS--' - DIS-. . DIS-
Uprs-’ (ToNs  (TONS . SOLVED T0TAL  SCLVED "1OTAL.  TOTAL ~ SOLVED ' SOLVED .SOLVED
DATE . SOLVED  PER_ . PER . (MG/L Mo/ (MS/L ¥ (Me/L - (MG/L o (MG/L - (UG/L - (MG/L
(MG/L) CAC-FT)  DAY) AS N) . AS M) AS N)  AS NP AS N AS P) S P) . AS B} AS P)
uaR f b T o S Sy ’
29... 1580 41 0.07 0.08 5.80 05,73 6.00 p.70° " ..0.54 40 . 0.51
APE i S ERR : o R RIS N hER
1T 610 ‘s 00,020 SRR 1.38 -- -- .0.25 507 0.192
PHOS- . . BERYL-. : éxﬁc - e S R
PHORUS, ARSENIC BARIUM,  LIUM,  CADMIUM - ¥20% ¢cEALT, COPPER, 'CYANIDE  IRON, LEAD,
ORTHO.  DIS- - DIS= ~ DIS- .. . DIS- 5is-. 5zs- . pIs- - DIS- . DIS- DIS-
; 70TAL SOLVED SOLVED: . SOLVED SCLVED  SOLVES  SCLYED. " SOLVED ~ SOLVED = SOLVED = 'SOLVED
 DATE (Mo/L  (uo/L o (ue/L.  (UG/L est. tuesL. (uesL. o (uesL . o (Mo/L . (UG/L (uG/L
» CAS P) . ASTAS) AS BA)  AS BE) S CD VAS~£B) A5.C0) AS CU) ~AS CX). AS FE) ~ AS PB)
MAR j R e - o A S e LA
Pao..'. i 0.54 3.0 " 86. €0.5 PP S TR <3 - Rl <0.01: 870 <1
APR , i SR L e e ‘ : EREER S
AT == 3 67 <05 a -a <3 2. .¢0.01 By 1
: : Lo o . | BERYL-
MANGA=, - i ANTI- SELE- ' THAL- L BARIUM,  LIUM,
NESE, = MERCURY NICKEL,  MONY, NIUM, SILVER,  LIUM,  ZINC,. U1 TUTOTAL. L TOTAL
, “pIS- ' . DIS- ' DIS=. . DIS- pIs- . pIs-- - DIS- .. DIS=. ARSEHIC RECOV-" - RECOV-
o 'sOLVED ~ SOLVED ~ SOLVED ~ SOLVED ~ SOLVED  SOLVED SOLVED  SOLVED " TOTAL'  ERABLE - ERABLE
DATE quesL - (uesL . (wosLo (VoL querL (uesi o (uosL o (UG/L (uesL - (UG/L - (UG/L
~ . AS'MN) ASHG)  AS NI) S SB) - AS SE) AS AG) A4S TL) © AS ZN) - AS AS) AS BA)  AS BE)
MAR i R I & St : S el
20... 150 0 <0.% 6 < 13 U 3’ 3 200 €10
APR Ciorin o B : y i o : ; § . i -
: 170 o <0.10 3 < 7 i a1 e Faly --

17...




HISSOURI RIVEH BASIN = ' N LT

o L osuszaas LAKE ANDES- 'mxaunn No. z NEAR LAKE Aubzs. SD--ConNnued

, o | VATER. QUALITX DATA, WATER. yzan ocroasn 1985 10, SEPTEHBER 1986 S

. ' - P S B T ,_fzz © . sEpI-  SED.
CADMIUM ~BOROK, - = NICKEL, . - °  SILVER, S MENT,  SUSP.
CTOTAL  TOTAL . TOTAL . ANTI- . SELE- ' TOTAL . THAL-  SEDI- Dis- . . .SIEVE

RECOV- ~ RECOV- "CYANIDE - RECOV-  ‘MONY, = NIUM, ~~ RECOV- ~LIUM, - MENT, ~ CHARGE,  DIAN.
ERABLE = ERABLE  TOTAL = ERABLE TOTAL - TOTAL ~ ERABLE ~ TOTAL . SUS-  ° 'SUS- $ FINER
© DATE - (UG/L ° (UG/L . (MG/L . (UG/L_  (UG/L .~ (UG/L- ~ (UG/L . (UG/L  PENDED PENDED . THAN
® . ASCD) ASB) AS'CK) 'AS NI) AS SB) AS SE) . AS AG) AS TL)  (MG/L) (T/DAY) .062 M

-MAR ..

P 20... : 1 %0 .<o.§1 e 23 <1 21 a  :' ‘"6’6 1.2 99
¢

-. ;

[ ]

[ ] | X

[ ]

»

] .




Var .o -

¢ —

.y

B HISSOURI RIVER BASIN L

152
6552389 LAKE AHDES ta:aurnnx no. 1 NEAR LAKE ANDES. sD it e e
. LOCATION.--Lat u3-11'25" ~1ong 98°27'57", in NEANELSE: sec.25, T.S7 N.. ‘R.65 u.. Charles Hix Ccunty. HYdrbidgicr
Unit 10140107, at culvert. 1 el nor:h and 3 ll nat. of to\m or Lake Andes. b . -
PERIOD OF RECORD.-—Oc:ober !95“ to Sept.elber 1986. : S LR : LA
REMARKS.'--Streamr‘ou occurs only durmg the wet. season. : Samples ‘are t.akek'n uﬁ‘eﬁnau‘e‘iceea’; 2 rr;'/é."‘
4 WATER. QUALITY DATA, varza !zaa ocroasn 1985 10 SEPTBHBER 1986 N E
. e " BARO-  OXYGEN, HARD-
:  spE- i “ METRIC ~.Dis- b NESS
STREAM- CIFIC =~ ' . U PRES-  "OLVED . HARD=. - NONCARB
FLOW, - CON= PH TEMPER- - quR-_. ., SURE OXYGEN,  (PER- NESS.  ~ WH WAT
' INSTAN-  DUCT- ~ (STAND-  ATURE, TEMPER- - BID- (MM - . DIS- .. CENT - (MG/L .. TOT FLD
DATE TIME TANEOUS  ANCE ARD AIR ATURE 17y . OF  SOLVED . SATUR= . AS MG/L AS
: (e - (usscM) UNITS) . (DEG C) (DEG C) (NTU) . HG) ;~(HG/L);::ATION),{ CACO3)  CACO3
AR R SR o : I Rl
210, 1500 2 4 510 - 7.80 8.0 7.0 10,4 90 200 .. 110
18... 0845 19 : ~ago . T.90 1.0 7.5 106 195 190 - 120
'1l RN : R 2 -~ soLIDS, - SOLIDS.
L MAGNE- . T SODIUM: "~ POTAS- et CHLO- s1LICA, -RESIDUE RESIDUE.
CALCIUM . ~SIUM, SODIUN, AD- - SIUM, LINITY  SULFATE - RIDE, SpIS— . ‘AT 180: AT 105
DIS-. . DIS~. . DIS=: SORP-  DIS- ~ LAB  DIS- . DIS=_ SOLVED = DEG. C - DEG. C,
SOLVED  'SOLVED - SOLVED . - “T10N.  "SOLVED  (MG/L '~ SOLVED. " SOLVED. = (MG/L - DIS- .  SUS-
DATE tMG/L . (MG/L = (MG/L ' PERCENT . BATIO MG/L - AS. - (MG/L - (MG/L . (AS " SOLVED . PENDED
AS CA) ~ AS MG)  AS NA) = SODIUM. AS K)  “CACO3) < AS SOk) AS CiL): ST (MG/L) " (MG/L)
21... 48 20 12 10 0.4 25 95 R T IR b I Rt Ca790 s2
18... ys 29 ERT h2 . o4 1T T8 150 © 70000 18 352 -
SOLIDS, - ¢ NITRO- - . NITRO- . NITRO-= o PHOS-
UM OF  SOLIDS, SOLIDS, ' GEN, - NITRO- GEN, " GEN, - 'NITRO-. - spag- <77 7 PHCRUS,
CONSTI- is-" T pIs- ' NITRITE- _ GEN, = NO2-NO3 'NITRATE  GEN,.  PHOS-  PHCRUS, - BORON.  ORTHO,
TUENTS,  SOLVED ~ SOLVED . DIS-  NITRITE O51S--.  DIS- NO2+NO3 PHORUS, | Dis= - DIS- . pIs-
piS- (TONS ~ - (TONS  SOLVED TOTAL SOLVED © SOLVED | TOTAL  TOTAL  SSLVED  SOLVED SCLVED
DATE soLyED  PER . PER . (MG/L. - (MG/L . Mo/l (MG/L. (Mo/L - (wesL oo ve/Lo o (US/L © (MG/L
(MG/L)  AC- SFT)  DAY) . AS N) - AS N) ASN) A N) T AS W) AS P)-. aS'?) " AS'B) _ ASP)
MAR N s o e, L B ‘ o S IS R I e ‘
Apzy... 320 0.5 - 2.4 0.06 - 0.07 .30 W24 4,400 T 0.62: 0 10.33 D80 0.6
18... 320 0.48¢ 18 0.02° . .=- 0.98 . 0.96 - -- 4oLz ugc 1 0.26
COPHCS- CBERYL- . cHRO- s : e
_PHORUS, ARSENIC. BARIUM, LIUM,  CADMIUM . MIUM,  COBALT, COPPER, CYANITE  IRCN, = LEAD,
: x*qo. ’p1s- - DIS- pis- DIS-  DIS- .. DIS- - DISc pIS-1 . .DIS~ . DIS-
. '707AL - SOLVED: SOLVED . SOLVED ~ SOLVED 'SOLVED SOLVED ~~ SOLVED ' SOLVED ~ SCLVED  SOLVED
DATE (MG/L ue/L o (uesL U ue/L o (uesu o Luo/Lo o LUG/L (UG/L - (MGsL.. ~(UG/L . (UG/L
: ’ . AS'P)  AS AS) AS BA) ' AS BE) _ AS CD). AS CR)  AS CO) AS CU) &S CN). - AS FE) . AS PB)
= P§1... 0.48 "2 85 < 40.5 el 3 4 <0.01 230 2
© 1Bl -- -3 1T {0;5‘ e <1 L3 e ‘go.b- L0 1
e : TR e ; B . sEmyL-
. MANGA- e < ANTI- SELE- . U THAL=. e T BAR’UM. LIUM
NESE,  MERCURY NICKEL, ~ MONY,  MIUM,. SILVER, ~LIUM, ~ ZINC, .} - - TOTAL TOTAL
Sis. pis-  DIS- DIs= . DIS= . .DIS7 DIS- . DIS- ARSENIC  RECOV- RECOV-
~ SOLVED  SOLVED SOLVED SOLVED ~ SOLVED = SOLVED SOLVED '~ SOLVED . TOTAL  ERABLE  ERABLE
paTE | (uo/L C(UG/L . (UG/L tuesL  (UG/L - (Ue/L.  (uG/L (ue/Lo . (uo/L o (UG/L C(uG/L
~ :AS MN) < AS HG) AS NI) AS SB) _ AS SE) A4S AG) AS TL) - AS ZN)  AS AS) ~ AS BA)  AS BE)
MAR R S e R T e e T .
21... u <0.1 3 «a 5 < a e : e
‘APR N L i L e O . B B : 16 v 3; 100 ,do
“18..< 61 <01 28 o .«Q 1 QT et 036 baot I
N CADHIUH 'BORON, WICKEL, G spivens T SN, suse.
{TOTAL  TOTAL T0TAL.  ANTI-  SELE="  TOTAL ~ THAL- SEDI-= "~ .. DIS- . SIEVE
RECOV- = RECOV- CYANIDE ~ RECOV- ~ MONY, ~ NIUK, ~ RECOV-  LIUM, . MENT:  CHARGE,. . DIAM.
: ERABLE ERABLE  TOTAL. ~ ERABLE  TOTAL ‘TOTAL . “ERABLE * ' TOTAL | . SUS~" sus- % FINER .
DATE (vesL  (ue/L - (MG/L - (UG/L - (UG/L (uesL - (UG/L_ - (UG/L.  PENDED . PENDED . THAK
: AS CD)  AS B) AS CR) - AS NI) AS sB) AS SE) AS AC) AS TL) . (MG/L) (T/DAY) '.062 MM
"MAR - ,. o : T ERI T
SR < ap . <0.01 S5 L 6 Ta e ' b
gl 7 - <0-2 i | ; ‘ ’1 78 “ 0'5?; . e8
18... -- -- -- gt =2 - L I w33 e




“LOCATIOK.--Lat k3'10'10"
101&0101. at brldge on

HISSOURI IIV!.'R BASIN

06!52392 ;LAKE ANDES IEAR LAKE ANDES. SD

long 98°27! 35"
sect(on line ro;d croaaing the ltke on T 96

sec. 31

7-97 .-"

R.64 W.,
and,97 N. boundary.

cnar1e§'nix County,

153

Hydrologic Unit .

PERIOD OF RECDRD.--S&D&:nber 1983 to April 1986

RSHARKS.--Hsgh Hater created 2 need .to change aalplin( :ite to 06!52!10.

: BARO-
SPE- METRIC
_CIFIC : L R PRES- .
, . . CON-  PH  TEMPER- - TUR-  SURE = OXYGEN,
D D DUCT- - (STAND- . ATURE, TEMPER-  BID- (MM p1s-
DATE TIME  ANCE ~  ARD CAIR - ATURE . ITY OF *  SOLVED
(US/CH) UNITS)  (DEG €) (DEG C)  (NTU) HG) (MorL)
1215 1600 8.60  13.0  12.0 5.0 123 9.8
1200 . 2200 B.10 -10.0 8.0 2.3 735 8.8
1300 1950  7.60.  -10.0 1.0 2.2 738 0.8
1215 2100 7.90 20 10 2.7 731 4.6
1230 2060 == 50 1.0 N5 ‘716 10.6
1500 1600 8.30 -2.0 4.0 &5 729 12.8
ERYIT 3u90 8.30 7.0 2.0 10 726 12,5
MAGKE- SODIUM ~ POTAS-  ALKA- CHL
_ SIUM, SODIUN, _AD- - SIUM, LINITY SULFATE RID
- pIs- . DIS- . SORP- - DIS- - LAB  DIS-  DIS
‘ SOLVED® SOLVED - TION  SOLVED (MG/L  SOLVED. SOL
DATE (MG/L (MG/L ~ PERCENT = RATIO.. (MG/L ~ AS . (MG/L (MG
AS HG) AS NA) SODIUM | ASK) CACO3) AS Sok)  AS
ocT: L o SE L -
16... 170 63 79 19 1 .53 144 650 54
NOY T : e ‘
20... 270 100 10 17 2 62 153 1300 120
DEC ; ? & o - »
18... L2028 T4 - 18 2 61 191 800 7"
Ian 7 S T et
08... 155 79 100 21 2 64 188 850 k¢!
FEB T e B - s oo
19... 152 s 95 21 10 63 210 850 73
MAR " 7 5 L PR
19... 1760 63 78 18 1 s 155 680 67
16... 155 56 1 19 1 & 18 590 4y
SGLIDS, SOLIDS, .  NITRO- . NITRO-
RESIDUE ~SUM OF ~ SOLIDS,  GEN, NITRO- - GEN,  NITRO-
AT 105 CONSTI- ~~ DIS-  NITRITE. GEN,  NO2¢NO3  GEN, ~ PHOS-
5G. C, - TUENZS,  SOLVEL = DIS-  NITRITE . DIS-  NO2+NO3 PHORUS,
sus- DIS- - (TONS ' SOLVED TOTAL - SOLVED = TOTAL ~ TOTAL
'DATE  PENDED - SOLVED  PER - (MG/L  (MG/L ~ (MG/L ~ (MG/L - (MG/L
E _ U(MG/L) .- (MG/L) . AC-FT)  AS'N) ~ AS W) ASK)  AS K)  AS P)
oc L T T R e o o
16... 9 12000 1.7 <0.01 - <0.10 - -
OV B - ‘ i
20... 12 2100 3.0 <0.01 -~ <0.10 - -
DEC I i : L :
16... 1 1400 - 0.01  <0.01  <0.10  <0.10 -
JAK e ‘ ’
08... 13 -- - 0.01. 0.01  <0.10  <0.10 -
FEB , : L
19... 10 - -- <0.01 0.0z " <0.10 - 0.20 --
MAR :
BT 5 1200 1.7 ¢0.01 = <0.01  <0.10  <0.10.  0.23
APR ‘
16... - 1100 1.6 <0.01 --  ¢0.10 - --

VATSR QUALITY DATA. HATER YEAR DCTOBEH 1985 TO SEPTEHBER 1986

“DXYGEN,
DIS- 3
SOLVED ~ HARD=
(PER-  MESS
CENT . (MG/L
SATUR= .~ AS -
- ATION)  CACO03)
96 680
78 1100
6 800 -
34 -
80" -
<103 680
95 610
0-°  FLUO- . SI
E, RIDE, = D
- “pIs- S
VED  SOLVED ~ (
L (MB/L
CL) AS'F). : 'S
1.0
“PHOS~ ‘
'PHORUS, ~ BCRON,
pIs- DIS-
SOLVED  SOLVED
(MG/L . (UG/L
_AS P) . AS_B)
0.43 2%
S 0.2
0.22 210 -
0.34 o .-
B 4 .
0.21 -
0.14 260
230

0.06

AS:

~32§~”

- HARD-

NESS
NONCARB
UWH WAT
TOT FLD
MO/L AS
“CACO3

S0
RE.
AT

D

LICA,
IS-".
OLVED
MG/L

S

102) -«

g
2
a2

26
29

R R

‘15‘

.. PHOS-
.-PHORUS,
~ ORTHO,
..DIS-

+SOLVED
L (MG/L

AS-P)

LIDS,
SIDUE
180
EG. C
DIS-
OLVED
MG/L)

1240

‘2240 -
1510

1600
1570

- 1250

1140

0.201

0.23
0.179

0.111

0.034




154

DATE
‘0cT
NOV
DEC .
_JAN
. 08...
FEB
19...
MAR
19...
16...

DATE

MAR
9.
APR .
16...
MAY ‘
07. v
JUN

20...

25...0 . .

f06n52392;

"' WATER QUALITY

HISSOURI RIVER SASIN

LAKE AIDES NEAR LlKE ANDES. SD--ContanEG

DATA, HATER !EAR OCTOBER \985 TO SEPTEHBER 1986 g,

PHOS- - . BERYL-
PHORUS, . ARSENIC BARIUM, -, LIUM,
“ORTHO, . DIS-  DIS- = DIS=.

TOTAL'  SOLVED SOLVED = SOLVED

(Mo/L . (UG/L .- (UG/L " (UG/L
'AS P)  AS AS) . AS BA) - AS BE)

- A 65 <0.5
- 5 oo <0
- <00 <0
0.142 353 <05
- 3 m <05
CMANGA= e Ll s ANTI- -

NESE, ~ MERCURY -NICKEL, - MONY,
© pISel . DIS-. . DIS~ ... DIS—

SOLVED  SOLVED  SOLVED ~ SOLVED

(ue/L - (UG/L  (ue/L  (uG/L
AS MN)  AS HG) | AS NI)  AS SB)

1100 <0 == -

2100 <01 -- y""ff-

32000 @ == A

L D

3500 em b -

1300 0 <01 H S«
650 <01 9 X3

CADMIUM  BORON, . "NICKEL,

TOTAL . TOTAL - . TOTAL

RECOV-  RECOV- CYANIDE = RECOV-

ERABLE ~ERABLE  TCTAL - ERABLE

(UG/L ~ (UG/L .~ -(MG/L - (UG/L
AS CD) /AS B)  AS CN) - AS NI)

A 2100 <001 21

a

,cxno->, - : T i
CADMIUM = MIUM, COBALT. coppsn. _CYANIDE  IRON,  LEAD,
CAfec pIs- o DpIS- . DIS-  DIS= ... DIS- . BHO
<oIVED SOLVED SOLVED  SOLVED . SOLVED  SOLVED . SOLVED
e (uerL. o (uesL o (uest . (MosLo o (uo/L o (UGIL
(S6Ch) ASCR) AS CO) . AS CU) AS CN)  AS FE)  AS PB)
- ad L2a 2 - 12 <
Y i b 3
Ta N e E I 2
o iy 1 8o Ll
<10 S gl e R o w0 -
aa a3 5. <0.01 e
Caa o a 3 .01 T
S ‘ S - BERYL- .
 SELE- COTHAL-  BARIUM,  LIUM,
“RIUM, . SILVER, LIUM, ~ ZINC, = CTOTAL  *TOTAL
pIS.  © p1s-. " pIS- . DIS-  ARSENIC ' RECOV-  RECOV-
SOLVED ~ SOLVED SOLVED  SOLVED ~ TOTAL . ERAELE  ERABLE
(Uo/L - (UesL. (uesL . (ue/L - (UG/L. (UG/L . (UG/L
ASSE) | AS AG) AS TL) - AS ZN)  ASAS) AS BA) AS BE)
o B e 20 L -
a oo -- so. == -- -
-- a - 100 -z -- --
@ a g0 .-
-< < 50 -
Cas aoa w2 100 <0
Ca T a s a < -- -- --
: = . sEpi--  SEB.

: ~ osmvER, 0 MENT, SUS?.
ANTI- ~ SELE- - TOTAL = THAL-  [SEDI-  DIS-  SIZVE
MONY, | NIUM,  RECOV-  LIUM,  (MENT, CHARGE,  DIAM.
TOTAL | TOTAL - ERABLE = TOTAL  [SUS- . SUS- . % FINER
(Uo/L | (UG/L  (UGsL_ (UG/L. [ PENDED = PENDED  THAN
AS SB) - AS SE) ASAG) AS TL)  [(MG/L) (T/DAY) .062 MM

w s a U e
-- -- -- 1 -- 98
-- - -- -- RUNERC R 98
- -- -- - e -- 96



KISSOURI RIVZR BASIN
06!52!10 LAKE ANDES lELDH LAKE AﬂDES. SD

Loccfigﬂia;gzgih3-08'27" 1ong 98‘32'57' in SU*SE‘SE1 sec. B T 96 M., R.65 H.. Charles Mix COunty. Hydrolosic
n 01, on upstreul side of -eoncrete culvert. 1 | 3 south and 0. 25 lile west of toun of Lake Andes.

PERIOD OF RECORD.--Hay ‘to Septenber '1986.
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REMARKS.~-This site waa selected as an alternatlve to lite 06!53292 durins pertods of high lake levels.

DATE-

DATE.

DATE

MAY

SUK
CoeELL.
AUG

15...
SEP
10...

“DATE

TMAY
07.ns
JUN-
25....

AUG
S15,.,.
szp

- 10...

TIME

C 1215
1230

Tomus
1035

680
se0
510

540 -

vy
OLI

RESIDUE.
AT 180 =
DIC.. C

» DIS=

SOLVED ]
(MG/L) -

1770

1310,
1250

.1320

BORON, -

DIS-
SOLVED
(ug/L
AS B)

<260
230 ¢
<o -

260

HATER QUALITY DATA. WATER !EAR OCTOBER 1935 TO SEPTBHBER 1956

STREAM-
FLOW,

- INSTAN=-
TANEOUS

(CFS)

12

3
39

“HARD-

* NESS
‘NONCARB.
WH WAT
_TOT F.LD
MG/L AS~
“CACO3"

CALCIUM
DIS-
SOLVED
(MG/L

AS CA) -

210

‘200 L

190
200 -

S, SOLIDS,

RESIDUE
AT 105

-DEG." C,

:SUS-

PENDED
(MG/L)- !

{6:
14
15

6

'PHOS-
‘PHORUS,

ORTHO, -

S pIS-

SOLVED
(MG/L -

. ASP)

0.145
0.27
0.61.

“o.23

sk

‘ SPE-
CIFIC
CON~
DUCT-.
ANCE
(Us/cH)

2170

1650

1630
1660

MAGNE-
S1uM,
DIS-

~SOLVED

(MG/L-

AS MG)
80
56

57

SOLIDS,

- SUM-OF ¢

CONSTI-

. TUENTS,

-DIS=

) "SOLVED

-(MG/L)

1200
1200
1200

PHOS-

‘PHORUS,

ORTHO,
"“TOTAL
(MG/L

'AS P)

0.163

0.60

PH

(STAND-"

UNITS)

8.10
8.39
8.36
“8.31

SODIUM,
DIS-

-SOLVED
*(MG/L.

AS'NR)

90
67
64
70

SOLIDS,
DIS-
SOLVED
(TON
PER
AC-FT)

1.8
1.7
1.8

ARSENIC
DIS-

SOLVED
(uGsL

AS_AS)

&

TEMPER-
ATURE,

\(DEG Ci

TEMPER-
ATURE
(DEG - C):
1.0
28.5
22.5
17.5

9.5
31.0°
158.0 -
17.0

SODIUM

AD=

SORP-~

TION
PERCENT = RATIO

SODIUM

17
16 1
161
16 1

NITRO-
GEN
NITRITE
DIs-
SOLVED
(MS/L
AS-N)

SOLIDS
- D1S--
SOLVED
(TON

PER
DAY)

ot ne= i 77¢0,01

246

139 <0.01

BERYL-
LIUM,
:D1S-
SOLVED
(UG/L
AS 'BE)

BARIUN,
DIS-
SOLVED
(uG/L
AS BR)
<100
59
92 | .. €0.5

79 €0.5

<10

<0.5

TUR-

B1D-

~ITY
(NTU)

10
12

3.8
2. n

POTAS-
SIUN, -
DIS-

SOLVED
(MG/L

AS K)

55
43
a7
45

NITRO-
GEN,

NITRITE
TOTAL
{MG/L
ASN)

CADMIUM
DIS-

SOLVED
(ue/L

ASCD)

<10

<
<1
<1

BARO-
METRIC .
PRES-
“SURE
(MM
OF
HG)
719
T8

T2

ALKA-
LINITY

CACO3)

174
149
188
197

NITRO-
GENX,
NDZ*NOB
DIS--
“SOLVED
(MG/L
AS'N)

<0.10
0.10

<0.10
€0.10

CHRO-
MIUM,
DIS-
SOLVED
(uc/L
AS CR)

<1
<1

<1
<1

- OXYGEN,
DIS-
SOLVED
(MG/L)
6.2
5.6
3.7
6.8

SULFATE
DIS-
SOLVED
(MG/L

AS S04)

900
670

630
630

NITRO-
GEN,
NO2+NO3
TOTAL
(MG/L
AS N)

<0.10

COBALT,
DIS-

SOLVED

(us/L

AS CO)

<50

<3

<3

<3

OXYGEN,
D1s-
SOLVED
(PER-
CENT
SATUR=
ATION)

64
72

17

CHLO-
RIDE,
D1S-
SDLVED
(MG/L
AS CL)

85
59
57
56

PHOS-.
_PHORUS,
TOTAL
(MG/L
AS .P)

COPPER,
p1S-
SOLVED
(UG/L
AS. CU)

HARD-
NESS~
(HG/L

CACDB)

850
730
700
730

SILICA,
DIs-
SOLVED
(MG/L

AS
s102)
<24
19
27

5.8

PHOS-
PHORUS,
DIS-
SOLVED
(MG/L
AS: P)
0.171
0.33
0.75

0.28

CYANIDE
DIS-
SOLVED
(MG/L
AS CN)

<0.01
<0.01
<0.01

€0.01
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DATE . _
LT ASIFE).

L AUG

S0

QHAY i
0Tl

25...
15000

‘IRON, .
DIS- -

SOLVED
(ue/L

13
15

S T

' uxssoua: xxven axsxu

’ 06“52“10 LAKE ANDES: BELOH LAKE ANDES SD--Contlnued

) HATEH QUALITY DATA. ﬁATER YEAR OCTDBER 1955 10 SEPTEMBER 1986

CtHAL-
;LIUH'

,LEAD.
DIS-

- SOLVED
“(UG/L

AS PB)

Fie

<5

s

HANGA- :

'NESE,

DIS-
SOLVED
(uG/L
AS MN)

10
k0.1

2400

2500

HERCURY
DIS-.

- SOLVED .
(uG/L *

AS HG)

0.1
;(oli:"

0.1

KICKEL.?

- D1S=

SOLVED "
S (UG/L
AS NI

LA

. 1 -
v5£'”
5

MONY,:

IS
SOLVED

(uc/L:

1

ANTI-’«

As sSB) -

a_

SELE-

CNIUM,
DIS-
SOLVED

(uG/L

As SE)

1

o :‘1

al

;(SILVER.:

DIS-

SOLVED:

(UG/L -
AS»AG)~

BRiE

a-

a

|

iDIS-

SOLVED

i(ug/L -

AS TL)

<1

IR

a

LZINC,

-~ DIS~

SOLVED "
S (uG/L
AS ZN)©

o0
"2

910

1

¢ ARSENIC
TOTAL
(uG/L
AS AS)

<5

12

MAY

LUAUG
BN Y SR

" TOTAL

RECOV-. —
ERABLE
(uG/L -

“AS BA)"

. DATE.

070

DaTE

<1007

200

CUTIME.

S BERYL-
"BARIUM,

LIUM,
TOTAL
RECOV-
ERABLE
(UG/L-

" AS BE)

STREAM-

“"FLOW,

< INSTAN-
TANEOUS
- (CFS)..

ao
0.

CADHIUH

TOTAL:

RECOV-".
-~ “ERABLE
(ve/L-

AS cD)
<
SPE-

CIFIC -
CON-"

pucT-

ANCE

S (uUS/CH)

RECOV-

(uc/L
AS B)

270

PH
" (STAND-
ARD ¢

BORON, " .
TOTAL

ERABLE =

1270

'UNITS):

CYANIDE
TOTAL"

.(MG/L -
AS €N)
0.01
<0.01

CTEMPER-
£, TEMPER-:
T iAIR T

ATUR
(DEG C)

S (ue/L -
AS NI) ¢

NICKEL.
TTOTAL
RECOV-

ERABLE

a
T3

ANTI- |

 MONY,

TOTAL

UG/l

AS SB) ©

N

'BARO-

- METRIC

-ATURE

;(D:G;C)'f

PPRES= " i
OXYGEN, -

SURE
(MM

HG)

SELE-
TOTAL
s SE).

NIUM,
(ue/L-

DISs-

" SOLVED
(MorL)

w<1 o

SILVER,

TOTAL -
RECOV-

-~ ERABLE

(uc/L

~ASjAG)

:i1 >

DIS-
SOLVED
(PER~

CCENT
SATUR- -

ATION)

: ,(17? -

THAL-
LIUM,
TOTAL
(UG/L

AS TL)

<1

<

 OXYGEN,

“ALDRIN,
‘DIS-

SOLVED

c:(ucsL)

SEP
R TIN

'”‘ “SEP’

DATE

SEP

' DATE

SEP - .
26..¢

" DATE.

26...

26;.;f.‘

0800

CHLOR-

_'DANE, .
‘DIS-

<01

- PCB,
“DIS-
 'SOLVED
- (uesL)

<0.1

. MIREX:
“pIs-

SOLVED

(uG/L)

001

SOLVED-
oo(uerL)

DDD,

DIS-

. SCLVED =
(uG/L) .

<0.01

. PCN

DISSOLY

S ¢0.1

PARA-

THION, -
- THANE
SOLVED .
(uc/L)

‘DIS~

1500 - "

k0.0l{

DDE, -
- p1s-
SOLVED-

(uGsL)

HEPTA-

CHLOR
EPOXIDE
DIS-

_ SOLVED
(ue/L) -

(ugrL)

<0.01 ¢

PER-
'DISSOLV
(UG/L) -

S0

8.69

<0.01

- DDT,
DIS-'
.SOLVED

(96/L)

DIs-
SOLVED
(ue/L)

i

-SILVEX,

TOTAL.

- (UG/L)

2.5

<0.01"
HEPTAZ

‘CHLOR,’

<0.01

<0.01

nI-

AZINON,
BIS-- -

STLVED

DIs-
SOLVED

“(uesL)

TOX~-

Se1.0

(erL).
<0.01
LINDANE
£ ¢0.01
. APHENE,’

DIS- -

SOLVED
~(UG/LY:

:v16;5

DI~

TLORIN

5IS-
. SCLYED
(86/L)

.01

CMALA-
CTHION,
DIS-

"SCLVED

- (UGsL)

- €0.01

TRI-
THION
DISSOLV

(uo/L)

€0.01

“ENDO= "
SULFAN 1
“DISSOLV.

(verL)

 METH--
“oxY-

CHLOR

‘pISSOLV
~{ue/L) -

- <0.01

C

2,4-p;
TOTAL
(UG/L)

0.05

<0.01

¥

{ENDRIN,
DIS-

- SOLVED

THION,
- D1S-

- (ue/L)

- TOTAL

(ue/L)
.01

" METHYL

PARA-

SOLVED:
S <0.01

2, 4-pp
(ue/L) -

<0.01-

ETHION
DISSOLV

(uc/L).

- ¢0.01

<0.01

METHYL-

TRI-
THION
DISSOLV

- (uorL)

€0.01

2-“-5‘7:
- TOTAL

“(uc/L)

~ <0.01



