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CONVERSION FACTORS

The inch-pound units used in this report may be converted to metric (SI) units by
the following conversion factors:

Mul tiply inch-pound unit By To obtain SI unit
inch 25.4 millimeter

foot (ft) 0.3048 meter

square mile (mi?) 2.590 square kilometer
gallon (gal) 3.78543 liter

mile (mi) 1.609 kilometer

acre-foot (acre-ft) 1,233 cubic meter
acre-foot per day (acre-ft/d) 1,233 cubic meter per day
acre 0.4047 hectare

gallons per minute (gal/min) 0.06308 liters per second
cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot per day (ft/day) 0.3048 meter per day

foot per mile (ft/mi) 0.189¢4 meter per kilometer
square foot per day (ft*/day) 0.0929 square meter per day

Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) as
follows: o
F - 32

0 —
C= =13

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and
Canada, called NGVD of 1929, is referred to as sea level in this report.

vi



WATER RESOURCES OF LAKE AND

MOODY COUNTIES, SOUTH DAKOTA
By Donald S. Hansen

ABSTRACT

The water resources of Lake and Moody Counties of eastern South Dakota
consist of streams and lakes, and glacial and bedrock aquifers.

The primary sources of surface water in Lake and Moody Counties are the Big
Sioux River and its intermittent tributaries, and Lakes Herman, Madison, and Brant.
Seasonal variations in streamflow and lake levels are directly related to seasonal
variations in precipitation. Dissolved-solids concentration in water from streams and
lakes increases as streamflow decreases and lake levels decline.

Eight glacial aquifers and four bedrock aquifers were delineated in Lake and
Moody Counties. The Big Sioux, North Skunk Creek, Pipestone Creek, Battle Creek,
and East Fork Vermillion aquifers are composed of glacial outwash. These aquifers are
generally less than 60 feet below land surface, and are in hydraulic connection with
the river or creek of the same name. The Rutland, Ramona, and Howard aquifers are
composed of glacial outwash and are overlain by 50 to 470 feet of till. The four
bedrock aquifers are the Niobrara, Codell, Dakota, and quartzite wash.

The average thickness of the Big Sioux, Pipestone Creek, North Skunk Creek,
Battle Creek, and East Fork Vermillion aquifers ranges from 14 feet for the Battle
Creek aquifer to 39 feet for the North Skunk Creek aquifer. Recharge to the aquifers
is from infiltration of precipitation. Reported discharge from wells screened in the
Big Sioux, North Skunk Creek, and East Fork Vermillion aquifers ranges from 30 to
1,000 gallons per minute, and from those screened in the Pipestone Creek and Battle
Creek aquifers ranges from 1 to 15 gallons per minute. Predominant chemical
constituents in water from the Big Sioux, North Skunk Creek, and Pipestone Creek
aquifers are calcium and bicarbonate. Predominant chemical constituents in the
Battle Creek and East Fork Vermillion aquifers are calcium and sulfate. The average
dissolved-solids concentration ranged from 480 milligrams per liter for the Pipestone
Creek aquifer to 1,150 milligrams per liter for the East Fork Vermillion aquifer.
Water from the aquifers is used for irrigation, municipal, and domestic purposes.

The average thickness of the Rutland, Ramona, and Howard aquifers ranges from
18 feet for the Ramona aquifer to 40 feet for the Howard aquifer. Recharge to the
aquifers is by leakage from till. The Howard aquifer and quartzite wash aquifer are
hydraulically connected in eastern Moody County. Reported discharge from wells
screened in the aquifers ranges from 2 to 300 gallons per minute. Predominant
chemical constituents in water from the aquifers are calcium, sulfate, and bicar-
bonate. The average dissolved-solids concentration for the Howard aquifer was
1,750 milligrams per liter, for the Rutland aquifer was 1,500 milligrams per liter, and
for the Ramona aquifer was 1,360 milligrams per liter. Water from the aquifers is
used primarily for domestic and stock purposes.



The average thickness of the bedrock aquifers ranges from 60 to 400 feet. The
aquifers are under artesian conditions. The quartzite wash aquifer and the Codell
aquifer are hydraulically connected in eastern Moody County. Water-quality data
indicates recharge to the Codell aquifer from the quartzite wash aquifer in Moody
County. The direction of water movement in the bedrock aquifers is from east to
west. Predominant chemical constituents in water from the Niobrara aquifer are
calcium, sodium, and sulfate; from the Codell and Dakota aquifers are sodium and
sulfate; and from the quartzite wash aquifer are calcium, sulfate, and bicarbonate.
Dissolved-solids concentration in water from the bedrock aquifers ranged from
1,200 to 2,290 milligrams per liter and averaged 1,650 milligrams per liter. Water
from the bedrock aquifers is used for municipal, domestic, and stock purposes.

Water use in 1980 in Lake and Moody Counties was about 2.6 billion gallons.
Ninety percent of the water used in the counties was withdrawn from the glacial
aquifers and 10 percent was withdrawn from the bedrock aquifers.

INTRODUCTION

Lake and Moody Counties encompass 1,092 mi® of the east-central part of
eastern South Dakota and are located in the southern part of the Coteau Des Prairies
and eastern part of the James basin physiographic area (fig. 1). Land surface altitudes
range from 1,490 ft above the National Geodetic Vertical Datum of 1929 (NGVD of
1929, which will be referred to as sea level in this report) in southern Moody County to
1,875 £t above sea level in northwestern Lake County.

The water resources of Lake and Moody Counties consist of streams and lakes,
and glacial and bedrock aquifers. The glacial aquifers consist of sand and gravel
outwash, deposited by receding glaciers. The bedrock aquifers consist of late
Cretaceous sandstones, siltstones, and marls.

Purpose and Scope

In July 1979, the South Dakota Geological Survey and the U.S. Geological Survey
began a 4-year study to locate and describe the water resources and geology of Lake
and Moody Counties. The purpose of this report is to provide hydrogeologic
information needed for future water development and planning in Lake and Moody
Counties. This study is part of an evaluation of the water resources and geology of
eastern South Dakota (fig. 1).

The investigation included the collection and interpretation of drillers' logs, well
inventories, test drilling, observation-well installation, measurement of static water
levels, and chemical analysis of water samples. Figure 2 shows the test hole and
geologic section locations and observation-well and water-quality sampling sites in
Lake and Moody Counties. The wells and test holes are numbered according to the
Federal land survey system (fig. 3).

Acknowledgments

The author would like to acknowledge the cooperation of residents of Lake and
Moody Counties for providing information on their water wells, and of the local
drilling companies for suppling test-hole information.
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Figure 3.--Well-numbering diagram. The well number consists of township followed by
"N," range followed by "W," and section number, followed by a maximum of
four uppercase letters that indicate, respectively, the 160-, 40-, 10 -, and
2} -acre tract in which the well is located. These letters are assignedin a
counter clockwise direction beginning with "A" in the northeast quarter.

A serial number following the last letter is used to distinguish between
wells in the same 2%2-acre tract.



WATER RESOURCES

The average annual precipitation of Lake and Moody Counties is 24 inches.
About 97 percent of the precipitation is returned to the atmosphere by evaporation
and transpiration. About | percent of the average annual precipitation becomes
streamflow; however, this quantity may vary from year to year because of variations
in precipitation. About 2 percent of the precipitation percolates into the ground to
become ground water. The total volume of water in transient storage in aquifers is
about 1.4 million acre-ft. In a given year, the water budget shows a change in ground-
water storage which can be detected by, and calculated from water-level changes in
observation wells in the aquifers. The long-term (greater than 10 years) changes in
storage are zero, except where or if the ground-water discharge to wells increases.

Drainage in Lake and Moody Counties is primarily by the Big Sioux River and its
intermittent tributaries (fig. 4). The western part of Lake County is drained by the
East Fork of the Vermillion River. The balance of Lake County is drained by Battle
and Skunk Creeks which flow to the Big Sioux River. Moody County is drained entirely
by the Big Sioux River and its intermittent tributaries.

Surface Water

Streamflow

Streamflow is dependent upon the seasonal variation of precipitation, evapo-
transpiration, and ground-water storage. Rivers and creeks generally flow during the
spring and early summer because of snowmelt and rainfall runoff and because of peak
storage in aquifers. Creeks generally do not flow during late summer because of:
(1) decreased runoff; (2) increased evaporation; and (3) decreased ground-water dis-
charge. During years of above-normal precipitation, Skunk, Battle, and Flandreau
Creeks may not go dry during late summer. The Big Sioux River receives an average
of about 8 ft®/s from ground water between the streamflow gaging station near
Brookings and near Dell Rapids and rarely goes dry. The drought of 1976, however,
caused zero flow within this reach. A summary of maximum, minimum, and average
streamflow data for gaging stations on the Big Sioux River is given in table 1.

Table 1.--Summary of streamflow data for gaging stations in Lake and Moody Counties

Drainage Discharge for period of record
area Period (cubic feet per second)
Station Station name (square of
number and location miles) record Maximum Minimum Average
06480000 Big Sioux River near 4,420 1953-81 33,900 0 159
Brookings
06481000 Big Sioux River near 5,060  1948-81 41,300 0 252
Dell Rapids
06480500 Big Sioux River near 4,580  1928-32 5,200 0 97
Flandreau
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Floods

Extreme flooding in this area is a rare event, although valley bottoms and areas
of internal drainage are flooded occasionally during the spring because of snowmelt
and rainfall runoff. Maps of flood-prone areas along the Big Sioux River have been
prepared by the U.S. Geological Survey. Such maps are available from the U.S.
Geological Survey, Huron, SD 57350. The flood-prone areas are shown on topographic
maps at a scale of about 2% inches to the mile. These maps show areas subject to
flooding by a flood that has a probability of 1 in 100 of occurring in any year.

Lakes and Ponds

Lake Madison, Lake Herman, and Brant Lake and ponds cover about 16 mi® or
about 1 percent of the study area. The area of Lake Madison is 3.67 mi’; Lake Herman
1.67 mi’; and Brant Lake 1.33 mi®. These lakes were formed by stagnant ice blocks
positioned at the margin of the receding glacier (Hammond, 1982, written commun.).

Long-term records of lake-level fluctuations for Lake Madison indicate close
correlation with departure from average annual precipitation (fig. 5). Lake Madison
was dry in 1873, 1893 (South Dakota Lakes Preservation Committee, 1977), 1935, 1936,
and 1940. These years corresponded to drought years. Lake levels rose from 1941 to
1945, 1959 to 1965, and from 1967 to 1969 because of above-normal precipitation.
Lake levels remained constant from 1946 to 1951 with near-average precipitation, and
declined from 1951 to 1959 and from 1965 to 1966 because of below-average
precipitation.

Chemical Quality

Specific conductance of water from Lakes Herman and Madison generally
decreases during the spring months because of dilution from spring rainfall and
snowmelt runoff (table 2). Specific- conductance is a measure of total dissolved
material in the water. The average specific conductance of water collected from
Lake Madison during the spring months was 1,350 micromhos per centimeter
(umhos/cm). The average specific conductance of water collected during the summer
months was 1,490 uymhos/cm. The rise in specific conductance during the summer
months is caused by reduced surface inflow and increased evaporation. The major
chemical constituents in water from Lakes Herman and Madison are sulfate, calcium,
and magnesium.

Dissolved-solids concentration in water from rivers and streams varies with the
volume of streamflow. Figure 6 shows the relationship between specific conductance
and discharge for the Big Sioux River near Brookings and near Dell Rapids. Specific
conductance decreases as stream discharge increases because of dilution from rainfall
and snowmelt runoff. The major chemical constituents in water from the Big Sioux
River near Dell Rapids are sulfate and calcium.



92-0 €1 86 L2-0 0°#1 L8 (D) ®nieedway
h11-6" 4 9°8 h*8 9°6-0" 4 8¢°8 AR 1 (sytun) yd
91-1°2 82 0°11 €°Z1-9°0 ¢'8 L6 ualdAxo paAfossiqg
(4913WM1Uad
Jad soywoiotw)
0£0°C-0€0°T 06h°1 0se‘1 05¢ “1-08¢ 0€0°T 018 92ue}dNpuod J13139dg
0h0°Z-096 00€°‘T 00€ ‘1 04£°1-049 068 0S< SP1]0S paA[ossIQ
06°0-20°0 ch* he* 0°¢I-10°0> 88 €°Z ua80J31u paAjossig
8h°0-20°0 1z AN €6°1-80°0 e’ L snaoydosoyd paajossiq
0hE-0€1 061 081 084011 0ze 01z Te101 ‘Ayutrey
0€/-08Z 00¢ 01¢ 0Z6-061 08¢ 0T¢ 91BJMS pIAJOSSIQ
081-64 o¢l 0z1 ¢z-1 8 9 9pTIOTYD PaATOSSIO
0¢-81 L 74 (174 Te-L 0z ST wnisselod paA[ossiq
Oh1-6< 174 86 08-¢¢C 8h 0h WwINIpOs paAossI(]
00Z-0¢ 1°26 1L 0€1-9 9 8h wnisaudew paAjossiqg
091-1¢ oTT 001 041-8% L6 89 WINTOTED PIATOSSIQ
a8ueu a8eioAe adeioae a8ued a8eioae a8eaoAe
renuuy syjuow syjuow [enuuy syjuow syjuow
JojuIm 8uradg JauTm 8uradg

pue ‘[Tey pue ‘reg

‘Jawwng ‘Jowwng

Uostpepy a3eq URWJISH a¥eT

_”nwamu_u:_ se 3daox2 19317 Jod swelBIIw Ut SIMS3Y  *//61 ‘9311 TWWOD)
UOTIBAISSIIJ ST 911G ‘C/-#96] WO paidI[0OD BIBP UO PIseq mombm:/m_

§STIUNC) APOOJ\ PUE 9’| Ul SaXe] Po3D9]as JOJ SOsA[eue [eoTWalp JO AJewwing—-7 3[qe]



S3IHONI NI ‘HLHOMLINIM 1V NOILVLIdIO3Nd

JOVYHIAV WOHJ 3¥NLYVHIA FAILVINNND ATHLNON

*(S1qe[TRABUN UE BIBP USYM P3YSEP) Y1JOMIUS A I°
(09-1€61 poraad aseq) uonreirdioaid aBeiase woly ainiiedsp pue uosipely 3B JOJ SUOTIBNION[F [SAS[-9¥e--°¢ aInS1g

6.61 cL61 0.61 G961 0961 G661 0s61 14941 ovbei GE61

" T T T T T T T 8091
oI-F e N\ Aip
XY
V1% / o019l

f 1.
'\ /

1334 NI *13A37 v3S 3A08V 3aNliLlv

919|
NOILV11d1034d [ 1
i / 39VH3IAV WOYS u%E&uo'\ \\\ T3A3T 3V
, . ] 8191
" cwmbuﬂ\ \ \ /|/ >\F\ . f > K \ -
L Wi . -
/ 2291
M 2" MVAvA
1
%291
og | :

1 | | 1 1 1 1 | 9291

10



009¢

*s8unpjooig Jeau pue spidey [[aQ Jeau
J9ATY XnoIg 31g Syl WOJJ B1Ep 9OUERIONPUOD D1FIdads-38IeyPSIP SNOSURIURISUT JOT SUTf 313 3s9q Y[ --*9 In314

AN0O3S ¥3d 1334 018N0 NI *39H¥VHOSIO
oozce 0082 oob2 0002 0091 0021 008 00+v (o]

T T T T T T T T 0

— 002

SAldvY 17130 ¥Y3IN Y3IAIY XNOIS 918 —1 oor

\

- 009

\

SONINO0YS8 ¥VIN JY3AIY XNOIS 918

— 008

Y3ILINILNIO Y3d SOHNOYOIN Ni *3ONVLONANOD J14103dS

0001

1 | I ] | 1 L I 0021

11



Ground-Water Occurrence and Chemical Quality

Glacial Aquifers

Eight glacial aquifers were delineated in Lake and Moody Counties, and are
shown in figures 8 and 9, and the hydrologic characteristics of each aquifer are
discussed below. Glacial aquifers are unconsolidated sand and gravel outwash
deposited by meltwaters from receding glaciers. The Big Sioux, Pipestone Creek,
North Skunk Creek, Battle Creek, and East Fork Vermillion aquifers generally are less
than 60 ft below land surface and are hydraulically connected to the river or creek of
the same name. The Rutland, Ramona, and Howard aquifers are overlain by 50 to
470 ft of till. Till consists of grayish-blue clay with migor amounts of shale pebbles,
sand, and silt. Till has a hydraulic conductivity of 5x10~" ft/day (Henry, 1982) and will
not yield a sufficient quantity of water for domestic use; however, locally it may
contain thin, discontinuous sand and gravel lenses which may yield 2 to 3 gal/min to
wells.

Water-level fluctuations in observation wells screened in the glacial aquifers are
caused by seasonal changes in recharge and discharge. Water levels generally rise
from February to June because recharge from snowmelt and spring rainfall is greater
than discharge. Water levels generally decline from July to January because discharge
from wells and evapotranspiration are greater than recharge. The subsurface outflow
estimates for the glacial aquifers were calculated by multiplying the cross-sectional
area of the aquifer by the gradient of the water-table surface times the average
hydraulic conductivity. The average hydraulic conductivity was estimated from test-
hole logs that penetrated the aquifer.

Suitability of water for irrigation from the glacial and bedrock aquifers was
determined from the South Dakota irrigation-water diagram (fig. 7) (Koch, 1983). The
diagram is based on South Dakota irrigation-water standards, revised January 7, 1932,
and shows the State of South Dakota's water-quality and soil-texture requirements for
the issuance of an irrigation permit.

Big Sioux aquifer

The Big Sioux aquifer (fig. 8) ranges from a fine to medium, poorly sorted sand,
to a well-sorted sand and medium gravel. Gravel as much as 1 inch in diameter was
found in Township 108 North, Range 49 West, sections 5, 9, and 10. The aquifer is
limited to the flood plain of the Big Sioux River and is underlain by till. The aquifer is
generally under water-table conditions, however, in T. 105 N., R. 49 W.,, sections 10
and 25, the aquifer is confined by 8 to 10 ft of till. The water level in this area is
about 3 ft above the top of the aquifer. Results of test drilling indicated that the
confining till layer is not widespread or continuous. A geologic section of the aquifer
is shown in figure 9. Hydrologic characteristics are given in table 3.

Recharge to the aquifer is by infiltration of rain and snowmelt through the
overlying 1 to 2 ft of topsoil. In T. 105 N., R. 48 W., uncontrolled flowing wells,
screened in the Howard aquifer, discharge on the land surface and subsequently
recharge the aquifer. The general direction of water movement in the aquifer is to
the south and toward the Big Sioux River, which flows from north to south (fig. 10).
The gradient of the water-table surface is about 6 ft/mi; however, in the Trent area
the gradient may be as much as 15 ft/mi. Results of test drilling in the Trent area
showed fine to medium sand in the drill samples. The higher gradients in this area may
be caused by decreased aquifer hydraulic conductivity because of the fine to medium
sand in this area.
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Figure 7.--South Dakota irrigation-water classification diagram based on South Dakota

standards (revised Jan. 7, 1982) for maximum allowable specific conductance
and adjusted sodium-adsorption-ratio values for which an irrigation permit can
be issued for applying water under various soil texture conditions. Water can
be applied under all conditions at or above the plotted point but not below it
provided other conditions as defined by the State Conservation Commission
are met.
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Discharge from the Big Sioux aquifer is from irrigation, domestic, municipal, and
stock wells, evapotranspiration, and by ground-water leakage to the Big Sioux River.
The average annual pumpage by irrigation and municipal wells screened in the aquifer
from 1970 to 1979 was about 3,125 acre-ft. The maximum reported discharge from
irrigation wells in the aquifer was about 5,200 acre-ft during the drought of 1976.
Discharge from irrigation wells screened in the aquifer is as much as 800 gal/min.
Records of long-term water-level fluctuations in well 106 N48W5CCCC show close
correlation with long-term trends in precipitation (fig. 11). The water-level rise
during 1962, 1965, 1968 -69, 1972, and 1977 -79 was caused by above-average precipita-
tion. The decline from 1963-64, 1966-68, 1970-71, 1973-76, and 1980-81 was caused
by below-average precipitation.

Predominant chemical constituents in water from the Big Sioux aquifer are
calcium, bicarbonate, and sulfate. The average concentration of dissolved calcium is
100 mg/L, the average concentration of bicarbonate is 260 mg/L, and the average
concentration of dissolved sulfate is 180 mg/L. Dissolved-solids concentration ranged
from 300 to 1,570 mg/L and averaged 540 mg/L. Hardness concentration calculated
from laboratory analyses ranged from 240 to 600 mg/L and averaged %00 mg/L. In
T. 105 N., R.48 W., dissolved-solids and dissolved sulfate concentrations averaged
670 mg/L. Larger dissolved-solids and sulfate concentrations may be caused by
uncontrolled flowing wells, screened in the Howard aquifer, that discharge on land
surface and subsequently recharge the Big Sioux aquifer. A summary of chemical
analyses of water from the aquifer is given in table 4. Water from the aquifer is used
for municipal, irrigation, domestic, and stock purposes.

Pipestone Creek aquifer

The Pipestone aquifer (fig. 8) is composed of a medium to coarse sand and fine
gravel. The aquifer is limited to the flood plain of Pipestone Creek. A geologic
section of the aquifer is shown in figure 9 and hydrologic characteristics are given in
table 3.

Recharge to the aquifer is by infiltration of precipitation and snowmelt on the
flood plain of Pipestone Creek. The direction of water movement in the aquifer is
from northeast to southwest and toward Pipestone Creek. The gradient of the
potentiometric surface ranged from about 2 to 15 ft/mi (fig. 10).

Discharge from the Pipestone Creek aquifer results from evapotranspiration,
withdrawal by domestic and stock wells, and seepage to Pipestone Creek. The average
transmissivity of the aquifer is about 16,000 ft*/d (Adolphson, 1983). Aquifer tests
were conducted using two irrigation wells located in section 8, township 106 north,
range 46 west. Subsurface outflow into Minnehaha County is about 9 acre-ft/d.

Water-level fluctuations in the aquifer are caused by seasonal changes in
recharge and discharge (fig. 12). Water levels declined from July 1981 to January 1982
because discharge was greater than recharge. Water levels rose from February to
June 1982 because recharge from snowmelt runoff and rainfall was greater than
discharge. Water levels rose from August to November 1982 because of above-average
precipitation.
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Figure 12.--Observation well hydrographs of the Pipestone Creek, North Skunk Creek,
and Rutland aquifers.
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Predominant chemical constituents in water from the Pipestone Creek aquifer
are calcium and bicarbonate. Specific conductance, determined by onsite analyses,
ranged from 550 to 2,360 umhos/cm and averaged 1,180 umhos/cm. Hardness concen-
tration, determined by onsite analyses, ranged from 300 to 1,250 mg/L and averaged
600 mg/L. Laboratory analyses of water from the aquifer are given in table 5. Water
from the aquifer is used primarily for domestic and stock purposes. The water is of
suitable quality for irrigation based on South Dakota irrigation-water standards,
revised January 1982.

North Skunk Creek aquifer

The North Skunk Creek aquifer (fig. 8) is composed of a poorly sorted, sandy
gravel northwest of Lake Madison, and grades to a well sorted sand and gravel
southeast of Lake Madison (Ellis and Adolphson, 1965). The aquifer is under water-
table conditions in most areas, however, along the margin of the aquifer and in the
south-central part of T. 105 N., R. 51 W., the aquifer is overlain by as much as 60 ft of
till and is under artesian conditions. A geologic section of the aquifer is shown in
figure 9 and hydrologic characteristics are given in table 3,

Recharge to the aquifer is by infiltration of precipitation and snowmelt. Water-
level fluctuations in observation wells (fig. 12) and lake-level fluctuations (fig. 5)
indicate that Lakes Madison, Herman, and Brant are hydraulically connected to the
aquifer. Normal precipitation and snowmelt runoff during spring and early summer
may cause the lake level to be higher than the water-table surface, thus the lakes may
recharge the aquifer. Normal precipitation and evaporation during late summer and
fall may cause the lake level to be lower than the water-table surface, thus the
aquifer may discharge to the lake.

The general direction of water movement in the aquifer is to the southeast. In
the south-central part of T. 105 N., R. 51 W., the direction of movement is to the
north. The northward gradient may be caused by a possible recharge area located to
the south, in Minnehaha County, where the aquifer is at or near land surface. The
gradient of the water-table surface ranges from 4 to 20 ft/mi.

Discharge from the aquifer is: (1) By irrigation, municipal, stock, and domestic
wells; (2) by evaporation directly from the water table surface where the aquifer is
near land surface; (3) by transpiration; and (4) to Skunk Creek. Outflow to Minnehaha
County is about 1.5 acre-ft/day. Average annual pan evaporation from Lakes Madison,
Herman, and Brant is about 16,000 acre-ft.

Predominant chemical constituents in water from the North Skunk Creek aquifer
are calcium and bicarbonate. Specific conductance, determined from onsite analyses,
ranged from 560 to 2,060 umhos/cm and averaged 1,250 umhos/cm. Hardness concen-
tration, determined by onsite analyses, ranged from 320 to 1,370 mg/L and averaged
710 mg/L. Laboratory analyses of water from the aquifer are given in table 5. Water
from the aquifer is used for municipal, domestic, and stock purposes, and is suitable
for irrigation based on South Dakota irrigation-water standards, revised January 1932.
Withdrawal for irrigation in 1979 was 500 million gallons.
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Battle Creek aquifer

The Battle Creek aquifer (fig. 8) is composed of fine to medium sand with some
fine gravel and is underlain by till. The aquifer is limited to the flood plain of Battle
Creek. Test-drilling data and reported water-levels indicate that the aquifer is under
water-table conditions. Hydrologic characteristics are given in table 3.

Recharge to the aquifer is by infiltration of precipitation and snowmelt.
Reported water-levels indicate that the direction of water movement is toward Battle
Creek and to the northeast. Discharge from the aquifer is: (1) from stock wells; (2) by
evapotranspiration; (3) to Battle Creek; and (4) to the Big Sioux aquifer in T. 109 N.,
R. 50 W., Brookings County. Outflow to the Big Sioux aquifer is about 0.3 acre-ft/day.

Predominant chemical constituents in water from the aquifer are calcium,
bicarbonate, and sulfate. Specific conductance, determined by onsite analyses, ranged
from 610 to 2,300 umhos/cm and averaged 1,160 pmhos/cm. Hardness concentrations,
determined by onsite analyses, ranged from 440 to 1,300 mg/L and averaged 680 mg/L.
Laboratory analyses of water from the aquifer are given in table 5. Water in the
aquifer is used primarily for stock watering. The aquifer is not used for irrigation
because wells screened in the aquifer will discharge only 1 to 3 gal/min.

East Fork Vermillion aquifer

The East Fork Vermillion aquifer (fig. 8) ranges from fine to medium sand to a
well-sorted coarse sand and fine gravel. Clay layers as much as 10 ft thick are
interbedded in the aquifer in T. 107 N., R. 54 W. In section 3 of T. 105 N., R. 54 W.,
coarse gravel and large rocks were reported. The aquifer is limited to the flood plain
of the East Fork of the Vermillion River. Hydrologic characteristics of the aquifer are
given in table 3.

Recharge to the aquifer is by infiltration of precipitation and snowmelt. The
direction of water movement is toward the East Fork of the Vermillion River and to
the southeast at a gradient of 3 to 12 ft/mi. Discharge from the aquifer is from
irrigation and domestic wells and evapotranspiration. Outflow to McCook County is
about 1.5 acre-ft/day.

Predominant chemical constituents in water from the aquifer are calcium,
bicarbonate, and sulfate. Hardness concentration of water from two samples, table 5,
was 680 and 840 mg/L. Laboratory analyses of water from the aquifer are given in
table 5. Water in the aquifer is used for stock, domestic, and municipal purposes, and
is suitable quality for irrigation use based on South Dakota irrigation-water standards,
revised January 1982, Withdrawal for irrigation in 1979 was 55 million gallons.

Rutland and Ramona aquifers

The Rutland and Ramona aquifers (fig. 13) are composed of poorly sorted,
medium to coarse sand, intermixed with fine to coarse gravel. The Rutland aquifer is
24 to 32 ft thick, and is overlain by as much as 175 ft of till. The Ramona aquifer is as
much as 32 ft thick, and is overlain by as much as 240 ft of till. A geologic section of
the aquifers is shown in figure 14. The extent of the Ramona aquifer is limited to
Lake County and eastern Miner County (Koch and McGarvie, 1986). Both aquifers are
under artesian conditions. Hydrologic characteristics are given in table 3.
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Recharge to the Rutland and Ramona aquifers is by leakage from the till.
Water-level fluctuations from observation wells in the Rutland aquifer (fig.12)
indicate that there are seasonal changes in recharge, however, the recharge area is
probably in Brookings County (fig. 1). Water-level fluctuations from observation wells
in the Ramona aquifer do not indicate seasonal changes in recharge. Discharge from
the aquifers is from domestic and stock wells.

Predominant chemical constituents in water from the Rutland aquifer are
calcium, sulfate, and bicarbonate. Specific conductance, determined by onsite
analyses, in water from the Rutland aquifer ranged from 2,270 to 2,690 umhos/cm and
averaged 2,430 umhos/cm. Hardness concentration, determined by onsite analyses, in
water from the Rutland aquifer ranged from 1,330 to 1,900 pmhos/cm and averaged
1,500 umhos/cm. Laboratory analyses of water from the Rutland aquifer are given in
table 5. Specific conductance of water from the Ramona aquifer, determined by
onsite analyses, ranged from 1,500 to 3,600 umhos/cm and averaged 2,100 umhos/cm.
The average dissolved-solids concentration, calculated from the field specific conduc-
tance, in water from the Ramona aquifer was 1,360 mg/L. Hardness concentration of
water from the Ramona aquifer, determined by onsite analyses, ranged from 620 to
2,600 mg/L and averaged 1,200 mg/L. Water from the Ramona and Rutland aquifers is
used for domestic and stock purposes.

Howard aquifer

The Howard aquifer (fig. 15) ranges from a fine to medium quartzose sand in
southeast Moody County to a medium to coarse sand and fine gravel in Lake and
northern Moody Counties. The aquifer is composed of angular, coarse quartzose gravel
in the northeast part of T. 105 N., R. 50 W. The aquifer is at about 1,400 ft above sea
level and is overlain by as much as 470 ft of till. A geologic section of the aquifer is
shown in figures 14 and 16. Hydrologic characteristics are given in table 3.

Recharge to the Howard aquifer in Lake and Moody Counties probably is by
leakage from the till. Recharge to the aquifer by infiltration of precipitation through
the till probably does not occur in Lake and Moody Counties because as much as 470 ft
of till overlies the aquifer. The recharge area probably is north of the study area, in
Kingsbury and Brookings Counties. Water-level fluctuations in observation wells in
Lake and Moody Counties show seasonal changes in recharge and discharge. Results of
test drilling suggest that the Howard aquifer and the quartzite wash aquifer may be
hydraulically connected (fig. 15) in eastern Moody County.

The direction of water movement in the aquifer (fig. 17) is shown by arrows
perpendicular to potentiometric contours. Movement in Lake County generally is from
northwest to southeast, however, in southwest Lake County movement is southwest,
into Miner and McCook Counties. The direction of water movement in Moody County
is from north to south.

Discharge from the aquifer is: (1) To fractures in the Sioux Quartzite in
southern Lake and Moody Counties and to the Dell Rapids quarry located 2 mi south of
well 105N49W36DDDD; (2) from municipal wells, domestic wells, and uncontrolled,
flowing stock wells in T. 105 N., R. 48 and 49 W.; and (3) by leakage to the underlying
Niobrara aquifer in the southwest and central part of Lake County.
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Water-level fluctuations (fig. 18) are caused by seasonal changes in recharge and
discharge. Water levels in observation wells generally rose from November 1981 to
June 1982 because of recharge from snowmelt and spring rainfall. Below-average
precipitation from April to May 198! caused water levels to decline about .5 ft.
Above-average precipitation from September to December 1982 caused water levels to
rise about 0.5 ft.

Predominant chemical constituents in water from the aquifer are calcium and
sulfate. Dissolved-solids concentration ranged from 964 to 5,520 mg/L and averaged
1,750 mg/L. Hardness concentrations ranged from 605 to 1,697 mg/L and averaged
1,050 mg/L. Dissolved sulfate concentration ranged from 500 to 1,600 mg/L and
dissolved calcium concentration ranged from 160 to 350 mg/L. Water from the aquifer
in southern Moody County generally had higher dissolved-solids concentrations. D<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>