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GROUND-WATER RESOURCES IN THE LAKOTA AREA

NELSON COUNTY, NORTH DAKOTA

By
J. E., Powell and S. L. Jones

ABSTRACT

The Lakota area includes 126 square miles within the Devils Lake
interior drainase basin of the Drift Prairie physiogranhic province in
Nelson County, N, Dak. The surface deposits of glacial drift are
underlain by Pierre Shale, which crops out around Stump Lake in the
southwestern part of the area, Gently rolling ground moraine covers
most of the Lakota area but end moraine occurs locally in the north-
central, southeast, and northwest, The topogravhy consists of low
relief and poorly develoned drainage that results in many undrained
denressions and swamps, Two glacial spillways trend southward in
meandering courses across the area and drain into Stump Lake,

A buried, steep-sided channel denosit of sand and gravel about
half a mile wide was discovered by test drilline east of Lakota., The
channel is about 1 mile east of the city and trends southwestward
for a distance of at least 1 1/4 miles, The city of Lakota has
develoned a producing water well, Lakota No, 6(153-60-26acb4) in this
deposit; an estimated 70 gpm (gallons per minute) for a »eriod of about
6 hours a day is pumped from the well, This well, together with Lakota
well No. 2 (153-60-26acbl), a shallow dug well in an esker deposit,

furnishes the water supply for the city,
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The surficial denosits in the Lakota area are mostly glacial

drift that was deposited during the last major ice sheet advance.

Most of the drift consists of till but lenses of stratified sand

and gravel enclosed within the till occur at some places, The drift
also includes ice-contact deposits such as eskers and kames, spillway
or channel deposits, buried valley deposits, and lake denosits,
Cretaceous bedrock formations underlie the glacial drift in the report
area.

Glacial drift is a source of ground water in many parts of the
Lakota area, Many wells yield water from sand and gravel lenses
associated with the till; some wells obtain water from ice-contact
deposits, Also, it may be possible to develop ground-water sources
from spillway deposits; about 2 miles east of Lakota 90 feet of
saturated sand and gravel was found in a test hole, Small supplies
of ground water are obtained from the wells drilled into a bedrock
formation, the Pierre Shale of Late Cretaceous age. Probably the water
occurs in cracks or fractures in the upner few feet of the shale,

Rocks older than the Pierre Shale are not used as aquifers in the
report area, but in adjacent areas, the Dakota Croun ‘of !'lanser. (1955) of Early
Cretaceous age, yields water to wells,

A short vumping test of 24 hours and 23 minutes duration was
made on a well, Lakota No. 6. The drawdown after pumning was 24,25
feet, The coefficient of transmissibility was calculated to be about
12,000 gpd/ft (sallons per day per foot) and the coefficient of storage
was calculated to be 0,0007, The maenitude of the coefficient of storage

indigates an artesian aquifer,



Recharge in the Lakota area is by downward nercolation of rain
water and water from melted snow, Shallow aquifers in the glacial
drift receive recharge faster than deep aquifers; thus sand and gravel
deposits at the surface in spillways or ice-contact denosits are favor-
able areas for recharge. Ground water is discharged by direct evapo-
transpiration in low areas, especially during the crowing season,
The regional direction of ground-water movement is probably southwest-
ward toward Stump Lake,

Chemical analyses of ground water in the report area indicate that
the dissolved-solids content is high. Recommended maximum concentrations
of various constituents are exceeded in water from a number of the wells

sampled.



INTRODUCTION

Location and General Features of the Area

The Lakota area comprises 126 square miles in the western part of
Nelson County, North Dakota (fig. 1), Lakota, nonulation 1,066 (1960
census), located in the central part of the area, is the county seat of
Nelson County and is situated at the intersection of U.S. Highway 2
and State Highway 1, Lakota is served also by the main line and a branch
line of the Great Northern Railway,

According to the U,S, Yeather Bureau, the temperature in the area
ranges from a January average of about 2°F, to a July average of about
67°F, ; however, maximum and minimum temperatures of above 100°F, and
below -30°F, are common, The average annual precinitation is about 138
inches, most of which falls during the 120-day growing season.

The principal occupation in the Lakota area is farming; wheat, flax,
oats, barley, and hay are the main crops, and cattle and hogs are the

main livestock.
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FIGURE | - MAP SHOWING PHYSIOGRAPHIC PROVINCES IN NORTH DAKOTA AND LOCATION OF THE LAKOTA AREA



Purnose and Scope of the Investigation

This report presents the results of an investigation of the geology
and occurrence and quality of ground-water resources in the Lakota area,
The investigation was made by the U.S. Geological Survey in cooperation
with the North Dakota State "ater Conservation Commission and the North
Dakota Geological Survey. The purpose of the study is to evaluate the
availability of ground water particularly for municipal use, but for
other uses as well,

During this study, data were collected on about 300 wells including
measurements of depths and water levels where vpossible; 33 test holes
ranging in depth from 18 to 165 feet and totaling about 2,700 feet
were drilled: altitudes of the test holes were determined; water samoles
were collected from selected wells and test holes; and a study was made
of the surface geology. The test holes were drilled with a hydraulic
rotary drilling rig owned by the North Dakota State Water Conservation

Commission,



Physiosraphic Features

The Lakota area is in that part of the Central Lowland nhysiocraphic
province (Fenneman, 1933, p, 559-583) that Simnson (1929, p. 4) called
the Drift Prairie (fig., 1). The Drift Prairie is bordered by the
Missouri Plateau on the west and by the Red River Valley on the east.
The area is within the Devils Lake interior drainage basin (Babcock,
1902, p. 208), which extends from the southern part of the Turtle
Mountains and the Canadian boundary southward to the drainage divide
between the Sheyenne and James Rivers, The basin is bounded on the
east by the edse of the Red River Valley and on the west by the Souris
basin,

Drainage units within the basin are voorly integrated as a result
of glaciation and consist mainly of intermittent streams, undrained
depressions, small ponds and swamms, and a few lakes, Areally, the
most prominent drainage units are Devils Lake and Stump Lake, both
of which formerly drained southward to the Sheyenne River.

The tovnographic features of the area have resulted from the action
of glacial ice and melt water, Gently rolling terrain called ground
moraine constitutes most of the surface except for several tracts of
high, rough terrain called end moraine in the northwest, southeast,
and southwest corners of the area, Glacial features known as kames
and eskers constitute local topographic features as do wave-cut

benches around Stump Lake,



Well-Numbering System

The well-numbering system used in this report, illustrated in figure
2, based upon the location of the well in the federal system of rectangular
surveys of the public lands. The first numeral denotes the township north
of the base line, the second numeral denotes the range west of the fifth
principal meridian, and the third numeral denotes the section in which the
well is located. The letters a, b, ¢, and d designate respectively the
northeast, nortlhwest, southwest, and southeast quarter sections (l0-acre
tracts). To distinguish between two or more wells situated within the same
tract, consecutive numbers,beginning with 1, are added as a suffix to each
well number. Well 153~60-26acb4, Lakota No. 5A, is the fourth well described
in the N'//4SW1/4NEl/4 sec. 26, T. 153 N., R 60 W. The method of designating

the location of wells is shown on figure 2.



FIGURE 2--SYSTEM OF NUMBERING WELLS AND TEST HOLES.



Present “ater Sunply and Future Needs of Lakota

Many years aco water for domestic use in the city of Lakota
was furnished by numerous nrivately-owned wells, In 1919, the city
constructed a municinal system that consisted o€ two shallow wells
(Lakota No, 1, 153-60-22dba, and Lakota Wo, 2, 153-60-26acbl), 15
and 20 feet deep and 20 and 18 feet in diameter respectively. The
two wells nroduced hard but notable water from a denosits of ¢lacial
drift known as an esker. The wells yielded sufficient water ‘or
municinal needs excent durine the drourht years (1930-1940).

The decline of water levels durine the drousht years made it
necessary for the city to drill additional wells in 1937 and 1938,
The wells nenetrated the Pierre Shale and furnished small individual
sunplies (3 to 4 onm) of water., Three of the shale wells, Lakota
No. 4 (153-60-26acb2), No. 5 (153-60-26acb3), and No, S5A (153-60-26acbd),
were drilled to denths of 120 feet near well No. 2, Eight additional
wells in the Pierre Shale that ransed in denth from 90 to 280 feet were
drilled within the city limits prior to 1949 but were not connected
to the city system; however, Lakota No, 7 (153-60-27aca), No. 8
(153-60-27adc2), and No, 9 (153-60-27bcdl) were equinped with hand
numps and have been used by residents who live nearby, Lakota No, 12
(153-60-27bdd) at the swimming pool, was used to furnish part of
the water necessary for the oneration of the nool., Two of the shale
wells, No, 10 (153-60-27bdal), and No, 11 (153-60-27bdc4) have
not been used because they yielded extremely corrosive water, Chemical

analyses of water from several of these wells are listed in table 1,
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In the late 1940's, an increase in per canita water consumntion
and the resultant enlareement of the municinal water system without
a corresponding increase in the available sumply of water created a
supply nroblem for the city of Lakota., Additional water to augment
the city's sunmly was obtained from a new well (No. 6, 153-60-26ddd),
which was drilled in 1952, Generally the well is numned about 6 hours
per day in the winter and 10 hours per day in the summer at a rate of
about 70 gnm, The shallow east well, Lakota No, 2, pumns 15,000 end
(gallons per day) and is used to supnlement the sunmnly €rom the No, 6
well.

The rate of decline of water level in Lakota No, 6 may be judged
by the water-level fluctuations recorded from observation well 101
(153-60-35aaa), which is adjacent to the city well, The highest
water level recorded in observation well 101 was 10,25 feet below land
surface on June 12, 1951. The lowest was more than 33.00 feet below
land surface on November 14, 1961, Records of water-level fluctuations
in this well from 1949 to 1955 are available in the following U.S.
Geological Survey “ater Supply Papers: 1158, 1167, 1193, 1223, 1267, 1323,
and 1406, Records for the period 1956 to present (1962) will be
published in a forthcoming U,3, Geological Survey "ater Supply Paner
and are now available from the U,S. Geolosical Survey, Ground Yater
Branch, District Office, Grand Forks, North Dakota.

In 1961 the rate of water consumption in the city was estimated
to be 60,000 opd during the summer and 40,000 gpd during the winter.

If the vopulation increases sionificantly, additional wells will be needed,



R 60W. R 59w

boL3/ O i 36 3 2
e |
o)
9% 6 / 6 ok,
]
o i) osgio
o 3708 ) o "say& 50
38 o2t z ¥ 0 ' o'
oo 502 x B 0.7
¥ G QitTs "2‘.:_ R'°°
ik I
P23
-
T P
09 16 H
183 8 =
- 350090
ety g’:g
st
No.{
2! méa_%
5
e GREAT NORT 4Ry A0t -
RY, KOT:
m\"i‘bw / _L_..
US. HWY. 2 056 I
102035 T 1890 v Oie
199
0, o LX ]
3/ 380
120
0% o =
/0l 6
o0 © b 280} wel 22
e ol G ioe o 20 o)
30 24 e %‘ - 4 g 400 100 {130
aeha?° Pt &
Ous &P
i
opoe 130
o84 68
T. %0 '08 0lsl) T.
132 o D1ve 23 %0 &) 5,42
’ B il oios B - ,zm"s ’
oo 180 ’
: 2| e
o O
08 40
pioo ©z00 : 0% Bﬁ.o‘s
8¢ Qe
234 830 ﬁm P&, 040 e a
i e S| - Co0 Oue |
36 3/ o 090 36 3/ 1200)]
— 400 pbioo %0 of30 19,
-\ B3 i *% 92,3 !
18 800 [0100 82 180
e / 6 o 200 / 6 o'
B hoe
tellv] 120 73
T. 1% 0 97 et T.
51 2 151
N »0 25 £)
. 140 8:(5 o N.
> 137 33?
%. T
] \ - \\‘ BT u::m 90 mf wgg
REIW R.EOW "® %8 R.59wW,
EXPLANATION

DOMESTIC OR FARM WELL . UPPER NUMBER INDICATES ®MNO2 CTY OF LAKOTA SUPPLY WELL

4
o DEPTH OF WELL. LOWER NUMBER INDICATES DEPTH
25 7O WATER . (GE WELL TABLES) ©  SAMPLED FOR CHEMICAL ANALYSIS
®22A OBSERVATION WELL
(SEE FIGURE & FOR LOCATION OF WELLS IN LAKOTA}

SCALE
w300 It 12 psw

FIGURE 3.- MAP SHOWING LOCATION OF WELLS, DEPTH OF WELLS, AND DEPTH TO WATER
IN WELLS IN THE LAKOTA AREA



Thirty-four wells within the city limits of Lakota range in
depth from less than 10 feet to a maximum of 280 feet., Records of
wells in the report area are given in table 2, and their locations are

shown -on figure 3 and figure 4.

Previous Investications and Acknowledsments

Unham (1896, p, 595-598) outlined the general features of the glacial
and bedrock geolosy and the glacial history of the Devils Lake-Stumn
Lake region, Babcock (1902, p, 208-250) renorted on the Devils Lake
area but had few references to the related Stumn Lake basin, Simnson
(1912, p, 109-156) presented a detailed descrintion of the physiogranhy
of the Devils Lake-Stump Lake recion and in a later remort (1929, o, 177-
181) included general information on the ceology and cround water of
Nelson County and detailed data for wells in the city of Lakota,
Swenson and Colby (1955) discussed the quality of the water in Stumn
and Coon Lakes in relation to surface waters in the Devils Lake basin,
Records of wells were obtained bv the county assessors as rart of a state-
wide well inventory under the Yorks Projects Administration in 1939,

York was facilitated by the cooperation of the townsneonle and
farmers in the area and particularly by L. D, Purdy, former water

superintendent, and by other city officials,
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GEOLOGY

Stratieranhic Relations

The stratigraphic section for the Lakota area is summarized in the

following table:

Cenonzoic
Nuaternary System
Pecent Series
Alluvium
Pleistocene Series
Yisconsin Glaciation
Mankato Stade

Mesozoic
Cretaceous System
Upper Cretaceous Series
Pierre Shale
Niobrara Formation
Greenhorn Limestone
Lower Cretaceous Series
Dakota Group of Hansen (1955)
Jurassic System

Paleozoic
Silurian System
Ordovician System

Precambrian

The stratigranhy of the glacial drift was determined from a study
of samples from 33 test holes drilled in the area, by hand augering,

and by observations at road and railway excavations.
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Information concerning the denth of, occurrence, thickness, and
lithology of Cretaceous and older rocks was obtained nrimarily €rom
the published logs of oil-test wells, The most reliable of these
logs is from the Louis and Alvina Bryl #1 well (Garske, 1958),
which was drilled 2 miles south of Lakota in the NIW1/4NW1/4SE1/4 sec,
5, T. 152 N,, R, 60 W, Additional information on the Dakota Groun of
Hansen (1955) was obtained from the log of a municipal-sumnly well
in the city of Devils Lake, 28 miles west-northwest of the city of

Lakota,

Recent Deposits

The soil is composed of dark-brown to black clayey loam that is
calcareous locally. The top soil is silty and clayey throughout most
of the area and is generally heavy in texture.

Recent deposits of alluvium and slopewash are in the valleys of
Coon Lake and East Bay spillways (fie, 5). Generally the alluvium is
thin and discontinuous and is cormosed of varying pronortions of

clay, sand, and eravel,
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Pleistocene Denosits

The surficial denosits are mostly eclacial drift that was devosited
during the last major ice sheet advance, or Misconsin Glaciation, of
the Pleistocene Emoch, Drift denosits older than the youngest or
probably Mankato(?) Stade of the wisconsin Glaciation have not been
identified in the area. The Wisconsin Drift consists mainly of
unstratified glacial till, but associated with the till are denosits
of sand and gravel, most of which are stratified,

Deposits of glacial till cover about 97 nercent of the area, The
till is a heterogeneous mixture of materials that range in size from
clay to boulders, It was denosited directly from the melting glacial
ice or was pushed out along the margins of the advancing c¢lacier. In
either method of deposition, the till is subjected to little or no
sorting or stratification and consequently voids between the larger
narticles are usually filled with fine materials.

Till in the Lakota area is yellowish brown where it is oxidized
and gray to bluish gray where it is unoxidized. The oxidized zone ranges
from as little as 1 foot to aporoximately 30 feet in thickness. The
till is predominantly clay, together with varyine amounts of sand,
gravel, and coarser fragments; locally it contains small, »laty crystals
of gypsum, About half of the pebbles in the till are limestone or
dolomite, probably derived from Silurian and Ordovician formations in
Manitoba, Canada; about a quarter are Pierre Shale of local origin, and
the other quarter are mainly Precambrian granite, greenstone, and
gneiss (Russell, 1950), Lignite fraements were identified in the till
in test holes 112 (153-60-27cdd), 114 (153-60-28cdd), 177 (153-60-26dab) ,

and 179 (153-60-25cab), and in the sand in test hole 180 (153-60-26dda).
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Morainic deposits,--Two tynes of olacial moraine, ground moraine

and end moraine are in the report area. Both types are composed primarily
of glacial till but differ in oriein and topogranhic form, Ground
noraine was deposited from the main body of the ice as it melted
and in this area is characterized by gentle slones and moderately rolling
surfaces, End moraine was accumulated at the margins of the glacier
by thrusting action of the active ice, In this area it is characterized
by moderately steep slopes, hummocks, and closed devnressions,

Ground moraine occunies about 90 nercent of the Lakota area and

-

end moraine zbout 7 nercent (fig., 5).
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Ice-contact denosits,--Ice-contact features such as eskers and

kames are bodies of stratified drift that were demosited in contact

with melting olacier ice. Eskers are sinuous, steep-sided, low ridges --

composed mainly of stratified sand and gravel -- that were deposited

by streams of placial melt water within or beneath the placial ice.

They are the most prevalent ice-contact features in the Lakota area;

they range in length from a fraction of a mile to about 5 miles. They

have low relief, ranging from 10 to 35 feet, and irrecular surfaces

that generally trend in a north-south direction, However, some of them,

such as the esker in which wells, Lakota No, 1 and No, 2 (153-60-22dba

and 153-60-26acbl) are situated, trend in an east-west direction., Most

of the eskers are located on low ground and commonly have shallow

depressions on one or both sides. Some of them have minor tributary

branches, Their sides are steen and have slones that anproximate the

angle of repose of the sand and gravel of which they are commosed, The

gravel, which consists mainly of igneous rock, limestone, dolomite,

and shale fragments, is poorly sorted at some places and well sorted

at others. Crossbedding, intermixed till, layers of silt, minor faults,

and other tynes of deformation were observed in many of the eskers,
Kames are steen-sided hills of poorly sorted glacial debris. They

were deposited by melt water at or near the margin of the glacier,

Several hills in the northeastern and northwestern narts of the area

(153-59-16, 153-60-17, 13, 20) have tentatively been identified as

kames (fig, S)., A group of low, rounded hills in secs. 11 and 14, T,

153 N,, R, 60 W, probably are tops of partially buried kames,
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Buried valley deposits,--A buried valley or channel that contains

sand and gravel, probably a glacial feature, was discovered by test
drilling along section A-A' (figs, 5 and 6), The valley, which has no
surface expression is nartly filled with water-bearing sand and gravel
that ranges in thickness from 25 to 82 feet. The glacial origin of

this sand and gravel is indicated by its similarity to sand and gravel
in East Bay spillway; both consist of annroximately equal vrovortions of
igneous, sedimentary, and metamornhic rocks, 1In addition, the proximity
of the buried valley to East Bay and Coon Lake spnillways, its narallel
alignment with the spillways, and its relative altitude (fig. 6),

all suggest that it has a glacial origin,

Information from test drilline indicates that the valley extends
southwestward from about the center of sec, 25, T. 153 N,, R, 60 W, for
a known distance of 1 1/4 miles, At section A-A' it is about half a
mile wide but its width south of the section is unknown. A large
difference in the thickness of the drift within a relatively short
distance indicates that the sides of the valley are very steep, Depth
to Pierre Shale on the west boundary of the valley ranges from 31 feet
in test hole 105 (153-60-35baa) to 114 feet in test hole 104 (153-60-35abb)
about 0,2 mile east; on the east boundary it ranges from more than 77
feet in test hole 1A (153-60-36bbb) to 28 feet in test hole 106
(153-60-36bba) about 0,1 mile east (fie. 6). Test hole 28A (152-60-3bbc),
the southernmost test hole in the buried valley, penetrated 58 feet of
saturated sand and gravel. Additional test drilling will be necessary

to determine the full extent of the valley,
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In order to further investigate the distribution of sand and gravel
along section A-A', the city of Lakota test-drilled in the vicinity of
test hole 101l (153-60-353aal), One of the test holes renetrated 18
feet of till, 67 feet of sand and gravel, and 3 feet of gravelly clay.
This test. hole was developed as a production well and was desiecnated
Lakota No. 6 (153-60-26ddd).

Lake deposits,--Beach deposits and wave-cut benches mark the

various lake levels around Stump Lake (fie., 5), The higher benches are
in glacial till and the lower in Pierre Shale., The nresent beaches
and shoreline deposits are vrincinally sand, gravel, and shale pebbles,
According to Swenson and Colby (1955, n. 48, 50) ' the bed sediments

of Stumn Lake are clayey silt,
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Bedrock Formations

Tops of Cretaceous formations and pre-Cretaceous systems in
feet below land surface are listed in the log of the Louis and
Alvina Bryl No, 1 oil-test well (Garske, 1958) as shown in the
tabulation below:

Cretaceous System

pierre Shale 46
Miobrara Formation 465
Greenhorn Formation 872
Dakota Groun of Hansen (1955) 1,188
Jurassic Systen 1,514
Silurian System 1,565
Ordovician System 1,827
Precambrian System 2,743

Of the bedrock formations in the Lakota area, only the Pierre Shale
and the Dakota are considered as practical sources of ground water;
consequently, the other units are listed but not discussed.

Pierre Shale,--The Pierre Shale crops out only in the hills around

Stump Lake where it is thinly bedded, closely jointed, and locally
has iron stain on some weathered surfaces. In North Dakota, fossils
in the Pierre Shale are generally poorly nreserved and are not common.
No fossils were found in exposures in the Lakota area, consequently
jdentification of the shale was made on the basis of its physical

characteristics rather than fossil evidence,
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Dakota Group of Hansen (1955),--The Dakota Group of Hansen (1955)

is 1,188 feet below land surface and 326 feet thick at the oil-test
well site 2 miles south of the city of Lakota (Garske, 1958). 1In other
test wells within a radius of about 40 miles from the one described
above, the Dakota ranged from 166 to 270 feet thick, It consists

of alternating layers of quartzose sand, fine-grained sandstone, dense

shale, and clayey limestone,

Late Quaternary Geologic History

The number of advances and retreats of ice in the Lakota area
during and prior to the Wisconsin Glaciation of the Pleistocene Enoch
have not been determined, The surface drift is believed to have been
deposited during the last or Mankato(?) Stade of the WNisconsin Glaciation,

The absence of a conspicuous end moraine in the area indicates
that the ice had no prolonged halting place, However, the prominence
of Coon Lake and East Bay spillways indicate that the ice front may
have been relatively stationary to the north and northeast for a oro-
longed period during the latter part of the Mankato(?) Stade.

Stump Lake in the report area and Devils Lake just west of the
area occupy a partly filled pre-glacial valley that trends southeast-
ward (Simpson, 1929, p, 178), As the ice retreated, the lakes were
formed and melt water began to overflow from Devils Lake to Stump Lake
and from Stump Lake south to the Sheyenne River. Flow from Stump Lake
to the Sheyenne River ceased when the lake level fell below 1,460
feet below sea level, The lake levels were first recorded in 1867
prior to that time, when the level of Devils Lake declined to 1,450
feet below sea level, it ceased to drain into Stump Lake,
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GROUND-VATER RESOURCES

Occurrence of Ground "ater

General Princinles

Practically all ground water is derived from precinitation,
Rain and melt water from snow enter the ground by direct percolation
or by percolation from streams and lakes that lie above the general
water table, Ground water generally moves downward and laterally
from areas of recharge to areas of natural discharge.

Ground water is dischareed throucgh transpiration by nlants and
evaporation from the soil in areas where the eround-water level is
near the land surface, by seepace into surface-water bodies, by oumning
from wells, and by springs,

Any rock formation or stratum that will yield water in sufficient
quantity to be important as a source of supnly is called an aquifer
(Meinzer, 1923, p. 52), "ater moving in an aquifer from recharge areas
to discharge areas may be considered to be in transient storage.

The amount of water that a rock can hold is determined by its
norosity, Unconsolidated materials, such as clay, sand, and gravel,
generally are more poréus than consolidated rocks, such as sandstone

and limestone; however, some consolidated rocks are very porous.
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The ability of an aquifer to yield water by eravity drainage may be
much less than is indicated by its porosity because part of the water is
held in the pore smaces by molecular attraction between the water and
the rock particles; the smaller the pores, the ¢reater the provortion of
the water that will be held, The amount of water, exnressed as a fraction
of a cubic foot, that will drain by gravity from 1 cubic foot of an
aquifer, is called the specific yield of an aquifer,

If the water in an aquifer is not confined by an overlying imvermeable
stratum, the water is said to be under water-table conditions, Under
these conditions, the water can be obtained from the aquifer by gravity
drainage -- that is, by lowering the water level, as by numning from a
well,

Water is said to be under artesian conditions if it is confined in
the aquifer by an overlying impermeable stratum, Under artesian conditions,
hydrostatic vressure will raise the water in a well, or other conduit
that penetrates the aquifer, above the top of the aquifer, and water
is yielded by the aquifer as the water level in the well is lowered,
However, the aquifer remains saturated as the water is yielded because
the water expands and because the aquifer is compressed and the head
is decreased, Gravity drainace does not occur under normal artesian
conditions. The water-yielding ability of an artesian aquifer is called
the coefficient of storage, and is generally much smaller than the
specific yield of the same material under water-table conditions., The
coefficient of storage of an aquifer is the volume of water it releases
from or takes into storage per unit surface area of the aquifer per unit

change in the component of head normal to that surface,
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The water released from or taken into storage in a water-table
aquifer in response to a change in head is attributed nartly to sravity
drainage or refilling of the zone throuch which the water moves, and
partly to compressibility of the water and of the material in the
saturated zone, However, the volume of water attributable to comnress-
ibility is a negligible part of the total volume of water released from
or taken into storase and can be disrecarded, Thus, for a water-table
aquifer, the coefficient of storage is essentially ecual to the specific
yield,

The frictional resistance to the movement of water through pore
spaces that are relatively larege, such as those in coarse gravel, is
not great and the material is said to be highly permeable., However, the
resistance to the movement of water through small nore spaces, such as
those in clay or shale, may be very great and the material is said to be
relatively impermeable or to have low permeability, The coefficient of
nermeability is expressed quantitatively for field use as the number
of gallons of water ner day that will pass through a cross-sectional
area of 1 square foot under unit hydraulic gradient at the local temnerature
of ground water

The coefficient of transmissibility is convenient to use in eround-
water studies because it indicates a characteristic of the whole aquifer
rather than of a small part, It is the average field nermeability of

the aquifer multiplied by its thickness, in feet,
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The suitability of an aquifer as a source of water is governed by
its permeability, its volume, and its capacity to store and ability to
release water, Recharge to the aquifer must be adecuate if the water-
supply development is to continue indefinitely, because even a small
rate of withdrawal will ultimately deplete the water in storage unless
there is equal or greater recharge., Aquifers that are highly nermeable
but small in areal extent, and surrounded by relatively impermeable
material such as glacial till, can be pumped dry in a comparatively
short time, The high initial yield of a well may eive the erroneous
impression that a large volume of water is available indefinitelvy from
the aquifer, Thus, before any substantial ground-water development is
made, sufficient test drilling, aquifer tests, and related studies should
be made to determine the physical characteristics of, and the available

recharge to, the aquifer,
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Water-bearing Characteristics of Aquifers

Sand and gravel denosits enclosed in glacial till,--Many wells in

the area produce water from sand and gravel lenses that are completely
surrounded by till., Generally these aquifers have no surface expression
and can be located only by subsurface exploration, ordinarily test
drilling, The yields of wells that nenetrate these deposits depend
upon the permeability of the surrounding till and upon the areal extent
of the aquifers. Initially the yield of a well that produces from a
sand and gravel lens may be large, giving an erroneous impression of
abundant water., However, recharge to such aquifers from the surrounding
till is usually slow and the aquifers may be rapidly dewatered by
sustained pumping. Before large investments are made in wells that
produce from sand lenses in the till, aquifer tests should be made to
determine the aquifer characteristics.

A total of 99 wells in the area are known to tan aquifers in
the glacial till; many others for which exact information is lacking
are presumed to do so, The wells ranpe from 15 to 200 feet in denth;

their locations and other information may be found on fig. 3.
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Ice-contact deposits,--The principal water supnly for the city

of Lakota for many years was obtained from two wells, Lakota Nos. 1 and
2, which were comnleted in an esker deposit, Lakota No. 1 penetrates
12 feet of sand and gravel; Lakota No. 2 nenetrates 18 feet of sand

and gravel, Test hole 24A (153-60-22acc) and 177 (153-60-26adb) also
penetrated esker denosits of sand and gravel, The material in test
hole 24A was 16 feet of fairly clean very coarse sand, and in test

hole 177 it was 19 feet of clean sandy gravel,

Ten farm wells in the area obtain their water from ice-contact
deposits., All are dug wells and about half of them were dug prior
to 1920; many others have been gbandoned.

Most of the ice-contact devosits in the remort area -- including
those penetrated by Lakota city wells Nos. 1 and 2 -- are above the
water table or have relatively thin saturated zones, Aquifers in the
deposits are drained when the water table is lowered naturally;
therefore, the aquifers are not ordinarily good permanent sources of
water,

Spillway deposits.--Aquifers in spillway devosits, thouch not

used extensively at present (1962), are potentially nroductive aquifers
in the Lakota area, In the East Bay spillway about 2 miles east of the
city, test hole 108 (153-60-36aaa) was drilled through 90 feet of
saturated sand and gravel. No test holes were drilled into the surface
spillways elsewhere in the area but it is probable that they contain

saturated sand and gravel at other locations,
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Buried valley deposits,--The sand and eoravel demosit contained

in the buried valley discovered by test drilline durine this investication
is the larsest known aquifer in the area, It was nenetrated by five
test holes along section A-A' (fig. 5) and is used by Lakota city well
No. 6, On Auoust 29, 1952, a short numning or aauifer test was made
at Lakota city well No, 6, ‘hen the test began the static water level
was 16,31 feet below land surface, After onumping at a rate of 150 eom
for 24 hours and 23 minutes, the water level was 40.56 feet below land
surface (a drawdown of 24,25 feet). DMNecovery of the water level was
almost complete by 1:00 p.m,, September 3. The coefficient of
transmissibility of the aquifer was calculated to be 12,260 dallons per
day per foot and the coefficient of storage was calculated to be ,0007,
The macnitude of the coefficient of storage indicates that water in the
aquifer occurs under artesian conditions, This is confirmed bv test
drilling and water-level measurements.

There is a nossibility that the lower sand and eravel denosit
(40 to 100 feet below the surface) nenetrated in test hole Ho, 108
(153-60-36aaa) may be hydraulically connected to the aquifer tanned
by city well No, 6. Additional test holes between test hole 107
(153-60-25cdc) and test hole 103, and pumpine tests are necessary to

establish whether or not such a connection exists.
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Pierre Shale.--The Pierre Shale is a source of water in the report

area. lowever, the hydrolosic characteristics of the aquifers in the
Pierre have not been determined, Simnson (1929, n. 30) sugoests that
the aquifers are in weathered or creviced »arts of the shale or in
interbedded sandstone layers. The possibility of nercolation of water
throush fractures is suggested by the annearance of the shale in
exnosures near the Sheyenne Piver and near Stump Lake, ilere, in addition
to horizontal hreaks along bedding and lamination nlanes, the weathered
surfaces have numerous vertical joints that apnroximate polysonal
patterns. 'here a suoply of water is not available from overlving
rocks, well drillers in the Lakota area and in other parts of North
pakota, occasionally complete wells in the ummer few feet of the Pierre
Shale, At these locations, systems of cracks, fractures, and joints
are probably interconnected and function as aquifers,

A total of 86 wells in the Lakota area for which records were
obtained during this investieation nroduce small suimlies of water from

the Pierre Shale. The wells range from 32 to 280 feet in depth.
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Older rocks,--Rocks older than the Pierre Shale are not used as
aquifers in the Lakota area, However, some information is available
on the water-bearing characteristics of the Dakota CGroup o€ Yansen (1955)
at the city of Devils Lake, 28 miles northwest of Lakota, Three
municipal wells in Devils Lake tap the Dakota and are numped at a rate
of about 300 gpm; the wells flow when they are not punped, According
to Simpson (1929, pl, 1) wells to the Dakota would €low in avproximately
the southwestern one-quarter of the Lakota area. However, because water
is usually available from the glacial drift or the Pierre Shale, the
great depth to the Dakota renders its use for individual farm and ranch
supplies impractical,

Some of the Mesozoic and Paleozoic formations between the Dakota
Group of Hansen (1955) and the Precambrian basement rocks may be
sufficiently permeable to yield considerable gquantities of highly
mineralized water to wells. lowever, the formations are too deen to be

considered as sources of supply in the Lakota area,

Recharege

Recharge to the various aquifers in the glacial drift is principally
by downward percolation of rain water and water from melted snow. To
a much lesser extent recharge is accomplished by lateral migration

of eround water from adjacent areas.
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The conficuration of the land surface directly influences the amount
of recharge available to underlyine aquifers, In noorly drained areas
such as those cccunied by kettles, notholes, or other denressions,
water remains ponded and is available for recharce. In well drained areas,
runoff is rapid and very little water is available for recharge unless
the soil and subsoil zones are very nermeable,

The shallow sand and oravel deposits in the glacial snillways are
the best situated aquifers in the area to receive recharge by direct
penetration of vprecipitation. In years of heavy snowfall, a considerable
amount of water runs into the snillways from adjacent areas when the
accumulated sncw melts in the soring, This runoff water produces large
surface flows in the spillways, part of which vercolates undersround
into the spillway deposits.

The aquifers that receive the least recharge are those that are
surrounded by glacial till, “ater that recharges these aquifers must
nercolate downward and laterally through a till cover of low nermeability,
Consequently the movement of water into the aquifers is very slow,

Shallow aquifers in the till receive recharge faster than the deen
aquifers, The water level in wells that penetrate shallow till aquifers
rises sharply in the snring in response to the infiltration of melted
snow, Water levels also rise after rains in the €all, but they

generally decline during the winter months when the sround is frozen.
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Water levels in deep till acuifers show little indication of the
immediate effects of recharese ‘rom sprine snowmelt; generally the
water level is lowest in late fall and rises during the winter, The
rise in the water level continues until soring or early summer, after
which it declines until late fall, The small magnitude of the changes
in water level probably indicate a slow rate of recharge to the deep till
aquifers.

Evapotranspiration has an important effect upon eround-water recharge,
During the summer and early fall, evanotransniration rates are high and
water that enters the ground from light rains nrobably is used by
vegetation before it can contribute to ground-water storase. In the late
fall and early soring, evanotranspiration losses are considerably lower
and rains contribute sisnificantly to ground-water storage. lHeavy or
sustained rains may contribute to ground-water storage at any season
of the year, Most of the precinitation in the area occurs as rain during
the late spring and early summer months when evapotranspiration rates are
low, Therefore, most of the water that nercolates into the ground is

available for recharge to the glacial drift aquifers.
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Discharge

The mechanics of ground-water discharge in the area cannot be
fully understood until the nature of the rélationship between the various
glacial-drift aquifers is known. However, it is possible that in
places the aquifers are hvdraulically connected, The ice-contact
deposits, for example, may intersect, overlie, or otherwise contact
sand and gravel deposits of different origin in the till, which in
turn overlie fractured zones in the Pierre Shale. At 9 of the 35 test
holes, sand and gravel deposits are in contact with the Pierre, These
contacts could permit relatively free movement of water between the
aquifers so that all would function essentially as a unit. Even where
two bodies of sand and gravel are separated by till, there may be a
significant movement of water between them, esvecially where the
intervening till is thin or somewhat permeable.

The regional direction of ground-water movement probably is to the
southwest toward Stumn Lake, Sand and gravel deposits in the glacial
spillways form relatively permeable, thouch shallow troughs, through
which water nercolates readily, Ground water moves laterally from
adjacent areas to the spillways, where a considerable nart of it is
probably returned to the atmosphere by evapotransniration. The balance
presumably percolates slowly downslope toward Stump Lake through the

lower sandy lenses of the drift that overlie the Pierre Shale.
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Discharge from aquifers in the Pierre Shale in the Lakota area is
by pumping from wells, The fractured and cracked zones in the unver
surface of the shale are probably confined to scattered local areas and
it is doubtful that they contribute significantly to regional ground-
water migration, In general, the surface of the Pierre is an imnermeable
barrier along which ground water migrates to areas of natural discharge.
A large amount of water is probably stored in aquifers in the
glacial drift in the Lakota area. However, the quantitative data

necessary to make an accurate estimate of the storage are not available.

QUALITY OF THE GROUND WATER

Water dissolves part of the mineral constituents of the rock throuch
which it moves. The amount of mineral constituents dissolved denends on
the chemical changes which the water undergoes as it percolates through
the carbon dicxide-rich soil, on the characteristics of the rocks
through which water percolates toward the aquifer, and on the character-
istics of the minerals in the aquifer and the length of time that the
water is in contact with them. Therefore, in a homogeneous aquifer
that has a homoseneous recharge area, water that has been stored
underground a long time or has traveled a long distance from the
recharge area is more highly mineralized than water that has been stored

a short time and recovered relatively near the recharge area.
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The quality of water for public supnly and domestic use commonly
is evaluated in relation to standards of the U,S, Public Health Service
for drinking water, The standards, adopted in 1914 to protect the
health of the traveling nublic, were revised several times in
subsequent years, The latest revisions by the U,S. Public Health Service
(1961), approved by the Secretary of Health, Education, and Welfare,

are, in part, as follows:

Maximum

Constituent concentration

npm
Iron (Fe)emewamen SE— W— 0,3
Manganese (M) -ecccvecccnecnas - .05
Sulfate (SOg)=--==--cccoue — 250
Chloride (Cl)ew-eeccccececn IR 250
Fluoride (F)eeccccccccenoccancaa 1.7 af
Nitrate (NOz)--=ammcccceocomaoe- 45
Dissolved solids~==w==ax ———————— 500 b/

a/Based on annual average of maximum daily air temperature at Petersburg,
b/Dissolved solids of 1,000 ppm permitted if water of better quality is
not available,

The chemical quality of the ground water was determined from the
analyses of water from 35 wells in the Lakcta area, Fifteen of the
wells produce water from the Pierre Shale and 20 nroduce from the glacial

drift. Results of the chemical analyses are shown in table 1,
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The chemical analyses show that the ground water in the renort
area contains a hish dissolved-solids content, Recommended maximum
concentrations of chloride and nitrate are exceeded in water from some
of the wells sampled; of iron and sulfate in water from most of the
wells sampled; and of total dissolved solids in water from all of
the wells sampled. However, water that contains more than the
recommended 1imits of certain chemical constituents has been used in
some areas of North Dakota for many years without remorted ill effects,
Nearly all ground water contains some hardness-causing constituents,
Hardness of water is caused princinally by calcium and magnesium and
to a lesser extent by iron, aluminum, strontium, barium, zinc,and
free acid. Hard water is undesirable, esmecially if the water is
used for laundering because it causes increased soap consumption as

well as soap scum. 'Jater that has a hardness of 100 npm as CaCOz

is generally considered to be moderately hard; water that has a hardness
of 200 ppm or more is considered very hard, UYater from nearly all

the wells listed in table 1 is very hard and would require softening

to be satisfactory for many uses. Hardness of water from most of the
wells sampled ranged from 200 to 1,600 »npm as CaCog; that of water from
one well, however, was 2,000 ppm., The average hardness of water from
the Pierre Shale was 541 nnm and that of water from the ¢lacial

drift was 678 ppm,
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High concentrations of nitrate in well water nay be due to decaying
organic matter and may, therefore, indicate that the water is being
polluted, High concentrations may also be due to nitrates derived from
high-analysis or concentrated commercial fertilizers, Water that contains
more than about 44 ppm of nitrate may cause cyanosis in infants when
used in feedino formulas and for drinking (Comly, 1945; Silverman,

1949), ‘'ater from three of the wells samnled contained concentrations
of nitrate in excess of 44 pnm.(See table 1,)

The consunption of water that contains fluoride in concentrations
of about 1 ppm by children during calcification of teeth, revortedly
lessens the incidence of tooth decay. However, the consumption of water
that contains concentrations hicher than about 1,5 »nm (probably about
1.7 in the remort area) may cause mottling of tooth enamel (Dean, 1936),
Fluoride in excess of the recommended limit was not present in water
from any of the wells that were sampled,

In general, ground water in the revort area may be used for most
domestic needs but would require softening to avoid excessive soap
consumption when used for laundering. However, samples of water from
new or unused wells should be submitted to the State Department of Health

for analysis before the water is used for drinking.
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Water that is satisfactory for certain domestic and industrial uses
such as laundering, may be unsatisfactory for irrigating crops.
Irrigating with water that has a high dissolved-solids content may cause
salts to accumilate in the root zone of the soil and may eventually
cause the soil to become unproductive, The snecific conductance of
water is dependent on the dissolved-solids content of the water and is
a measure of the soluble salts that the water contains, According to
the U.S. Salinity Laboratory Staff, 1954, p, 70, "Nearly all irrigation
waters that have been used successfully for a considerable time have
conductivity values (snecific conductance) of less than 2,250 micromhos
per centimeter (equivalent to a dissolved-solids content of about 1,500
ppm). Waters of higher conductivity are used occasionally, but cron
production, excent in unusual situations, has not been satisfactory."
Although the snecific conductance of the samnles are not given in table 1,
the conductance can be annroximated by dividing the dissolved-solids
content by 0.65, For most of the samples the apnroximation probably
would be accurate within 10 percent,

On the basis of the above approximation the average soecific
conductance of water from wells that were sampled in the renort area is

about 3,700 micromhos per centimeter,
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Irrigating with water that has a high nercent sodium may cause the
soil to became impermeable, The percent sodium is calculated as
follows:

Percent sodium = Na x 100

e

Ca + Mg + Na + K

where all concentrations are in equivalents per million. The continued
use of irrigation water in which the percent sodium is in excess of 50 may
cause the soil to become less productive, However, the extent of
productivity loss that will result from the continued use of a particular
type of water also depends on other factors, such as salinity of the
water, porosity and nermeability of the soil, drainage, irrisation practices,
and crop management, In ceneral, the higher the nercent sodium, the less
suitable the water is for irrigation.

The chemical analyses indicate that water from most of the wells
sampled is of unsuitable quality for irrigation because the nercent
sodium was greater than 50 and the specific conductance (computed) was

greater than 2,250 micromhos per centimeter,
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SUMMARY OF GROUND-WATER CONDITIONS

Small supplies of ground water sufficient for domestic and farm use
can usually be found in the revort area, 'hen drilling fof individual
farm and ranch supplies, an attemnt is usually made by the well contractor
to obtain a water supply from the ¢lacial drift. However, many
residents prefer wells in the Pierre Shale because the water is some-
what softer and because the wells do not go dry after lone drouchts,

In some instances, rural residents find it necessary to construct two
wells, one in the Pierre Shale and one in the glacial drift, or two in
either formation, in order to obtain sufficient water,

The most productive aquifer that is known in the area was discovered
by drilling test holes along section A-A' east of the city of Lakota,

The aquifer is in a buried valley that is probably glacial in origin,

The valley is partly filled with saturated sand and g¢ravel that ranges in
thickness from 25 to 82 feet, Alons section A-A', the center of the
aquifer is about one-quarter of a mile west of the southeast corner of
sec, 26, T, 153 N,, R, 60, It extends southwestward for a distance of

at least 1 1/4 miles to a noint where it contains 58 feet of saturated
sand and gravel, Lakota city well No, 6 pnenctrates this aquifer and
furnishes most of the municinal sunnly, The aquifer is capable of
supporting additional wells but should be investi<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>