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GROUND WATER IN THE LITCHVILLE AREA,
BARNES COUNTY, NORTH DAiOT A

By

P . D . Akin

ABSTRACT

Exc ept for thin deposits of alluvium found in most of the inter-

mittent stream valleys . the surface deposits in the Litchville are a

are the glacial drift of Pleistocene age, consisting of ground

moraine, and moraine, and outwash-channel deposits In the morain e

areas, the drift consists essentially of relatively impermeable till ,

but locally bodies of water-sorted sand or gravel lie within o r

adjacent to the till „

The glacial drift is underlain by Cretaceous shale to a dept h

of approximately 1 .000 feet, The stratigraphic units include th e

Pierre shale£ the Niobrara formation, and the Benton shale, Belo w

the shales a sequence of sandstones and shales ; referred to b y

Simpson as the Dakota Bandston e 1', is encountered at depths of 1,00 0

to 1,300 feet in the Litchville area, Formations below the 'Dakot a

sandstone' have not been drilled in the area but it is not unlikel y

that sedimentary rocks of early Mesozoic or Paleozoic age ar e

present above the p re-Cambrian Erystalline basement complex

Except for a few stock wells in Stoney Slough in the north-

eastern part of the areas no wells are known to obtain water from

the outwash-channel deposits and alluvium, However, because o f

their presence in the valleys of the intermittent streams, these

deposits are the best adapted of any aquifers found in the area to
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receive substantial amounts of recharge from precipitation and run-

off, It is estimated that about 20,000 to 35,000 gallons of wate r

a day per mile could be developed in the south-trending strea m

channel in the western part of the area . Substantial ground-water

developments also may be possible in Stoney Slough where a maximu m

thickness of 40 feet of send and gravel was found ..

Most of the wells for stock and domestic water supplies in the

area obtain water from the glaciofluvial deposits associated wit h

the till, During the test drilling numerous thin deposits of glacio-

fluvial materials associated with the till were penetrated but in

only two test holes (USGS tests 5 and 11) were such deposits found

in thicknesses of 10 feet or more, The aquifers do not appear to b e

sufficiently thick and extensive to provide an adequate water sup ply

for the town of Litchville, However, the thicker aquifers may b e

suitable for developments of 5,000 to 10,000 gallons a day .

Only two wells in the area are known to obtain water from the

Pierre shale, although some of the other deeper wells in the area

may enter this formation, Only small yields can be obtained from th e

Pierre shale in this area and the water is highly mineralized, The

Niobrara formation and the Benton shale are not aquifers in Nort h

Dakota .

About a dozen wells obtain water from the °Dakota sandstone "

at depths of 1 0 000 to 1 0 300 feet in the Litchville area, Larg o

volumes of water are available from this aquifer and can be with-

drawn by pumpingc
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The water from the glacial drift and alluvium varies consider-

ably in chemical quality . In 15 water samplesa dissolved solid s

ranged from 33)4 to 6,290 parts per million . One sample of water

from the Pierre shale contained 7,020 parts per million dissolved

solids with high percentages of calcium $ sodium, and sulfate .

Analyses of two samples of water from the "Dakota sandstone" are

given in the table. One of the samples contained 2,580 parts pe r

million dissolved solids, including excessive amounts of sodium and

sulfate .,
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INTRODUCTION

Scope and Purpose of the Investigation

This is a progress report on the results of a part of the stud y

of the geology and ground-water resources of Barnes County, N . Bak . ,

that is being made by the United States Geological Survey in cooper-

ation with the North Dakota State Water Conservation Commission and

the State Geological Surveys It is one of a series of cooperativ e

investigations of different counties in the State, to determine the

occurrence, movement, discharge, and recharge of the ground water s

and the quantity and quality of such water available for all purposes ;

including municipal, domestic, irrigation, and industrial . The most

critical need, at present, is for adequate water supplies for man y

towns and small cities throughout the State, For this reason, th e

county-wide studies are being started in the vicinity of those town s

requesting the help of the State Water Conservation Commission an d

the State Geologist in locating suitable ground water supplies .

Progress report s ` such as this, are being released before the com -

pletion of the general studies so that the data may be available fo r

use in solving immediate problems .

The investigation was under the general supervision of A. N.

Sayre, chief of the Ground Water Branch, Water Resources Division ,

of the Federal Geological Survey . The test drilling and other field

work were under the direct supervision of P . E . Dennis, district

geologist, and the writer in 1947 and 1948. The well inventory wa s

made by Gordon E, Andreason and Quentin F . Paulson; the test drilling

was done by Ray Danielson and George McMaster .

Most of the chemical analyses of water samples given in thi s

report were made by the North Dakota State Department of Health .



FIGURE I.-MAP SHOWING PHYSIOGRAPHIC DIVISIONS IN NORTH DAKOTA (MODIFIED AFTER SIMPSON) AND LOCATION OF LITCHVILLE AREA .



Previous Investigation s

Probably the first investigation of the general geology of the

Litchville area was made by Upham (1896, pp . 143-144) during hi s

study of glacial Lake Agassiz, He described and mapped some of the

moraines found in the area,

In 1903-04, Willard (1909) investigated the general geology o f

the Litchville area and obtained data from existing wells and showed

the areas in which flowing wells could be obtained from the "Dakota

sandstone" Geological maps of the area were also prepared,

Brief general information concerning the geology and ground-

water resources of Barnes County is found in a report by Simpson

(1929, pp, 65-70) . Little specific information concerning th e

Litchville area is given, however .

In 1937-38 an investigation of the water supply of the "Dakot a

sandstone" in the Ellendale-Jamestown area, which includes th e

Litchville area of the present report, was made by Wenzel and San d

(1942)0 Little or no information regarding the shallow ground-wate r

resources of the area is given in that report ,

Location and General Features of the Area

The Litchville area as described in this report is in south-

eastern North Dakota in the southwestern part of Barnes County (fig, 1) .

The area is approximately 6 by 12 miles in size and includes T . 137 N0 ,

Rs . 59 and 60 W, The area is served by State highways 1 and 46, by

good graded county roads, and by a branch line of the Northern Pacifi c

Railway .

The only communities in the area are Litchville (1950 population ,

430) and Hastings (1950 population, 150) . Dry farming is the main
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occupation in the area, wheat being the major crops The communitie s

serve as shopping and trading centers for the surrounding farm area,

The climate of the area is one of extremes, as is typical in

this section of the Great Plains, During the summer the temperature s

may reach 100° P. and higher, and during the winter temperatures o f

3C° P, or more below zero are not uncommon, According to Weathe r

Bureau records the mean annual temperature at Valley City, about 2 6

miles northeast of Litchvill e & is 4O. g° P, The average annual precipi -

tation is 19.61 inche s & of which approximately gO percent occurs a s

rain during the months of April through September &

The area is part of the Drift Prairie section of the Central

Lowland physiographic province, It is poorly drained by intermitten t

streams & the channels of which were developed as distributaries o r

spillways for the meltwaters from the front of the last ice shee t

during its withdrawal from the area„ The largest of these strea m

channels to Stoney Slough& which crosses the northeastern part of th e

area and empties into the Sheyenne River, Another prominent (unnamed )

stream channel crosses the western part of the area from north t o

south& This latter channel extends south southeastward to join Bea r

Creeks which drains into the James River, Several less prominen t

channels head in the central and southern part of the areas The y

trend southeastward and eastward and drain into the basin of glacial

Sand Prairie Lake, The basin of Sand Prairie Lake is drained partl y

by the Sheyenne Rive r& tributary to the Hudson Bay drainag e& and

partly by Bear Creek which is tributary to the Missouri Rive r

drainage,
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The topography of the area consists largely of low hills and

intervening shallow depressions typical of ground moraine, However ,

in the western part and along the eastern edge, end moraines having

more rugged topography trend north and northeast across the area,,

Present Water Supply and Future Need s

The Litchville area is almost entirely dependent upon ground

water for all its water supplies . The only other source of water i s

precipitation that may be caught and stored in cisterns, The mos t

widespread use of crater is for relatively small domestic and stoc k

water supplies on farms Most of these supplies are obtained from

wells leas than 100 feet in depth, which tap aquifers in the glacial

drift, Only two wells in the area are reported to obtain water from

the Pierre shale, which immediately underlies the glacial drifts an d

only about a dozen wells obtain water from the "Dakota sandston e s' at

depths ranging from IaOOO to 1,300 feet .,

Neither Litchville nor Hastings had modern municipal water-supply

and sewage facilities, At the time the field work for the presen t

investigation was done, Litchville had one deep artesian well which

overflowed into an underground reservoir where the water wa s

available for fire-protection needs, Domestic supplies were obtaine d

from individual private wells in the glacial drift, A considerabl e

amount of water for domestic use was hauled by tank truck from spring s

or shallow wells in the deposits of the former glacial Sand Prairie

Lake, east of the Litchville area, and was sold to residents, Also ,

some water for domestic use was obtained by catching rain and storin g

it in cisterns .
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In addition to rriva.te cells and cisterns, ' astir s had on e

shallow communit7 well eauin1,ed with a hand hump, from which resi-

dents could haul or crarr,r crater to their homes for donestic use .

The on1 - reouireient for a ;rater suo-At r of relatively large

ma nitude in the e_r-,a, at th rresent time is for the rnunici-nal an d

ind».strial needs of Litc'avill.e . It is estimated that 40,000 to

50,000 gallohs

	

da' r -ould be roouired to fill this need . If

:ast 5 . s should construct modern wate1-sun,o17 and sewn-;e facilitie s

en additional 10,000 to 20,000 c ;a,llons a day might be required .



GEOLOGY AND OCCURRENCE OP GROUND WATE R

Introduction

Except for' thin deposits of alluvium in most of the stream

valleys, the surface rock in the Litchville area is glacial drift o f

Pleistocene age., The glacial geology of the area shown in figure 2

has been adapted from Willard (1909), his work being modified a s

appeared desirable from comparison with aerial photographs, No

geologic mapping in the field was undertaken during the presen t

investigation ,

The major part of the area is characterized by the gently rollin g

ground moraine deposited during the latest or Wisconsin stage o f

glaciation. Several end moraines are present, whose topography i s

somewhat more rugged., The largest of the end moraines is th e

"Waconian moraine in the eastern part of the area, This moraine was

mapped and described by both Willard (1909, p, 3) and Upham (1896 ,

p, 143), The 'qKeister l moraine which is found in the very south -

west corner of the area, also was described by Willard, The moraine

trending southwest through T ; 137 N., R. 60 WG and the small isolate d

morainal patch just south of this moraine have been included princi-

pally on the basis of the topography indicated by the aerial photo-

graphs, These moraines are unnamed and it is not certain to wha t

general morainic system they belong ,

A group of kames, the only ice-contact features in the area tha t

have been mapped or described, are shown by Willard to be in secs . 8

and 17, T . 137 T.,, R. 60 W These features could not be identified

in the aerial photographs and so are omitted from figure 2. The

features are not mentioned in Willard's description of the are a
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Willard also indicated that the deposits of glacial Sand Prairi e

Lake extend into the very southeast corner of the Litchville area ,

These deposits, however, cannot be distinguished in the aerial photo -

graphs, as they are omitted from figure 2 t

The intermittent streams in the area were developed as spillways

or distributaries for the water released from the receding ice sheet .

The valleys of these streams may contain glacial-outwash deposits and

a relatively thin cover of Recent alluvium . Their locations and

widths as shown in figure 2 were determined from aerial photograph s

and are considerably different in some places than as shown on

Willard j s map ,

The glacial drift in the ground and end moraines consist s

essentially of till„ but included or otherwise associated with it are

deposits of sorted sand gravel, and other materials of glaciofluvia l

origin, The till itself is a heterogeneous mixture of clay, silt ,

sand, gravel, and boulderss a relatively impermeable materials whic h

does not yield water in sufficient quantities for most purposes .

The glaciofluvial materials, however, yield significant amounts of

water when encountered in sufficient thickness below the water table

and, whe:^e they are relatively extensive and very permeable, ma y

form important sources of municipal, industrial, and other supplies .

For the purpose of discussing the occurrence of ground water in

the Litchville area, therefore, the glacial-drift deposits and

alluvium may be divided conveniently into two groupst the deposit s

in the stream valleys, which here are called outwash-channel deposit s

and alluvium, and the till and associated glaciofluvial deposits .

-10-



The glacial-drift deposits are underlain by ohales of Cretaceou s

age to a depth of approximately 1 ;000 f eeto In descending etratigra-

phic order these include the Pierre shal e s the Niobrara formation s

and the Benton shale ; The "Dakota sandstone" underlies the shale s

of Cretaceous age and has been penetrated by wells at depths of 1 0 000

to 1 1 300 feet in the Litchville area,

Formations below the "Dakota sandstone" have not been drilled in

the Litchville area but it is not unlikely that rocks of earlie r

Mesozoic or Paleozoic age would be found above the pre-Cambrian

crystalline basement complex

Hydrologic Concept s

Essentially all ground water of economic importance is derived

from precipitation., The water may either enter the ground by direc t

penetration of rain or melted snow or percolate to the ground water

body from streams ; lakese or ponds ,

practically all ground water of economic importance is in proces s

of movement through the ground from a place of intake or recharge to

a place of disposal or discharged The rate of movement may vary con

siderably from one area to another but 'velocities of a few tens t o

a few hundreds of feet a year probably are most common under natural

conditions ,

Discharge of the ground water may occur by direct evaporation

from the soil surface or from lakes and ponds, by transpiration of

plants in areas where the groundwater level is at or near the surface ,

and by seepage to streams In some places where the physical situ-

ation is suitablea water may discharge from one groundewater reservoi r

to another by slow percolation through the separating formations a
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Any :rock formation or stratum that will yield water to wells in

sufficient quantity to be of importance as a source of sup ply i s

called an "aquifer" (Meinzer, 1923, p . 52)„ The water moving in an

aquifer from recharge areas to discharge areas may be thought of a s

being in "transient storage" in the ground. The amount of water that

can be thus stored in an aquifer is dependent upon the "porosity" o f

the material composing the aquifer and upon the volumetric dimension s

of the aquifer as a whole 3

The capacity of a rock to yield water by gravity drainage may b e

much less than would be indicated by its p orosity because part of the

water may be held in the pore spaces by molecular forces between the

water and the rock materials, The volume of water, expressed as a per-

centage of a cubic foot ;, that will drain by gravity from one cubic

foot of the saturated rock material is called its "specific yield ,

If the water in an aquifer is not confined by imp ervious strata

above, the water is said to occur under water-table conditions. In

this case, water may be obtained from storage in the aquifer b y

causing a lowering of the water level, as in the vicinity of a

pumping welly which results in gravity drainage ,

If the water is confined in the aquifer by an overlying imperme-

able stratuma however, so that the water in a well or other condui t

penetrating the aquifer rises above the top of the aquifer unde r

hydrostatic pressure the water is said to occur under artesia n

conditions. In this case, water is yielded as the water level i n

the well is lowered but the aquifer remains saturated and the wate r

is yielded because of its own expansion and the compression of the

aquifer due to lowered pressure, 'rather. than by gravity drainage s

-12-



The water.-yielding capacity is called the "coefficient of storage "

and is generally very much smaller than the s p ecific yield of the

same material when drained by gravity . The coefficient of storage

is defined as the volume of water that will be released from storage

in each vertical column of the aquifer having a base 1 foot square

when the artesian pressure falls 1 foot s

If the pore spaces are large and interconnectedy as they commonly

are in sand and gravel 9 the water is transmitted more or less freely n

and the rock is said to be permeable, but if the pore spaces are very

small or not connected as they are in clay 9 the water is transmitted

very slowly or not at al l9 and the rock is said to be impermeable a

The unconsolidated alluvium such as sand and gravel is generally

more permeable than consolidated rocks such as sandstone and lime-

stone and9 therefore t is more important generally as a ground-wate r

reservoir In some areas 9 however 9 the consolidated rocks are highly

porous and function as important reservoirs ,

The permeability of a rock may be expressed by the "coefficient

of permeability" which is defined in laboratory use as the number of

gallons of water that will pass in 1 day through a cross section o f

the aquifer of 1 square foot under a hydraulic gradient of 100 per-

cent at a temperature of 60° p, It also may be defined for fiel d

use as the number of gallons of water that will pass in 1 day through

a strip of the aquifer 1 foot high and 1 mile wide under a hydraulic

gradient of 1 foot per mile under prevailing conditions .

The "coefficient of transmissibility" is convenient to use in

ground-water studies because it indicates characteristics of th e

aquifer as a whole rather than of small sectionse It is the averag e

permeability of the aquifer multiplied by the saturated thickness ,

-13--



Outwash --Channel Deposits and Alluvium

Outwash-.channel deposits of Pleistocene age generally covered by

relatively thin Recent alluvial deposits occur in the valleys of th e

intermittent streams in the Litchville area . These deposits consis t

of sorted materials that range in size from clay to sand and gravel s

which may be present in almost any proportion. Deposits of relatively

clean sand and gravel probably occur as somewhat discontinuous lense s

along the streams and may be more or less separated by less permeable

materials such as silty or clayey sand or clayey silt . The thicker

deposits of sand and gravel may be important as sources of ground

waters

Only in Stoney Slough and in the south-trending stream channel

in the extreme western part of the area do the deposits occur i n

sufficient thickness to be of potential importance as sources o f

ground water„ In all the other stream channels in the area th e

deposits are only a few feet thick, Only a few stock wells, locate d

in Stoney Slough in the northeastern part of the areas are known t o

obtain water from these deposits ,

The largest water-supply development from these deposits ha s

been made by the Northern Pacific Railway Co„ in sec, la T . 136 N, ,

R. 61 W. just south of the western part of the Litchville area,

Here the railway company has constructed a shallow reservoir or

open pit across the south-trending stream channel which crosse s

the extreme western part of the area . The reservoir was constructe d

simply by dredging out the materials in the stream valley to some

distance below the water table . The pit is 420 feet long and SO
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feet wide . I/ In the pasta only about 100,000 gallons of water

per month on the average has been used from the pit and in recen t

years the amount probably has been considerably less because of

the increased use of diesel locomotives,,

Because of their occurrence in the stream valleys where they

can absorb runoff water from the upland areas, the outwash-channel

deposits and alluvium are the aquifers in the Litchville area most

likely to receive substantial amounts of recharge, Significan t

amounts of recharge may reach the aquifers by direct penetratio n

during heavy rains in the spring or fall when evaporation rates are

low, Light summer rains probably contribute little if any water to

the aquifers;, They may supply the needs of certain types of vege -

tation, however, and thereby, reduce the draft on ground water in

storage to same extent* Some water also is contributed to thes e

aquifers from the till and associated glaciofluvial deposits by

lateral subsurface drainage of the upland areasp Howevera the mos t

significant amount of recharge to these aquifers occurs during the

spring runoff p eriod when substantial surface flows may result fro m

the melting of the accumulated winter snows ,

The :rater absorbed by these aquifers may be thought of as being

in "transient''storage, Natural disposal processes are constantly

removing 'rater from the aquifers, and they would eventually dry u p

entirely if not replenished from time to time, natural discharg e

results from downstream underflow of the water in the aquifers to

lower parts of the valleys and eventually to the permanent streams ,

1

	

Schud:Lich, H . M ., 194+S, Engineer of water services Northern
Pacific Railway Co,, Personal communications Sept, 15, 1 9450
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Much water is discharged by evaporation from marshy areas or from

open water areas that may exist when the water level is highs as i n

the spring. Much water is discharged, also, by transpiration o f

vegetation in the valleys .

In addition to the necessity of receiving recharge from time

to time, the adequacy of these deposits as sources of supply fo r

municipal or industrial purposes depends upon: (1) the amount of

water available from storage, and (2) a sufficiently high transmissi-

bility to sustain adequate development .

A section across the south-trending stream channel in the western

part of the area about 5 miles west of Litchville is shown as Il-L s

in figure 3„ In this section USGS test 6 penetrated 24 feet of out -

wash-channel deposits and alluviums 19 feet of which was sand and

gravels containing little clay. At the time this test hole wa s

drilled, in October 194s, the water level was approximately 4 fee t

below the land surface . From the above data it is estimated tha t

at this section approximately 5,500 square feet of the outwash-

channel deposits was saturated when USGS test 6 was drilled.

Assuming this to be an average section having an average effectiv e

porosity of 20 percent, 43 0 5008 000 gallons of water would be store d

in each mile of the stream . Not all this water could be recovered

through wells and8 of courses a considerable amount would be removed

through natural discharge processes, Pumping from wells in th e

channel would lower the water table and reduce or reverse natural

hydraulic gradients south of the wells . These results would tend to

lessen the amount of water being removed through natural discharg e

processes and the water so salvaged would become available fo r

- 16 -
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pumping from the wells.

Ooneidering the need of Litchville for a municipal water suppl y

of 50,00C gallons a day, or approximately 18,250,000 gallons a year,

this would amount to almost half the water in storage in 1 mile of

the stream when the aquifer is almost totally saturated . It seems

unlikely that more water could be salvaged through wells, especially

in dry years when little or no recharge would occur . Also, although

the transmissibility is not known, the natural underflow probabl y

is not more than 5 to 10 percent of the required 50,000 gallons a

day, so that little water would be contributed by natural underflo w

from upstream . This would mean that most of the water used would b e

derived from storage very near the development and annual or more

frequent replenishment of the aquifer would be required to support it .

Because of the possibility of having two consecutive years, or

more, of deficient precipitation it would appear undesirable to

construct developments requiring more water than could be supplie d

from storage over at least 2 years, and preferably 3 years, without

substantial replenishment. If 6o percent of the water in storage

when the aquifer is full would be available for withdrawal, then

approximately 121- million gallons a year per mile could be obtained

over a 2•-year period without replenishment, and about 8.1/3 million

gallons a year per mile over a 3-year period. These would be equivat-

lent to approximately 34,000 and 23,000 gallons a day, respectively,

per mile of stream.

It seems likely, therefore, that a sufficient water supply fo r

the town of Litchville could. be developed' from the outwash channel

deposits in this stream but that such a development would need to be

-17-



spread over a length of stream of l2 to 2 miles, with perhaps thre e

or four wells involved to insure proper capacity and permanence ,

rrnd.erground infiltration systems or collector type wells might b e

preferable to drilled or dug veils in this area .

In the foregoing discussion, it has been assumed that, on the

average, there would be sufficient recharge to the outwash-channe l

deposits to replenish the water that would be pumped from them and t o

supply the water removed through natural discharge processes. Although

there are no stream-flow or water-level measurements from this are a

upon which to base an accurate estimate of water normally availabl e

for recharging the a quifer, the following discussion will give some

idea as to the magnitude of the quantities involved .

The width of the valley floor which is occupied by the alluviu m

and outwash-channel deposits varies considerably along the valley.

At section D-D', these deposits occupy a width of about 450 feet in

the channel floor and this would be the width of channel in whic h

water for recharging the aquifer would be most readily absorbed . In

fact, only the p recipitation occurring on this port of the valle y

would produce recharge to the aquifer by direct downward percolation .

This fact would be important in determining the recharge that woul d

occur from light rains which would not cause runoff from the uplan d

areas,

However, the greatest amount of recharge to the aquifer probabl y

occurs bF infiltration of water during the spring break-up, generally

during the last part of :larch or the first part of April when th e

accumulated winter snows melt . During this time, water from the

valley sides will run off to the flat channel bottoms almost as soon

as the snow is melted .. The junction between the valley sides and th e
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true upland areas, marking the division between the relatively well -

drained and poorly drained land, is indistinct on the ground and th e

division line can be determined only approximately from aerial photo--

graph,° In this sense, the width of the valley varies considerabl y

but probably ranges from somewhat less than half a mile to a little

more than a mile in the length of stream near section D--D' . If it

is assumed that the width of the well-drained area will average hal f

a mile, then the area from which spring runoff can effectively con -

tribute recharge to the outwash-channel deposits would be 5,280 x

2,640 = 13,939 . 200 square feet per mile of channel ° If 18,250000

gallons = 2,I14,000 cubic feet of water were taken annually from a

11 mile length of channels this would require a depth of water o f

~!4' 02

	

'00 feet 00.75 feet 2,10 inches to be contributed from the
1 3,9391,20 0

well-drained area. This amount of water is equivalent t o

2, 10 x 100 = 10,7 percent of the average annual precipitation ., I/
1961

The water in the accumulated snows that would generally b e

release during the spring runoff would amount roughly to the pre -

cipitation from November through Marchr both inclusive, less any

moisture: that would be lost through sublimation during those months

The average November-.March precipitation at Valley City is 3,1g

inches or a little more than 50 percent more than the 2,10 inche s

estimated above as being required for recharge °

Additionally, there would be an undetermined amount of recharge

to the outwash-channel deposits from lateral flow of ground water fro m

adjacent, upland areas, Also, the valley extends approximately 8 mile s

J Precipitation taken to be equivalent to that at Valley City .
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north of section D-D' and a considerable portion of the runoff

crater in this "upper stretch of the valley probably normally woul d

be available for rech^.rFing the aquifer in the vicinity of section

D-D' if no other large ground-water developments were undertaken

in the up-stream stretch of the valley .

Althouli, because of the unknown factors involved, it is im-

possible to make a conclusive estimate of the actual amount o f

crater th t would be available for recha.rt_;ing the out1ash-channe l

deposits in the vicinity of any develonment, it apeea.rs likely

that there would be sufficient rechare, on the average, to satisfy

the cenand of 50,000 ,eallons a day for Litehville .

Sections A -AI and B-.B' in figure 3 are sections across Stone y

Slough in the nortf)enstern pert of the area ap?roximetely 5 mile s

northeast of Litchville, Along section A -A t , only a relatively

thin section of the outwash-channel deposits and alluvium wa s

found, The deposits found in this section are too thin and imper-

meable to be considered Practical sources of municipal or industrial

supplies .

Along, section B.-i3', however, 40 feet of sand and gravel wer e

penetrat e d in USGS test hole 16 . Because these de posits were no t

penetrated. in section A -A l , it is not known whether they are Part

of the cutwa,sh-channel d.euosits as considered here or whether they

more 'reperly belon„ to tha g1.aciofluvial deposits associated wit h

the till . . It is quite possible that these deposits occupy a

preglacial valley in the Pierre shale and, if so, they may b e

expected to have considerable linear extent . Little can be said,

on the basis of 3resent information, in re',ard to the amount o f
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water stored in them or their probable permanence as a source o f

water supply. However, it is eeparent that if they have piny con-

siderable linear extent an ,, continuity, these de•nosits would furnish

much more water and would be a much more desirable source for large

water_sunnly develo ements than any other shallow aquifer that ha s

been found in the area .

It should be emph^.sized_ that if a substantial water-suppl y

development from the acuifer penetrated in USGS tests 16 and 17 i s

considered, additional test drilling should be done to determin e

whether the acuifer has considerable linear extent and continuity o r

whether it may be a rather limited deposit occurrini; in a rocket

between the Pierre shele end the till and associated Ilaciofluvial

deposits .

The U. S> Fish end '.:iilcllife service has constructed a dam

across Stone r Slouch at the site of section A -A t to intercept the

spring runoff in Stoney Slough. The runoff is shunted through a

canal northeastward to natural lakes in order to maintain them a s

refuges for ducks end (;eesea Some of the water thus intercepted ,

of course, is water that would be available for recharging the

aquifer penetrated in test holes 16 and 17 if withdrawal works were

built end the water level lowered . Therefore, the only runoff

water available to rechar e the aquifer at the present time is tha t

which accumulates below the dam or which may be released from th e

dam after the water demands for the refuge have been satisfied .

The amount of this water would be considerable in the wet years but

probably would, be small in normal or dry years .

In section 13-1 1 , fi :pre 3, outwesh-ch^nnel deposits and alluvium



are indicated as occurring in tTSr-S test holes 14 and 15 . As shown

in figure 2, these test holes are somewhat outside the area of th e

stream de posits . It is possible, therefore, that the material s

found in test holes 1 14 and 15 are outwash deposits derived from the

end moraine to the north rather than channel de posits as indicated .

The distinction is rather difficult to make on the basis of presen t

information .

Till and Associated Glaciofluvial Deposit s

Except in the stream valleys, the till and associated glacio- .

fluvial deposits constitute the surface formation in the Litchvill e

area.

The till itself is a hete_ogeneous mixture of materials ranging

in size from clay to boulders and lacking stratific n tion in any

decree . In this area, the till is not an aquifer because of it s

high clay and silt content . However, gla.ciofluvial deposits con-

sisting of sorted materials are included in or are otherwis e

associated with the till, These deoosits vary considerably i n

thickness, extent, and degree of sorting and thus form aquifers o f

varying degrees of usefulness . Such aquifers are good sources o f

stock and. romestic water supplies throughout the glaciated area i n

Forth Dakota and some of them yield several thousand gallons o f

water a minute to wells for industrial and municiral uses . The

wat e r found in these de posits is of great imeortance to the econom y

of the State. Most of the wells for stock and domestic water

supplies in the Litchville area tap these dep osits .

In the 29 USGS test holes in the Litchville area that wer e
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drilled to the underlying Pierre shale, the thickness of the till and

associated glaciofluvial deposits ranged from almost nothing in tes t

holes in Stoney Slough (see secs . A:A' and B ..B', fig . 3) in the

northeastern part of the area to 141 feet in USGS test 4 about lz

miles west of Litchville . Most of the wells in the area tha t

obtain water from the glaciofluvial deposits in the till are 100 fee t

or less in depth, the average being about 50 feet . Aside from the

deep artesian wells, records of only four wells deeper than 100 feet

were obtained. It is known that one of these wells obtains wate r

from the underlying Pierre shale and it is quite likely that some

or all of the others also do .

In the test drilling, many thin aquifers which probably would

yield satisfactory farm supplies were penetrated in the till an d

associated glaciofluvial deeesits (see logs and sections in fig. 3) .

However, only three occurrences of these de p osits were found in

thicknesses of 10 feet or more : one in USGS test 11, about 1 mil e

east of Litchville, and two in USGS test 5, nearly 4 miles west o f

Litchville. In USGS test 11, 13 feet of relatively clean sand an d

gravel was p enetrated between 27 and 40 feet . In tTSGS test 5 ,

11 feet of gravel was renetrated between 40 and 51 feet, and 6 fee t

of clayey gravel above . In this same hole 10 feet of clayey grave l

was found between 93 and 103 feet ,

The aquifers in the till in the Litchville area probably are

discontinuous and of small areal extent, Where the de posits occur

in sufficient numbers and complexity they may be interconnected t o

such a de-ree as to make the entire formation a weak aquifer ; thi s

may be especially true where a rather thick, long, or widespread



deposit of sand and gravel occurs in such a way that many of th e

smaller glaciofluvial bodies are intercepted on its edges e

Recharge to the aquifers in the till is princ ipally through

downward percolation of precipitation on the land surface in the

immediate vicinity of the aquifers and from the water that may move

laterally through the till from adjacent areas . The amount of

recharge that may be received by the a quifers individually i s

dependent upon surface conditions unfavorable for runoff (so tha t

water will have ample opportunity to percolate downward), upon the

peremability of the overlying or surrounding till, and up on other

factors. It is impossible to determine just how much recharge ca n

reach a given aquifer without records of water level fluctuations

over a consid.er,able length of time and under conditions such tha t

possible recharL e would not be rejected because of high taste r

levels . However, the opportunity for receiving recharge will b e

greeter for the larger a quifers and for those nearer the lan d

surface .

Ilone of the aquifers encountered in the till during the tes t

drilling appears to be sufficiently thick and extensive to warrant

development of 40,000 to 50,000 gallons of water a day from any

one. However, each of the thicker aquifers encountered may yiel d

supplies on the order of 5,000 to 10,000 gallons a day, or more.

Bedrock Formation s

Cretaceous Shale s

In the Litchville area, the till and associated glaciofluvial

deposits are underlain by the Pierre shale of Upp er Cretaceous age .

In Stoney Slough, in the northeastern part of the area, the shale
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occurs at a depth of 7 feet in USGS tests 31 and 34. The greates t

depth at which shale was encountered in the test drilling was 141

feet in USGS test 4 0 about 1- miles west of Litchville .

In the east-central part of the State, the Pierre shal e

yields small supplies of water to farm wells but none of the well s

is known to produce more than 10 to 15 gallons a minute . Water of

fairly good quality is found in the upper parts of the shale, bu t

water found at depth is generally too highly mineralized for domestic

use .

In the Litchville area only two wells (137--59-20aac and 31bbb )

are reported to obtain water from the shale .:: There are a few other

wells in the area more than 100 feet deep and it is possible tha t

some or all of them may obtain water from the shalee Water fro m

well 137.-59-20aac is highly mineralized and is used only for stock .

It is reported that the well may easily be pumped dry with a pump

jack and motor that will discharge at a rate of not more than

10 to 15 gallons a minute . The other wells that may end in th e

shale are generally reported to be unsatisfactory as regards bot h

quantity ana quality of the water -

The Pierre shale is underlain b ;r the ]?iobrara formation ,

which in turn is underlain by the Benton shale, all of Cretaceou s

age . In the Litchville area the Cretaceous shales extend downwar d

to depths of about 1,000 feet .

The iTiobrara a.•zd 'Benton formations for all practical pu rpose s

are not water bearing and no wells in ?orth Dakota are known t o

obtain water from them,



"Dakota Sandstone "

The Dakota sandstone" is a widespread formation and, as far

as is known, underlies the entire State of worth Dakota except fo r

portions of the extreme eastern cart, where it has been removed by

erosion prior to glaciation, In the Litchville area, about a

dozen wells renging in denth from 1,000 to 1,300 feet obtain wate r

from the "Dakota sandstone" „

The following discussion of the "Dakota sandstone" and it s

contained waters is tall-en from Wenzel and Sand (1942, pp, 14-17) .

The discussion amlies to the Ellendele-Jamestown area, 2' . Dak, ,

which includes the Litchville area of the present report .

The Dakota sandstone is found almost everywher e
in the area below Benton shale or, where that is absent ,
below the ?Tounter :.°ormati ons . Its texture end composi-
tion are knoun only from drilling because the sandstone
does not crop out, The formation consists of a gra y
ferruginous s.andstone, poorly cemented and interbedde d
with. layers of clay and shale . In places it include s
beds of fine loose sand** *

Two or more sandstone beds, separated by shal e
layers, are recognized by most drillers ; and all thes e
strata are Generally assigned to the Dakota, althoug h
it is commonly recognized that the lower sediment s
may belong to other formations . The aggregate thick-
ness of the sandstone and shale beds ranges from les s
than a hundred feet to a few hundred feet . As the
artesian head and the chemical character of the wate r
from the various beds usually differ considerably ,
the beds are commonly classified as distinct artesia n
horizons„ Correlating the horizons from place to
place, however, is difficult, and the precise horizon
that a well tans is not generally known with certainty.
According to Hard, as many as seven successive flow s
have been obtained in drilling one well, the water-
bearing beds being senarated by shale or dense sand-
stone .

The chemical character of the water probably
provides as good a basis as any for differentiatin g
between the several flow horizons, The water from the
upper next of the sandstoae is generally soft but



somewhat salty and is often assigned to the 'firs t
flow„' The raters from the sandstone at greater
depths are usually much harder but lower in chloride
and ere commonly regarded es *second flow s waters .
However, a water of very high mineral content bu t
apparently of no consistent chemical character i s
encountered. in some places in the deerest sandston e
beds : it is designated by some drillers as 'thir d
flow' water***

Most of the water from the Dakota artesian basi n
in southeastern North Dakota is highly mineralize d
and at many nieces is unsuited for general use, espec-
ially for household purposes . Nevertheless, the wate r
is used extensively over the area, chiefly becaus e
adequate suunlies of more potable water are not avail -
able . Water from the surface deposits and Pierr e
shale is generally utilized wherever possible .

The water from the Dakota artesian basin is use d
for cooking and washing, although it commonly turn s
some vegetables dark and stains clothes . The wate r
of the first flow is soft, in contrast with the water s
of the second and third flows, which are hard and i s
therefore the water most desirable for washing:, pur-
poses . The water is regarded. as excellent for stock
and is used extensively for this uurnose . Because
the temp erature of the Dakota water is higher than th e
temperature of the drift and shale water, cows wil l
drink more Dakota water during the cold winter months ,
and as a result the production of milk and cream i s
said to be increased.

Very little of the water is used for irrigatio n
because of its high mineral content . A small vegetabl e
garden was irrigated during the recent years of drough t
from a well on the farm of A . L . Stevens in the MI
sec . 7, T . 131 T., R . 63 W. Mr, Stevens reported that
the minerals left by eva poration of the water cause d
the soil to become hard and Limey and that the nlant s
grew very poorly. However, a hedge on the farm was
watered sparingly with the artesian water with fai r
success . In many places in the area almost all th e
vegetation has been killed along pools and ditche s
into which waste artesian water has been drained .

Some of the uses to which the water from th e
Dakota basin was originally put are not now generall y
possible . When the artesian pressure was high th e
water furnished fire protection for individual far m
homes without pumping and furnished power to operat e
dynamos and other mechanical devices . The water
was originally piped about the farms to convenien t
taps and into farm houses where it served as a general



supply. For public supplies the wells were connecte d
directly to the mains and the artesian pressure wa s
sufficient to operate the system without pumping .
At one tine the operating of small electric ligh t
plants, feed mills, blowers in blacksmith shoos, and
washing machines by artesian water power was common.

Because the "Dakota sandstone" is deeply buried and covered

with thick shale formations in the Litchville area, it cannot

receive recharge locally from precipitation or other sources ,

The water so far taken from the formation in this area has been

derived from local storage through compression of the aquifer s

and expansion of the water caused by the lowering of the artesian

pressure, Wenzel and Sand (p, 1) indicate that this lowering

in pressure has amounted to as much as 330 feet of water in some

places . In the Litchville area, the artesian pressure has

declined to such an extent that present wells in the area flow

only under very low pressures or not at all . Nevertheless ,

large volumes of water are still available from the aquifer and can

be withdrawn by pumping ,

It has been estimated (Wenzel and Sand, pp . 440-45) that the

transmissibility of the "Dakota sandstone" is on the order o f

12,000 gallons a day per foot and that the coefficient of storage

is on the order of 0,0011, These figures were not derived from

pumping tests but were obtained by calculations involving estimate s

based on relatively uncertain information . The figures cannot be

applied with certainty to any particular area, In the absence o f

better data, the above figures have been used in calculating th e

drawdown to be expected at a distance of I,OCO feet from a wel l

in an areally extensive formation producing water at various rate s

2S - .



and without interference effects c pused by other wells in the

formation. The results of the calculations are shown graphicall y

in figure 4.
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QUALITY OF GROUND WATER

In order that the reader may more easily understand the sig-

nificence of the chemical analyses, the following partial list o f

chemical standards promulgated by the U, 5, Public Health Service ,

for water used for domestic purposes is given:

Chemicel

	

Maximum concentratio n
Conl+ituent

	

permitted (parts permillion )

Dissolved solids

	

500 (1 1 000 permitted i f
necessary)

Chloride (Cl)

	

250

Sulfate ($0L )

	

250

Magnesium (Mg)

	

125

Fluoride (F)

	

1 . 5

Iron and Manganese

	

0, 3

Presence of nitrate in ground water may indicate organi c

contamination, Also, water containing more than about 45 part s

per million nitrate (Comltr, l945, Silverman, 1949) may be injurious

to , infants, The p resence of fluoride in drinking crater in exces s

of 1,5 Parts oer million may cause mottling of the enamel of th e

teeth in growing children, but fluoride in lesser concentration s

may be baneficial in -reventin tooth decay .

?early all the craters in this area e re more highly mineralize d

and herder than is ,-n-rally desired for most domestic uses .

However, in are e s where water of the better clessific^tion canno t

be obtained with reasonabl e economy, the eccentability of the mor e

mineralised water will depend laree1y upon the tolerance of th e

local. users, The users may become accustomed to the poorer water s

and find them quite acce,Dtable for general purposes .
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In the table on pages 32a and 32b, 19 chemical analyses o f

ground water from the Litchville area are presented . Of these

analyses, 3 are of water from the outwash-channel deposits and

alluviun, 12 are of water from glaciofluvial aquifers associate d

with the tills 1 is of water from the Pierre shale, 1 (137-60-4bab )

is of water that may be from either a glaciofluvial aquifer o r

the Pierre shales and 2 are of water from the "Dakota sandstone "

obtained from the Litchville well ,

The water from the drift, including the outwash-channe l

deposits, varies considerably in mineral content . The least min-

eralized sample of water was that from the northern Pacific nit in

seek 1, T . 135 7., R. 61 r'Tk, which had only 334 parts per million

dissolved solids, The next least mineralized sample of water wa s

from well 137--60-19ddd which had 570 parts per million dissolve d

solids . With the exception of these two, all wells in the are a

yielded water containing more than 1,000 parts -p er million of

dissolved solids The most mineralized water sammled from th e

glaciofluvial aquifers was from the Hastings well (137-59-14dcd) ,

which had 6,230 parts per million dissolved solids .

The only sample of water that is known to be obtained from the

Pierre shale was from well 137--59-20aaco and it contained 7,02 0

parts Der million dissolved solids . The water contains excessive

amounts of calcium, sodium, and sulfate ,

The sample taken in 1949 from the "Dakota sandstone" obtaine d

from the Litchville well contained 2 0 550 parts per million dissolve d

solids . The water contains excessive amounts of sodium and sulfate

and is very hard .



CHEMICAL ANALYSES OF GROUND WATER S

(parts pe r

Source of analysis : a, 'north Dakota State De partment of Health, :Bismarck ,
Forth Dakot a

b, 'ienzel, L, n., and Sand, H. H,, Water sunply of the Dakota sandstone
in the Ellendt'le--Jamestown area, H. Dak. : U. S . Geol. Survey Water-

Supply Paper 889-A, p . 20, 1942 .

~

o •r 44 .v4 o H F r

•r+° N
Q) 0
o t>.

o m
t>3

... m
tH .H

o a) 4T 1
a~ 6

136.-61-lda northern Pac, R,R . a 2- V-49 Pit 0 .7 50

137-59--9 aad Wm . Carlson a 1-13--49 20 0 .9 135

137--59 .-10bcb WM . Carl son a 1-13-.49 11 0 4,4 154

137--59-10bcc Wm . Carlson a 1-- 8.49 31 G .7 147

137--59--14bdt Spring; Creek TN,) . a 1-10-49 35 G .2 311

13759-14cab Robert Olafson a 2.26-49 )45 G 2 .6 12

137--59- -.14dcitl Hastings a 2- 8-49 39 G 3,0 642

137--59-19 dcc R, i'levers a 1-13-49 80 G 3 .5 340

137-59.20aac Russell Fewell a 2.2649 200 P .1 6o4

137--59»29bbb USGS Test 11 a 1-13-49 1197 G 5 .6 142
137--59-3oaaa USGS Test 10 a 1-10--49 2/112 G 3 .1 27
137.59-30bcb Lutheran Church a 2-26.49 35 G 1,1 5 )47
137-64--4bab J . S . Dykstra a 1.13-49 16o G 1.4 54o

137-60-•19 add G. Gudmestad a 1--10-49 42 G .8 92

137-60-25a Litchville a 2- 8-49 10 300 D 1.5 190

137-60-25a , . . .do . . . . b 1937 1,300 D 3 .0 184

137_60_25a rd T. Strinden a 1-13--49 87 G 1 .0 104

137-60-25aca H, Tempas a 1--10-49 90 G .3 88g

137--60.3Obaal USGS Test 22 a 1-10-49 44 G ,6 196

J Aquifer from 27 to 40 feet ,
2/ Aquifer from 59 to 66 feet.



FROM THE LITCH7ILLR AREA S N . DA C .

Dililon)

Aauifert D, "Dakota Sandstone'
G, till rand associated glaciofluvial deposit s
0, outwash-channel deposits and alluvium
P, Pierre shal e

a)

a)
C)

rd
G)

M
N O

cd O 'V 0 I> W O
(,7 p rre i.

h
o t

c: 0
w

4 i
."I 0 ' td

0."
•

i+

	

t \
O rd
Wl

	

rl
ri r O

ed

E.0 Cd

~ O~{ FTa .ri O ddv 0 U v p-i .-- H % _ , p l N./

21 6 13 159 53 11 0 0 334 211
34 6l0 0 0 775 705 0 2,210 47 5
51 277 0 478 783 218 0 13 1,840 545
75 54 0 321 458 121 .1 17 1,150 67 7

110 70 0 451 7990 106 0 4S 1 0 880 1,230
14 3E) 65 342 507 118 .6 7 1,450 SS

DSO 459 0 399 3,790 206 0 52 6,290 3,5 80
73 195 0 178 1,0S0 320 J. 217 2,190 1,150
74 19 220 0 330 3,690 667 0 434 7,020 , . . . .
63 378 0 218 884 240 .1 0 1,900 665
15 417 36 309 4s 4ss o 0 1500 130

242 no 0 1614 2,080 50 0 26 2,520 2 1 370
346 531 0 488 2,920 290 0 30 5 0 650 2,780
12 100 0 277 155 78 .2 2 578 280
4s 563 0 152 1,330 270 .8 9 2,580 669
74 541 0 207 1,320 ego 1 .4 22 2,64o 779
37 379 0 344 452 342 0 2 1,680 41o

260 164 0 494 748 1,780 0 4 4,650 329
51 104 0 398 475 78 0 0 1,120 700



WELL-:NUMBERING SYSTEM

The well--.numbering system used in this re port is based upon

the location of the well with respect to the landsurvey division s

used in North :Dakota., The first group of three numbers is that of

the township north of the base line . The second group of tw o

numbers is that of the range west of the fifth principal meridian ,

The third group of one or two numbers is that of the section with-

in the designated townsh ip. The letters a, b, c, and d d.esignat e 9

resp ectively, the northeast, northwest, southwest, and southeas t

quarter sections, quarter--quarter sections and quarter-quarter-

quarter sections denendin ; on their position in the well number .

If more than one well occurs within a 10-acre tract (quarte r

quarter-- quarter section) consecutive numbers are given to them

as they are scheduled . This number follows the letters ., Thus ,

well 137.-59--8ddcl is in Township 137 North, Range 59 West, section 8 .

It is in the southwest quarter of the southwest quarter of th e

southeast quarter of that section and was the first well scheduled

in that 10-acre tract . Similarly, well 137-60-25bdc (see USCG tes t

30, fig 2) is in the Sh SE4 ?W sec. 25, T . 137 :i ., R. 60 W .

iTumlers for wells not accurately located within the section in the

field may contain only one or two letters after the section

number, indicating that the locetion of such wells is accurate only

to the quarter section or the quarter quarter section, respectively .

The following diagram, showing the method of numberin ; the

tracts within the section, may be helpful tb the reader in deter-

mining locations of wells not shown in the illustrations .

33



bbbbba bab baa abb aba aab aa .
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bcb
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1
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. 1_'
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•- (c)
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1

	

1_Y
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t

bdd acc acd adc add

I
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1
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I
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RECORDS - OF WELLS AiTD TEST HOLE S

T=rue of well&• B, bored ; Dn, driven; Dr, drilled ; Duo dug .

Depth to water : Measurements given to hundredths or tenth s
are measured water levels . Those given in whole number s
are reported *

Location

	

Owner o r
number

Depth of Diameter

	

Dat e
name

	

well (feet) (inches) Type completed

137-59 -.-ldbd

137--59.--1adc
137-59.-2cca .
137_59-4b aa
137--59-4daa
137-59--4dad .
137-59--5bab
137-59-8b bb
137-59.-. gd_ccl
137-59-- gdcc2
137-59-9aaa
137-59-9a r d

137-59-9c 1/
137-59.-.10aa d
137-59-lObbcl
137-59.-lObbc 2
137--59.-10bcb

137--59-lObc c
137-59• •l0bc d

137-59-10dabl

137-59--10dab2

137••59-.lld Zf
137-59-•12aa d
137-59-12cc c
137-59-14bdb

137-59-14b del

A. G: Velure

	

48

Hoy Sorenson

	

24
F' . 39 yTerdnin

	

30
Clarence Olson

	

30.--3 5
USGS test 15

	

20
USCS test 14

	

25
US"S test 34

	

10
Glen Peterson

	

85
Wilford. Jefferson

	

40
• ,,,9doo•	 9 80
T SrH test 13

	

15
Ji1liem Car? son

	

20
L . Pieton

	

1,000
Carl J, Johnson

	

25
TTS+'S test 17

	

30
T''S(IS test 16

	

53
William Carlson

	

11

o .-.9 . . ., do * z . . . 0
. 99 .999do	 c

Anna Stoneberg

do•• . . .9

	

14

P . Stoneberg

	

1 0 050
Andrew Aggen

	

55
Adolf Strum

	

40
Spring Creek Twpa 35-40

Community Well

	

39

Du

	

4 ! ) P C • • 0 .

B

	

. o . . 0

	

Du	

	

5

	

Dr 9- 4-4g

	

5

	

Dr 9- 3_48

	

5

	

Dr 9-214_48

	

. ) . . .

	

B

	

999	

	

. . . .

	

Du

	

.~	

	

. o 0 . 8

	

.1.7

	

C . * . 0	

	

5

	

Dr 9.- 3_48

	

30

	

Du 1925

	

12

	

Dr 9	

	

.- .e=

	

Du.

	

1919

	

5

	

Dr 9- 8-48

	

5

	

Dr 9- 6-4g
	 Du 1915

	

24

	

B

	

7..7-4g
Du

31
30

*0000000 0

Dr	

Du $ . 0 . 0 • • • .

4 Dr
B

. . . . . . . . .

. . . . . . . . .

ae . •
24

Du

	

99 .9	

B 1908

Du 1935



ITT TH= LITCT"ILLE AREA, 7. DA:' .

Use of waters D, domestic ; S, stock ; T, test holes ; U, unused .

Date of measurement ; For meesured de pths to rater, this is dat e
of measurement . For reported measurements, this is date of
report, not date of measurement by .reporter .

Depth to

	

Date of
vater(feet) Measurement Use

	

Remarks

D,S

	

Pumps sand . Supplies water to 25
head of cattle, .

D,S

	

Pumped continuously for 2 weeks.
D,S

	

Supplies water to 35 head of cattle .
D,S

	

Pumps sand.
T

	

Hole destroyed. See logs

T

	

Do.
T

	

Do .
S

	

Poor quality re°ported ,
D,S

	

Do .
S

	

Easily paned dry .
T

	

Hole destroyed . See log .
S

	

Gravel aquifer, See chemical analysis ,
• . .
D, S
T

	

Hole destroyed . See log.
m

	

Do.m
S

	

Well is 4gx4g inches sq uare. Reported
adequate. See chemical analysis .

D See chemical analysis ,
D

	

Poor quality,, Becomes cloudy afte r
standing,

S

	

Artesian well . Water level is nea r
land surface .

D

	

Good quality reported . : a.sily pumped
dry.

.c .

D,S

	

Becomes cloudy after standing .
S

	

Supplies water to 30 head of cattle ,
D Reported good auality but inadequat e

quantity. See chemical analysis .
U Reported inadequate and poor quality .

(See footnotes at end of table )

35b

. n • .

	

i •

35 9 _.17-47

8,92
Flow
1 3,5 5

C	

6 .7 q--21_48

20.5 9•-21.-48

. . . . . . . . .

. . . . . . . . .

Flow 7.25- .2g

1948
o ,	 a

9-22-48



RECORDS OF ?'CELLS AND TEST HOLES IN THE

Loestio n
number

Owner or
name

Depth of Diameter

	

Date
well(feet) (inches) Type

	

completed

137--59- .14bdc2
137--59-14cab

Sophia Elm
Bob Olafson

O D . . .

	

Du

	

1923
30

	

B

	

1917
35
I}5

. . . . .

5
G . . . .

. . . .

0)00 0

137.-59--14dcd1

137--59-14dcd2
137--59-16bba
137--59-16dcc
137-59--17ddd
137~59.18add
137-59--1 8ccc
137--59'-19bcb
137.59-.19c6.c
137-59-19dcc
137--59-20ae,c

Hasting s

Lllea.s Johnson
USGS test 1 8
Ernest Johnso n
Frank Sorenson
L . A . Larson
John Fewell
P . E. Berg
USGS test 8
Ralph Kluver s
Russell Fewell

39

40
50
6o
30
40

1180
57

107
80

200

Du

B

	

•0000000 C

Dr

	

9- 9.48
B

	

0000 .000 0

Du

	

189 7
Dr

	

1907

Dr

	

8--27--48

Dr

137--59-20cd d
137-59_20dd.d

t°SGS test 12
Alvin Rodin

5

	

Dr

	

9- 2-4 898

65
3 5
40
3 6

1,100
2 8

1 .060
25
50
97

137-59--22aeb
137-.59,_.22cd d
137-59-.22dcc
137-59-24bb c
13 7.- .59-21 ccb
137-59-.26a J
137-59--2 bab a
1317- ,5 9 .-•26b J
1 {7.•59--26ccd
137-59-.26dcc
1 .7-59-.29bbb

Emil Anderson
A.lgel Larson
1 . 0 . ^jelland
E'.llers Johnso n
Carl Bjerky
Ii . Olson
Claudine Olson
John Torber g
Andrew Ber ;an
handry Rosvig
US('S test 11

	 B
B
Du
B

	

20

	

Du

	

2

	

Dr
f O . . O

	

Du

	

11

	

Dr
. O . O .

	

Du	
	 Du

	

5

	

Dr

	

9-- 1-4 8

. . . . .

. . . . .

. . . . .

00 . 00 00 0 •

C	

Y	

137-59-29cdc

	

Herbert Peterson

	

53

	

B



LITCRVILLE AREA, M . DPJ . -- - Continue d

Depth to
water(feet)

Date of
Measurement Use Remarks

. . . . . 	 ~ . . S Well is 48 by 60 inches.
10 9-22-40 D Soft, goodtasting .

	

See chemica l

. . . . . . . .>	 TJ

analysis.
See chemical analysis.

	

Unused public

090 . .0 . . . . . . . . . D,S
well.

Reported good duality, but inadequate .
. . . . . . ;,	 T Hole destroyed .

	

See log .
. . . . . . . . . . . . . . . D,S Sueplies water to 40 head of cattle .

30
. . ., .o . . . .
9-17-47

D, S
D,S

Easily pumped dry .

15 9-17•-47 S Artesian in Dakota sandstone ,
. . . . . . . . . .it> . . . S Reported poor quality and inadequate .
. . . . . . . . . .

	

. . . . T hole destroyed .

	

See log .
. . . . . . . . . . . . . . . D,S See chemical analysis .

. . . . . . . . . . . . . . .

S

T
D,S

In shale 112 to 200 feet .

	

Easily
pumped dry.

	

See chemical analysis .
Hole destroyed .

	

See logs

Reported inadequate, salty, hig h

. . . . . . ,	 D,S
in iron .

Reported good quality; adequate.
1 9-16-J47 S Reported poor quality ,
14,01 9-16-•47 D,S Used during the years of drought .
1 )4 .36 2-16-• 11.7 S Reported bad-tasting water ; inadequate .
22.98 9.16-•47 S Gravel in blue clay.
Flow 7-25-.20 . . .
20-69 9-16-47 D,S Reported adequate .
Flogs •3,, ., . .0 0
13 9-17.47 D

9 S

. . . . . .
	 z . . S

T
Reported poor cuality .
Hole destroyed .

	

See log .

	

See

,	 D
chemical analysis .

Easily pumped dry,

(See footnotes at end. of table )



RECORDS OF iJELLS JUTD TEST HOLES IV THE

Location
number

137-59--3oaaa

137-59-30aab
137-59-30bac
137-59-30bcb

137-59.-30cec
137-59-30dad
137-59-30dbd

Owner or

	

Depth of Diameter

	

Date
name

	

well (feet) (inches) Type

	

comp leted

USGS test 10

	

115

	

5

	

Dr

	

8-30-48

USGS test 9

	

85

	

5

	

Dr

	

8.27-48
Hans Justesen

	

30

	

OJ .t .

	

3
Lutheran Church

	

35

	

e, . .,

	

Lu	

Leo V. Schall

	

75

	

36

	

B	
U5(S test 2

	

110

	

5

	

Dr

	

00000000 0

.i3 . =liv ers

	

55	 B

	

1909

137-59-31abb
137-59-31bbb
137--59-32bab

137-59-32d
137-59-33a if
13 7-59- . 34aab
137.-59<-3 L cad
137-.59. .34cdc
137.59 -34cdd
137-60-lade
137-60-3ac_al

Mrs So-hie Hilts

	

75
Robert Froemke

	

90
Albert Sonstha .en

	

60

D, 'rikstrom

	

1,050
C . Sa.l'eerg

	

1,150
P . Tireit

	

22
Fred :Rodin

	

27
Oscar Salter;

	

82
,	 do	 30
G. T?. Van Bruggen

	

75
Al 0- PaT^luk

	

1,200

B 1917
B

	

1939
B 1890

Dr

	

1903
Dr	
Du

	

1943
Dr

	

.10000000 0

B 1919
DU

	

A,o	

3 to 1

	

Dr

	

1942

14
11

137-60 .3aca2
137-.60- 4bab
137-60--4dde
137.-60-5dca
137-60-.5dad

r
137.60.-Sbaa
137'-60-8bbc
137-'60--8dbal
137:-60-8dba2

oo0ood0•0 00

	

40

	

30
j . S. Dykstra

	

160

	

e . L a

Geore Person

	

59

	

24
Toruel :nut son

	

64

	

24
Spencer Brandt

	

1,130

	 e

	

60

	

36
Lars Billings

	

1,118

	

. ." . .
John ilord.ahl

	

64	
a .o .tdoo .e~ .

	

30

	

.o• .a

Da

	

,	
Dr	 a . .
B 1935
B 1910
Dr

	

1936

00 0

Dr
Du
Du

1946
193 8
1898



LITCH?T ILLE AREA, N. DA::, - -- Continue d

Depth to

	

Date of
wRter(feet) Measurement Use

	

Remarks

T

	

Hole destroyed. See log. See chemical
analysis.

T

	

Hole destroyed, See log .
D,S

	

Easily pulp ed dry.
D,S

	

See chemical analysis . Reported
inadequate .

D,S

	

Fine sand in blue clay .
T

	

Hole destroyed. See log,
D,S

	

?rery good duality reported . Sufficient
water for 65 pigs and 1S head o f
cattle .

D,S

	

Reported adeduate .
D

	

Shale aquifer .
D,S

	

Adequate supply for 35 head of cattl e
and 100 p igs. Good quality re ported.

7.25--28

	

, . .

	

?on--flowin ; artesian .
7-29-28

	

. . .
D,S

	

Reported adequate .
S
rS
D

	

Do.
S

	

Fairly ade quate .
D,S

	

Artesian yell ; acleduate ; r eporte d
rather soft water.

	

7 .50

	

9- 3-48

	

D, S

	

000000

	

,)	 Bitter-tasting . See chemical analysis .

	

35 .42

	

9V. 3_4S

	

Retorted adequate.

	

19 .07

	

9- 3-'='S

	

D,S

	

?ever punned dry .

	

004041

	

00 q 000000

	

D, S

	

Flowing artesian well . Bitter-
tastirg ¶rater .

	

11.4

	

9- 2-4S

	

U

	

Well along sec, road ,
e, . .«p	 o, . . .

	

S

	

Artesian well. Suitable for stock .
9- 2--48

	

D, S
9- 2-4S

	

S
28,14
20,8

(See footnotes .at end of table )

oooooooo o

a	 00010000 0

e	 00 .00000 0

ems	

0•• . .

	

c s	

	 00 0

00000 ,

flow?
010000

	

0 ,,00020t l

. , e . .

	

05000004 0

15

	

9-117,47

55

	

9-17-47
6

	

9- 3-48



RECORDS OF ' TqILLS A'_?D T . ]ST HOLES I1 THE

Locatio n
number

Owner or
name

Depth of Diameter

	

Dat e
well(feet) (inches) Type

	

complete d

137.60-9b'bc
137--60.-,10'Sc c
137-•60-10 ^bb l
1 37.60-10obb 2

137--60-11 rada
157 ..E0.12cca

137--60-12daa
137.-60-1ccd
137-.60..11baa
137-60-14c7a1
137-.60-11th d2
137-60--15bcd

Clarence Tenant

	

29
13 0, Monson

	

32
John Pormo

	

~-0
0500 do .0ef

	

35

George Miller

	

58
, . . .0do,,0000

	

41

Leonard roo m
Oscar Sathe r
Harvey Fabe r
E~ Vaders, Jr ,
0aeo .fod0co,o o
L . L . McCarthy

24

	

B

	

191 8
24

	

B

	

1902
Dr	 e

Dr

B

	

0 .00 .0 . . !

Du

	

00000000 0

36

	

9.. -4+7
• . .o .

	

£

	

. . . .e .oa .

24

	

Du

	

,,iQ	

72

	

Du

	

1929
30

	

B	

35
46
65
3 0

130

53

. , e . a

t0 0 0 0

c . . , .

137-60-15ddal

	

Af G : .\nderson

	

9 0
137-60-15dda2	 do. . . .fe

	

48

	

oo, . .
137 ..60--lScbbl

	

i u.•rlev

	

65

	

30
137- .60-18cbb2	 do . 0 0 0 0

	

35

	

30
137-60.--19c6.c

	

Jim Hurley

	

30

	

1 8
137--60d.19ddd

	

Geor; Gudmestad

	

42

	

214

137_60_20add

	

E, i orum

	

1 8
137--6O-2C obb

	

Alfred Sanduess

	

30
137--60--21add

	

04 :040,00004,00 0

137»60.-.2ldda

	

Frank W . Satterlee

Du
Du

	

9- -4.E 7
Du

	

. . . . . . . . .
B

	

1917
. f .

33 30

137-60-23cccl E, Vietzke

	

63

	

a, . .e

	

B
137.60-23ccc2

	

. . : . doo , „

	

5 g

	

. . . . .

	

B

137:60-25a J Litchville

	

1,300

	

3

	

Dr

	

•	 0



LITCH PTILLZ AREA, i?o DA" . - - Continue d

Depth to

	

Date of
water(feet) Measurement Use

	

Remark s

e .

	

. : .•

	

D, S
15

	

1946

	

D, S
P3 .4

	

9- 2-48

	

D, S
23.2

	

9- a-4s

	

U

002000

	

•	 0 0

s • . l • • . . .

Reported to be a very good well .
Topsoil ; 2.0 feet yellow deer, 5
feet blue clay, about 25 fee t
sand and prevel ?

010400

	

010040000

	

S

	

Adequate for stock ^
. . .

	

D

	

Adequate for domestic use ,
18.2

	

9•- 2-4C

	

D

	

Good quality Gravel aquifer .
14,1

	

9-

	

Reported inedenuate .
17 ,4

	

.• 4

24,97

	

9- 1-i 1. 8

	

D,S

	

Reported adequate . See chemical
analysis ,

s	 040,10 .0 .

	

D,S

	

Reported adequate .
13 .5

	

,	 n .

	

D,S

	

Reported adequate .
17,00

	

9•- 2-48

	

U

D,S

	

Coarse send anuifer, aeeorted to hav e
supplied water for steam engine s
during early day s

D,S

	

Reported ad equate .
	 , . .. . .~ . .

	

D

	

Reported. good quality grater. Used by
town of Litchville .

Flow

	

7-26-28

	

M

	

Deepened from 1,115 to 1,300 feet in
1925 . See chemical analysis,-

(See footnotes at end of table )

Reported to contain epsom salts ,
Reported adequate .

. . . . . .
26 .00

	

9-11-47

	

D,S'
000000

	

*00004400

	

D, S
14.7

	

9- 2-J-1-8

	

D
15 .15

	

9- 2-48

	

s
20

	

19 14-7

	

D, S

Unfit for use beceuse of high iro n
content

S

	

Reported adequate .
D,S

	

Blue clad* down to 20 feet ; sand and
gravel below 20 feet .

Reported adequate.
Yew well ; reported adequate ,

Reported. adequate .



RECORDS OF WELLS AM) TEST HuL ES

	

THE

Depth of Diameter

	

Dat e
well(feet) (inches) Type completed

Location

	

Owner or
number

	

name

P• ,

, . . . .

5
2 14

$ n f , .

5
5

. . . .
~ . . r. .

24

1 7_I0.-25,x,-rac1

	

J. eihrer

	

100
137-60--25aac2

	

75--g0
137--60--25 aad1

	

T. Strinden

	

87
137--60--25aad2

	

USGS test 1

	

135
7.37--60.-25.aca

	

Henry 1weppas

	

90
137-b0--25aca

	

AF iTygaard

	

76
137. ,60.-25acb

	

USGS test 3

	

133
137-60--25acd .

	

?TSGS test 7

	

134
1 37--60--25 ada

	

j erke

	

70
137-60_25n,da

	

School well

	

16o-1 g0
137.60-.250b

	

Ordean Dahl

	

90

B

	

• . . . 'f . . u L

1927
Dr

	

10- 1- 1 .17

.8

	

9'	 *s e

Dr

	

10•- 14.-47
Dr

	

10-10 47
]3

	

O . .,e . ., .
Dr

	

P .o	

d

	

9-)

	

--14.8

137-6 0-25bdc
i7-6o-.25 cbb

13 7 •..60-- 25 d .ab
137--60-,25dd d
137--60-.2 'r_aaa
137--60-.2E bnb
137-60.2Ebbb
137--60-27aea
137-60-27cd c
137-60-28bbb
137-60-30ac c
137-60-3Obaa l

137-60.-30baa2
137--60--30bab l
137-60-.30b ab2
137-60-30dda

USGS test 30

	

125
US ( ti test 29

	

130r
Mrs, Mc Egden

	

14 3
USGS test 25

	

125
7565 test 21

	

127
Axel Forme

	

66
uSC'S test 4

	

149
Peter Terdu.in

	

50
Clarence Hanson

	

75
USGS test 5

	

155
Ti, Uprud

	

55
UTSGS test 22

	

144

USGS test 6

	

117
USGS test 23

	

50
USGS test 24

	

60
P, F. Satterlee

	

55

5
5

20

5

. r, e

5
• e e .

oQ
5

• . s . .

5

5

5
a . . . .

Dr

	

9--22•--4 8
Dr

	

95--21-48
}3

	

1915
Dr

	

9--15.-48
Dr

	

9-10.48

Dr

	

10- 6--47
B

	

1922
B

	

. . . . . . . . .
Dr

	

10- 8- 1 }7
Du

	

O . . a	
Dr

	

9 .l4--1t8

Dr

	

10- 9-47
Dr

	

9-14.-48
Dr

	

9-15--48
B



31c6

	

9-16_47

	

u
f.

	

0,

	

0 0 0 e e e

	

S
C o a t . .

	

e n . 0 '

	

D
. a 0 e e .

	

. . Y	 e

	

T

. . a . . .

	

. + • . . . • et

	

S

. e 0 * . o	 T
• a 0 v 0 . e . O o .+ T

6073

	

9- 1-4s

	

U
~•

0 . . :

	

o l e t t 9 0

	

T
. o o e t a

	

O P . :	 T
•

	

• .•

	

f; . . C

	

i,

	

.

	

S
. . . .t .

	

T
• • a 0 .

	

2 ,40 0e

	

00

	

D, S
. .,e . .

	

G . .a• .) . .

	

D, S
V 9 . IP • a

	

t . 9 00 .

	

T
37 :(

	

9- 1-4s

	

D, S
T. t If • .

	

0 . ) •

	

+ 0 ) 9

C . . 0 e .

	

t . . . e . t 9 0

• e . 9 0 . ) + • • 9 o .

e • P • • .

	

. • e . . . . a .

Reported contaminated .
Contaminated and not used for drinking .
See chemical analysis.
Hole c'estroyed. See log .
Reported contaminated . See chemical

analysis.
D Easily pumped dry .
T

	

Hole destroyed . See lob;.
T

	

Do.
'J

	

Reported inadequate .
U Do ,
D 0-30 feet yellow till, 30-90 feet

gray till, 90-93 feet blue quick-
sand (aquifer )

Hole destroyed. See loge

Do .
Formerl- used for watering stock.
Hole destroyed. See log,

Do n

Reported ade quate .
Hole destroyed. See log,
Adequate . Reported to be a good well .
Easily pumped dry .
Hole destroyed. See log.
Well is 4gx4g inches square .
Hole destroyed. See log. See

chemical analysis*
T

	

Hole destroyed, See log .
T

	

Do .
T

	

Do .
D,S

	

Reported ade quate.

LITCH7ILLE AREA, i?.

	

- -t Continued.

Depth to Date of
water(feet) Measurement Use

	

Remarks

. e t• .

	

i ./

	

+

	

• a e

e . . . . 0

	

0 . 009•$ f

00•4o

	

. t . . t • • .

20

	

9-22-45

(See footnotes at end of table)



RECORDS OF WELLS AND TEST HOLES IH THE

Loci;tion Owner or Depth of Diameter Date
number name well(feet) (inches) Type completed

137--60-31dda C . F . Anderson 30 Du
137-60.-.32bcc Co P . Sandness 40 . . . . . Da 1907
137--60-33aeb Peter Van .8rugge,n 4o . . . . . B . . . . . . . .
137--10.33bea Albert Koppa 40 ow . D . . . . . . . . .
137-60-34cdd H, Aret!ds 35 . . . . . t3 . . . . .

	

.
137--60-34ddd R. Lenssen 65 a , . . . Dr . . . . . . . . .
137-•60.-- :3 5bab E . Murphy 65 . o . . . :d . . . . . . . . .
137 60-36abb USGS test 26 127 5 Dr 9-16.-45
137_60.-36cdd USCS test 28 135 5 Dr 9 ;20.48
137--60-36dbb USGS test 27 130 5 Dr 9-17.48

13"-59-32dccl USGS test 31 10 5 Dr 9-23.48
13 x-59-32dcc2 USGS test 33 20 5 Dr 9.23Ji.8
13 .59-.32dcd USGS test 20 11 5 Dr 9^ 9-4g
13 `-5,? -32ddd USGS test 32 20 5 Dr 9-23--48
13

	

-.59 .•;33cbd USES test 19 20 5 Dr 9- 9.45



LITCHVILL E AREA, F . DAIL . -. - Continue d

Depth to

	

Date o f
water(feet) Measurement Use

	

Remarks

Reported ade quate .
Easily u1?mpsd dry .
Pally adequate .
Reported inadequate .

Do .
Reported ad9quate ,
Fairly adequate .
Hole destroyed. See lo .

Do ,
Do .

Do .
Do .
Do .
Do .
Do .

1/ Data from Uenz el, L . `, , and Sand, H. H ., Water supply
of the Dakota sandstone in the Ellendale-Jamestown area

, TT. S. Geol. Survey Water-Supply Paper 889--A ,
p . 79, 1942,

2/ Data from Simpson, H, F ., Geology and ground-wate r
resources of Forth Dakota : U . S . Geol. Survey Water--
Sun ply Paper 59S, p . 69, 1929.

. . . . . . . . .

D, S
D l S
D 1 S
P, S
S
S

D, S
T
T
T
T
Ti
T
T
T



LUGS OF TEST HOLES IN THE LITCHr'ILLE APIA, N. D.C .

137_59-4daa
USGS test 15

Material

Topsoil, black. . „ 	 0	

Sand and. travel, gray, very clayey	
Sand and gravel, upper part buff, lower part gray . 0

Pierre shale, gray, 	

137.J 9-4dad
USGS test 14

Topsoil, black, 	 1

	

1
Clay and gravel, light--brown 	
Sand and gravel, upper part lilt--brown, lower Part
gray0	 0 s	 , C

Till, grata	 i	
Pierre shale„ gray, , 	 V . J	 , . ,

137--59-5bab
USGS test 34

	

1

	

1

	

2

	

3

	

13

	

1 6
14

	

20

	

1

	

2

	

15

	

17

	

2

	

19

	

6

	

25

Thickness Depth
(feet)

	

(feet )

Topsoil, black, . . o . i	 e . .

Alluvial slopet sh,, clay with sand and gravel 	
Till, tan . „ . . . . P	

Pierre shale„ gray	 . . . .

2

	

2
2

	

14

3

	

7
3

	

10

137-59-9aaa
TTSGS test 13

Topsoil, black	 1

	

1
Clay end 7ra'rel, gray	 1

	

2
Sand, tan ! 	 00%000000

	

3

	

5
Till, gray	 4

	

9
Pierre shale, gray	 6

	

15

137-59-10bbcl
USCS test 1 7

Topsoil, black, . . 0 0	 1

	

1
Clay and gravel, gray 	 2

	

3
Clay and. gravel, brown	 2

	

5
Clay and gravel, gray 	 2

	

7
Sand and gravel, gray . . . c	 23

	

30

41 -



LOGS OF TEST POLES I7 THE LITCH7ILL7 ATE`'`., T . DAZ .

	

- Continue d

137-59.-lObbc2
USGS test 1 6

Material

Topsoil, black	
Clay and sand, gray	
Clay and sand, light-brown 	
Clay and s-nd, gray	
Sand and gravel, gray
Pierre shale, gray,	

137--59-16bba
USGS test 1 8

.

	

. .

	

. 1 1
4 5

.

	

. .

	

. 2 7
.

	

. .

	

. 9 16
.

	

. .

	

. 3 19
.

	

. .

	

. 19 3 5
.

	

. .

	

. 12 50

.

	

. .

	

. 1 1

.

	

. .

	

. 1 2
. .

	

. .

	

. 2 4
.

	

. .

	

. 12 1 6
.

	

. .

	

. 2 1 5
.

	

. .

	

. hO 5 "

.

	

. .

	

. 1 59
.

	

. .

	

r 45 104 w

Thickness Depth
(feet )Meet )

.

	

.

	

.

	

. 1 1
.

	

.

	

.

	

. 2 3
.

	

.

	

.

	

. 3 6
.

	

.

	

.

	

. 2 5
.

	

.

	

.

	

. 40 45
.

	

.

	

.

	

. 5 53

Topsoil, black	
Till, light--tan	
Sand and_ gravel, light-tan
Till, gray, ,	 0

Sand and_ gravel, gray 	
Till, gray	
Pierre shale, €ra°y 	

137-59-l9cdc
USGS test S

Topsoil, black	
Alluvial slop e'rash, slat with s^nd and gravel ,

yellow brown	
Sand and gravel, yellow-brown	
Till, yellow-brown 	
Sand and gravel, yellow-brown	
Till, gray	
Shale ,= .ravel, gra7 . . . . i	
Till, gray	
Pierre shahs, gray 	 3

	

107

42 -



LUGS OF TT zIULES I7T TT LIT0 i' TILL

	

Y. DAi,, -. - Continued

137-59_20cd.d
USGS test 12

t=ia t er ia1 .

	

Thickness

	

De-nth

	

(feet)

	

(feet )

To-esoil, black	 1

	

1
Till, lic .)t-tan . . . . 3 . . . . e	 17

	

1 S
Sal^d are p'rrG'P.,1., CJ_ezJP. T • -1 a?T, some rocks

	

3

	

2 1
Till, c;ra	 e .

	

17

	

3
Good an gravel, clayey, gran , 	 G	 1

	

3 9
Till, cra,zr, • <	 e . • ., .	 5~+

	

9 3
Pierre shale, gr qtr,	 o	 5

	

9 E

13 7-59--2 9bbb
USGS test 11

Topsoil, black.

	

o 3 a a e . . . . a	

Till, light-tan ,

	

. u .

	

e o c o e o

	

o

	

o e

Gravel, tan , e

	

, a e e . . o . a o a c c o

	

o

Till, li : ht--lean

	

3 3 . 0

	

. . a . a 3 . . 3 . . .

Till, gray:

	

, _, . t	 T •	 6

Send and gravel, c.L -e-, gray O A . . . .

	

0 G • 3 3

Till,

	

. , . C	

Pierre shale, gray :• o	 3 . .

	

. o + . a • o

137-59-30aa.a
USGS test 1 0

Topsoil, blalk, . . o . 0 . . 9	 0 o .

Till, gray	 + . . M • • • a + O 7 .

`ill, tan

	

. . . . Q ,	 e . . . .

Gravel, gray	 s	 G	 0

Till, grays , , 	 a . . 3	 a .

Sand and ; ;ravel, gray • • . . • + • a . • • a	 • •

Ti11., gray,	 i	
Gravel, grays c

	

, ,

	

a e

	

• e

	

o • e	 •

	

Till, t;rcaTr , numerous small rocks near bottom	
Pierre shale, gray	 0 . .

	

0 . 0 . 0 0	 0

	

1

	

1

	

17

	

1
/
2

	

2

	

20

	

4

	

24

	

13

	

4+

2

o

	

51

	

91
97

	

1

	

1

	

2

	

3

	

15

	

l U

	

2

	

20

	

39

	

59

	

7

	

66

	

23

	

S9

	

1

	

90

	

20

	

110

	

5

	

115



LOGS OP T.ST HuL:ES IU TTi LITCH'TILLE A'lE, , U DA7.0 . . .. Continued

137_59_30aab
USGS test 9

Material

Topsoil, black,	 e	 a ,	

Al.luvia.l slo.pewash, clay with sale and gravel ,
li ;ht-_gravo •	 a . a . 0 , 	

Send and travel, yellow-tan 0 o 0 . o,• o 0 0• o e

Till_, ., eli.orr-tan-

	

f . . . o . . . . a • • . O 0 7

Tilly graro . 0••• . a• . .

	

• a e a o

	

e e a o

Sand and , ,Tavel . clayey, gray e . 0 . . . e a • 0 0 •

Till, gray. . . . e . . . e . • • 0 . e	

Pierre shale, gray, t . .

	

. 0 . a	 o .

137-59-30 dad
USGS test 2

TonoOil, blacks . 0 . e . 0	 0

	

1

Till ,, yellO~.~	 a

	

. • a . a • a .

	

7
Till, ',:ray . a 0 a . . 0 • • a • . . . t	 0

	

20
Shale gravel, clayey, gray	 a a . • •

	

5
Till, gray . .

	

. a . 0 , . a • a . . a . • e • . . •

	

61
Pierre shale, gray 	 a . a . . a . . . . o a

	

16

137-60-25aad2
USGS test 1

Top soil . black. • • 0 a • . . . . e	 t . a

Till , yelloUa • a . . 0 . • t . • • o o • 0 . • o • •

Till, gran

	

. . . . a e . • • . a a t a . . 0 0 a a .

1/ Core taken of till, 105 to 107 feet . Till is well indurated and

difficult to breek with a hammer, It is highly calcareous and may b e

partly cemented as well as compacted,

1

2 8

33
94

110

Till, blue--gray 1/0	 a •

Pierre shale, gray . 0 0 e e 0•• e .• e . 0 . e . t

	

1

	

1

	

28

	

29

	

51

	

so

	

4s

	

12 8

	

7

	

135

Thickness Depth
(feet)

	

(feet )

	

1

	

2
2

8

	

33

	

41

	

3

	

44

	

38

	

82

	

3

	

85

-44 -



LOGS OF T':'ST HOLES Iir T:.LITCHTTILL E AREA, ?T, DAR' . -- -- Continued

137-60--25acb
USGS test 3

Natr-rial

	

Thickness Depth
(feet)

	

(feet )

Topsoil, black, _ . , . . 0 c	 1

	

1
Till . yello . D	 +	 , .

	

18

	

19
Till, gray,

	

. , . . 0 ,	 7

	

26
5nd a r.. d gravel, clayey, gray , .

	

o

	

•

	

•

	

2

	

2

S Till,;.ra ~ a . + a

	

a i c . . .

	

a a •	 94

	

122
t Terre shale, gray	 11

	

133

137-60-25acd
TJS(1S test 7

Topsoil, blr.'.ck,	 0 . , • 0 . . . .

Till, yellow . 3 , 0 f • . . . • u 0 . . , 0 0

T111 6 gray, . a ,, , 0 + . a	

Gravel, clayey, gray . 0	

Till, gray lj . . +	 G

Pierre shale, gray 2/	

14/ Core of till taken 70 to 80 feet ., Very hard "shaly"
till which contained p ebbles of dark-colored limeston e
and shale

2i A shale core between 130 and 134 feet yielded very
hard shale .

137-60-25bdc
USGS test 30

	

2

	

2

	

18

	

20

	

7

	

27

	

1

	

28

	

97

	

125

	

9

	

131 4.

Topsoil, black . . a a	 a • •

Till, tan ,

	

.

	

. _ 0	 0 .

Till, gray, + . a	

Sand and gravel, gray , . a . O . . u a a	 •

T1119 gray . 0 , . . ?	 0 . a • 0 •

	

., . o

Pierre shale, gray . 0 0 . . . 0 . . . 0 . . 0 0 0 .

	

1

	

1

	

25

	

26

	

14

	

40

	

1

	

41

	

76

	

117

	

8

	

125



LOGS OF TEST HOLES IN THE LITCHViLLE AREA, N . DAL -. -- Continued

137.-60--25cbb
USGS test 29

Material Thickness Depth
(feet)

	

(feet )

Topsoil, black	 2

	

2
Till, gray,	 1

	

3
Till, tan	 14

	

17
Till, gray	 65

	

82

Sand and gravel, gray D	 2

	

S4

Til l, gray,	 41

	

125
Pierre shale, gray	 5

	

130

137--60-25 add
USGS test 25

Topsoil, black !	 2

	

2

Till, grey ; •	 O	 2

	

4
Till, yellow-brown 	 e , • ,	 • s

	

9

	

13

Till gray	 0 7	 39

	

52
Sand and gravel, gray	 0	 c • •

	

4

	

5
2

Till, gray	 62

	

11 8

Pierre shale, gray	 7

	

125

137-60-26aaa
USGS test 21

Topsoil, black	
Till, tan 6 , 	 e •

	

•	 a . ! . e

Sand. and gravel, tan	 0 . s

Till s gray	
Sand and gravel, gray 	
Till, gray	
Sand and gravel, shalt', gray	
Till ;, gray	 0	

Sand and gravel, gray	
Pierre shale, gray	 0 . . .

	

.

	

2

	

2

	

18

	

20

	

1

	

21

	

15

	

36

	

1

	

37

	

47

	

84

	

6

	

90

	

28

	

118

	

3

	

121

	

6

	

127



LOGS OF TEST HOLES Ii'T THE LITCH1TILLE AR" A, TT . D.AI{Q .. - Continued

137-60.-26bbb
USGS test 4

Material Thickness Depth
(feet)

	

(feet )

Topsoil, black	 1

	

1
Till, yellows	

)
20

	

21
Till, gray	 e	 49

	

70
Till, blue-gray , . .

	

.	 71

	

141
Pierre shale, gray I/	 149

I/ Core taken 147 to 1 4+9 feet . Shale was hard and had
poor fissility, Contained a bivalve shell, som e
foraminifera and possibly plant fragments .

137-60-28bbb
USGS test 5

Topsoil, black., . „	 2

	

2
Till, buff	 IS

	

20
Till, gray „	 1~l

	

)
74

Gravel, clayey, gray 	 6

	

`r0
Gravel, gray„	 11

	

51

Till . gravelly, gray 	 42

	

9 3
Shale gravel„ very clayey, gray	 10

	

103

Till, gray	 36

	

139
Pierre shale, gray 1/	 16

	

155

I/ Core taken from 150 to 155 feet . Shale
contained veinlets of secondary calcium carbonat e
which may have been aragonite . Shale was other-
wise non-calcareous .

137-60-30baal
USGS test 2 2

Top soil, black,	 4 ,	 1

	

1
Alluvial slooewash, clay with sand and gravel ,

gray. .e	 3

	

4
Till, tan	 t	 5

	

9
Sand and gravel, tan.

	

.

	

1

	

10

Till, gray	 34

	

44

47



LOGS OF T''ST HUL7S Iv TH" : LITC?TTILL7 AREA, U . DAK .

	

Continued

137--60--30baa 2
USGS test 6

Material

	

Thickness Depth
(feet)

	

(feet )

Topsoil, black . . . . a	 2

	

2
Alluvial sloDewash, clay mixed with sand and gravel ,

yellOr.»brO' ."lri	 e • . . . . e a o . . . e

	

3

	

5
Sand and gravel, gray	 a	 19

	

24
Till, gray, . D ,	 P	 3

	

. a

	

Sg

	

112
Pierre shale, gray, . o	 o . . .

	

. c .

	

5

	

117

137--60-30babl
USGS test 23

Topsoil, black. e	 1

	

1
Alluvial slo:?ewa sh, clay mixed. with sand and gravel ,

gray. e _ . a . + c • e

	

. e . e . . e	 ', 0

	

3
Till, tan .

	

. , c	 a . . a	 6

	

10
Till , gray	 o	 11

1

	

21
Sand and gravel, gray o	 S

	

29
Till, gray	 21

	

50

137-60-30bab 2
USGS test 2-I

Topsoil, black	 a . . . e	 a .

	

2

	

2
Alluvial slo-Dewash, clay mixed with sand and gravel ,

gray,	 a a	 2

	

4
Sand and gravel, brown,	 3	 1

	

5
Till, grays . . a a a	 a	 11

	

16
Till or clayey sand, gray	 a	 11

	

27
Till, gray . a	 a . . . . a . . a	 16

	

4
3

Sand and gravel, gray	 a	 a	 3

	

4.6
Till, gray . a a	 3	 a

	

14

	

60

1{.



LUGS OF T ST HUTS I T THE LITCHVILI,E

	

Y . DA:: . - - Continued

137-6c-36abb
USGS test 26

Material

	

Thickness Depth
(feet)

	

(feet )

Topsoil, black	 1

	

1

Till,, yellow -.brown	 15

	

16
Till,, gray	 e	 • • •

	

29

	

45
Sand and gravel, gray'	 3

	

4S
Till, gray	 56

	

10 4

Sand. and gravel, gray	 1

	

10
^
5
(

Tills gray,	 16

	

121

Pierre shale, gray . 0 . e	 6

	

127

137-60-36cdd
USGS test 2 8

Topsoil, black :	 1

	

1

Sand, light-brown, clayey	 11

	

12

Till, gray, .. .	 S7

	

99
Sand, clayey, gray	 3

	

102

Till, gray	 e	 33

	

135

137-6o. .36dbbb
USES test 27

Topsoil, black . , . . e	 1

	

1

Clay and sand, light -brown., . 	 e	 2

	

3
Sand, light-brown . , . a	 e e •	 3

	

6

Alluvium, clay mixed with sand and gravel, light -
brown . . . u • . • e s . . s •	 5

	

1 1

Sand and gravel, gray .. .	 e	 4

	

15

Till, grey	 Sg

	

103
Sand and gravel, gray 	 2

	

105

Till, gray . G	 0	 21

	

126

Pierre shale, gray	 4

	

130

13$-59-3 2 dcc1
TJSGS test 31

Topsoil, black	 e • .

Clay, sand and gravel, gray 	
Till, yelic.w-.brown	 e • • • • . .

	

c	

Pierre shale, gray. . . . o	

1

	

1
2

	

3
4

	

7
3

	

10

-43_.



LOGS OF TEST HOLES I7 THE LITCHVILLE AREA, IT . DA;o .- .. Continued

13859-32dco2
USGS test 33

Material

	

Thickness Depth
(feet)

	

(feet )

Clay and rocks, gray 	 1

	

1
Alluvial slo?ewash, clay mixed with sand and

gravel, yellow-brown, @	 3

	

4
Alluvium, clay with said and. gravel	 6

	

10
Pierre shale, gray 	 10

	

20

138--59-32dcd
USGS test 20

Topsoil, black	 1

	

1
Alluvial sloneriash, clay mixed with sand and .

gravel, gray calcareous e	 1

	

2
Alluvial slopewash, clay mixed with sand and

gravel, tan . . e	 1

	

3
Sand and gravel, clayey, tan	 2

	

5
Till, tan	 3

	

8
Pierre shale, gray,	 3

	

11

135-59--32ddd
USGS test :52

Sand and clay s gray	 3

	

3
Sand, gray-brown . e a . e o	 » o . e	 • •

	

8

	

11
Pierre shale, gray 	 9

	

20

138-59--33cbd
USGS test 1 9

Topsoil, black	 1

	

1
Alluvial slopewash, clay mixed with sand and

gravel, gray, highly calcareous	 2

	

3
Alluvial slopewash, clay mixed with sand and

gravel, tea	 o	 e	 5

	

S
Till, gray . 0	 5

	

13
Sand and gravel, clayey, gray	 2

	

15
Pierre shale, gray	 5

	

20

-5 o -
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