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GROUND WATER IN THE LITCHVILLE AREA,
BARNES COUNTY, WORTE DAIIOTA
By
P. D. Akin

ABSTRACT

Excent for thin deposits of alluvium found in most of the inter-
mittent stream valleys, the surface deposits in the Litchville area
are the glacial drift of Pleistocene age, consisting of ground
noraine, end moraine, and outwash-channel deposits. In the moraine
areas, tha drift consists essentially of relatively impermeable till,
but locally bedles of water-sorted sand or gravel lie within or
adjacent to the till,

The glacial drift is underlain by Cretaceous shale to a depth
of approximalbely 1,000 feet. The stratigraphic units include the
Pierre ghale, the Niobrars formation, and the Benton shale, Below
the shale, a sequeunce of sandstones and shalcs; referred %o by
Simpson as the "Dakota BSandstone!, is encountered at depths of 1,000
to 1,300 feet in the Litchville area, Formations below the "Dakota
¢candstone" have not been drilled in the area but it is not unlikely
that sedlmentary rocks of early Mesczoic or Paleozoic age are
present aduve the pre~Cambrian ¢rystalline basement complex.

Excent for a few stock wells in Stoney Slough in the ncrth-
eastern part of the area, no wells are known to obtain water from
the outwash-channel deposits and alluvium., However, because of
their presence in the valleys of the intermittent streams, these

deposits are the best adapted of any aquifers found in the area to

s % w

e M i i b, 1 PR L e



recelve substantial amounts of recharge from precipitation and run-
off, It is estimated that about 20,000 to 35,000 gallons of waler
a day per mile could be developed in the south-trending stream
channel in the western part of the area. Substantial ground-water
develcpments also may be possible in Stoney Slough where a maxlmum
thiclmess of 40 feet of send and gravei was found.,

Most of the wells for stock and domestic water supplies in the
area oblain water from the glaciofluvial deposits associated with
the t111l, During the test drilling numerous thin deposiis of glacio-~
fluvial materials associated with the till were penetrated but im
only two “est holes (USGS tests 5 and 11) were such deposits found
in thicknesses of 10 feet or more. The aquifers dc not appear to be
sufficlently thick and extensive to provide an adequate water supnly
for the town of Litchvilie, However, the thicker aquifers may be
suitable for developments of 5,000 to 10,000 gallons a day.

Only two wells in the area are known to obtalin water from the
Pierce shale, although some of the othner deeper wells in the areas
may enter this formation, Only small yields can be obtained from the

lerre shale in this area and the water is highly mineralized, The
Wiobrara formation and the Benton shale are not aquifers in North
Dakotas

About a dozen wells obtain water from the "Dakota sandstone"
al depths of 1,000 to 1,300 feev in the Litchville area. Large
volumes of water are avallable from this aguifer and can be with-

drawn by pumping.
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The water from the glaclal drift and alluvium variles consider-
ably in chemical quaiitys In 15 water samples, dissolved solids
ranged from 334 to 6,290 parts per million. One sample of water
from the Pierre chale 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 per
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 study
of the geology and ground-water resources of Barnes County, N. Dak,,
that is belng made by the United States Geologlcal Survey in cooper-
ation with the North Dakota State Water Conservation Commission and
the State Geological Survey. It is one of a series of cooperative
investigations of different counties in the State, to determine the
occurrence, movement, dlscharge, and recharge of the ground water,
and the quantity and quality of such water aveilable for all purposes;
including municipal, domestic, irrigation, and industrial. The most
critical need, at present, is for adequate water supplies for many
towns and small cities throughout the State, TFor this reason, the
county-wide studies are being started in the vicinity of those towns
requesting the help of the State Water Conservation Commission and
the State Geologist in locating suitable ground-water supplies.
Progress reports, such as this, are being released before the com—
pletion of the general studies so that the data may be available for
use in solving immediate problems,

The investigation was under the general supervision of A. Ne
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 was
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 sammles given in this

report were made by the North Dakota State Department of Health.
t-ll'l'“



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



Previous Investigations

Probably the first investigation of {he general geology of the
Litchville area was made by Upham (1896, pp. 143-14L4) during his
study of glacial Leke Agassiz, He described and mapped some of the
moraines found in the area,

In 1.907-04, Willsrd (1909) investigated the general geclogy of
the Litc¢hville 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 dby Simpson
(1929, pp. 65-70)s TLittle specific information concerning the
Litchville area is given, however,

In 3.G37-38 an investigation of the water supply of the "Dakota
sandstone" in the Ellendale-Jamestown area, which includes the
Iitchville area of the present report, was made by Wenzel and Sand
(1942). Little or no information regarding the shallow ground-water

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 (fige.1l).
The area is approximately 6 by 12 miles in size and includes T, 137 N,
Rs. 59 and 60 W, The area is served by State highwavs 1 and 46, by
good graded county roads, and by a branch line of the Northsrn Pacific
Railways

The only communities in the area are Litchville (1950 population,
420) and Hastings (1950 population, 150). Dry-farming is the main

o B



occupation in the area, wheat being the major crop, The communities
serve as shopprlng and trading centers for the surrounding farm areas

The c¢limate of the area is one of extremes, as is typical in
this section of the Great Plains, During the summer the temperatures
may reach 1C0° F. and higher, and during the winter temperatures of
30° F, or more beloV zero are not uncommon, According to Weather
Bureau records the mean annual temperature at Valley City, about 26
miles northeast of Litchville, is 40.8° F, The average annual precipi-
tation is 19.61 inches, of which approximately 80 percent occurs as
rain during the monthe of April through September.

The area 1s part of the Drift Prairie section of the Central
Lewland physiographic province. It is moorly drained by intermittent
streams, the channels of which were developed as distributaries or
spillways for the meltwaters from the front of the last ice sheet
during ity withdrawal from the area, The largest of these stream
channels ig Stoney Glough, which cw¥nsses the northeasstern part of the
area and emoties into the Sheyenne River. Another prominent (unnamed)
stream channel crosses the western part of the area from north to
south. This latter channel extends south-southeastward to join Bear
Creeck, which drains into the James River. Several less prominent
channels head in the central and southern part of the area, They
trend southeastward and eastward and drain into the basin of glacial
Sand Prairie Lake. The basin of Sand Prairie Lake ig drained partly
by the Sheyenne River, tributary to the Hudson Bay dreinage, and
partly by Bear Creek which is tributary to the Missouri Hiver

dralnage,



The topography of the area consists largely of low hills and
intervening shallow depressions typical of ground moraine, Howsver,
in the western part and along the eastern edge, end moraines having

nore rugzed topography trend morth and northeast across the area,

Present Water Supply and Future Needs

The Litchville area is almost entirely dependent unon ground
water for all its water supmlies, The only other source of water is
precipitation that may be caught and stored in cisterns. The most
widespread use of water is for relatively small domestic and stock
water supplies on farms. HMost of these supplies are obtained from
wells less than 100 feet in depth, which tap acuifers in the glacial
drift. Only two wells in the area are reported to ohtain water from
the Pierre shale, which immediately underlies the glacial drift, and
only about a dozen wells obtain water from the "Dakota sandstone’ at
depths ranging from 1,000 to 1,%00 feet,

Heither Litchville nor Hastings had modern municipal water-supply
and sevage facllities, At the time the field work for the present
investigation was done, Litchville had one deep artesian well which
overflowed into an underground reservolr where the water was
available for fire-protection needs. Domestic suprnlies were obtained
from individual private wells in the glacial drift, A considerable
amount of water for domestic use was hauled by tank truck from springs
or shallow wells in the deposits of the former glacial Sand Prairie
Loke, east of the Litchville area, and was sold to residents, Also,
some water for domestic use was obtalned by calching rain and storing

it in cisterns.



In addition to mrivate wells and cisterns, Fastings had one
shallow communitr well eaquinmed with a hand mwip, from which resi-
dents cculd heul or earrv water to their homes for dorestic use.

The onl - reouiremnent for a water sunily of relotively large
nognitude in the a2reg at the nresent time is for the municinal and
indnstrial needs of Litehwille, It is estimated that 40,000 to
hy 000 gallous a dar rould be roouired to fill this need. If
Tastings shonld construct modern sater—supnly and sewrce facilities

en additional 10,000 to 20,000 pallons a day might be required.
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GEOLOGY AND OCCURRENCE OF GROUND WATER
Introduction

Except for thin deposits of alluvium in most of the strean
valleys, the surface rock in the Litchville area is glacial drift of
Pleistocene age. The glacial geology of the area shown in figure 2
has been adapted from Willard (1909), his work being modified as
appeared desirable from comnarison with aerial photographss No
geologic mapping in the field was undertaken during the present
investigation,

The major part of the area is characterized by the gently rolling
ground moraine deposited during the latest or Wisconsin gstage of
glaclation, Several end moralnes are present, whose topography is
somewhal more rigged. The largest of the end moraines is the
iiWaconia' moraine in the eastern part of the aress This moraine was
mapped and described by both Willard (1909, p, 3) and Upham (1896,

s 143)s The "Keister" 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 . and the small isolated
morainal patch just south of this moraine have been included princi-
pally on the bagls of the topography indicated by the aerial photo-
graphs. These moraines are unnamed and it is not certain to what
general morainic system they belong,

A group of kames, the only ice-contact features in the area that
have been mapped or described, are shown by Willard to be in secs. &
and 17, To 137 I,, R. 60 W, These features could not be identified
in the serial photographs and so are omitted from figure 2. The

features are not mentioned in Willard's description of the area.
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Willard also indicated that the deposits of glacial Sand Prairie
Leke extend into the very southeast corner of the Litchville areao
These depnsits, however, cannot be distinguished in the areial photo-
graphs, and they are omitted from figure 2.

The intermittent streams in the area were developed as spillways
or distributaries for the water released from the receding ice sheet.
The wvalleys of thesge streams may contaln glacial-outwash deposits and
a relatively thin cover of Recent alluvium, Their locations and
widtho as shown in figure 2 were determined from asrial photographs
and are congiderably different in some places than as showvn on
Willardis map,

The glacial drift in the ground and end moraines consists
essentially of t1ll, but included or otherwise associated with &% are
deposits of sorted sand, gravel, and other materials of glaciofluvial
origin. The %111 itself is a heterogeneous mixture of clay, silt,
gand, gravel, and boulders, a relatively impermeable material, which
does not yleld water in sufficient quantities for most purposes.

The glaciofluvial materials, however, yleld significant amounts of
water when encountered in sufficient thickness below the water table
and, where they are relatively extensive and very permeadble, may
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 groups: the deposits
in the stream valleys, which here are called outwash—channel deposits

and alluvium, and the ti1ll and associated glaclofluvial deposits,
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The glacial-drift deposits are underlain by shales of Cretaceous
age to a depth of aporoximately 1,000 feet. In descending stratigra-
phic order these include the Plerre shale, the Hiobrara formation,
and the Benton shales The "Dakota sandstone’ underlies the shales
of Cretacsous age and has been penetrated by wells at depths of 1,000
to 1,%00 feet in the Litchville area.

Formations helow the "Dakota sandstone" have not been drilled in
the Litchvllle area but it is not unlikely that rocks of earlier
Mesozolc or Paleozoic age would be found above the pre-Cambrian

crystalline basement complexa

Hydreclogic Concepts

Esgentially all ground water of economic importance is derived
from precipitation. The water may either enter the ground by direct
penetration of rain or melted snow or percolate to the ground-water
body from streams, lakes, or ponds,

Practically all ground water of economic importance ls in process
of movement through the ground from a place of intake or recharge to
a place of disposal or discharge, The rate of movement may vary con-
siderably from one area to another but velocities of a few tens to
s few hundreds of feet a year probably are mogst common under natural
conditions.

Digcharge of the ground water may occur by direct evaporation
from the soil surface or from lakes and ponds, by transplration of
plants in areas where the ground.water level is at or near the surface,
and by seepage to streams., In some places where the physical situ-
ation is suitable, water may discharge from one ground~water reservoir
to another by slow percolation through the separating formations,

G 5, -



Any rock formation or stratum that will yield water to wells in
sufficlient; quantity to be of importance as a source of supnly is
oelled an "aquifer" (Meinzer, 1923, p, 52). The vater moving in an
aquifer from recharge areas to discharge areas may be thought of as
being in "transient storage" in the ground., The amount of water that
can be thus stored in an aquifer is dependent upon the "porosity" of
the materlal composing the agquifer and upon the volumetric dimensions
of the aguifer as a whols,

The capacity of a rock to yleld water by gravity drainage may be
mich less than would be indicated by its norosity because part of the
water may be held in the pore spaces by molecular forces between the
water and the rock magterials, The volume of water, expressed as a ver-
centage of a cubiec foot, that will drain by gravity from one cubic
foot of the saturated rock materisl is called its Ygpecific yleld,"

If the wvater In an aquifer is not confined by immervious strata
above, the water is said to occur under water-table conditions; In
this case, water may be obtained from storage in the aguifer by
causing a lowering of the water level, as in the vicinity of a
pumping well, which results in gravity drainagee.

If the water is confined in the aquifer by an overlying imperme-
able gtratum, however, so that the water in a well or other conduit
penetrating the aquifer rises above the top of the aquifer under
hydrostatic pressure, the water is said to occur under artesian
conditions, In this case, water is yielded as the water level in
the well is lowered, but the aquifer remains saturated and the water
is ylelded because of its own expansion and the compression of the

gquifer due to lowered préssure, ‘rather. than by gravity drainage,
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The water-ylelding capacity is called the "coefficient of storage"
and 1s generally very much smaller than the swecific yleld of the
same material when drained by gravity. The coefficient of storage
ig defined as the volume of water that will bte released from storage
In each vertical column of the aquifer having & base 1 foot square
vhen the arteslan pressure falls 1 foot.

If the pore spaces are large and interconnected; as they commonly
are ln sznd and gravel, the water is transmitted more or less freely,
and the rock is said to be nermeable, dbut i1f the pore snaces are very
small or not connected as they are in clay, the water is transmitted
very slovly or not at all, and the rock is said to be impermeablea

The unconsolidated alluvium such as sand and gravel is generally
more perriegble than consolidated rocks such as scndstone and lime-
stone and,; therefore, ls more important gemerally as a ground-water
reservolr, In some areas, hovever, 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 of
the aquifer of 1 square foot under a hydraulic gradient of 100 per-
cent at a temperature of 60° ¥, It also may be defined for field
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 ver mile under prevalling conditions,

The "coefficient of transmissibilityi is convenlent to use in
ground-vater studies because it indicates characteristics of the
aquifer as a whole rather than of small sections. It ls the average
vermeability of the aquifer multiplied by the saturated thicknesss

w 13 =



Outwvash —~Channel Deposits and Alluvium

Outwash-channel deposits of Pleistocene age generally covered by
relatively thin Recent alluvial deposits occur in the valleys of the
intermittent streams in the Litchville area, These deposits consist
of sorted materials that range in size from clay to sand and gravel,
which may be present in almost any proportion. Depssits of relatively
clean sand and gravel probably occur as somewhat discontinuous lenses
along the streams and mey be more or less geparated by less permeable
materials such as silty or clayey sand or clayey siltes The thicker
deposits of sand snd gravel may be important as sources of ground
water,

Cnly in Stoney Slough and in the south-trending stream channel
in the extreme western part of tho area do the deposits occur in
sufficient thickness to be of potential importance as sources of
ground water, Ia all the other stream channels in the area the
deposits are only a few feet thicky Only a few stock wells, located
in Stoney Slough in the northeastern part of the area, are known to
obtaln water from these depositas,

The largest water-supply development from these deposits has
been made by the Horthern Pacific Railwvay Co. in sec; 1, Te 136 N,,
Ro 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 vhich crosses

the extreme western part of the area, The reservoir was constructed
simply by dredging out the materisls in the stream valley to some

distance below the water table, The pit is 420 feet long and &0
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feet wides 1/ In the past, only about 100,000 gallons of water
per month on the average has been used from the plt and in recent
years the amount probably has been considerably less because of
the Increaced 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. Significant
anounts of recharge may reach the aquifers by direct penetration
during heavy rains in the spring or fall vhen evaporation rates are
lows, ILight summer rains probadly coniribute 1little 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 tn some extent, Some water also 1ls contributed to these
aquifers from the till and associated glaciofiuvial deposits by
lateral sibsurface drainage of the upland areass However, the most
slgnificant amount of recharge to these aquifers occurs during the
spring ruacff period when substantial surface flows may result from
the melting of the accumulated winter snows,

The water sbsorbed by these aquifers may be thought »f as being
in "transient” storages Wetural disposal processes are constantly
removing water from the aquifers, and they would eventually dry up
entirely if not replenished from time Yo time; ilatural discharge
results firom downstream underflow of the water inm the aquifers to

lower paris of the valleys and eventually %o the mermanent streams,

1/ Sehudlich, He M., 1948, Engineer of water service, llorthern
Pacific Rallway Co., Personal communication, Septs 15, 1948,



Much water is discharged by evaporation from marshy areas or from
open water sreas that may exist when the water level is high, as in
the spring. Much water is discharged, also, by transpiration of
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 for
municipal or industrial purposes depends upon: (1) the amount of
water aveilable from gtorage, and {2) a sufficlently high transmissi-
bility tc sustzin adequate development.

A section gcross the south-trending stresm channel in the western
part of the area about 5 miles west of Litchville is shown as D-D!
in figure 3, In this section USGS test 6 penetrated 24 feet of out-
wash-~channel deposits and alluvium, 19 feet of which was sand and
gravel, containing little clay. At the time this test hole was
drilled, in October 1948, the water level was approximately U4 feet
below the land surfacee ¥From the gbove data it is estimated that
at this section spproximately 5,500 square feet of the outwash-
channel deposits was saturated when USGS test 6 was drilled,
Assuning this to be an average section having an average effective
porosity of 20 percent, 143,500,000 gallons of water would be stored
in each mlle of the stream, Not all this water could be recovered
through wells andy, of course, a considerable amount would be removed
through natural discharge processes., Pumping from wells in the
channel would lower the water teble and reduce or reverse natural
hydraulic gradients south of the wells. These results would tend to
lessen the amount 6f water being removed through natural dischargs

processes and the water so salvaged would become available for

- 16 -
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pumping from the wellsg,

Congidering the need of Litchville for a municipal water supply
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 streem vhen the aquifer is almost totally saturated, It seems
unlikely that more water could be salvaged through wells, especlally
in dry years vhen little or no recharge would occurs, Also, although
the transmissibility is not kmovm, the natural underflow probably
1s not more than 5 to 10 percent of the required 50,000 gallons a
day, so that little water would be contributed by natural underflow
from upstreasms, This would mean that most of the water used would be
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
construcl; developments requiring more water than could be supplied
from storage over at least 2 years, and preferably 3 years, without
gubstantial replenishment, If 60 percent of the water ln storage
vhen the aquifer is full would be available for withdrawal, then
approximately 123 million gellone a year per mile could be obtained
over a 2-year period without replenishment, and about 8-1/3 million
gallons a year per mlle over a 3-year veriods These would be squiva—
lent to approximately 34,000 and 23,000 gallons a day, respectively,
per mile of streams

It seems likely, therefore, that a sufficient water supply for
the town of Litchville could be developed from the outwash-channel

deposits in this stream but that such a development would need %o be
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spread over a length of stream of 1% to 2 miles, with perhaps three
or four wells involved to insure proper capacity and permanence.
"mderground infiltration systems or collector tyve wells might be
prefarable to drilled or dug wells in this area,.

In the foregoing discussion, 1t has been assumed that, on the
average, there would be sufficient recharge to the outwash-~channel
deposits to replenish the water that would be pumved from them and to
supply the water removed through natural discharge nrocesses, Although
there are no stream-flow or weter-level measurements from this area
upon which to base an accurate estimate of water normally available
for rechearging the aouifer, the following discussion will give some
idea a8 to the magnitude of the quantities involved.

The width of the valley floor which is occupied by the alluvium
and outwash-channel denosits varies considerably »long the valley.

At section I-D!, these devosits occupy a width of about 450 feet in
the channel floor and this would be the width of channel in which
water for recharging the aquifer would be most readily absorbed. In
fact, only the precipitation occurring on this part of the valley
would nroduce recharge to the aquifer by direct downward percolation,
This fact would be important in determining the recharge that would
occur from lignht reins wvhich would not cause runoff from the upland
areas,

However, the greatest amount of recharge to the aquifer probably
occurs by infiltration of water during the spring break-up, generally
durins the last part of liarch or the first part of April when the
accumulated winter snows melt. During this time, water from the
vallay sides will run off to the flat channel) bottoms almost as soon

as the snovw is melted. The junction between the valley sides and the
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true upland aress, marking the division between the relatively well-
drained and poorly-drained land, is indistinet on the ground and the
division 1line can be determined only approximately from aserial photo-
graphss. In this sense, the width of the valley varies considerably
but probvably ranges from somevhat less than half a mile to a little
more than a mile in the length of stream near section D-D!'. If it
is assuvmed that the width of the well-drained area will average half
a mile, then the area from wvhich 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 channels If 18,250,000
gallons = 2,444,000 cubic feet of water were taken annually from a

1} mile lemgth of channel, this would require a depth of water of

Eghhh,OCQ_feet = 0,175 feet = 2,10 inches to be contributed from the
13,939,2C0

well-drzined areas, Thils amount of water is equivalent to

2ﬂ12 x 100 = 10.7 vercent of the average amnnual precipitation. 1/

L]

The water in the accumulated gnows that would generally be
released during the spring runoff would amount roughly to the pre-
cipitation from Hovember through March, both inclusive; less any
moisture that would be lost through sublimation during those monthse
The average Hovember-March precipitation at Valley City is 3,18
inches or a little more than 50 percent more than the 2,10 inches
egtimated above ag being required for recharge.

Additionally, there would be an undetermined amount of recharge
to the outwash-channel deposits from lateral flow of ground water from

adjacen!; upland areass Also, the valley extends approximately & miles

1/ Precipitation taken to be equivalent to that at Valley City.
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north of section D-D' and a considerable vortion of the runoff
water in this unper streteh of the valley probably normally would
be available for rechersing the aquifer in the vicinity of section
D-D' if no other large ground-water develomments were undertaken
in the up~stream stretch of the valley,

Althougzh, because of the unknown factors involved, it is im-
possible to make a conclusive estimate of the actual amount of
water that would be aveilable for recharging the outvash-channel
deposits in the vieinity of any develomment, it apwvears likely
that there would be sufficient recharye, on the average, to satisfy
the cemand of 50,000 mellons a day for Litchville.

Sections A-A!' and B-8! in figure 3 are sections across Stoney
Slough in the northeastern port of the area aprroximately 5 miles
northerst of Litchville, Along section A<A', only a relatively
thin section of the outwash~channel deposits and alluvium was
found- The deposite found in this section are too thin and imper-
meable to be considered nractical sources of municinal or industrial
supplies,

Aleng section B-3', however, L0 feet of sand and gravel vere
penetrat=c in USGT test hole 16, Because these denmosits were not
penetrated in section A-A', it is not kiown whether they are vart
of the cutwash-channel denosits as considered here or wvhether they
more wronerly belons to tha ¢laciofluvial deposits associated with
the till. It is quite possible that these deposits occupy a
preglacial valley in the Pierre shale and, if so, they nay be
exnected to h~ve considerahle linear extent. Little can be said,

on the basis of wresent informetion, in rerard to the amount of
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vater stored in them or their vprobable nermanence r~s a source of
vater supply. However, it is awparent that if they have any con-
siderable lineor extent an¢ continuity, these denosits would furnish
much more water and would be a much more cesirable source for large
vater—supnly develomments than any other shallow aquifer that hag
been found in the ~rea.

It should be emvhasized that if & substantiasl water-supply
development from the acuifer vpenstrated in USGS tests 16 and 17 is
considered, additional test drilling should be cdone to determine
whether the acuifer has considerashle linear extent and continuity or
vhether it may be a rather limited dewosit occurring in 2 pocket
between thie Pierre shsle and the till and associated 2laciofluvial
denosits,

The Us S: Fish nnd Yildlife service has constructed a dam
across Stonev Slouch at the site of section A~A' to intercept the
gspring mmnoff in Stoney Slough. The runoff is shunted through a
canel northeastward to natural lakes in order to maintain them as
refuges for ducks and reese, Some of the water thus intercepted,
of course, is water that would be available for recharging the
aquifer penetr~ted in test holes 16 and 17 if withdrawal works were
built and the water level lowered. Therefore, the only runoff
water available to recharge the aculfer at the present time is that
wvhich accuﬁulates belorr the dam or vhich may be relessed from the
cem 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 B-B', figure 3, outwosh-chrnnel deposits and alluvium



are indicated as occurring in TUSMS test holes 1! and 15, As shown
in figure 2, these test lholes ~re somewhat outside the szrea of the
stream denosits, It is possible, therefore, that the materials

found in test holes 1Y and 15 are outwash deposits derived from the
end moraine to the north rather than channel deposits as indicated.
The distinetion is rather difficult to make on the brsis of present

information,

Till and Associated Glaciofluvial Deposits

Except in the stream valleys, the till and associated glacio-
fluvial deposits constitute the surface formation in the Litchville
area.

The till itself is a heterogeneous mixture of materiols ranging
in size from clay to boulders and lacking stratific-~tion in any
degree. In this area, the till is not an aquifer because of its
high clay and silt content, However, glaciofluvial deposits con-
sisting of sorted materisls are included in or are othervise
associated with the till. These denosits vary considerabdbly in
thickness, extent, and degree of sorting and thus form aquifers of
varving degrees of usefnlness, Such aquifers sre good sources of
stock and Fomestic water supplies throughout the giaciated area in
Worth Dalota and some of them yield several thoussnd gallons of
water a minute to wells for industrial and municirsl uses, The
vater found in these denosits is of great importsnce %o the economy
of the State. Most of the wells for stock and domestic water
supplies in the Litchville area tap these deposits,

In the 29 USGS test holes in the Litchville area that were
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drilled to the underlying Plerre shale, the thickness of the till and

assocliated glaciofluviai deposits ranged from almbst notﬁing in test

holes in Stoney Slough (see secs. A-A' and B.B!', fig, %) in the
northerstern part of the area to 14l feet in USGS test U about 13

miles west of Litchville, Most of the wells in the ares that

obtain water from the glaciofluvial devosits in the till are 100 feet

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 knovm that one of these wells obtains water
from the underlying Pierre shale and it is cuite 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 nenetrated in the till and

associated glaciofluvial de-osits (see logs and sections in fig. 3)e

However, only three occurrences of these devosits were found in
thicknesses of 10 feet or more: one in USGS test 11, about 1 mile
east of Litchville, and two in USGS test 5, nearly 4 miles west of
Litchville. In USGS test 11, 13 feet of relatively clean sand and
gravel vas menetrated between 27 and U0 feet, In USGS test 5,

11 feet of sravel was menetrated between U0 and 51 feet, and 6 feet
of clayey zravel above, In this same hole 10 feet of clayey gravel
was found between 93 and 103 feet,

The acuifers in the till in the Litchville area probably are
digcontinmuous and of small areal extent., 'Where the denosits occur
in sufficient numbers and comnlexity they may be interconnected to
gsuch o de ‘ree as to make the entire formation a weak aguifer; this

may be especially true where a rather thick, long, or widespread
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deposit of sand and gravel occurs in such a wvay that many of the
smaller glaciofluviel bodies are intercepted on its edges.

Recharge to the aquifers in the till is prineinally through
downirard 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 amifers individually is
dependent unon surface conditions unfavorable for runoff (so that
water will have amnle opvortunity to percolate dovmward), upon the
peremability of the overlying or surrounding till, and uvon other
factors. It is impossible to determine just how much recharge can
reach a given acuifer without records of water-level fluctuations
over a considerable length of time and under conditions suech that
possible rechar;e would not be rejected because of hirh water
levels, However, the opportunity for receiving recharze vill be
greater for the larger acuifers and for those nearer the land
surface,

Tone of the aquifers encountered in the till during the test
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 yield

supvlies on the order of 5,000 to 10,000 gallons a day, Or more.

Bedrock Formations

Cretaceous Shales

In the Litchville area, the till and associated glaciofluvial
deposits are underlain by the Pierre shale of Upner 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 greatest
depth at which shale was encountered in the test drilling was 141
feet in USGS test Y4, about 1} miles west of Litchville,

In the east-central part of the State, the Pierre shale
vields small supnlies of water to farm wells but none of the wells
is knovm to nroduce more than 10 to 15 gallons a minute., Water of
fairly good quality is found in the unper parts of the shale, but
water found at depth is generally too highly mineralized for domestic
use,

In the Litchville area only two wells (137-59-20aac and 31bbd)
are reported to obtain water from the shale. There are a fevw other
wells in ths ares more than 100 feet deen and it is possidle that
some or all of them may obtain water from the shale. Water from
well 137-59-20agc is highly mineralized »nd is used only for stock,
It is reported that the well may easily be pumped dry with a pump
jack snd motor that will discharge at a2 rate of not more than
10 to 15 ¢ellons a minute., The other wells that may end in the
shale are generally reported to be unsatisfactory as regards both
quantity and quality of the water.

The Pierre shale is underlain b the Miobrera formation,
which in turn is underlain by the Benton shale, all of Cretaceous
age. In the Litchville area the Cretaceous shales extend dovnward
to denths of about 1,000 feet,

The fMiobrara and Benton formations for all prsctical purnoses
are not water bearing and no wells in "orth Dakota are kmowm to

obtain water from them.
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"Dakota Sandstone

The *Dakota sondstone" is a widespread formation and, as far
as is known, underlies the entire State of Worth Dakota eveept for
portions of the extreme eastern mart, where it has been removed by
erosion nrior to glnciation, In the Litchville area, about a
dozen wells ranging in denth from 1,000 to 1,300 feet obtain water
from the "Dakota s-ndstone'.

The following discussion of the "Dskota sandstone' and its
contained veters is talen from Wenzel and Sand (19M2, pp. 1b-17).
The discussion annlies to the Ellendsle~Jamestown area, ' Dok,
which includes the Titchville area of the present revort.

The Dakota sandstone is found almost everyvhere
in the area below Benton shale or, vhere that is absent,
below the rounger formations, Its texture »nd composi-
tion are knoun only from drilling becsuse the sandstone
does not crop out. The formation consists of a gray
ferruginous sandstone, poorly cemented and interbedded
with lavers of elay and shale. In nlaces it includes
beds of fine loose sand***

Two or more sandstone beds, separated by shale
layers, nre recognized by most drillers; and all these
strata are generally assigned to the Dskota, although
it is commonly recognized that the lower sediments
mey belong to other formations. The agoregate thick-
ness of the sandstone and shale beds ranges from less
than a hundred feet to a fev hundred feet., As the
artesisn head and the chemical character of the water
from the various beds usually differ considerably,
the beds =re commonly classified as distinect artesian
horizons. Correlating the horizons from pnlace to
place, however, is difficult, and the »precise horizon
that a well tans is not generally knovn with certainty,
According to Hard, as many »s seven successive flows
have been obtained in drilling one well, the vater—
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 differentiating
between the seversl flow horizons. The water from the
unoer nart of the sandstone is generally soft but

tis o -



somevhat salty and is often assigned to the 'first
flow,' The waters from the sandstone at greater
denths are usually much harder but lower in chloride
and are commonly regarded as *tecond flow'! waters.
Hovwev-r, a water of very high mineral content but
apparently of no consistent chemical character is
enccuntered in some places in the deenest smndstone
beds; it is designated by some drillers as 'third
flow! waterkks

Most of the water from the DTakota artesian basin
in southeasstern lMorth Dakota is highly mineraiized
and at many vlaces is unsuited for general use, espec—
ially for housebold purposes. Nevertheless, the water
is used extoansively over the area, chiefly because
adequate suprlies of more potable water are not avail-
able. Water from the surface deposits and Pierre
shale is generally utilized vherever possible.

The water from the Dakota artesisn basin is used
for cooking and washing, although it commonly turns
some vegntables dark snd stains clothes, The weter
of the first flow is soft, in contrast with the waters
of the s=cond and third flows, which are hard and is
therefore the water most desirable for washing pur-
poses, The water is regarded as excellent for stock
and is used extensively for this vurnose., Because
the temnsrature of the Dakota water is higher than the
temperatare of the drift and shale water, cows will
drink more Drkota water during the cold winter months,
and as a result the production of milk and cream is
said to be increased.

Very little of the water is used for irrigation
because of its high mineral content. A small vegetable
garden was irrigated during the recent years of drought
from a well on the farm of A. L. Stevens in the SE}
sec, Ty To 131 1., R. 63 W. Mr. Stevens reported that
the minerals left by evanoration of the water coused
the soil to become hard and lumny and that the nlants
grew very noorly. However, a hedge on the farm was
vatered sparingly with the artesisn water with fair
success, In many nlaces in the area almost all the
vegetation has been killed along pools and ditches
into which waste artesian water has been drained.

Some of the uses to which the water from the
Dakota basin was originally nut are not now senerally
possible, When the artesisn pressure was high the
water furnished fire protection for individual farm
homes without pumping and furnished power to operate
dvnamos and other mechanical devices. The water
was orlginally piped about the farms to convenient
taps and into farm houses where it served as a general
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supply. For public supplies the wells were connected

directly to the mains and the artesian pressure vwas

sufficient to overate the system without pumping.

At one time the ovperating of smell electric light

plants, feed mills, blowers in blacksmith shons, and

washing machines by artesian water pover was common,

Pecause the "Dakote sandstone" is deeply buried and covered
with thick shale formations in the Litchville area, it cannot
recelve recharge locally from precinitation or other sources,

The water so far teken from the formation in this area has been
derived from local storage through compression of the aquifers

and expansion of the water caused by the lowering of the artesian
pressure, Wenzel and Send (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 nressure 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 aguifer and can
be withdrawn by pumping,

It has been estimated (Wenzel and Sand, pp. 40-U5) that the
transmissibility of the "Dakota sandstone' is on the order of
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
pumning tests but were obtained by calculations involving estimates
based on relatively uncertain information, The figures cannot be
apnlied with certainty to any particular ares. In the absence of
better data, the above figures have been used in calculating the

drawdorm to be expected at a distance of 1,0C0 feet from a well

in an areally extensive formation producing water at various rates



and without interference effects crused by other wells in the
formation. The results of the calculations are shown graphically

in figure U,
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QUALITY OF GROUND WATER
In order that the reader may more easily understand the sig-
nifieance of ths chemical analyses, the following partial list of
chemical standards promulgsated by the U. S, Public Health Service,

for water nsed for domestic »urnoses is givent

Chemical Maximum concentration

Constituent permitted (parte pes million)

Dissolved solids 500 (1,000 permitted if
necessary)

Chloride (C1) 250

Sulfate (3S04) 250

Magnesium (Mg) 125

Fluoride (F) 1.5

Iron and Manganese 053

Presence of nitrate in ground water may indicate organic
contamination. Also, watar containing more than about U5 parts
per million nitrate (Comlw, 1945, Silverman, 1949) may be injurious
to infants. The nresence of fluoride in drinking water in excess
of 1.5 narts per million may cause mottling of the enamel of the
teeth in growing ehildren, but fluoride in lesser concentrations
may be baneficial in reventings tooth decay.

Wearly all the waters in this ares ar~e more highly mineralized
an@ harder than is »n-rally desired for most domestic uses.,
However, in arars where woter of the better clnssific~tion cannot
be obtained with reasonadls sconomy, the accentability of the more
min~ralized water will devend lar~ely unon the tolerance of the
local users, The users may become accustomed to the poorer waters

and find them quite accentable for general purposes,
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In the table on pases 32a and 32b, 19 chemical enalyses of
ground water from the Litchville ares are presented, Of these
enalyses, 3 are of water from the outwash-channel deposits and
alluviun, 12 are of water from glaciofluvial acquifers associated
vith the till, 1 is of water fron the Pierre shale, 1 (137-60-Lbabd)
ig of water that nay be from either a glsciofluvial aquifer or
the Pierre shale, and 2 are of water from the "Dakota sandstone'
obtained from the Litchville well,

The water from the drift, including the outwash-channel
devosits, varies considerably in mineral content. The leasgt nmin-
eralized sanple of water was that from the Northern Pacific »nit in
sec, 1, T, 1351,, R, 61 ., vhich had only 334 parts per million
digssolved solids. The next least mineralized sample of water was
from well 137-60-19ddd which had 578 parts ner million dissolved
solids. With the exception of these two, all wells in the area
yielded water containing more than 1,000 parts per million of
dissolved solids. The most mineralized water sammled from the
glaciofluvial aguifers was from the Hastings well (137-59-14ded),
vhich had 6,230 parts per million dissolved solidse

The only samnle of water that is known to be obtained from the
Pierre shale was from well 137-59--20aac, and it contained 7,020
parts per nillion disgolved solids. The water contains excessive
amounts of celeium, sodium, and sulfate,

The sample talen in 1949 from the "Dakots sandstone! obtained
from the Litehville vwell contained 2,580 parts per million dissolved
golids. The water contains excessive amounts of sodium and sulfate

and is very hard.
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CHEMICAL AVALYSES OF GROUND WATERS

(parts per

Source of analysis: a, Torth Dslota State Denartment of Health, Bismarck,
Torth I'skota
b, enzel, L. @,, and Sand, H. H,, Water suvpnly of the Dakota sandstone

in the Fllendnle~Jamestown area, 1l Dak.: U. S. Geol, Survey VWater-
Sunply Paper 889-4, 1. 20, 1942,
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SF & 54 84 8% § & 38
136-61~1da Northern Pac. RsRe a 2~ £-49 Pit O o7 50
137~59-9aad Wm. Carlson a 1-13-49 20 0 9 135
137-59-10bch Wm. Carlson a 1-13-49 11 0 W4 154
137-59-10bec Vm. Carlson a 1- 849 31 & .7 147
137~5%9-14bat Spring Creek Twp, a 1-10-u49 B G 2 711
137-59-1lcab Robert Olafson a 2-26-49 45 & 2,6 12
137-59-1l4dedl  Hastings a 2-8M49 39 & 3.0 6U
137--59-19dec R. Klevers a 1-13-49 80 & 3.5 340
137-59-20aac Russell Fewell a 2-26-49 200 P 2. 6ok
137-59-29bbb USGS Test 11 a 1-13-49 1/97 @ 5.6 12
137-59-30aax UsGs Test 10 a 1-10-49 2/112 & 3.1 27
137-59-30bch Iutheran Church a 2-26-49 3 & 1,1 54
137-60-lDbad Jo S. Dykstra a 1-13-49 160 G 1.k 540
137-60~194dd G. Cudmestad a 1-10-49 k2 @ .8 92
13760254, Litchville a ©2- 8M49 1,300 D 1.5 190
137-60~252 o [ YR b 1937 1,300 D 3.0 184
137-60-25a~d T, Strinden a 1-13-l9 87 & 1,0 104
137-60-25aca H. Tempas a 1-10-L49 90 G o3 828
137-60-30banl  USGS Test 22 a 1-10-49 44 ¢ .6 196

1/ Aquifer from 27 to 4O feet.
2/ Aquifer from K9 to 66 feet.



FROM THE LITCH7ILL® AREA, N, DAN.

nillion)
Aguifer; D, "Dakota Sandstone”
G, t11ll and associated glaciofluvial deposits
0, outwash-~channel denosits and alluvium
P, Pierre shale
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346 531 0 g8 2,920 290 0 30 5,650 2,780
12 100 0 217 155 78 o2 2 578 280
L4 563 0 152 1,330 270 .8 9 2,5%0 669
T4 541 0 207 1,320 280 1.k 22 2,640 779
37 379 0 LY Usp w2 0 2 1,68 410
260 184 0 Ll 748 1,780 0 L 4, 650 329
51 104 0 398 475 7 0 0 1,120 700
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WELL-NUMBERING SYSTEM

The well-numbering system used in this remort is bhased unon
the locetion of the well with respect to the land-survey divisions
used in Worth Deakota, The first groun of three numbers is that of
the township north of the base line. The second groun of two
numbers 1s that of the range west of the fifth princival meridian.
The third sroup of one or two numbers is that of the section with-
in the dssignated townshin. The letters a, b, ¢, and d designate,
respectively, the northeast, northwest, southwest, and southeast
quarter sections, guarter-quarter sections and quarter-quarter-
quarter sections demwendings on their position in the well number,
Lf more bthan one well occurs within a 10-~acre tract (quartenu
cuarter-muarter section) consecutive numbers are glven to them
as they are scheduled. This number follows the letters, Thus,
well 137-50-8ddel is in Tovmship 137 Worth, Range 59 West, section &.
It is in the southwest quarter of the southwest quarter of the
southeast cuarter of that section and was the first 'ell scheduled
in that 10-acre tract. Similarly, well 137-60-25bdc (see USGS test
%0, fige 2) is in the SWASE}IW& sec. 25, T. 137 s, Re 60 W,
Tumbers for wells not accurately locnted within the section in the
field mav contain only one or two letters after the section
mimber, indicating that the loe~tion of such wells is accurate only
to the querter section or the guarter-quarisr section, respectively.

The following diagram, showing the method of numberins the
tracts within the section, may be helpful tb the reader in deter-

mining locntions of wells not shown in the illustrations.

g
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Trne of well* B, bored; Dn, driven; Dr, drilled; Du, dug.

-RECORDS . OF WELLS A¥D TEST HOLES

Depth to water; Measurements given to hundredths or tenths

are measured water levels.
are revported,

Those given in whole numbers

Location Cwner or Depth of Diameter Date
number name well (feet) (inches) Type comnleted
137"'59"‘10.bd Ae G: Velure l"‘g ecze Du rasesmeng
137‘-'59'-18.6\3 RO.V Sorenson 2)'[' RS E) Du vecrocaeos
137"‘59'—213(33 H: Jz Verdﬂin 30 (RN E R B AR ERNE N
137-']'39"-141391“ Clarence Ulson 30'—'35 scoa Tu U N N
137-59-tdea  USGS test 15 20 5 Dr 9~ k-Ls
137-59-hdad UsSeS test 14 25 5 Dr 9- 3-U4g
137-59-5bab USRS test 3Y4 10 5 Dr 9-2l.4g
137‘*59”8bbb G‘len Pete!‘son 85 'EEEE B cECsaB B D
137-59-.8dcel Wilford Jefferson 4o e DL pamssewiee
13?—59-—-8&002 .3n--t15d00..-..au 80 Baasa -El LA I BB L
137-59-9aaa USAS test 13 15 5} Dr 9- 3-L8
177-59-9ard Williem Corlson 20 30 Tu 1925
137-59-9¢ 1/ L. Finton 1,000 1% B oo
137-59--10aad Carl J. Johnson 25 R Lu 1919
137-59-10bbel  TISS test 17 30 5 Dr 9~ 8-hg
127-59-10bbe2  'SCS test 16 53 5 Dr 9- 6-48
137-59~-10bch William Carlson 11 1ecas Tu 1915
137"'59‘—'10ch IR T do» L 31 2]'5' B 7"‘ ?""!'I'g
l}?"'sg"lobcd .é‘.‘.J‘NdOT-QQ(‘.C 30 ®3e e m LI O O O
137-59-10dabl  Anna Stoneberg oeres cared DPF  seeecerns
137—»5%-—-10&&1}? seesv d0:noenc 1]"' suvue Du A
137-59-11a 1/ H. Stonsberg 1,050 13 DE  Giesiueis
137-59-12aad Andrew Aggen 55 ek B Ve e dani e
137*59-1200@ Adolf Strum ]"'0 aseen Iua Tsensuene
137-59-14bdb Spring Creek Tup, 35-40 2y B 1908
137-59~1l4bdel  Community Well 39 Shees Du 1935

- 3ha -



I¥ TEZ LITCHVILLE AREA, 'y DAT,

Use of water: D, domestic; S, stock; T, test holss; U, unused.

Date of measursment: For me~sured de>ths to water, this 1s date
For revorted mersnrements, this is date of

of measurament,
report, not date of mensurement by revorter,

Depth to

vater(feet)

Date of

Measurement

Use

Remarks

LR N N
L BN NCE N )
L LI
L L B B
LAY E &9
" aeasn
35

e e
[ BT

.92
Flow
13.55

LA L I

ces s asn

6.7

20, 8

L B A ]
st arew

LI B A

Flow

Hh e

e saee

10

11,11

LU B B IR ]

IR RN ]
N A
LR R I T B
TaEI RN RN
RN RN
AR eI
9.17-47

LR B I
T R

an

=~ 0N 0R e

il
-2

i

O =IvD e » e
ol T = T o .
Lany f:.) s

AL B

fia®pcwsw®

48 e

9.-21-Lg

9.-21-Lg

LB LA B B S
Fr e BB

LB L B B I 2

7-25-28

LB L

LR BRI B B

1948

9.-22-Ug

B
w0

Oy - s tnHEF W

Lo s B e

NHE e « «

D

=
-

w1

[433 or a1

e

Pumps sand. Supnlies vater to 25
head of cattle, .
Bumped continuously for 2 weeks,
Supplies water to 35 head of cattle,
Pumps sand.
Hole destroyed.
Do.
Do,
Poor cuality renorted.
Do,
Xagily pumned dry.,
Hole destroved. See
Gravel aculfer, Ses

See log.

log.
chemical analysis,

Hole destroyed.
To.

Well is 48xU8 inches scuare. Reported
adequate. See chemical enalysis.

See chemical analysis,

Poor quality. Becomes cloudy after
standing.

Artesian well,
land surface.

Good guality reported,
dry.

See log.

Water level is near

Zosily pumped

Becomes cloudy after standing.

Supplies water to 30 head of cattle,

Renorted good cuality but inadequate
guantity., See chemical analysis,

Reported inadeauate and poor quality,

(See footnotes at end of table)
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RECORDS OF WELLS AWD TEST HOLES IN THE

Locetion Owner or Depth of Diameter Date
nunber name wvell(feet) (inches) Type completed
137-59~14bde2  Sophia Elm 35 —— Du 1923
137-59-1kead Bob Qlafson 5 30 B 1917
137-59-14dedl  Hastings 79 PR Du dsnndnien
137"‘59“‘11‘{'6(': 62 I:lleﬁs JOhl‘l son }‘l'o e e B seerbBE Ol
137-59-16bba  USGS test 18 50 5 Dr 9- 9.4g
13?-*59-16(100 Ernest Johnson 60 vesse B desvesces
137-59-~17ddd Frank Sorenson 30 evsse 8. coseseaes
137<59-18add L. A. Larson 40 - Du 1897
137-59-18cce John Fewell 1,180 seces Dr 1907
137-59-19bch P. E. Berg 57 pesee B srsacsane
137-59-19¢cce USGS test 8 107 5 Dr 8-27-48
137-59-1%dec Ralph Kluvers &0 30 B svesansee
137-H9-20asc Pussell Fewell 200 u% Dr SerEvesie
127-59-20¢dd T'SGS test 12 98 5 Dr Q- 2-U8
13?—59—20ddd Alvin Rodin sevee seene B *ssscaene
137—-50;"2233..0 Fﬁnil ih‘ld.erson see e ae s s B TRy
137-59-22¢dd Algel Larson 65 s B RN
137-59--22dce B, 0. Tjelland 35 P Du secensiet
137-52-2l4bbe Ellers Johnson Lo | B CdEe R
137-539-2liech Carl Bjerky 36 20 Du aaeRE sk
177-59-26a 1/ K. Olson 1,100 2 Dr -
137“59“2681}& Cl-ﬁ,'lld‘lﬂe Olson 28 Y EE] DLI T AR
137-59-26b 2/  John Forberg 1,060 13 Dr o
137.59-2hccd Andrew Bergan 25 Sieee Du R
137-59~26dce Handry Rosvig 50 Eaa Tu e ae Gt
137-59-29bbb USES test 11 97 5 Dr 9~ 1-48
13?0-59-*290(10 Herbert Peterson 53 cesae B ceevsoces

- 363_.—



LITCHVILLS AREA, M. DAX, — -~ Continued

Denth to Date of

vater(feet) Measurement TUse Remarks

sermec stavacecw S Well is Lg hy&iﬂc.‘ﬂes-

10 9-22-4¢ D Soft, good~tasting, See chemical
analysis.

secase ssssessns 1) See chemical analysis. Unused public
well,

sosses ressenees D,S Revorted good cuality, but inadequate.

soeeee Gnessssne i Hole destroved. See log.

- o D, S Suoplies water to 4O hecd of cattle,

ssense S R 0,8 Easily pumped dry.

30 9-17--47 D,5

15 9..17-47 S Artesian in Dnkota sandstone.

s Cesvennen 5 Reported poor quality and inadequates

sesane cresasnus T Hole destroyed. See log.

—— A D, 5 See chemical analysis.

vaseees asssarInne S In shele 112 to 200 feﬁt. Easil})‘
pumped dry. See chemical analysis,

aeseas TR G T Hole destroyed, See log.

PR tsesoanee D,S Reported inadequnte, solty, high
in iron.

e W e I,S Renorted good auality; adequate.

1 016147 s Revorted poor quality.

14,01 9-16--147 D,S Used curing the vears of drought.

1k.36 0~16-.17 S Reported bad-tasting water; inadecuate.

22,98 Q.-16-47 S Gravel in blue clay.

Flow 7—25-'23 nee

20.69 9-16-47 D, S Reported adequate.

mo".‘f PasT1Ee 08 TR

13 9-17--47 D,s

arevna S e ] Reported poor auality.

srcesn ved e as ) Hole destroyed., See loge See
chemical analysis,

censne 2ecesteed D EaSily pumped dryn

(See footnotes at end of table)
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RECORDS OF WELLS AI'D TZST HOLES IN THE

Location Ovmer or Depth of Diameter Date
number name well (feet) (inches) Type  completed
137-59-30ana  TUSGS test 10 115 5 Dr §-30-U48
137-KC~30asd TSGES test 9 &5 5 Dr g-27-48
13?“59“30.93.“,0 H@ns JugteSEn 30 'R Y B srReBsRse
137—59-—301301) Lutheran churCh 35 c3nce Du srereeene
13?—-590-300(:0 Leo -!.‘Ts sChrﬁll 75 36 3 cLecessan
137-52-30dad 7ses test 2 110 5 Dr DesseEn s
137-h9-30dhd Bs Tluvers h5 enaoe B 1909
137"59*‘31&1)b HI‘S.—. SO'}':hif? Eilts ?5 Pente B 1917
137-59-31bbb Robert Froomke 90 —— 3 1539
137-5%-%2bab Albert Sonstharen 60 S B 1890
137-59-324 D. Tikstrom 1,050 1% Dr 1903
137-59-33a 1/  C. Salberg 1,150 1% D deavessss
137-59-34anb P, Tveit 22 easzs Du 1943
137*59*-‘31‘!0&& Fred FRodin 27 escwa Dr Arscesese
137-59..3kcde Usear Salberg g2 @ ne B 1919
137*59-3”0(1& Jeakldocaﬁoct- 30 ascee Iu LR R
13?-60-—13,(1(: G’o Ho Van .BI'ugan 75 B en :B CReIse e
137-60-3acal As Gc Pavluk 1,200 3 %01 Dr 1942
137—60“33032 veaes30annes 14'0 30 Tu 26588883
137—-60-:}4:08}) Jds Sa Dykstra 160 sacte Dr Cesnenat
137-50-4dde Ceorse Person o 2l B 1935
137-60-5dex Moruel :nutson ol ol B 1910
137-50-5da4d Swencer Brandt 1,130 P, Dr 1936
137""60-‘8133& BeesssenIBE 60 36 ose sdeusaese
137-60-8bbe Lars Billings 1,118 tecee Dr 1946
137-60~8dbal John ordahl ol R Tu 1938
137-60-8dba2 wianeOlveee 30 oo Tu 1898

= 375,—



LITCHVILLE AREA, N¢ DA, =~ - Continued

Depth to Date of
water(feet) Measurement Use Remarks
[— e — o Hele destroyed. See log. See chemical
analysis.
e S e T Hole destroyed, See log.
seseae EREE v D, S Tasily pummed dry.
cCosene AN T D, S See chemical analysis. Reworted
inadequate.
cesnoe fNesssense D,S Fine sand in blue clay.
ssssra §aEE T Hole destroyed. See log.
cessas s ebbens D,S Tery good cuality recorted. Sufficient
vater for 65 pigs and 18 head of
cattle.
sesans feessec e D,S Re_norted. ademuate,
cerane censscoas D Shale acuifer,
toeemse R 1,8 Adecquate supmly for 35 head of cattle
and 100 pigs.s Good quality remorted,
esseee T~25-28 — Mon~-flowing artesian,
flow —?5-—-28 sea
cr000e anssesess D,S Reported acequate.
[ - ] L8 TC B S B R W S
[ B B - o.u'"".llﬂ S
15 9.18.47 D Do,
55 9-.17-U47 S Fairly adecu-te,
6 9~ 348 D, S Artesian well; adecuate; revorted
rather soft water.
7-50 9~ 3-Lsg D,S
soscus e oo Bitter-tasting, See chemical =malysis.
35,40 O 348 - Reported adequate.
19,07 9. 3-ug D,S Vever nummed d4ry.
estecn aernasres D, S Floving artesian well., Bitter-
tasting water,
11.k4 0- 248 U Well along sec, road,
EEEEE secL kLA n S Artesian ‘,‘.’6110 Suita'ble for Stock.
28,14 9. 2-48 D, S
20.8 9- 2-lg S

(See footnotes at end of table)
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RECORDS OF WSLLS A T.ST FOLES IW THE

Location Oviner or Depth of Dismeter Date
number name well(feet) (inches) Type comnleted
1%7-£0~0bbe Clarence Tenant 29 oL B 1918
137-60-10%¢ce R. B. lionson 32 ol B 1902
137-60-102bb1  John Formo o — Dr T
J}T"‘60"’]-O|3hb? Dﬂiedo.b'.\. 35 e *E 8 Dr LB I B B O
l:‘: 7"6_0"115..6.3. George :“Ii].ler 58 srd2oe B Setaeren
137-{'_'0-—1200& ssece@0ncocao 41 oeean B cerasnsve
137-60-12daa.  Leonard Boom 25 cosee Tu suaisinie
137.-60--1%3ced  Oscar Sather T 36 B 9- 47
137u50~11+baa Hawey Faber 65 'EEEE B tesscncan
137-60-14c~dl  H. Vaders, Jr, 30 2l Tu Risgcenas
1376013082 cs¢sessl0es~us 130 72 Tu 1929
13?‘*60"‘15}30& I.I: La Il.cca,rthy 53 30 B S erae D
13-{”60—'156_631 Ay G: Anderson 90 snorn Dr oesessare
13?“60“15(168.2 sevcesCOsnvesne ug a0 e B sccessene
137..60-18cbbl 1. T ilurley 65 20 B 1976
137-60~18¢bb2 sso0srn@0casce 25 30 B 1908
137-60-19¢de Jim Hurley 20 18 B sresarses
137-60~19ddd George Cudmestad L2 2y B 1923
13-(-‘60—'2036.\'1 E. Forum 18 ssannm Du sesrvcnrs
137-£0-2Cbbb Alfred Sandness 30 I Du Gea i
l'STHbO»-EIadd PEASeerENDEIEeES rew R Iu sasr s s
137-60..21dda Frank V. Satterlee 33 30 B 1917
13?--60-?3;0001 E, Vietzke 63 s3c0me B tevsonncse
137»-60--23!’.‘.002 gn}'dooc.j 58 LR NN B -0 BE O B B
137~60-2%2 1/  Litchville 1,300 3 Dr SiwesrEcH

3
—
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LITCHVILLE ARPA, Mo DAT¢ - - Continued

Tepth to Date of

veter(feet) Mencurement Use Remarks

es3ses sesieaine D, s Reported to contain epsom salts,

15 1946 D, S Renorted adequate.

23l 9~ 2-48 D, S

23,2 G 248 U Unfit for use becsuse of high iron
content

avaase CE R e S Reported adequate.

oW EER R D,S Blue clay cown to 20 feet; sand and
gravel below 20 feet,

enseas Fos SR e e S Reported adequate,

26,00 91647 D, S Wew well; renorted acequate,

Ternen S esrcnen D!S

4.7 9. 2-48 D Reported adequate.

15.15 9~ 2-hg S

20 1947 D, S Reported to be a very good well,
Topsoil, 20 feet yellow clav, 5
feet blue clay, about 25 feet
gand ~nd pravel.

anaped T S Adequate for stock.

iisaie Casesansn D Adequate for domestic use,

18,2 9. 2-4g D Good gquality, Gravel acuifer,

1,3 9. '2.1g see Renorted insdecuate,

17.L Be e e v

2h.97 09— 1-lig D,S Reported adequate. See chemical
anslysis,

ssecne svsaseses D,S Reported adequats.

13,5 SR D,S Reported adequates

17.00 9.- 2-48 U

sascce scnheccsrcos D, S Coarse send aouifer, Z2enorted to have
supnlied water for steam engines
during early days.

"E-EN T.RY siecennan D.S Re‘ported aa@quate.

TEEXEL, AeLsueeate D RB‘OOI‘teﬁ. ﬁ;OO(‘l q_llﬂlity “fﬂ.ter. IUSEG. hy
town of Litchville.

Flow 1-26-28 M Deepened from 1,115 to 1,300 feet in

1925,

(See footnotes at end of table)

See chemical snalysise
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RECORDS OF WELLS AUD Ti8T BHuL#S In THE

Location Ovmer or Depth of Dizmeter Date
mnber rame well(feet) (inches) Type completed
1_’:?—-"’0"?521“01 Ja Reihner 100 e ee B eeosece e
137“{)0‘-4953&02 c.')o-_do:nnln T5—SD ere e B easenren G
157-£0-25%2dl T, Strinden g7 - B 1927
137-60-PFaad2  USGS test 1 135 5 Dr 10 1-17
1:57-‘60*-?.5.'10& HBIII‘;" E‘?Qﬂpaﬂ 90 Eu B IEEEEREER]
137-‘60--2‘_":-9.05. Ae Tygaard 7€ vesae B cscresrnne
137--60-25ach  USGES test 3 133 5 Dr 10- 447
137-60-25acd  USG3 test 7 134 5 Dr 10-10-47
137-60--25ada Te Bjerke 70 i B S e e -
137-60-25nda, School well 160-180 o Dr SE SR
137-60-25adb  Ordean Dahl 50 2L B 9. -Ug
137-60-25bde TSGS test 30 125 5 Dr 9..22-48
137-60~25¢cbb T8AS test 29 120 5 Dr 9-21.-48
137--60-25dab Mrs., M. Eggen bz 20 B 1915
157-60-.25ddd  USGS test o5 125 5 Dr 9-15..11&
137-60~2Fana TSGS test 21 127 5 Dr 9-10-48
1:{7-“60-‘260& A,T.Bl FOI"’DO 66 S ers -B SecooRdes
137-60-26bbb USES test U 149 5 Dr 10~ 6-U47
137-60-27ana, Peter Terduin L{e) - B 1922
137-60-27cde Clarence Henson 7 60 B SR
137-60-26bbb  USGS test § 155 5 Dr 10- 8-M47
137-60-30ace T, Tprud 55 SRR Du PP
137-60-30baal  TISGS test 22 Ll 5 Dr 9-14-18
137-60-30baa2 USGS test 6 117 5 Dr 10~ 9-U47
137-60-30babl  TSGS test 23 50 5 Dr 9-14.148
137-60-30bab2  USES test 24 €0 5 Dr 9-15-U8
137-60-306.6.& P:- F. Satterlee 55 aee e B Wesssecam

~ 3% -



LITCHTILLE AREA, e DAL, = — Continued

Depth to Date of

water(feet) leasurement Use Remarks

316 9-16-U47 U Reported contamineted.

fnesas spceaEume S ContaminatEd and not used for drinking.

caacesn scsoessan D See chemical analysis.

eronas Geraesmae T Hole cestroyed. Se8a loge.

tasane svssrevnr S Reported contaminated., See chemical
analysis.

NEEEE] threserm e D EaSi}.Er 1:'113?[':,_396. dry.

sesces ersvessea L Hole destroyed. See log.

SR Y 2eceoswan T TPo.

) resscnens J Reported inadecquate.

[N R ] * 8 P8R C RN U Bo‘l

20 0-22-lig D 0-30 feet yellow till, 30-90 feet
gray till, 90-83 feet blue quick-
sand {(aquifer)

s0aua0 cananane Yy Hole destroyed. OSee log.

LI IR ] LN T B NN N B I T DOQ

073 9- 1-4g 6] Formerlw used for wateringz stock,

TR EE sisdatann 2 Hole destroyedn See 1089

CE R ] GreTeavae T DO!

assese Coecasenn S Renorted adecuate.

A aresecess T Hole destroyed. See logs

sovnnae 33esernes D,S Adeguate. Reported to be a good well,

4V e e D, S Basily nummed 4ry.

G e tossssesa il Hole cdestroyed. See log.

37T Q- 1-U48 D, S Well is 48xU8 inches square.

coccen oa hedwEan Hoie destroyed., See log. See
chemical analysis,

R R ——— 1l Hole cestroyved., See log,

L BRI B I S ey b e 08 T DOu

re sl baoremean T DU.

— = R D, S Revorted adecuate,

(See footnotes at end of table)
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RECORDS OF WELLS AD TEST HOLES IN THE

Loention Quner or Depth of Diameter Date
number name well(feet) (inches) Type completed
137-60-31dda Co F. Anderson 30 WA Du AR
137-60-~%2bee Cs P. Sandness Lo Neean Du 1907
137-60-23a2b Peter Van Bruggen 40 renae B PRRPOISPAN
137-60-%%bra  Albert Koppa 4o - B RSE—
1?7—-6")—- S}—I-c'id H, Arends ) ves e B essnsscee
137—60--3!46-6.(1 Pn.o Lenssen 65 P Dr sasverase
137.-60~35bab 3. Murphy 65 SGues B R
137-60-76abb  USGS test 26 127 5 Dr 0-16-U8
137-60-%6cdd  TISCS test 28 135 ] Dr 9220148
1.37-60~264bb USGS test 27 170 5 Dr 0.17-48
133-59-32decl  USGS test 31 10 5 Dr 92348
135-59.-32dec2  TUSGS test 33 20 5 Dr Q2318
138 59-.32ded USGS test 20 11 5 Ir 9~ 948
13€.59-.224dd  USGS test 32 20 5 Dr 0.23.48
12&.59..33cbd USeES test 19 20 5 Dr O~ 0-L8

o UBes



LITCHVILLT AREA, I, DA, -~ -~ Continued

Denth to Date of
water(feet) iHeasvrement Use Renarks
sesnae ST D,s Renorted adecuate.
tecees vesssoane D,S Tasily pumped dry.
comces ecrcaeern D’S Fail’ly adequate.
“on iee wass0509 40 T,S Reported inadequate,
I T seeeed S To.
ssvees R S Re])orted ar‘!.equart('?o
smmann NS L,8 Fairly adequate,
— T il Hole destroyed. See log.
Pee e e T Do,
TR P N T Do,
I TEREE N ABaaIn =@ T DO.
TEEEE eaosneeen il Do
AR see s amenn T Dog
LB T B O L3R S AN S B IS I T DO.
LN W Brse Ve EdN T DO.

1/ Datas from Venzel, L. ., and Sand, H. H., Water supply
of the Dakota sendstone in the Zllendale-Jamestown area,
I'e Dakes Us S¢ Geol, Survey ater-Supply Paper &8&9-A,

Po 79, 19h2.

g/ Data from Simpson, He E:, Geology and ground-water

resources of Vorth Dakota:

Supply Paper 593, p. 69, 1929,

- L4Ob -

T, S. Geol, Survey ater-



LOGS OF TaST HULES IN¥ THE LITCHVILLE AR7A, M. DA,

137-RO-lUdaa
USEes test 15
Material Thickness Depth
~ (feet) (feet)
TOpSOil'blacktznooaooocoao;a-aloa 1 1
Sand and gravel, oray, VLY CLoVe¥s s » « » o « o o o 2 3
Sand and gravel, upmer part buff, lowver part gray . . 13 16
PiEI‘I'B Sha.le,. gra.y.- . £l LI LI L] . L] ® Ll L] L] L] . & n )'" 20
137-59-dad
USes test 14
Topsoil' hlack: - " » - L L] - - L ® - LI L) L] - - L 1 1
Clay end grevel, 1ight<Drown: « s o o o & s & & & » % 1 2
Sand and grawvel, upper nart light-bdbrowvm, lower mart
{“{I'Pyt = . " k) L] (] [ ] - " = " » L ) i3 & - L ] . 3 [ 15 17
Till,grayn:r-ao:o.ca-tao:on-onta 2 19
Pierre shale, 8ray, ¢ « o ¢« ¢ 2 o o« s s ¢ ¢« » 3 2 o » 6 25

137-59-5bab
USGS test 3k

TOﬁSOil, BLaGKs o o o % % & § 50 @& ¥ % 4 & W N 2 2
Alluvial slope¥ash, clay with sand and gravel « « o « 2 4
Tillg OO & 6 3§ » 2 5% & 8 5§ w4 & b & & b & & 3 7
Pierre shale, ETAYF+ o 5 » & & s ¢ o 5 s 3 8 ¢ = o » ¢ 3 10
137-59-9%aaa
TTSGS test 13
Topsoil, BLERE: o oo % ¢ % % w0 a0 me om ow e ¥ & B W W o W 1 1
ClaY end _'j'ra"fel, gra:" " & % B 8 ¥ B 3 8 s 8 3 ® % e @ 1 2
S‘c‘ind., 8N ¢ 4 4 ¢ s 5 6 v 8 8 5 8 s & s s b £ 8 oo w @ 3 5
Tillp EraYes 4 » = s s ®» 8 % ®» % 8 s 2 s #+ 3 8 & 8 & ® h’ 9
Pierre Shale:, ETAYs 2 » 2 & 5 = » o s s s s s o & ¢ o 6 15
137-59-10bbel
USGS test 17
TOPSO'}.I‘ Blaols 5 % % & 6 § & s e e &6 § bow e d s 8 1 1
Clay and gravel, ET2Y o« o o« » s o o o v s s s s s & » 2 3
Cla‘j’ and gra?el, bro‘fmo 3 8 8 & * ® 8 ® s 8 s 8 & & @ 2 5
Gla@v and graVEJ.’ EYAY s ¢ 2 o & 8 o & s & 3 s s & & = 2 7
Sand. and gra‘ifel, ETAY o o s ¢ ¢ s & 5 & & = 5 ¢ 8 8 » 23 30
o Ul -
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LOGS OF TEST FOLES IF THE LITCHYILLE ARTA, 77,

137-79-~10bbe2

USGS test

Mnterial ~°
' e ! 1

Topsoil, Dlacke + s 5 o o o o ¢ ¢ o &
Clay and sand., ray » o + s « o o «
Clay and sand, light-brovm. . . . . .
Clay and sond, £78Y « 5 ¢ 2 2 s » »
Sand and gravel, ETaY ¢ ¢« ¢ o« o & 3
Pierre shale, £rarc s+ v o « s & « o o

16

137-5C-16bba,

USGS test 1€
Torsoil, bPlacks o « o o o o o« 8 2 & » o o
Till, lifht-tan o o o o o & o & » o 2 o
Sand cnd gravel, light-ftan. » « ¢ & & « &
Till, 8Tay» » = » & s s o s = s 3 s » 2 =
Sand 2nd gravel, ZIAY + » ¢ 3 @« o @ s ¢ o
Till, 278Ys ¢ = + s o o & s 2 & s o » s &
Pierve shale, £Ta7: ¢ o o o o s ¢ s s s »

137-59-1%cde

TSGS test

Topsoil, blackn B & % & ¥ B A 8 T 8 & ¥ ® @ @
Alluvial slomewash, clayv with s=nd and gravel,

vellow—brown » s » s+ ¢ o s s o & o
Sand and gravel, wellow-brown . . . .
Till, yellow—brown... « + s o « o o
Sand and gravel, yellow-brovmn . . . .
Till' grayi - > * = . L 3 . L L ] * e - .
Shale {-._rElVE:L. ET8Te ¢ o 8 2 o s ¢ & =
Till,gray’........,.....
Pierre shale, €rayv. « « « o o ¢« o o o

S

S

LR
. .
L] .
. a
L] L]
L
Ll L]
- L]

DAL, -~ — Continued

. .
- -
* -
. .
L ] -
L] L]
- -
* 2
L4 L]
. e
¢ e
L] -
®© -
L] -
L] .
o [ ]
- -
L] L
. @
L ] L]
- L]
L] ®

= & 8 © @

Thickness Depth
(feet) (feet)

1 1

2 3

3 6

2 8

4o g

B 53

[
MO N W N

16
19
38
50

16
18
58
59
104 ,
107



LOMS OF TAST HULES INT T3 LITCHTILLE ATN7A, ¥. DAE: - - Continued
137-59-20Ccdd
78S test 12

Materinl Thickness Denth
(fect) (feet)

Towgoll; DIaBI, s o v W s @ & & % % @ @ & & & 5 & & @ 1 1
Till, light<tan « « o« o 5 ¢ 5 o & o 5 o o 2 4 s » & » Il 16
Sand and grevel, clayer, ~iay, SOme TOCKS » o« « o o o 3 el
ALY, QO o % % 5 o w i m m W W G MR M W M M o 17 35
Send an? gravel, CliYey, EYaY i s + o % v ¢ 6 3 w6 e 1 39
TIIL, EHAF. ¢ « % o @ % w0 & 5 & & & &5 & § 5 & & @ Kl 93
Plovre shele, &PaY. v s & # 4 § # @ @ &% & o & 5 & & 5 98
137-59--29bbb

TSGS test 11

Tooscil, blacks 4 4

¢ % 3 3 © & *€ @ & © A & 9 & 8 L W 1 1'
Till. ].ight—ﬁ&'ﬂ = B 0@ U & 9 m 8 B & €& 3 B I 3T @ 06 & 1-{ 14
fravel, t2n 4 o 5 2 2 2 s & ¢ © 8 5 ¢« v ¢ ¢t 3 5 o » » 2 20
Tlll, Lirfit=han & 4 a > 8 o & 8 3 2 ¢« & 2 ¢ o 3 o n l l'I' 21“'
Till, Bray: s .2 . 5 uv-.t ® ® 2 = & T 8 % C © & & © h 9 3 27
Sand and gravel, clarer, ETAY s o « o s & s s ¢ o 5 @ 13 40
Till. £78Y%a 5 + & 2 8 © s € & 8 2 n 3 3 & 3 €T 0t 0 @ 51 91
Pierre shale, 8YaY: » ¢ o 2 ¢ v ¢ » 6 s 8 5 3 » 2 & 2 6 97

137-59~30aaa
USGE3 test 10

Topsoil, Plack: + o o o ¢ o o 5 o ¢ 2 o ¢ & & =
TIIL, EPOYs o v % 5 % & & & % W 0w # 8§ @B W
’l’ill,tanu....,ﬁ.........-.-a.
GI‘a.V'el, gra‘y. s ¢ B 3 3 3 B M ® 8 8 B & E € 3 @
Till, ETAYs o » o « & & % « 2 & o & & = & & %
Sand and grevel, ETAY o ¢ o 5 o 5 s ¢ o + o o

L]
.
L]
=

" e ® s ©
-
o
m
n
o

Til] L] Gray- v B B 4 & B ¥ * & @ Po® B 8 & & * o> = ¥ 23 89
Grav el '] gray * ¢ ® ® 7 & ® & Y » ®B +* & © ¥y 0O @ 2 & © % 1 90
Till, gray, numerous small rocks near bottom. . + « & 20 110

Pierre chale, Zray.: « « » « o ¢ o« 5 v s « » » & & = &» 5 115

- 43 -



LGS UF TEST HULES I T'13 LITCHTILLE AREA, Mo DAY. — — Continued
137-59-30aab
SGS test 9

Material Thicknesgs Depth
feet) (feet)

TOPSO il' bla:“"f L] L L - L] e - L) L - o - n bl L ] . Ld L] ® 1 1
Alluvisl slopewash, clay with sand and gravel,

11.;’.’,’11%**81’3?}3 e *» & 8 * ®w 3 32 3 ® ®; 8 3 o @ 2 8 & & @ 1 2
Send and pravel, yellov—=tan « - » ¢ o 3 o o 2 2 & & @ 2 L
Til-!, ¥ellotebaN: o « o« o =« o o ¢ ¢« 8 2 ¢ & 5 s 0 2 ¢ u’ 8
Til1, ET97a a2 » & ¢« = & 2 5 ®» » & & 4 8 © 85 ¥ a & 3 O 33 Ll'l
Send and sravel, clagey, ST27 » s = o s o 8 3 2 o o 3 Ly
Till, Zra¥s « o 2 o 2 s 5 s 5 & o 5 a 6 ¢ 3 & & ¢ & 0 38 82
Pierre shale, Iro2Y: ¢ = » s « p s 35 ¢ o s 8 » 3 o & & 3 85

177-59-70dad

USGS test 2
TO_‘I{'JSOil. Black: © s s % o & % & 8 & % & % % & €0 & @ 1 1
Till, yellE)‘;.‘. © ¢ ® # ® ® A & & ® 2 3 " ® & B W B B 7 S
Till’ fT8Ye 2 o 5 o » 0o =« & 3 # > » o ¢t » 0o & ¢ & & o 20 28
Shale gravel, clayey, Sra¥. o » » o 5 o o o » o o o 5 33
Till, Er8¥e o = 2 o s © 8 & ® ® 3 5 T ¢ ® & ©o a2 & @ @ 61 9“‘
Plerre shole; EPOTs s » w s % € & & & & & % @ & ¥ 8 o 16 110

137-60-25a2d2

TSGS test 1
Topsoil, DLaCKe v ¢ o 2 o o o » » 5 o & & « o 3 3 & o 1 1
Till, velloWs o« ¢ o o 5 o » o & & & 2 s s o 2 s o o » 28 29
Till, ETaY¥: » a 2 o & 6 + ¢ &« » ¢ € s 3 » @& 3 3 o 2 ® 51 &80
M4, blue«gray Lo o o & o s 4 3 # 5 w56 ¥ & w o s he 128
Pierre Shéllﬁ" EBrals a o © » ¢ » 8 ® & & 3 & 3 8 8 8 & T 135

1/ Core taken of till, 105 to 107 feet. Till is well indurated and
difficult tc dbreck with a hammer. It is highly calecareous and may be
nartly cemernted as well as compacted,

- 4L .



LOGS UF T°ST HUL3ES I¥ TH? LITCHTILLE ARTA, ¥, DAK., — — Continued
137-60-25ach
USGS test 3

Materisl Thickness Depth
(feet) (feet)

Topsoil' bl’.‘!-ck’ z L ] » -] L ] 3 <« - L] » - > - L o L] L] L] 1 1
Till, vello¥, ¢ v o s v o o & 2 8 % ~ 3 0 & o a 5 @ 18 19
Till’ f"ra,'v. (LI + * ® @ *r ¢ & % © ¥ & » @ w ® @ 0 @ 7 26
Gand and gravel, clavey, £YaY » a s s o s s s s s @ 2 28
Ti-‘-l’ (T8 s a2 » 2 5 oA °8 2 § e ® 8 2+ 2 2 e & 3 v ® = 9"" 122
'fi.el‘re ShalE, gl‘a:‘f‘. 4 = ® ® & @& * w 8 & ® O ® 2 b » ll 133

137-60-25acd

TSGS test T
TOpSOil, bl?‘,c}ca T 8 & e ® ® ® & A& © 8 3 B © P ¥ 8 ® 2 2
Tillp yej-lo‘t"c 5 2 2 £ ® & ® @8 & © & ® 2 Y 5 @ » 8 9 18 20
Tlllq ST0Fs ¢ 4 n 2 ¢ & & 3 b 8 & 8 & & ¥ © & % v 0O ? 27
Cravel, clayey, S7a¥e ¢ o 2 o ¢ o 5 s o s s & & 3 »® 1 2
Till, gray ,.1'./ T &4 " W e B " 3 B & & & 2 8 0 B > 0 & 9? 125
Pierre Shalé:, aray -2_/ T 3 8 ® & 8 3 & ® 3 @ ® & € 9 9 13""
1/ Core of till taken 70 to &0 feet, YVery hard "shaly"
till which contained nebbles of dark-colored limestone
and shale.
2/ A shale core between 130 and 134 feet yislded very
hard shale.

137-60-25bdc

USGS test 30
'].'Opsoi.l, Placke o o 5 & 5 2 o 5 o @ 3 ¢ 5 2 8 2 s » 1 1
Till, Yar u ¢ ® = B 2 £ ®m ® 8 3 ®& 4 & & e B 8 £ © 25 26
Tilla, gr&}"r. L] . ? « ®= 3 = = & @ L] & & & ® = & a = L] 1L!' L-Lo
Sand and ,_gravel, ErayY s ¢ 2 » ¢ e & 0 ° 3 ¥ & & & 0 1 h’l
T1119 gr&y-u s . = % & 2 * 58 & - ¥ O @ o @ L3 > & 8 76 117
Plerre Shalﬂg GY8e 5 ¢ o 5 8 ¢ 8 v s o ® e v & O @ & 125

- 45 -
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LOGS OF TEST HOLES IN THE LITCHVILLE AREA, N. DAK. - - Continued

137-60-25¢hb

USGS test 29
Material Thickness Depth

(feet) (feet)

TOPSOil, Platke o o o o o o 5 o & s 0 0 » s 8 s o & » 2 2
Till, STa¥e + o o & o s s o 2 = # 3 & & 5 s s s s » @ 1 3
Till. 80 « + & ¢ 8 8 8 5 8 ¢ * s e 8 s 8 e s 8 o= o8 @ 1“ 17
Till! gray. » L] L] Ll L - . L - » * L] L] . L - L ] [ ] L] L] - 65 82
Sand and gravel; BYaV a s s » s s = v o s s 3 2 e s ® 2 gl
Till’ gr&yo s = & 3 8 8 & ® 4 @& ® & @& & 8 @ & 3 o @0 @ )'1'1 125
Pierre ShalE, Er8 e o ¢« 8 s 3 8 & & 5 s 5 1 8 2 o v @ 5 130

137-60-25444

USCES test 25
TO’PSOil' black. 8 8 8 6 % 8 % 8 e 8 & v & ® w e 8 ®B O 2 2
Till, ST8Y: » & s s 5 s s 5 3 5 v 8 8 s 2 a s s & » 9 2 b
T:Lll. yello“!ﬂbrcﬂmo A ® ® ® & ® 4 & & @ A& ¢ & & @ & 2 9 13
Till, BTay» » s ¢ o & » o s s s o ¢ & & 5 o & s ¢ 5 @ 39 52
Sand and gravel, Eray » « e s & o o v s » ¢ 3 ¢ o o @ 4 56
Till' ETAY¥e o s & 8 s & ¢ » & = & » s *+ & & 3 0 2 ¥ % 62 118
Pierre shale-, Er8is o o 5 3 & » » =~ 8 & & 8 v 3 v 0 ® 7 125

137-60~26aaa,

USGS test 21
TOPSOil. DlaeKe o o > o » 8 o # 2 o & 5 3 3 & » & & @ 2 2
Till, tan o s ¢ o ¢ s o » o ¢ 0 5 s 0 4 & 2 s o 2 » o 18 20
Sand and gravel, t8lls s o & o s & = ¢ » 3 4 8 3 6 & 8 1 2l
Tilli Brays o o % o & & & 8 o & o o s c b o 2 s B s * 15 36
Send and giravel, ETAY o o s s o & o 2 2 ¢ 3 s 2 5 e 1 37
Till. EY8Ys o o & s s s s s & & 2 & s 3 & & 3 v 8 3 0 l‘r( Sl-l-
Sand and gravel, shaly, STaYe ¢ » o 2 o o s s o s o o 6 90
Till, ETAaVa 2 i e e & » & ¢ & 8 o ® & o & 2 & s 2 4 0 28 113
Send and gra\'el, GTAY o o o s 8 5 s » & o & 4 & 2 & ¢ 3 121
Pilerre shale, EYaye o« o o ¢ o ¢ & s ¢ 5 s 2 ¢ o & s 0 6 127

- U6



LOGS OF TEST HOLES IN THS LITCHVILLE ARZA, I, DAK. — ~ Continued

137-60-26bbb

USGS test U
Material
Topsoil‘ blﬂc:k! L 2 - L ] L] L] L] L] L] - - L] > L] L] [ ] L * .
Till, yellOWo A % & % % 8 D 3 & % 8 3 3 8 %8 % @ = @
Till, GTAYs ¢« s & ¢« s ¢ 2 8 ¢ o © s 3 a » 2 » o 8 @
Ti1l, DIUG~ETEY = ¢ + = o o o s o ¢ s o = o & o o »
Pier?esha]..E,f;rayy;on:l.aoo‘.‘e...

;f Core taken 147 to 1h9 feet, Shale was hard and
poor fissility, Consained a bivalve shell, some
foraminifera and possibly plant fragments.

137-60-28bbb
USGS test 5

Topsoil, blac-z . @ ®

Till, PUPEs 4 o % % @ W 8 8 ® % R @ @ W e 8 e e oA
Tilla E;ray [} L ] L] * L L3 L] T L] - L - L] L] - L L] L] L] 2
Gravel, clayey, STa¥e 2 s o s 5 3 2 2 8 s s s o s
Gravel, ETAYs o » a 8 s s s s & o 5 s o » s s s » 2
Till, gravelly, SYa7e « « o s 5 s s o o s s » 5 o
Shale gravel, very clayey, ETaY « « o s « s s o o »
Till, BT8Ye o & a 5 s« 2 & s 8 8 % & & © & = © ¢ o &
Pierre shale, gray l/ *» s v e 8 = v s s e s e s e s

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

137-60-30baal
USGES test 22

TOI‘SOil'blackgo-;ooonn.so.on-co.u
Alluvial slopewash, clay with sand and gravel,

ET8Ye o © & o ¢ & s o & ®

Till ] taﬂ * ® L] L L) . » - L % " & B = & @ L] LI L]
Sand and gravel, tan. « 2 ¢ & o o o o ¢ o ¥ 2 e . .
Ti 11’ gra.y.a s & B ® s 8 ® ® ® 8 B s 8 T 8 @ P & ® @

]

5 T

- & @& = @

Thickneas
“{feet)

had

- - L] - L] Ll - L] ®

L] L] L] -

18
hRJ!

31
42
10
36
16

= = OTAA L

3

21
70
141
149

20
Y4

51
93
103
139
155

10
L



LOGS OF 7757 HUL"S IV THS LITCHVILLE AvEs, T, DA, ~ - Continued
137-60-~30baal
USGS test 6

Material Thickness Depth
(feet) (feet)

TOPSOil, hledks v.a & 5 & & ? 8 % e 8 8 3 e & e s @ @ 2 2
Alluvial slosevash, clay mixed with sand and gravel,
yellow-hroewn. . »

3 5

Sand andé g?ﬁ?el, ETAY ¢ o » o & a o s » & 5 8 » 8 & 3 19 2”
Till, EYa¥os » 5 n e & 3 e # 0 s e 8 v oA & 8 £ 3 % s 8 88 112
Plerre shale, 8Ta¥: « » v s » o ¢ o ¢ 4 i & % 2 & & 5 117
137--60-30babl
TSCS test 23
TOP s0 11' bl&’:}:e E & =+ ® ® * 3 = & ® P B = B Y & & © @ 1 1

Alluvial slovewash, clsy mixed with sond and gravel,
ETaYe ¢ = » 2 s 2

TRy Vo 6 v o = 9 g ¥ & & # % % % % & ® % % 4 e e 6 10
Till, ETAY~ s » s & 3 3 8 « 8 s = 3 5 a & = s 5 % & o 11 21
Sond and Bravel, ETaY s o o o+ o s ¢ & o = s s o 2 o » 8 29
Till' gr&Va P o® 4 B & P B 2 W & 4 o B B ® 8 4 =B e ® @ 21 50
137-60-30bab?2
USGS test 2k
TOP30113 BLEBED = = % & 8 % o % e W e & @ " % s o© 3 @ 2 2
Alluvial slooewash, clay mixed with sand and gravel,

BTaY¥, 4 o t » s 8 v & & & ¥ 8 8 8 4 % e 2 8 0w 8w ® 2 u
Sand and gravel, DIOVAs s o« o« o o o o & 5 » s s o s » 3 5
Tillg BE78YV¢ » 8 v 3 ® & &+ 8 8 3 & 8 v & v B o 3 % % @ 11 16
Till or clayey sand, BT8Y + » « o o & a s 1 & & & s @ 11 27
Til-‘.’ grayl » L - L] L] - * - L] L] L] * L] - L] L] L] L] L ] * . 16 l'!'3
Sand Snd gre‘vel' gray L ] L] L] L] L] . L] L] @ L] - - L] L] . - 3 u6
Ti1l, STEY: o = o o o o « o o o o o o o 5 s s o » o s 14 60

- 48 o



LOGS OF T3ST HUL®S I THE LITCHVILLE A=A, I,

Material

Topsoil. hla‘:kl O T

Till, yellow-brown. « « « .
Till,gray-........
Sand and gravel, &£Tay » « o
Till, ETa¥e o = s ¢ o o o
Sand and gravel, gray . . .
Till, 8Ta¥s ¢ « = 2 + o o »
Pierre shale, grajys r ¢ v o

Topsoil, black: . 2 » « &
Sand, light-brovn, clayey
Till, grays = » » s o o o
Sand, clayey, 8rays « s« »
Till, 8rays » s o o o o s

. = & = =

Topsoil, blacke 5 o o o »
Clay #nd sand, light-browm,
Sand, light.-brown « + » o o

137-50-36abd
USGS test 26

137-60-36cdd
USGS test 28
137-60~36dbb

TS6S test 27

@ 8 3 & B 8 @
P ¢ = 0o ® =+ @

L L) . L . L] .

Alluvium, clay mixed with sand and gravel

brown o o« o ¢« o 5 2 & 2 @
Sand and gravel, &Tay » « -
Till,gray.....-..u
Sand and gravel, gray . .
Till, €7a¥e ¢ » s o ¢ ¢ o »
Pierre shale, gray. . .

Topsoil, bPlacks 2 ¢ ¢ 5 o o

Clay, sand and gravel, gray . .

Till, yellcw-Drown. « « & o
Pierre shale, 8raye o« o o o

L L] L | .
= & »

s & » =

»
.
.
. L]
L] L]
.

- - - @ .
» L - L)
- .- = @

136-59~32dcel
TUSGS test 31

L

» €

- = & @
- = & 2
. & ® =
. = ® @
" ® B o

o e

- - - L] -

- L] - -

* @ @ ® @

- L] L] -~

s ¥ ® w ® = w0

" 6 ® @&

DAT, — = Continued

* & =, ® ® ® ® =

L] 3 - L ] - . L] L]

. * ® =

- L] - -

Ll L] o ()

Thickness Depth
(feet) (feet)
| 1
15 16
29 L5
3 Lg
56 104
1 105
16 121
6 127
1 1
11 12
87 99
3 102
33 135
1 1
2 3
3 6
5 11
4 15
g8 103
2 105
21 1%
4 130
1 1
2 %
4 7
3 10



LOGS OF TEST HULES IN THE LITCHVILLE AREA, I, DAl - - Continued

138-HC-32dec2
7565 test 33
Material Thickness Depth
" (feet) (feet)
Dlay and Toeks, BPAY: « » o w o & & & & & & & ¢ & & 8 1 1

Alluvial slonewash, clay mixed with sand and
graV91, yellowbbrown. 2 ® 8 » s = 8 3 8 @ o8 v @ 3 u
Alluvium, clay with send and gravel o « o o o o » o o 6 10

Pierre shal®) EYa¥s o ¢ o« 5 2 6 s ¢ o 5 s v & 0 o » @ 10 20
138-59-3%2dcd
TGS test 20
TOPSOil, Blatke o » 6 6 & ¥ ¢ % w 0« & 5 w 5 oW e b 1
Alluvial slonewash, clay mixed with sand angd
gravel, gray CRLCATBOUS ¢ o o« s + 5 ¢ o o o o & + @ 1l 2
Alluvial slonewash, clay mixed with sand and
gravel’ ta;‘l o - L] a L3 - L] L] L] L] . - " L ] L] L] L] L] L] L 1 3
Sand and gravel, clayey, tan. + « o o » & » o & = & » 2 5
Till' t&n L ] » L] L] - [ ] L] L] L] * » L] L] L] L L] - - . L] L] L] 3 8
Pierre shale, 8Yay: s o o » s » s « 5 0 s s s s « s @ 3 11
138-59-32ddd
USGS test 32
Saprd and Clay, EraY « 5 o s s 5 * » 5 3 ¢ 5 s ¢ ¢ 5 » 3 3
Send, gray-broMs o > » s © & 3 s 3 ® 2 5 e c o s s » 8 11
Pierre shales ETBYs o« s o ¢ 3 3 8 o & a 5 o » & & & 3 9 20
138-59~33chd
USGS test 19
Topsoil,black....-..-.e..oo...... 1 1
Alluvial slopewash, clay mixed with sand and
gravel, gray, highly calcareous > ¢ + « » ¢ « o o = 2 3
Alluvial slopewash, clay mixed with sand and
graVEI, tan ¢ @ & % ® & ® LU ® © €& & ¥ w ® W B W & 5 g
Till, BYaYs ¢ o s o ¢ 5 ¢ » 8 & o 5 & 3 & % a ¢ & o » 5 13
Sand and gravel, clayey, ETaY « « » o » o 3 s o = o » 2 15
Pierreshe.le;gray...Oooo-nc-oau--oo 5 20

i, B
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