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GEOLOGY AND GROUND-WATER RESOURCES OF THE DRAKE AREA
McHENRY COUNTY, NORTH DAKOTA

By
D. G. Adolphson

ABSTRACT

The Drake area includes about 192 square miles of southeastern McHenry
County in north-central North Dakota.

The ares was glaciated during Wisconsin time of the Pleistocene epoch.
Drift from the last ice advance mantles the area except where the drift
underlies thin beds of Recent alluvium and where the Cannonball member of the
Fort Union formation is exposed.

The Recent alluvial deposits in the drainage system are less than 7 feet
thick and do not contain usable quantities of ground water.

Deposits of the glacial drift are subdivided into the following units:
(1) deposits of glacial Lake Souris, (2) outwash deposits, and (3) till and
associated sand and gravel deposits. The average thickness of the glacial
drift is about 90 feet; 310 feet of drift was penetrated on one test hole.

Deposits of glacial Lake Souris are present in the northeastern corner
of the area. Logs of test holes drilled 5 miles north of the area show that
the lake sediments range in thickness from 6 to 76 feet and average 31 feet.
The drill cuttings consist of clay, silt, and very fine to medium sand.
Shallow wells in the lacustrine sand and silt in the Drake area yield moderate
water supplies that are adequate for farm use.

Glacial outwash deposits are found in an outwash plain and in diversion
and ice-marginal channels. The channels cross the area in a southeasterly
direction. Deposits of sand and gravel in the diversion and ice-marginal
channels range in thickness from a few feet at the edge to 45 feet near the
center. Deposits of sand and gravel in the outwash plain range in thickness

’1-



from 25 to 59 feet. An aquifer in a diversion channelwest of Drake and an
aquifer in an outwash plain south of Drake are sufficiently permeable and
widespread to yield adequate water suppligs for municipal use,

Till covers much of the Drake area; isolated water~bearing sand and
gravel lenses have been found by drilling or digging wells in the till at
many places. Most wells tapping these aquifers yield sufficient water for
farm use. An aquifer that may be productive occurs 4 miles east of Drake in
a sand and gravel deposit at the base of the glacial drift. The deposit,
which is 52 feet thick, occurs at the edge of a preglacial valley that
extends scutheastward across central North Dakota.

The bedrock in the Drake area is the Cannonball member of the Fort
Unlon formation of Paleocene age. Although yields from the Cannonball
member are generally small to moderate, sufficient water for the present
(1960) demand of the city of Drake is obtained from wells in this unit.

The Fox Hills(?) sandstone of Late Cretaceous age probably underiies
the Cannonball member in the report area. Some farm wells tap a sandstone
that may be the Fox Hills, but the formation is not known to yield large
supplies of water.

The Pierre shale of Late Cretaceous age underlies the Cannonball
member and the Fox Hills(?) sandstone in the area. No wells in the area
obtain water from the Pierre.

Of the older rocks that underlie the Pierre shale, only the Dakota
candstone of Early Cretaceous age is important as a possible ground-water
source. The formation is a major aquifer in some parts of the State; however,
becuase of its depth and the high mineralization of its contained water, the
aquifer is not presently utilized in the report area.

- P



Ground water from glacial-drift wells in the Drake area is generally of the
calcium bicarbonate or sulfate type, is hard, and varies considerably in
degree of mineralization. Water from the bedrock wells is slightly hard, is

relatively high in boron and is moderately to highly mineralized.
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INTRODﬁCTION

Location and General Features of the Area

The Drake area comprises about 192 square miles of southeastern McHenry
County in north-central North Dakota., The area includes all of T. 151 N.,

Rs. 75 and 76 W., and T. 152 N., Rs. 75 and 76 W., and parts of T. 151 N., R.
77 W., and T. 152 N., R, 77 W.

Drake, the largest municipality, is in the central part of the area and
had a population of 752 in 1960. Also in the report area are the towns of
Kief, Balfour, and Anamoose. The area is served by U. S, Highway 52 and State
Highway 14 and by a branch line of the Minneapolis-St. Paul and Sault Ste.
Marie Railroad. The main line of the Great Northern Railroad crosses the
northern part of the area. Farming is the chief occupation and wheat is the
main crop.

The average annual precipitation recorded by the U, S, Weather Bureau at
Drake from 1929 through 1959 was 16,30 inches. The average annual temperature

was 39.4° for the same period.

Purpose and Scope of the Investigation

This report describes the geology and ground-water resources of part of
McHenry County, N. Dak. The investigation was made by‘the U. S. Geological
Survey in cooperation with the North Dakota State Water Conservation Commissior
and the North Dakota Geological Survey. It is one of a series being made to
study the geology and ground-water resources of areas that need additional
water. For example, one of North Dakota's most critical needs is for adequate
perennial water supplies for many small towns and cities that are attempting
to install water-supply systems or are expanding their present facilities.
Because of this demand, relatively small investigations are begun in the
vicinity of towns that request aid from the State Water Conservation
Commission and the State Geologist, and reports thereof are released as soon

as possible. -4



This investigation was made under the general supervision of A. N. Sayre,
P, E. LaMoreaux, successive ehiefs of the Ground Water Branch, U, S§.
Geological Survey, and under the direct supervision of the late Joseph W,
Brookhart, district geologist, Grand Forks. The fieldwork was done intermitten-
tly from 1955 to 1958 and consisted of a study of the surface geology,inventori
of the wells, test drilling, and collection of water samples. Chemical
analyses of water samples were made by the North Dakota State Laboratories
Department. The test drilling was done by a rotary drilling rig owned by the
North Dakota State Water Conservation Commission.

Subsurface Data Collection

Subsurface information in the Drake area was obtained in part from a study
of the cuttings from 26 test holes (samples taken of each 5-foot interval)
and in part from published information. The locations of test holes drilled
in the area are in figure 5, and the logs are listed on pages 45 to 56. The
depths of the test holes ranged from 50 to 370 feet and averaged 124 feet.
Geologic sections based upon the logs are shown on figure 6. Information
concerning the deeper formations in the area was obtained fromlogs of oil-
test holes supplied by the North Dakota Geological Survey. The logs of other
wells and test holes outside the aréa also were available for study.

Previous Investigations and Acknowledgments

Warren Upham (1895)5, described the surface features of the glacial

1/ See references at end of report.

Lake Souris basin in the vicinity of the Drake area, and a general study of
the geology and ground-water resources of McHenry County was made by Simpson
(1929, p. 156-161). Chemical analyses of water samples from wells in Drake,

Anamoose, and Balfour are given by Abbott and Voedisch (1938, p. 64-65).

-5-
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Jenkinson (1950) mapped the geology of the Drake quadrangle in partial ful-
fillment of the requirements for a master's degree. Lemke (1960) studied the
geology in northwestern and north-central North Dakota, and much of the

geologic information used in this report has been taken from his work.

Well-Numbering System

The well-numbering system used in this report is illustrated in figure 2
and is based upon the location of the well within the grid established by the
U. 8. Bureau of Land Management's survey of the area. The first numeral
denotes the township north of the base line that extends laterally across the
middle of Arkansas; the second numeral denotes the range west of the fifth
principal meridian; and the third numeral denotes the section in which the well
is located, The letters a, b, c, and d designate, respectively, the north-
east, northwest, southwest, and southeast quarter sections, the quarter-quarter
sections, and the quarter=-quarter-quarter sections (10-acre tracts). Con=
secutive terminal numerals are added if more than 1 well is located within a
10-acre tract. Thus, well 151-75-25baa is in the northeast quarter of the
northeast quarter of the northwest quarter of section 25, T. 151 N., R. 75 W.
Similarly, well 152-75-22bcb2 is the second well located in the northwest
quarter of the southwest quarter of the northwest quarter of section 22, T.

152 N., R. 75 W,

Physiographic Features

The Drake area is a part of the Western Young Drift section of the
Central Lowland physiographic province of Fenneman (1938, p. 559) and is in
the western edge of the Drift Prairie region, as designated by Simpson (1929,
p. 5, 7-8).

The report area is a gently rolling ground-moraine plain characterized
by broad, shallow outwash channels, groups of well-rounded knobs and hills,
and shallow depression. Numerous ponds and lakes occur throughout the area,

-6.



particularly in the outwash channels of the glacial spillways. The best~
developed channels (Lemke, 1958b, p. 272) are the Velva, Lake Hester:,
Verendrye, Antelope Valley, Kruger Lake and Alymer, which trend southeast~-
ward., Straight and narrow parallel ridges trend southeastward across the
western part of the area, These ridges are probably an elongated type of
drumlin (op. cit., p. 270).

The surface runoff of the area is carried by the Wintering River and
its intermittent tributaries, which dréin northward to the Souris River, but

no integrated postglacial drainage system has been developed.



GEOLOGY AND OCCURRENCE OF GROUND WATER

Principles of Occurrence of Ground Water

Practically all ground water is derived from precipitation. Water enters
the ground by direct penetration of rain or melting snow or by percolation
from streams and lakes that lie above the water table. Ground water generally
woves downward and then laterally from areas of recharge to areas of natural
discharge.

Ground water is discharged by evaporation from lakes, ponds, and the land
surface where the water table is near the land surface, by transpiration by
plants, by scepage into streams, by pumping from wells and from springs.

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

The amount of water that a rock can hold is determined by its porosity.
Unconsolidated material, such as clay, sand, and gravel, generally is more
porous than consolidated rock, such as sandstone and limestone; however, con-
solidated rock in some areas is highly porous.

The capacity of an aquifer to yield water by gravity drainage may be much
less than is indicated by its porosity because part of the water is held in
the pore spaces by molecular attraction to the rock particles; the smaller
the pores, the greater the proportion of water that will be held. The amount
of water, expressed as a percentage of a cubic foot, that will drain by gravity
from 1 cubic foot of an aquifer is called the "specific yield" of the aquifer,

If the water in an aquifer is not confined by overlying, relatively
impermeable strata, the water is under water-table conditions. Under these
conditions, water can be obtained from storage in the aquifer by gravity

drainage--that is, by lowering the water level, as in the vicinity of a pump-

ed well, -8 -



Water is present under artesian conditions if it is confined in the
aquifer by an overlying relatively impermeable stratum. Under such condi-
tions, hydrostatic pressure will raise the water in a well, or other conduit
penetrating the aquifer, above the top of the aquifer. When water is yield-
ed from the well, the aquifer remains saturated, and water is yielded because
it expands as the aquifer is compressed and the pressure is decreased. The
water-ylelding capacity of an artesian aquifer is called the "coefficient of
storage" and generally is very much smaller than the specific yield of the
same material under water-table conditions. The coefficient of storage of an
aquifer is the volume of water it releases from or takes into storage per
unit surface area of the aquifer per unit change in the component of head
normal to that surface.

The water released from or taken into storage in a water-table aquifer
in response to a change in head is attributed partly to gravity drainage or
refilling of the zone through which the water moves and partly to compress-
ibility of the water and of the material in the saturated zone. The volume
of water attributable to compressibility is a negligible part of the total
volume of water released from or taken into storage, however, and can te
disregarded., Thus, for a water-table aquifer, the coefficient of storage is
practically equal to the specific yield.

The resistance to the movement of water through pore spaces that are
relatively large, as in coarse gravel, is not great, and such material is
said to be permeable. However, the resistance to the movement of water
through small pore spaces, as in clay or shale, may be great and such material

is said to be relatively impermeable or to have low permeability.



The "coefficient of permeability" is expressed quantitatively, for field
use, as the number of gallons of water per day that will pass through a
cross-sectional area of 1 square foot under unit hydraulic gradient at the
local temperature of the ground water.

The "coefficient of transmissibility" is convenient to use in ground-
water studies because it indicates a characteristic of the aquifer as a
whole rather than of a small part. It is the average field permeability
of the aquifer multiplied by its thickness,in feet.

The suitability of an aquifer as a source of water supply is governed
by its permeability, volume, and capacity to store and release water. Also
recharge to the aquifer over a long period must equal the quantcity pumped
out and that lost by natural discharge, or the water supply may gradually
diminish to the extent that it is no longer economically feasible to pump
from it. Aquifers which are highly permeable but small in areal extent
and which are surrounded by relatively impermeable material can be pumped
dry in a comparatively short time. The rather high initial yield of a
well tapping such an aquifer may give an erroneous impression that a large
volume of water is available from the aquifer indefinitely. Thus, before
any substantial ground-water development is made, sufficient test drilling,
aquifer tests, and related studies should be undertaken to determine the
capabilities and recharge conditions of the aﬁuifer being considered.

Ceologic History

Parts of the northern Great Plains were covered during much of Tertiary
and Cretaceous time by vast seas in which all or some of the sediments of t!
Cannonball member of the Fort Union formation, Fox Hills sandstone, and
Pierre shale were deposited. Parts of these formations, however, may have
been deposited in terrestrial r:vir. &2.ts. All the formations are probably
present in the Drake area.

-10-
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The Drake area was subjected to several advances of ice sheets during
the Wisoconsin stage of the Pleistocene epoch (Lemke, 1958a, p. 86). The
Souris River lobe, which was the last ice sheet to cover the area, deposited
drift that conceals any evidence of prioxr glaciation. Southeastward move-
ment of ice is suggested by northwest-trending linear drumlin like ridges
with linear grooves between them. (See fig. 4) Also, a regiobal northwest
concavity of the Martin moraine, which is the terminus of the Souris River
lobe, indicates that this ice moved from the northwest. The moraine extends
around glacial Lake Souris to the northeast and mwrth, as is shown in the
upper right corner of fig. 3.

After the initial retreat of the ice of the Souris River lobe, the melt
waters were discharged through the present-day Souris and Des Lacs drainage
system above Velva into the Kruger Lake spillway. This spillway cut through
the Martin moraine and emptied into what is now the head of the Sheyenne
River drainage system.

As the ice continued its recession, the western part of the Kruger Lake
ice-marginal channel system was abandoned in favor of a lower outlet to the
Velva diversion channel. The melt water was then carried through the Velva
and Alymer diversion channels iato glacial Lake Souris, which was developing
at that time. Lake Souris was a marginal glacial lake that formed when
melt water was impounded on the northward-sloping Souris River basin. The
lake occupied approximately 3,000 square miles of north-central North Dakota
during a late substage of the Pleistocene epoch, possibly Mankato (Upham,
1895, p. 268). At its greatest extent, the lake was approximately 175 miles
long and 75 miles wide. The absence of prominent beaches and lack of evidence
of wave or lake-ice action suggest that the lake was subject to only minor

fluctuationg of stage. During a major part of its history, the lake probably’
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consisted of several disconnected water bodies that contained numerous
islands (Powell 1939, p. 15). Although only the northeast corner of the
Drake area is included in the lake plain (see fig. 4), the geologic history
of the entire region was influenced by the lake and its history.

With the continued retreat of the ice, the older diversion channels were
successively abandoned for the Lake Hester, Antelope Valley, and Verendrye
diversion channels (see fig. 3). The youngest channel into the southern
part of the glacial Lake Souris followed the present course of the Souris
River. The outflow of the lake during its early stages was through the
Girard Lake spillway into the Heimdal and Sheyenne diversion systems. Glacial
Lake Souris expanded northward into Saskatchewan and Manitoba, Canada, and
when the ice had receded north of the Turtle Mountains, the lake drained
eastward into glacilal Lake Agassiz via the Pembina trench (Upham, 1895, p.

268).

General Stratigraphic Relations

Pollowing is a partial stratigraphic section of the Drake area:
Table 1l.--Quaternary, Tertiary, and Cretaceous stratigraphy in the

Drake area

Cenozoic era:
Quaternary system
Recent series
Alluvium
Pleigtocene series
Wisconsin stage
Deposits of glacial Lake Souris
Outwash deposits
Ti1ll and associated sand and gravel deposits
Pre~Wisconsin (?) stage
Tertiary system:
Paleccene series
Cannonball member of Fort Union formation

Mesozoic erat®
Cretaceous system
Upper Cretaceous series
Fox Hills (?) sandstone

- 13 =



UNITED STATES
GEOLOGICAL. SURVEY

NORTH DAKOTA STATE WATER CONSERVATION COMMISSION
NORTH DAKOTA STATE GEOLOGICAL. SURVEY

NORTH DAKOTA GROUNO-WATER

STUDEES NO. 31 FIBURE 5
A ) IR I N (IR Gty St St let ittt o ?._._.__. s R
/ ¥
K.

800

70

& ooffs

EXPLANATION
<
B
WELL LOCATION :LOWER NMBER, OR SIGLE NUMJER, INDIGATES DIPTH OF WELL; UPPER NUMBER
INDICATES DEPTH TOWATER IN THE WELL; CETTER *C" NDIGATES PHEMCAL ANALYSIS
0 l079
TesT Houe

M
. |
LOGATION OF GEOLDGIC SECTION
1
M e D T
SCALE

MAP SHOWING LOCATIONS OF WELLS AND TEST HOLES IN THE DRAKE AREA



Pierre Shale

Niobrara formation

Benton shale equivalents
Lower Cretaceous series

Dakota sandstone

Recent Alluvium

In the Recent epoch, streams have deposited thin beds of dark-colored
clay, silt, and very fine sand in the valleys of the drainage system in the
Drake area. These deposits are generally less than 7 feet thick, are

extremely lenticular, and do not contain aquifers.

Glacial Drift

The glacial drift comprises the surficial deposits in the Drake area
except where thin beds of alluvium have been deposited over the drift and
where bedrock is exposed. The drift has been divided into three types
according to lithology and origin: (1) deposits of glacial Lake Souris, (2)
outwash deposits, and (3) till and associated sand and gravel deposits,
Ice~ contact features in the area are kames, eskers, kame terraces, and
linear drumlinlike. ridges. The drift in the Drake area originated during
the Wisconsin stage of the Pleistocene epoch. 1Its average thickness is
about 90 feet; however, 310 feet of drift was penetrated in test hole 1088
(151-75-3bbb) and 280 feet in test hole 1057 (151-75~4ddd) .

Deposits of glacial Lake Souris.--Deposits of glacial Lake Souris are

present in the northeast corner of the area., Wind action since disappearance
of the lake has formed eolian deposits as much as 15 feet thick for a
distance of 2 miles south and west of the lake; because of the wind
erosion around the lake, it is difficult to recognize the shoreline; Also‘
sand dunes are cowmmon throughout the lake basin.

No test drilling was done in the lake sedimemts in the area; however,
logs of test holes about 5 miles north of the report area reveal that the

deposits of glacial Lake Souris range from 6 to 76 feet in thickness and
- 13 -
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averaga.about 30 feet. These deposits consist of loosely consolidated clay,
silt, and very fine to medium sand. In somes test holes, coarse sand and
fine gravel occur at the base of deposits.

Farm wells in the lake area generally obtain water from aquifers in
the deposits of glacial Lake Souris. Most wells are less than 30 feet
deep and of large diameter. Yields are generally small but adequate for
farm use,

An aquifer test made at a farm well that taps the lacustrine deposits
approximately 30 miles north of the Drake area showed that the coefficient
of transmissibility was 1,970 gpd (gallons per day) per foot, and the
coefficient of storage was 0.085 (Paulson and Powell, 1957, p. 16). The
well tested is reported to be 28 feet deep and to penetrate 24 feet of sand
underlying 4 feet of clay.

Qutwash deposits.-=Outwash deposits in the Drake area are associated
with three physiographic units: diversion channels, ice-marginal channels,
and a pitted outwash plain. These deposits consist of alternating layers
of silt, clay, sand, and gravel,

The valleys of the diversion and ice-marginal channels are approxe. . -
imately % mile to 2 miles wide and 15 to 30 feet deep. Test drilling
west of Drake in the vicinity of Lake Bentley revealed a sizable aquifer
in the outwash deposits of the valley formed by the confluence of the
Velva, Lake Hester, and Verendrye channels., The aquifer extends along the
diversion channels and is probably hydraulically eonnected with potential
aquifers in other channels in the area, The deposits composing the aquifer
range in thickness from 36 to 40 feet, and in test holes 1070 (151-76-
8bbb) and 1071 (151-77-1ddd) they cousist of fine to coarse sand and

gravel.
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The outwash plain south of Drake is higher topographically than the
adjacent ice-marginal channels and is characterized by shallow depressions
and troughs. An area containing five eskers is associated with the northe
ern part of the plain. (See fig. 4). The eskers range from % mile to
2 miles in length, from 50 to 75 feet in width,and from 20 to 40 feet in
height. Test holes 1075 (151=76-l4ccc), 1077 (151=76-l4bcc), and 1078
(151-76~23cbb) drilled in the esker area indicate the presence of an
aquifer containing coarser sand and gravel deposits than those penetrated
by test holes in the diversion channels west of Drake., These sand and
gravel deposits range in thickness from 29 to 59 feet. Test holes 1076
(151-76-26bbb) and 1079 (151-76-34add) in the outwash plain south and east
of the esker area show that the sand and gravel deposits range in thicke
ness from 14 to 21 feet. However, the deposits in the outwash plain may
be hydraulically connected with those of the eskers and may function
practically as a single aquifer. Most recharge in the area is probably
in the outwash deposits southeast of the eskers, and ground water moves
to the northwest.

A short pumping test was made in test hole 1078. The drawdown of
the water in the well was 3 feet after 6 hours of pumping at a rate of
35 to 40 gpm., The coefficients of transmissibility and storage of the
aquifer were not determined because of the short duration of the testing,
but the aquifer may be considered to be a potential source of municipal
or industrial supply.

Till and associated sand and gravel deposits.--Deposits of glacial

till and associated sand and gravel mantle approximately three-fourths of
the area., Till in the Drake area is the material of the glacial drift

that was deposited directly by the ice of the Souris River bbe and is .
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shown on fig. 4 as ground and end moraine. Also, till occurs in the linear
drumlinlike ridges and grooves.

The till is an unconsolidated, unstratified, heterogeneous mixture of
clay, sand, gravel, and boulders that has been subjected to little or no
sorting by wind or water subsequent to its deposition. It is a gray highly
calcareous material consisting of about 40 per cent silt, 30 per cent sand,
25 per cent clay, and 5 per cent gravel and boulders. The gravel and . .
boulder content of the till consists of a greater percentage of carbonate
rocks than of granitic and gneissic rocks. Lignite chips and limonite blebs
are found in small amounts. Oxidation extends to depths of 30 to 50 feet
and little leaching extends below the B horizon of the soil (Lemke, 1958a,
p. 86),

Because the till is composed of unsorted material and because the
spaces between the larger particles are filled with finer materials, till
does not ordinarily yield water readily to wells,

Stratified sand and gravel deposits associated with the till were
formed as alluvial deposits by local melt water of glacial streams. Many
of these stratified deposits in the till contain ground water and therefore
constitute small, isolated aquifers. Most of the deposits are not exposed
and can be detected only by drilling, Test drilling indicated that the
deposits range in thickness from 0 to 52 feet in the Drake area. Many of
the deposits are completely enclosed within the till; consequently, the
yleld of wells penctrating these sand and gravel deposits decreases as they
become dewatered by pumping. Recharge is slow through the glacial till to
the aquifers and therefore the pumpage of the wells should not exceed
recharge.
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Well inventory data (table 3) indicate that most of the farm wells
obtain water from the stratified sand and gravel lenses in the till in
quantities adequate for farm use at the present time (1960); during drought
years, however, several wells were dry or produced inadequate supplies,
according to verbal reports from local residents.

Some ice-contact features-~kames and kame terraces--scattered through-
out the area yield sufficient water for general farm use. For the most
part these features are surrounded by ground moraine, but at a few places
they occur along ice-marginal or glacial diversion channels. None of the
deposits would furnish water in sufficlent quantity for municipal use
because the bulk of the deposits are above the water table, and only a
relatively thin zone in the lower part of the deposits is saturated.

At the base of the till, a potential aquifer consisting of coarse
gravel was penetrated in test holes 1057 (151-75-4ddd) and 1088 (151-75-
3bbb). 1In test hole 1057, a deposit of coarse gravel 36 feet thick under-
lies 244 feet of till; in test hole 1088, a coarse gravel deposit 52 feet
thick underlies 253 feet of till. This gravel section may be continuocus
and associated with deposits of gravel in a preglacial channel in northern
Wells County. Data from previous test drilling and well inventory indicate
that a buried channel trends southeastward and extends from the southeast-
ern part of McHenry County through Wells County to the eastern part of
Foster County. The channel deposits in Wells - County are saturatedvand
yield relatively large quantities of ground water. However, additional test
drilling would be necessary,to find out if the deposits in McHenry County

are connected with the channel in Wells County.
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Bedrock

Cannonball member of the Fort Union formation.--The Cannonball member

of the Fort Union formation underlies central and south-central North
Dakota. It ranges in thickness from 250 to 300 feet and consists of gray
thin-bedded clay shale and light-brown fine-grained sand interbedded with
a few thin beds of.lignitic shale (Laird and Mitchell, 1942, p. 18).

The Cannonball .member in the Drake area lies directly below the drift,
It wag identified,from drill cuttings and from exposures in the NE4SE} Sec.
34, T. 151 N., R. 76 W., the SWASE Sec. 4, T. 151 N., R. 77 W., and in the
SWYNWY Sec. 9, T. 152 N., R. 77 W. (See fig.4). Similar exposures are
found along the Souris River near the towns of Velva and Sawyer, approxie
mately 20 miles west of the Drake area (Brown and Lemke, 1948). These
eéxposures and those in the Drake area consist of thin-bedded brown sand and
gray sandy shale, The outcrops serve as recharge arcas for the Cannonball
member, and the ground water moves probably toward the northeast (Paulson
and Powell, 1957, P 20). The Cannonball member yields small to moderate
supplies of moderately mineralized water in central and south-central North
Dakota. 1It ig tapped by the three municipal wells in Drake and by several
farm wells in the Drake area.

Fox Hills (?) sandstone.=-=The Fox Hills (?) sandstone probably occurs

in the Drake area between the Cannonball member and the Pierre shale.
Bighty-five feet of the Cannonball member of the Fort Union formation and

{or) the Fox Hills .(?) sandstone was penetrated in test hole 1057 (151-75=-
4ddd). The drill cuttings from test hole 1057 consist of gray to brown
smooth clay mixed with sand at certain depths. The Fox Hills(?) sandstone

is 180 to 320 feet thick in the Missouri Plateau, but in the Drift Prairie

it is partly eroded or absent (Robinove, Langford, and Brookhart, 1958,p. 24).
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It yields moderately mineralized water in most of the southe-central and southe
western parts of the State. Some farm wells in the Drake area are reported
to penetrate a sandstone that is probably the Fox Hills.

Pierre shale.-~The Plerre shale is the oldest formation reached by test

drilling during this investigation. It was penetrated in test hole 1057 at

a depth of 365 feet below the land surface. The drill cuttings of the Pierre
shale from the test hole consist of a well-indurated gray clay, shale, and
siltstone. The log of the Hunt 0il Co. Peter Lenertz No. 1 well (153=77-17db),
approximately 5 miles northwest of the Drake Qrea, shows the thickness of the
Plerre shale to be 990 feet and the top of the formation to be 341 feet below
the land surface. The formation underlies the entire Drake area and is the
bedrock directly under the drift in a large part of eastern North Dakota.

No wells in the Drake area are known to obtain water from the Pierre
shale; however, in the eastern part of the State the formation yields small
amounts of moderately mineralized water to wells.

Older rocks.-~The Pierre shale is underlain by older Cretaceous rocks
and by rocks of Jurassic, Triassic, Mississippian, Devonian, Silurian, and
Ordovician ages, as shown by the log of the Peter Lenertz No. 1 well, which
is 7,211 feet deep. An oil-test well drilled in McHenry County in 1959
showed Cambrian and Precambrian rocks below the Ordovician (oral communicas=
tion, 1959, §. B. Anderson, North Dakota Geological Survey).

The only other Cretaceous formation in the area that may be an aquifer
is the Dakots sandstone. It underlies the entire State, except at a few
places in eastern North Dakota. The total thickness of the formsation ranges
from 150 to 450 feet (Robinove, Langford, and Brookhart, 1958, p. 16). In
the Peter Lenertz well, the formation is 2,472 feet below the land surface

and consists of 133 feet of medium-gray to medium-dark-gray shale with some
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white medium-to very coarse grained sandstone and lightegray sandy silt=
stone (Caldwell, 1953, p. 3). The formation yields large quantities of
highly mineralized water from wells in the eastern and the south-central
parts of the State (Simpson, 1929, pl. 1). Many of the wells flow. The
well nearest the Drake area penetrating the Dakot a sandstone is one of the
city wells at Harvey, approximately 20 miles east of Drake. The well was
drilled to a depth of 2,235 feet, and the original flow was 2% gpm (gallons
per minute) (Simpson, 1929, p. 264). The Harvey well does not flow at the
present time (1959) owing to reduced pressure, and wells penetrating the

Dakota in the Drake area probably would not flow.
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QUALITY OF THE GROUND WATER

Ground water dissolves a part of the soluble mineral constituents of
the rock particles as it moves toward and through an aquifer. The amount
of mineral matter dissolved depends principally on the amount of soluble
materials in the aquifer and on the length of time the water is in contact
with them. Therefore, water from a homogeneous aquifer, that has been stored
underground a long period of time or that has traveled a long distance from
the recharge area is more highly mineralized than water that has been stored
a short time or that is recovered relatively near the recharge area.

The chemical composition of ground water is indicated by results of
the chemical analyses of ground water from 12 wells in the Drake area.
(See table 2). The wells range in depth from 16.3 to 507 feet and tap
aquifers in the glacial drift, the Cannonball member of the Fért Union
formation, and the Fox Hills(?) sandstone, Water from the nine wells that
tap glacial drift differs considerably in the degree of mineralization and
in the type of the principal constituents; in this respect it is similar to
water from glacial drift in other parts of North Dakota. The low calcium
and magnesium and relatively high boron content of water from the Drake city
wells and the two farms wells (152-77-1lccd) (152-77-21cdd) indicate that
water from these wells is from the Cannonball member of the Fort Union
formation and the Fox Hills(?) sandstone (Robinove, Langford, and Brookhart,
1958, p. Si). Analyses of water from these formations in surrounding areas
show a high concentration of boron and a relatively low hardness.

Water samples from test holes 1070 and 1078 are similar in chemical
composition, thus indicating that the aquifers tapped by the two holes may
be hydraulically interconnected.

- B -



The U.S, Public Il2altlhi Service has established standards for drinking
water used on common carriers in interstate traffic; and these standards, as
revised in 1946, have been adopted by the American Water Works Assoclation
as criteria of quality for all public supplies. The standards are soon to
be revised again; but, according to Welsh and Thomas (1960), the revised
standards are not likely to differ from the 1946 standards for the mineral

constituents indicated below.

/ Chemical Recommended maximum

; constituent limit ggg!i\~,ﬂué/l

! Iron (Fe) plus manganese (Mn) 0.3

5 Magnesium (Mg) 125 |4
Sulfate (S04) 250 » |2
Chloride (C1) 250 2 0
Fluoride (F) a/l.5 ‘4}
Dissolved solids b/500 20/

a/Mandatory limit,

b/1,000 gpufate permitted if water of better quality is not available.

The chemical analyses of ground water in EE& Drake area (table iﬂ show
that at least one of the recommended limits is exceeded in water from each
of the wells sampled. However, water containing more than the recommended
limits of certain chemical constituents has been used for domestic purposes
for many years in some areas, includiang North Bakota;;without noticeable
ill effects.

Iron in drinking water is objectionable mostly because of its aesthetic
effects, In concentrations much greater than the recommended limit, the

iron itself can be taated. Some microorganisms thrive abundantly in water

containing much iron. In some water supplies the microorganisms become so
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abundant that they almost completely plug water lines, and decomposition
products from the microorganisms give the water a bad taste and ordor., The
town of Drake has had difficulty in the past with its water supply because
of the prasence of such microorganisms.

Iron in solution ordinerily precipitates when the water is gderated. If
aeration takes place in the vicinity of the well screen, precipitated iron
salts may plug well-casing perforations and reduce the well output, If it
takes place at the tap, the precipitate may cause the water to become
cloudy. Iron stains porcilain fixtures and laundry and adversely éffects
the taste of coffee, tea, and some food products prepared with the water,

Sulfate is objectionable to industries using steam boilers if the water
is also high in calcium and magnesium becuase it precipitates and forms a
scale on the inside of boilers. Also, high concentrations of sulfate (more
than about 500 ppm) in domestic or public water supplies has a laxative
effect on human beings and certain animals.

Nearly all ground water contains at least small amounts of hardness=-
causing minerals. Hardness of water is caused principally by calcium and
magnesium and to a lesser extent by iron, aluminum, strontium, barium, zinc,
and free acid. Hardness of water is undesirable, especially if the water is
used for cleaning, beqﬁgke it causes increased soap consumption as well as
soap scum. Water having a hardness of about 100 ppm as CaCO3 generally is
considered to be moderately hard; water having a hardness of 200 ppm or more
is considered to be very hard and should be softened to be satisfactory for
most uses,

Water having a high concentration of sodium relative to the total
cation concentration (high percent sodium) may be unsuitable for irrigation
because it may cause soils to become relatively impermeable. The relative

proportion of sodium exgressed as a percentage may be calculated from the



following equation:

Percent Na g Na x 100
B Ca f Mg # Na # K

where the concentrations of all cations are in equivalents per million.

The continued use of irrigation water in which the percent sodium is
in excess of 50 may cause damage to the soil. However, the amount of
damage depends also on other factors, such as salinity of the water, porosity
of the soil, drainage, irrigation practices, and crop management, 1In
general, the higher the percent sodium, the less suitable the water for
irrigation,

Irrigating with water having a high dissolved-solids content may cause
salts to accumulate in the root zone of the soil and may eventually cause
the soil to become unproductive. According to the U, S, Salinity Lab-
oratory Staff, 1954, p. 70.

"Nearly all irrigation waters that have been used successfully for a
considerable time have conductivity values (specific conductance) of less
than 2,250 micromhos per centimeter (equivalent to a dissolved-#olids content
of about 1,500 ppm). Waters of higher conductivity are used occasionally,
but crop production, except in unusual situations, has not been satisfac-
tory."

Although the specific conductance of the samples is not given in table
2, it can be approximated by dividing the dissolved=solids content by 0.65.
For most of the samples the approximation probably would be accurate within
10 percent;. Approximations of the specific conductance of the samples
analyzed show that 5 were greater than 2,250 micromhos per centimeter. 1In
addition, 7 samples showed a percent.. sodium greater than 50. Five of these
obtain water from bedrock formations. Because of the low permeability of
the surface deposits in the area, which consist of clay and silt, considers

able caution should be used in applying water having a high percent sodium
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or a high salinity.

Generally, water from the glacial drift is of suitable quality for
irrigation, whereas water from bedrock is unsuitable because of its high
dissolved~snlids content and high perceant. sodium. Also, boron, which is
an essential plant nutrient but which 1is toxic in concentrations of more
than 0.3 ppm to some plants, is present in relatively high concentrations

in water from the bedrock,
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SUMMARY OF GROUND-WATER CONDITIONS

A majority of the wells in the Drake area obtian water from aquifers in
the glaclal drift, Wells penetrating these aquifers supply small to
moderate amounts of water adequate for individual farm and domestic users.
Productive aquifers, adequate for furnishing municipal and industrial water
supplies occur in the outwash deposits and in buried preglacial channels at
the base of the glacial drift.

Some farm wells in the Drake area obtain water from aquifers in the
Cannonball member of the Fort Union formation and the Fox Hills(?) sande-
stone. Wells in these aquifers yield small to moderate amounts of
moderately to highly mineralized water. The city wells of Drake tap the
Cannonball wember of the Fort Union formation and yield a supply sufficient
to support the present (1959) water demands of the city.

Deep aquifers in the Drake area are not considered good sources of
ground water at the present time because they occur at depths below econom=
ical pumping lift and because the water contained in them is too highly
mineralized for most uses, Newly developed methods of demineralization of
water, however, may make these aquifers an important source of supply in the
future.

Recharge to glacial-drift aquifers in the Drake area is derived pri-
marily from infiltration of local precipitation through the soil and from
seepage of water from streams and lakes. Recharge to bedrock aquifers is
probably derived by percolation of water through the glacial-drift aquifers,
by direct penetration of rainfall or melting snow and ice, and by lateral
movement of water from adjacent areas.

In the region as a whole, ground water probably moves to the north-

east, Locally, however, the direction of movement of ground water in the
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glacial drift is controlled by the bedrock surface, by channels and
depressions, and by local differences in the permeability and porosity of
the aquifers.

Chemical analyses of ground water in the report area indicate that the
mineral content of .water from different aquifers is extremely variable.
Water from the glacial-drift aquifers is hard but generally suitable for
domestic use and irrigation purposes, W-ter from the bedrock aquifers is
soft but is unsuitable for irrigation. U.S. Public Health Service recommend-
ed limits were exceeded by at least one mineral constituent of water report-
ed in each well tapping a bedrock aquifer. However, at present (1959) the

water is being used without noticeable ill effects.
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TABLE 2,=-=Chemical

Aquifer: Q, glacial drift
Tfc/Kfh: Cannonball(?) member of Fcrt Union formation
or Fox Hills(?) sandstone
Tfec: Cannonball member of Fort Union formation

M c

g g w o 3 8
3 2 sy °&  wE oo 8- 2 8
& e ] Ya £ L] o Q - W~ o~
e e e e @ - M 00 QWTd
0 g -] Qi & 1=t - o ::505
o o 0 o g O ™ 0" w
= < az Qo o g
151-75
3dda H. F, Schneets Q 16.4 7= 9-59 1.2 77 43 &0
22add City ef Anamoose Q 102 9-22-58 .16 99 32 48
151=-76
2¢bc2 City of Drake

Well 2 Tfc 127 8= 1-55 .9 - 5 578
2cbe3 City of Drake

Well 3 Tfc 127 8- 1=55 1 .o 7 625
3dda City of Drake

Well 1 Tfc 180 8= 1=55 1.4 - 5 555

8bbb Test hole 1070 Q 80 10-21-55 1.2 56 25 13
23cbb Test Hole 1078 Q 70 10~ 4=55 .4 46 29 60
151-77
34bda2 Village of Kief Q 33.0 7=~ 9-59 1.8 93 89 206
152-76 »
10acd2 Great Northern RR. Q 18 9-22-58 12 55 36 265
15277
1llced Carl Buri Tfc/Kfh 350 8- 2-58 .43 2 10 1060
21lcdd Arnold Alme Tfc/Kfh 507 9-22-58 .38 5 11 1080
28cbce City of Balfour Q 16.3 9-22-58 .7 186 177 710
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Analyses of Ground water

Analyses by State Laboratories, Bismarck
Results in parts per million except as

indicated
— o~
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2.8 705 77 274 73 4 1.4 3.8 20 1,410 94
1.8 216 .. 34 veeee  eee b 12 236 335 9
3.2 315 * 9 34 L I I W LR ) * 89 .15 232 400 31
7.2 4b4 . 527 13 T .5 518 1,290 46
10 624 ve 229 6 .2 2 1.1 288 1,050 53
7 459 78 32 1,070 3 1.8 3.5 46 2,540 97
8  4b4 40 26 1,270 4 1.8 3.3 58 2,890 97
25 693 104 1,090 376 .3 4 1.1 1,190 3,320 59
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Depth to water:

TABLE 3.-~Records of Wells

Measured water levels in feet

and tenths; reported water levels in feet,

Type of well:

Dr, drilled; Du, dug.

Location Owner or Depth Diameter Type Date
No. name of well or size completed
(feet) (inches)

151-75
2bbe Henry F. Schneets 186 4 Dr 1928
3ada do 16.4 48x48 Du 1928
3bbb Test hole 1088 315 5 Dr 10=24+-55
4bee H. R. Sherlock 28 48x48 Du 1926
4ddd Test hole 1057 320 5 Dr O« 2=55
5bdd H. H, Priester 180 4 Dr sosssnes
5ddd Test hole 1058 280 5 Dr 9« 6=55
7aaa Test hole 1059 220 5 Dr 9= 9-55
7bbbl Test hole 1060 210 5 Dr 9=12-55
7bbb2 Max Thurow 26 36x36 Du seeseae
8bbd Clarence Rademacker 188 4 Dr 1951
9aaa Bureau of Reclamation

test hole 12,2 3 Dr sevesos
10cch Otto Frueh 190 4 Dr 1947
10ddd John Peerboom 90 2 Dr 1908
1lada Francis Mayer 180 & Dr vevnsss
1lcde Emil Schnase 32 23 1)) o ssessue
12cce Carl Cuote 240 4 Dr 1926
12dcd Joe Weninger 180 & Dr 1926
13bce William Nitz 20 36336 Du sesvsesm
l4aba Victor Mayer 300 4 Dr evsessoe
16d4d Cl1iff Frueh 160 6 Dr evesaes
ISaad Otto Hass 155 5 Dr eseocne
18baa Walter Sherlock 185 4 Dr 1941
20ddd Dtto Hass 22 . 1 48}(48 Du secvene
22add City of Anamoose 102 b Dr 1950
23chbd Albert Zuther 118 4 Dr 1950
25baa Marcus Rudnick 28 36x36 Du P
25Cdd Martin Hublou 38-8 36x36 Du seeeveve
26adb R. Rudnick 157 5 Dr 1940
26bba do 111 S Dr 1952
27bab Paul Heller 30 36x36 Du seseenae
27¢be D. Lykken 34,7 36x36 Du 1950
29dad Otto Rattermaker 170 5 Dr 1947
30bba Louis Schill ing 14'-2 48348 Du essavre
31lcdd Ed. Radenachener 20 36x36 Du 1948
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and Test Holes

Depth of well:

Measured depths in feet and tenths

reported depths in feet.

Use of water:
PS, public supply; RR, railroad; S, stock,
T, test hole,

D, domestic; N, none; obs, observation

Depth to Date of Use Aquifer Altitude Remarks
water below measure~ of of land
land surface ment water surface
(feet) (feet)
40 8-16-55 D,S Sand 1,600 Reported hard.
10,2 8-16-55 S Sand 1,560 See chemical analysis,
eseve sevssnse T XXX 1,611 See 108.
13 8-11-55 D,8 Sand 1,615 Reported hard.
[ E NN N LE N NN N E ] T L BN 1’614 See logt
censs 8-11~55 D, .... 1,620 Reported soft.
XIEX csssave T coee 1,616 See 108.
secee sessnss T eeee 1,597 Do.
sesse enesense T ceen 1,617 Do.
16 7-28-55 D,S .... 1,617 Reported hard.
Ty 8-22”55 D,S Sand 1,600 Repotted SOft.
6.4 8-12-55 Obs. .... 1,614
sesns 8-12-55 D,S Sand 1,600 Reported hard.
sesee 8‘16‘55 D,S esse 1,610 DOQ
60 8-«15-55 D,8 .... 1,620 Reported soft.
16 8-16-55 D,S Gravel 1,620 Reported hard.
sesns 8-16-55 D,S .... 1,626 Reported soft.
90 8-16-55 D,S Sand 1,620 Do.
se0ee 8‘16-55 D.S Gravel 1,628
50 8-15-55 D,S .... 1,626
cosse 8-12-55 D,S .... 1,620 Reported soft.
50 8-22-55 § suus 1,600 Reported soft, adequate.
100 8-22-55 D,S Gravel 1,610 Reported soft.
10.2 8‘22'55 D’S epse 1,620 Reported hardo
csane 8-17-55 PS eees 1,615 Reported soft, chemical
analysis.
seoecae 8'11‘55 D,S eso0 1,615
15 8-17-55 D,S Gravel 1,631 Reported hard.
21.5 8-17-55 D,S Sand 1,620 Do,
50 8»17-55 D,S Gravel 1,619 Reported soft.
50 8-17-55 D,8  Sand 1,607 Do
24 8-18-55 D,S Sand 1,600 Reported hard.
23,0 8-18-55 D.S Gravel 1,620 Do.
ceees 8-18-55 D,S .... 1,620 Reported soft.
10.0 8- 9-55 D,S cess 1,621 Reported hard.
eesne 8- 9-55 D, .... 1,620 Do.
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TABLE 3.-=Records of Wells
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Location Owner or Depth Biameter Type Date
No. name of well or size completed
(feet) (inches)
151-75 (Cont.)
31ddd H. L. Erlewine 22 36x36 Du 1918
32baa E. Brown 22 36x36 Du 1931
32dce Ornest Wagner 20 36x36 Du I
33daa Sam Herman 40 48x48 Du PR
3488d Ftalnk RudniCk 35 36x36 Du sesosene
34dda Chris Helm 45 36x%36 Du Pp—
35aaal J. Rudnick 50 36x36 Du PP
35aaa2 do 201 5 Dr 1941
35cdc Paul Stolpman 63.4 5 Dr seviaank
151-76
1ced Frank Paulus 32.0 36x36 Du IS —
ldac 0. A. Retling 22 36x36 Du cecoves e
‘1deb Math Paulus 35 36x36 Du P R—
2aaa A. Sherlock 96 4 Dx 1900
2cbel Test hole 1082 70 5 Dr 10~10-55
2¢cbe2 Ci‘ty well #2 127 24 Dr seppese
20bc3 City well #3 127 24 Dr spsevess
2¢ceel Test hole 1061 130 5 Dr 9-13=55
Zcec2 Soo Line Railroad 48,3 l44x144 Du sEAETE
3aaa Test hole 1063 100 5 Dr 9=15=553
3cee Hubert Schmidt 100 2 Dr 1910
3dda City Well #1 180 24 Dr csesesd
b4eee Test hole 1069 90 5 Dr 9-19=55
4ddb Andrew Zezler Jr. 258 4 Dr 1950
4ddd Test hole 1068 70 5 Dr 9«19=55
Saad Andrew Kruger 60 4 Dr 1934
8abb Test hole 1081 70 5 Dxr 10« 8-55
8bbb Test hole 1070 80 5 Dr 9-20=55
9bbb Orville Kamper 145 4 Dr 1910
IOabd Dale McCarthy 80 4 Dr svoeeas
10bda Joe Frieson 96 4 Dr reasess
10d4dd Test hole 1074 120 5 Dr 9~-28=55
1lada Jake Adams 32 36336 Du seoseco e
11bbb Test hole 1062 110 5 Dr 9=15-55
12dcd Joe Kuntz 133 5 Dr 1955
13bbe Jake Adams 31.6 36x36 Du cosccse
l4aba Martin Isaak 20.3 36x36 Du 1953
14bece Test hole 1077 70 5 Dr 10- 4~53
thcce Test hole 1075 90 5 Dr 9-28-53
17ada Loren Fenner 90 4 Dr esecoes s
17cce Deserted 25.6 48x48 Du p——
20dda C. W, Kemper 116 2 Dr 1942
21cbe William Stock 8.3 72x72 Du 1900



and Test Holes =~ Continued

Depth to Date of Use Aquifer Altitude Remarks
water below measure- of of land
land surface ment water surface
(feet) (feet)
7 8~ 9-55 D,S Sand 1,620 Do.
15 8= 9-55 D,S Sand 1,620 Do.
10 8~ 9-55 D,S Sand 1,620 Do.
24 8- 18-55 D,s Gravel 1,630 Do.
15 8- 17-55 D,S — 1,640 Do.
ses00 8"'17"5'5 D’S Sand 1,640 DO.
40 8~-17-55 D,S Gravel 1,630 Do.
75 8-17-55 D,S Gravel 1,630 Do,
20.0 8-17-55 D,S Sand 1,640 Do.
17.0 8-25-55 D,S Sand 1,640 Do.
9 8-12-55 D,S Gravel 1,615 Do.
esses 8-12-55 D,s Gravel 1,640 Do.
25 8- 8-55 D,S Gravel 1,640 Do.
aseee sssmeue T coes 1,660 See 108.
esenae 8- 1-55 PS Clay 1,680 See chemical analysis.
sasee 8- 1=-35 PS Clay 1,680 Do.
essee cevess T s 1,640 See 108;
24.1 7-28-55 PS,RR Gravel 1,650 See chemical analysis.
ae00e ssses v T ssee 1,647 See 108.
20 8-12-55 D,S Sand 1,620 Reported hard.
canee 8- 1-55 PS N— 1,680 See chemical analysis.
senee sessens T TR 1,596 See logo
[XEEX 8" 9-55 D,S EEE) 1,620 Reported soft.
sevee sesevue T csnse 1,604 See 108. ’
20 8- 5«55 D,S Sand 1,600 Reported hard.
sep e sesaaunse T veee 1,585 See 108.
Baams — T — 1,558 See log; chemical analysis.
sssee 8- 9-55 D,S ssee 1,600 Reported soft,
30 8-22-55 D,S s viww 1,620 Reported hard.
secee 8"22’5’5 D,S crae 1,600 Reported SOftt
seosae essscns T veee 1,620 See log.
20 8-22-55 D,S Sand 1,616 Reported hard.
LR R ¥ ] LB AN B R WY T 8880 1,640 See 108'
60 8-19-55 D,S s 1,620 Reported soft.
12.6 8-19-55 S aiew o 1,620
15.3 8-19-55 D,S Sand 1,620 Reported hard.
XXX ssscce T eses 1,600 See 108.
sasee trsanns T veue 1,620 See log; chemical analysis.
20 8- 9=-55 D,S s i @ 1,580
18.0 8- 9-55 S . 1,616
cssna 8~ 9-55 S P 1,580 Reported soft.
4.5 8- 4-55 S Sand 1,580 Reported hard.
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TABLE 3,~~Records of Wells

Logcation Ownar: Depth Diameter Type Date
No. or name of well  or size Completed
(feet) (inches)

151-76 (Cont.)
John Kemper . 296

} ‘} Dr eoeee
22abd John M. Kuntgz 60 4 Dr e
22ccd ¢ C. W. Kemper 132 4 Dr 1927
23cbb Test hole 1078 70 5 Dr 10~ 4-55
24dce Louis Shelley 355 4 Dr 1920
25aac John P. Eichhorn 20 36x36 Du ceee
25dda Ben Gange 16.4 36x36 Du coee
26bbb Test hole 1076 70 5 Dr 9=30-55
27ach John Kemper 30 36x%36 Du D—
27cce William Ekrman 3.1 36x36 Du I
28cdcl C. Soderberg 200 4 Dr 1945
28cdc2 Do 30 36x36 Du 1952
29acc Willliam Stack 157 6 Dr 1945
30accl Ed Roder 22,2 36x36 Du 1920
30acc2 Do 20 36x36 Du —
32bba William Ehrman 30 36x36 Du 1920
32dbcl Albert Erkman 27.5 36x36 Du veee
32dbe2 Do 16.8 36x36 Du cees
33c¢be Fred Blumhagen 292 4 Dr 1952
33ddd Do 18.3 48x48 Du Sinsmim
34add Test hole 1079 50 5 Dr 10~ 6=55
34ccee Ben Blumhagen 332 2 Dr 1926
151=-77
lbc Fred Steffen 260 4 Dr 1900
1ddd Test hole 1071 60 5 Dr 9-20-55
2add Amy Bantler 180 4 Dr secoe
2¢cce Test hole 1073 70 5 Dr 9=27=55
2ddd Test hole 1072 60 5 Dr 9=22+55
9aba Wm, Martwickol 129 2 Dr 1926
10cbe Emilie Pankratz 32 48x48 Du 1911
l1laba J. M, Weninger 12,0 36x36 Du sees
12bbb V. Shink 43 4 Dr iese
14ddc Joe HOlland 22 07 2 Dr sese
16Cdd Alex Hichalenko 100 4 Dr ssoe
22¢bbl Ed Zahopyko 110 4 Dr sess
22Cbb2 Do 100 2 Dr csss
23ccce Joe Holland 23.6 36x36 Du S
24acd L. M, Ross 76 4 Dr seee
24dabl H, M, Peterson 200 4 Dr —
24dab2 Do 80 2 Dr Ap—
26ddd Rcy Frankhaugen 22 .0 36}(36 Du esee
27bce Deserted 12.7 48x48 Du Ty
ZSCbC Ed Gtaham 16 2 Dr svseas
33acd Deserted 6.1 48x48 Du cean
33bbbl Jack Peawoar 220 2 Dr 1950
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and Test Holes =« Continued

Depth to Date of Use Aquifer Altitude Remarks
water below measure- of of land
land surface ment water surface
(feet) (feet)
Flow 8~ 9-55 N eves 1,580 Reported soft.
sense 8-22+55 D,S Sand 1 ,620 Do,
esses 8~ 9.55 D,S ese e 1,610 Do.
csess secanas T sees 1,600 See log; chemical analysis.
sseve 8" 9"55 D,S e0 e 1,620 Reported Boft.
seeee 8- 9«55 N Sand 1,610 Reported hard.
300 8‘ 9"55 S ceeee 1,620 DOc
seoes sescnne T 2000 1,623 See 108.
esse e 8‘ 9"55 N evses 1,620
1,2 8~ 4-55 S sees 1,600
sesne 8- 4-55 ) seas 1,620 Repotted soft.
teses 8+ 4-55 S Sand 1,620 Reported hard,
30 8- 4-53 D,S Sand 1,620 Reported soft.
10.1 8~ 4-55 ] Gravel 1,630 Reported hard.
18 8- 455 D Clay 1,630 Do.
sssoe 8- 4-55 D,S s 1,630 Do.
9.6 8~23--55 S Sand 1,700 Reported hard.
9.2 8-23-55 D Sand 1,700 Do,
esoss 8- 4-55 D,S Clay 1,635 Reported soft.
9.0 8- 455 N save 1,635
sss e cessnse T csea 1,610 See 108.
ssees 8~ 4-55 D,s eres 1,635 Reported soft.
80 8- 4-55 D,s N 1,600 Do.
evese esscsvee T sese 1,556 See log.
sceos 8- 4-55 D,S soes 1,600 Reported soft,
seone evsensse T coee 1,620 See 108.
LN BN R 206860 0DSS T LR Y 1,592 Do.
seves 8~ 2-55 D,S Sand 1,580 Reported soft,
16 8- 2455 D,S Clay 1,600 Reported hard.
7.0 8~ 4~55 D,S — 1,580 Do.
sssese 8=« 4-55 S Clay 1,600 Do.
14.6 8-~ 3«55 D,S S 1,620
csese 8~ 2«55 D,sS P 1,630 Reported soft,
XX LK) 8« 355 S Gravel 1,640 Do.
ceoes 8- 3«55 D o 1,640 Reported hard.
15.3 8~ 3"55 N (X R X 1,650
20 8~23-55 D,S Gravel 1,640 Reported soft.
40 8~23+55 D,S Shale 1,640 Do.
30 8-23«55 D,S Sand 1,640 Reported hard.
15.0 8" 3"‘55 D,s es s 1,640 Do.
8,6 8~ 3-55 N cene 1,640
tsees 8~ 3~55 D Sand 1,660 Reported hard.
2.1 8" 3"55 S LR 1,640
30 8- 3-55 D,S Clay 1,660 Reported soft,
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RABLE 3--RECORDS OF WELLS

Location Owner or Depth Diameter Type Date

No. name of well or size completed
(feet) (inches)

151-77 (Cont.,)

Do

33%%22 Sam Kokoroy 3%3 36%36 B: i92¢
34bd81 Jake Kizima 25 36x36 Du xXrx
34bda2 Village of Kief 33.0 48x48 Du vove
36ddd Fred Eichhorn 27.2 36x36 Du 1913
152-75

1lebd Joe Hager 20 36x36 Du cone
3ccel F. Ziomerman 20 36x36 Du seee
3ccc2 Do 12 36x36 Du TR
3ddd R. Berndt 15 36%36 Du esse
4cca Henry Schnase 45 18x18 Du csse
5ddd Martin and George :

Bruner 125 4 Dr 1950
6add Anton Bruner 20 48x48 Du —
9cac 0. Pfirfer 64 2 Dr 1900
9ddd E: Ruhal 35 4 Dr 1920
10ccc Martin Samual 22.9 36x36 Du veee
10ddb Do 60 5 Dr 1912
1llbaa Ed Hoaglund 76 5 Dr 1946
l1daa Henry W. Lange 210 2 Dr cees
l4cac Robert Berndt 146 2 Dr 1920
15ada H. Schneider 60 4 Dr 1945
15¢ba Emmanual Samual 208 2 Dr veen
15ddcl Wm. Lange 80 4 Dr cese
15ddc2 Do 60 4 Dr seve
16dda Frank Ervert 250 2 Dr 1943
17ccal Cliff Schnase 33 36x36 Du se0ae
17cca2 Do 16 36x36 Du 1955
17ddd Melvin Schimmel 168 2 Dr ssse
18ada John Ervert 72 4 Dr 1914
19aaa Hanry Pietsch 20 & Dr evee
19¢cdl Elmer Vollmer 20 36x36 Du sene
19ccd2 Do 15 36x36 Du 1936
20adcl Walter Stolt 30 5 Dr seme
2oadc2 Do 14 36x36 Du seee
20ddb August Stolt 1503 36x36 Du sooe
21dad Harry Peiler 24 4 Dr seee
22bebl Paul Kohlman 40 5 Dr cens
22bcb2 Do 53 4 Dr soee
23‘bd Otto Wick 55 ‘l’ Dr XXX
25bbb Ac G. Roe 30 4 Dl.’ s000
26bcb Willard Peerboon 90 2 Dr vess
26dac E. M, Roufs 42 4 Dr 1920
27444 Amy Berndt 140 2 Dr 1915
29abe Wm, Pattias 160 2 Dr 1935
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AND TEST HOLES ~-~ Continued

Depth to Date of Use Aquifer Altitude Remarks
water below measure- of of land
land surface ment water surface
(feet) (feet)
40 8- 333 bys  Sand 12660  Reporred BaRd:
10 8~ 3-55 D,S Sand 1,660 Reported hard.
18.2 8- 3-55 D Sand 1,660 See chemical analysis,
12,2 8-23-55 D,S “nww 1,660 Reported katxd.
coose 8‘15"55 D,S 2000 sesen DQ.
10 8"10"55 D Gravel evess Do.
6 8-10~55 S Sand esses Do.
8 8-15-55 D,s Sand senes Do.
15 8-10~55 D,S Sand veses Do.
30 8-~10-55 D,S Sand S Reported soft.
14 8-10«55 D,S Gravel ..... Reported hard.
10 8-10~55 D,S Sand 1,600 Do.
20 8-10~55 Gravel 1,570
6.2 8-10-55 D,S P 1,570
20 8-15-55 D,s Sand 1,580
7 8"15"’55 D ,S sand ssese Repotted soft.
s 8-15-55 D,S “see 1,600 Do.
40 8-15-55 D,S cans 1,600 Do.
40 8-15«55 D,S Sand 1,580
40 8-24-55 D,S R 1,580 Reported soft,
-40 8-15-55 D,S - 1,600 Reported hard.
40 8-15~55 i 1,600 Do.
50 8-10-55 D,S cose 1,600 Reported soft.
esew 8"10“55 D Sand 1 ’ 600 Do.
8 8-10=55 S Sand 1,600 Do,
25 8~11-55 D,S - 1,580
cone 8~10~55 D,S Sand 1,580 Reported hard.
enee 8-10-55 N esee 1,580 Do.
coee 8"10"55 D sses 1,600 DO.
soss 8-~10-55 S Gravel 1,600 Do.
cses 8-11-55 D . mww 1,600 Do.
eves 8-11-55 S PR 1,600 Do.
4.0 8-11=55 D,S Sand 1,600 Reported soft.
seos 8=24-55 D,S Gravel 1,590
eses 8“24"55 D Sand 1 ,590
40 8-24-~55 S Sand 1,590
43 8-15~55 D,S Gravel 1,600 Reported hard
vees 8-15-55 seaw 1,600 Reported soft.
seee 8'15"‘55 D,S Sand 1 ,600 Do.
80 8-15-55 D,S — 1,620 Do.
csse 8-24-55 D,S Gravel 1,600 Reported hard,
80 8-24-55 D,S Clay 1,600 Do.
soas 8-10-55 D,S P 1,600 Reported soft,
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TABLE 3.--Raecords of Wells

Location Owner Depth Diameter Type Date
No. or name of well or size completed
(feet) (inches)

152-75 (Cont.)

29cdd T. S. Rieder 60 4 Dx 1910
30baa Carl Yahange 24 36x%36 Du cose
30bab Marvin Vollmer 65 4 Dr 1925
32adc Hubert Spletto 65 & Dr 1929
34ada Herman Semechend 60 4 Dr sese
35cce S. Martin 165 2 Dr sevs
152-76
labd Frank Bruner 37 36x36 Du —
2dcb 0. B, Olson 106 5 Dr 1915
l‘cac Edward Grad 180 2 Dr eese
Sbaa H. C. Knuth 100* 2 Dr X
Scac Joe Koble 32 18 Dr cose
6adc Phil Schatz 33.6 36x36 Du “eme
fbba Clarence Brownley 25.3 48x48 Du cese
7ada Jack MacNamara 250 2 Dr 1926
9bacl Jack Kuntz 30 48x48 Du 1936
9bac2 . Do 75 3 Dr saee
10acdl Guthrie Farmers

Elevator 15.9 48x48 Du SEuE
10acd2 Great Northern

Railroad 18 36x36 Du 1942
llcce Test hole 1067 150 5 Dr 9=17~55
12cbe Anton Bruner 20.7 48x48 Du —
12dadb John Bruner, Jr. 240 2 Dr 1949
13bcb Chris Olson 32 36x36 Du coen
l4adal E. M, Olson 40 36x36 Du 1915
l4ada2 Do 36 8 Dr 1950
14bbb Frank Kaufman 105 5 Dr 1925
l4cce Test hole 1066 180 5 Dr 9-17+55
17bab Otto Matthies 65 2 Dx seve
22ddb Joe Luduich 105 4 Dr 1945
23dcc Wilbert Vollmer 300 2 Dr 1944
24bad A. Stolt 105 4 Dr 1905
24ddd Do 8 .10 48x48 Du sees
25aaa Do 17 36x36 Du enece
26bbb Test hole 1065 50 5 Dr 9-16-55
27bcd Gust 3trege 130 2 Dr 1941
27cdd August Fennan 172 2 Dr 1914
27ddd Chris Merchbach 168 2 Dr 1915
28bba Andrew Ziegler 120 2 Dr cece
29adb Andrew Kruger 47 2 Dr 1954
BOCCCI Charl'es Knuth 60 36x36 Du TEIX]
30ccc2 Do 40 36x%36 Du -
3laaa A, K, Koble 32 36x36 Du seee
31cabl Delmer Martnick 75 2 Dr p—
31lcab2 Do 30 36x36 Du 1900
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and Test Holes =~ Continued

Depth to Date of Use Aquifer Altitude Remarks
water below measure= of of land
land surface ment water surface

(feet) (feet)
ssese 8-11=55 D,S sand 1,620 Reported hard.

12 8-11=55 D,S Sand 1,600 Do.

15 8=10=55 D,S Clay 1,600 Do.

27 8=11=55 D,S Sand 1,620 Do.
sesens 8-15=55 Sand 1,580

30 8=15-55 D,S cone 1,600 Reported hard.

27 8- 8-55 S Gravel ..... Reported hard.
sesee 8' 8'55 D,S seo0sm sson DO.
sness 8’ 5-55 D,S vsee seses Reported SOft.
es o e e 8‘ 5'55 D,s eses aseee Doo
esoee 8' 5‘55 D,S ssee esess Reported hardo

19.5 8=26=55 D,S Sand veees Reported soft.

10.5 8“' 8-55 D,S sarld sseve
100 8- 5=55 D,S coee «eess Reported soft.

15 8' 5'55 D,s XXX snevse REPOIted hardo
sanee 8‘ 5‘55 D,S saee esees REPOttEd SOftc

703 8" 8-55 N IR X ] YR Y] Reported hard.

12 8~ 8-55 D Gravel ..... See chemical analysis.
S9oee aboe0BS T 2000 1’587 See log'

12.6 8-25=55 D,S Sand 1,580 Reported hard.
avsee 8‘10-55 D,S sase 1,580 Reported SOfto
sesee 8- 8-55 D,S cone 1,580 Reported hard.
cesene 8‘ 8’55 D,s sees 1,580 DO.
esvse 8” 8‘55 S cove 1,580 Do.
esesne 8- 8-55 D,S Sand 1,580 Do.
svese ssocoes T seve 1,557 See 108.

40 8« 5=55 D,S Sand 1,580 Reported hard.
csave 8- 8-55 D,S e 1,580 Reported soft.
52 8~ 8~55 D,S ey 1,600 Do.
eovesn 8” 8'55 D,S ese e 1,580

4.0 8+ 8=55 N ssee 1,600

8 8~ 8=55 S evse 1,600 Reported hard.
sanee ensesve T esece 1,588 See 108.
csvae 8~ 8-55 D,S Lignite 1,580 Reported soft.
[E XN 8“ 8-55 D,S EER) 1,600 DO.

60 8+25=55 D,S Sand 1,600 Do.
seene 8“ 5'55 D,S aese 1,600 Do.

7 8~ 553 D.S Gravel 1,610 Reported hard.
essee 8~ 5=55 S ssse 1,580 Reported soft.
coose 8~ 5=55 D - 1,580 Reported hard.
eeoee 8_26'55 D,S ssve 1,590 Reported SOfto
seonse 8~ 5'55 S csees 1,575 Do.

20 8% 5-55 D e 1,580 Reported hard.
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TABLE 3.--Records of Wells
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Location Owner Depth Diameter Type Date
No. or name of well or size completed
(feet) (inches)
132 -76 (Cont' )
34addl Geo. Sendbeech 160 4 Dr 1945
34add2 Do 160 4 Dr 1949
35bbb Test hole 1064 190 - Dr 9-16=5%
35ddb Martin Nissen 18.0 48x48 Du 1899
152-77
2cch H. E. Brunhart 130 2 Dr 1915
3abb Albert Wiwta 20 48x48 Du 1900
3add Do 17 48x48 Du 1954
3dcd Mercy Hospital Farm 200 2 Dr cacs
Abbb Lloyd Redsted 68 4 Dr svse
4ddd Ernst Struee 23.2 48x48 Du eses
- 9ddd Anton Weninter 40 4 Dr enas
10bce Ervin Struee 24 48x48 Du L
10dca Evert Effestad 30 3 Dr seaw
1lced Carl Buri 350 2 Dr 1901
12ccecl Tius Usselmen 35 48x48 Du 1908
12cecc2 Do 90 4 Dr TEE)
12dcdl Ervin Knuth 24 48x48 Du 1946
12dcd2 Do 10 48x48 Du 1936
15¢ch Mrs. M. Smith 37 36x36 Du 1915 -
16bbb Mrs., Petra Skeari 72 3 Dr 1917
16cce Leo Myxter 35 36x36 Du 1920
21cdd Arnold Alme 507 2 Dr 1910
23aad Arnie Martwick 14 36x36 Du —
25add John L. Lener 165 2 Dr sess
26ddd W. L. Bradley 168 2 Dr seee
27ada Carl Thompson 110 4 Dr sess
27bce Francis Wininder 70 2 Dr 1926
28aad C. Stevens 18 36x36 Du vese
28cad Balfour Hardware Store 125 2 Dx 1948
28cbe City of Balfour 16.3 48x48 Du esve
33abb Orvill Aanrud 280 2 Dr seee
34bceb Anton Grinsteiner 35 36x36 Du cove
34cch Cuy Martichol 160 2 Dr sesse
35dchH L. W. Belzer 90 3 Dr .
35dcb Jerold Krueger 83 2 Dr 1914



and Test Holes ==~ Continued

Depth to Date of Use Aquifer Altitude Remarks
water below measure- of of land
land surface ment water surface

(feet) (feet)

40 8~ 8=55 S Gravel 1,620 Reported soft,

40 8- 8-55 D Gravel 1,620 Do,
scsse ssevoae T seee 1’613 See 108.

10,2 8~ B8-55 D,S cosse 1,620 Reported soft.
sscee 8= =55 D,S ceee seese Reported soft.
evens 8‘ :2'55 D ,S Sand seces Repotted hard.

4 8- 2=55 D Sand sseve Do.
tsese 8=~ 4=55 D,S sose cosne Reported soft.
20 8~ 2-55 D,s Sand esens Reported hard.
15.1 8" 2"55 ssee sae0s

4 8~ 2-55 D,S Sand 1,575 Do.

4 8‘ 2"55 D,S Sand ssese Repot‘ted .Ofto

12 8~ 255 S Sand 1,580 Reported hard.
e 8~ 2=55 D,S deus 1,600 See chemical analysis.
eeses 8~ 255 D cose 1,575 Repotted hard.
svees 8- 2-55 S cens 1,575 Reported soft,
sesva 8- 2-55 D Sand 1 ’ 560 Do.

5 8- 2-55 S Sand 1,560 Do.

25 8~ 2-55 D,S Clay 1,575
eoses 8= 2-55 D,S Sand 1,620 Reported soft.

15 8~ 2«55 D,S Sand 1,600 Reported hard.
150 8-23-55 D,s Sand 1,620 See chemical analysis

10 8-26~55 D,S Sand 1,580
eocne 8~ 2-55 D,S cess 1 s 580 Report‘d soft,
caves 8-30-55 D.S Sand 1 .580 Do,

Xy 8~ 2-55 D,S save 1,580 Do.

35 8-2-55 D,  Sand  1.600 Do.
esese 8-30-55 D,S Sand 1 ’ 600 ReportGd hard.
escoe 8- 4-55 D Sand 1 : 600 Reported soft.

8.1 8- 4-55 D seee 1,600 See chemical analysis.
S 8~ 4-55 D,S — 1,600 Reported soft.

17 8'30‘55 D,s esee 1 Iy 600 Repott‘d Mrd;
sssse 8- 2-55 D,S csoe 1,600 Reported soft,
seese 8" 4‘55 D,S esne 1.600 DO.

63 8~ 4-55 D,S Sand 1,620 Do.
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TABLE 4.--Logs of Test Holes

151-75-3bbb
Test hole 1088

Formation Material

Till and associated sand and gravel deposits:
CIBY, sa.ndy, yellow..........................
Clay, yellow, and fine to medium gravel......
Clay, gray, and fine to medium gravel..seeoses
Clay, smlooth, BX8Yeosesocosssssesscscnsssessss
Clay, sa-ndy, gtay...‘.....0.'..'..'.......'..
Clay, gray, and fine to medium gravel...seee.
Gravel, cemented, clayey; very hard drilling.
Clay, gray, and fine 8:8\791......00..00000000
Cannonball member of the Fort Union formation:
C].ay, smooth, silty, 8T8Yccccssessvsssvevcace

151=75«4ddd
Test hole 1057

Till and assoclated sand and gravel deposits:
Clay, yellow, and fine gravel..csecesscsocccs
Clay, gray, and fine to medium gravel...esces
Sand, fine to medium, silty..............u..
Clay, gray, and fine to medium gravel..e.eeee
Gravel, fine to mediumMececsseosencsssvcssnnse
Gravel, fine, and coarse sand.cecesssescccese
Cannonball(?) member of the Fort Union formation and Fox
Hills(?) sandstone:
c18y, smooth, Bandy, Br8Yeesesvoessnssseoncssne
Pierre shale:

Shale, BrAYevec0s0ses0000s00ncss0nsosessscens:

151-75=-5ddd
Test hole 1058

Till and associated sand and gravel deposits:
Clay, sandy, yelloWescecsososooccsscssccessns
CIay, yerllow, and fine gtavel.........-....-.
Clay, gray, and fine 8rave1..................
Sand, FinGussssnansuisassvssionssssssssnsnsss
Clay, gray, and fine gravel.i.cecsecsscccsnces
Sand, medium tO COArS8Cecccesccsesssssscsssssne
Clay, gray, and fine to medium gravel.ceceess
Gravel, fine, sandy.oon'-cooo-0.-.000......00
Clay, gray, and fine to medium gravel..cccos.
Cannonball member of the Fort Union formation:
Clay, sandy, silty, gray to broWn.cesecseceses

- 35 =

Thickness Depth
(feet) (feet)
3 3
13 16
116 132
10 142
7 149
104 253
52 305
5 310
5 315
16 16
186 202
10 212
32 244
16 260
20 280
85 365
5 370
5 5
13 18
3 21
10 31
4 35
21 56
17 73
17 90
30 120
160 280



TABLE 4.-=logs of Test Holes == Continued

151=75-7aa4
Test hole 1059
Formation Material

Till and associated sand and gravel deposits:
Clay, yellow, coarse sand, and fine gravel..
Clay, gray, and fine to medium gravel.......
CIIiy, sandy, Br8Yeececcscvccsscsscovenscsacsns
Clay, gray, and fine to medium gravel.eccc..
Sam:l, fine to medium, Silty-oooonoouooooaooo
CIIiy, eandy, BreeNoscscccessvvecscosvosccese
Clay, gray, and fine to medium gravel...cc..

Cannonball member of the Fort Union formation:
Shale, ligniticesevssesscsscccosssosscecnses
CIJIy, smooth, brOWNnessssosssossssossnssssves
CIJiy, sandy, Silty, EY€lNesosscsesesssscncse
Clliy, lignitic, silty...........n.....n...
Clliy, smooth, BTABYs0esv0cvccnccscsssnsssnscnse

151-75=7bbbl
Test hole 1060

Till and associated sand and gravel deposits:
Clﬂy, sandy, yeIIWoooooococuoooooonaoooo--o
Clay, gray, and fine to medium graveli.seees
Griivel, fine to mediuMe.acvoscosssncsscccsssns
Clay, gray, and fine to medium gravel...eess
Sal.'td, coarse, and fine grﬂveloocoogcuouotooo
Gravel, fine to medium.ceececrocoosvscsseses
Clay, gray, and fine to medium gravel; lost
circulation 70 to 83 feet.covecccvssnsnce
Cannonball member of the Fort Union formation:
CIIiy, Baﬂdy. Br8Ycescssccssconscnsscescscone
Li]gnite.............-.......................
CIJiy, Smooth, DYOWNecoseososassssevsonsssssne
CIJEY, smooth, Bra8Yoecsceosssssesscscscsnssccse
CIIBy, stOth, DYOWN.csscovsscconssosssssssne
Clay, sandy, 8ilty, grayecscecoecvesossoscss

151«76«2cbel
Test hole 1082

Till and associated sand and gravel deposits:
Clay, Sal.'ldy, ye].lOWQQQooo.oo-oooooooo.oco.oo
CIJE}’, yellow, and fine gravel.........u....
Clay, salady, bDrOWneeseosssssososssssccssnsss
Clay, sandy, gray=greeNscsscsccessessssossas
Cannonball member of the Fort Union formation:
Cliiy, Bllty, 8rayeeescececscscoscocssscoasee

= 55 =

Thickness

(feet)

9
24

25
26

11

Depth
(feet)

9
33
42

102
110
127
141

144
147
187
212
220

11
18
19
32
35

86

134
135
148
167
197
210

28
54
59

70



TABLE 4.--Logs of Test Holes =-- Continued

151-76~2cccl
Test hole 1061
Formation Material

Till and associated sand and gravel deposits:
Sand, fin€cecséasvessnccesoassecssssssnnoveseses
Clay, yellow, and fine gravels....n.n......
Sand, medium to coarse, and fine gravel......
Clay, gray, and fine to medium gravel....ceec.
Sand, medium to coarse, and fine gravel.esass
Clay, gray, and fine to medium gravel.c.ecses
Clay, Bmooth, Er8Yeseeséooevossrsvacssnsccrnes
Clay, gray, and fine to medium gravel........
Sand, meédium to coarse, and fine gravel......
Clay, gray, and fine to medium gravel; hard

d.riliaiﬂlg 9d to 100 b -1} P T X

Cannonball meémber of the Fort Union formation:
Clay, smC‘Oth, dai‘k‘-grdy....n.........-..‘...
Claly, saﬂldy, ‘ilty’ gray..ooooooooooccoooooc:

151«76=3aaa
Test hole 1063

Till and associated sand and gravel deposits:
Clay, yellow, and fine gravelscecesssveccscee
CIay, sandy, ye].lw--ovo-co-.occoaoao-noocooo
Clay, yellow, and fine to medium gravel......
Saud, fine to mediumM,secenscocacsvcosscsssscsse
Clay, gray, and fine to medium gravel..ceccees
Cannonball member of the Fort Union formation:
Clay, smooth, dark-grayescscceccescsassnsscce

151-76=~4¢ccc
Test hole 1069

Till and associated sand and gravel deposits:
Clay, sandy, YEIIOW..ooooaooooocoooonaooccco.
Samd, fine to mediumeccceessrovcscacovevcsccce
Clay, Samdy, 8raYsvovesoscrsasnsvnssosossscsscse
Clay, gray, and fine to medium gravel....ceee.
Sand, medium to coarse, and fine gravel......
Clay, sandy, EYa8Yesecscecssscsssesssssovscocs
Clay, gray, and fine to medium graveleececses.
Cannonball member of the Fort Union formation:
Clay, smooth, grayscecocccvossvcssccssccccnses
Clay, Sandy, dark=graycscecsvsccccsesnssssoccs

- 47 =

Thickness Depth

(feet)

5
8
6
1
14
14
3
16
10

22

21
10

24
13
32

24

(feet)

3
13
19
20
34
48
51
67
77

99

120
130

31
by
76

100

19
21
33
46
49
56
71

88
90



TABLE 4.--Logs of Test Holes == Continued

151-76~4ddd
Test hole 1068

Pormation Meterial

Till and associated sand and gravel deposits:
Cl,ay, Salndy, yellowncu‘oocoooooooto...ohoc.ooc
Clay, yellow, and fine to medium gravel.e......
Clay, gray, and fine to medium gravel.sseeeces
Samd, fine to mediuMecoceseccscssnssnseecscsse
Clay, gray, and fine to medium gravel..ccseces
Gannonball member of the Fort Union formation:
C].ay, samdy, datk-gl‘ay...................u...
C]Lay, snnooth, light-gray..'u...-........-.n.
C];ay, sﬁﬂooth, dark-gray...................u..

151-76~8abb
Test hole 1081

Till and associated sand and gravel deposits:
C]Lay, S‘lmdy, datk‘gray-.o-oooooocooooucaoooco'
C]Lay, sandy, yellw..........--u.u..........
Sllnd, cllayey, ye110w000.l.l000'..0l...Q.‘...O.
Slmd, fine tO COAr8€ccesssscsccsrscsssscssossss
Clay, gray, and fine to medium gravel.ceseces..
Cannonball member of the Fort Union formation:
C:Lay, smooth, BY8Ysceoscossesonrcsasnsnsssnsens

151-76-8bbb
Test hole 1070
Outwash deposits:
Sand, finCecsesecsesnssnsoscsesesscosnsansascase
Sand, fine to mediUMsceesssosssssscosasssvonce
Sand, medium to coarse, and fine gravel;.large
lignite fragment8¢.0-oo.oooo.oo.ooocooo.-oco
Sand, coarse, and fine gravelecesescacscosccce
Till and associated sand and gravel deposits:
Clay, gray, and fine to medium gravel....sec.ee
Cannonball member of the Fort Union formation:
Clay, SINOOth, Br8Yecoocsssvoevscscscetscccnannece
Clay, SInooth, light-grown.....................

151-76-10ddd
Test hole 1074

Till and associated sand and gravel deposits:
Clay, silty, yellow, and coarse sand..c.esssss
Clay, YEI].OW, and fine gravel...n..-.........
Clay, silty, gray, and fine gravel..ccevecoses
CIay, sandy, Br8Y cese0c000cs0sess0s0s00vosonsos
Sand, fine to coarse, and fine gravel,..ceccee
Sand, fine silty, g!‘ay......;..........-.....-
C].ay, gray, and fine gravel.................-..
CIay, sandy, Br8Yesgsvevcsscsevscscsscennssnse
Cannonball member of the Fort Union formation:
018y, sandy, 1ight’8ray.ooo.o.onv-oo-cooooo-oc

Thickness Depth
" (faet) (feet)
6 6
8 14
10 24
2 26
14 40
22 62
3 65
5 70
4 4
10 14
7 21
3 24
29 53
17 70
3 3
2 5
17 22
18 40
16 56
19 75
5 80
22 22
4 26
9 35
28 63
11 74
16 90
10 100
4 104
16 120:



TABLE 4,=-LOGS OF TEST HOLES == Continued

151=-76-11bbb
Test hole 1062
Pormation Material

Till and associated sand and gravel deposits:
Clay, Sm.ooth, gtay...........-.....n-.......
Clay, yellow, and fine gravel.ccecesecrscescse
Sand, medium O COArSB8€Ceevevssscosocssonssssose
Clay, yellow, and fine gravel.ssecescscesecnse
Clay, gray, and fine to medium gravel........
Sand, medium to coarse, and fine gravel......
Clay, gray, and fine to medium gravel...ese..
Cannonball member of the Fort Union formation:
Clay, sulooth, BrBYscesccosecsescssessscnnconece
CIay, Sa.ndy, Silty, 8r8Yessv0ss00csccccscnone
Clay, smooth, BX8Yssscecoasrcsssccsscscssnsce

151-76-14bcc
Test hole 1077
Outwash deposits:
Cl.ay, sjlty, gray-brown.......-..............
C].ay, Sﬂlooth, light°gray................--..-
Clay, yellow, and fine graveleiccscsccvosscss
Clay, gray to yellow, and fine gravel; fine
to cosarse saﬂdoco.'o‘tqoo‘-oc'oooo.oooooo-o
Sand, medium to coarse, and fine gravel......
Sand, fine to coarse; fairly clean.scececscee
Till and associated sand and gravel deposits:
Clay, dark-gray, and fine gravel.sccesscsceces
Cannonball member of the Fort Union formation:
Clay, smooth, light-gray.seseccecacescsecscnse

151-76-14ccc
Test hole 1075
Outwash deposits:
Sand, fine to coarse, brown.ececsscscsscsccass

Sand, fine to coarse, brown to yellow, and
fine ‘;raVEIto.l........‘O...‘........'..Q.l

Sand, very fine to fine, gray, and lignite

ragmenliS8ecsssscesnconscvssesssscsssscosnsscce

Sand, fine tO COArS@.scescovssconssssscconsss
Said, fine to coarse, and fine gravel; shale

pebbl‘ssiii.'iﬂﬁ....‘.‘..'...‘.l."..‘.....‘

Till and associated sand and gravel deposits:

Clay, dark-gray, and fine gravel..cscsssssces
Cannonball :@:mber of the Fort Union formation

Cflay, s:ilty, light-gray..........-.......-...

151=76-23cbb
Test hole 1078
Qutwash deposits:

Clay, s'andy, dark=brownescesssessssesescccssae
CIGY, y'EI].W, and fine 3rave1......-......-..
Clay, sandy, yellmiSh'brownonoooooooog-ooooo
Sand, fine, 8lltYecsoosscsscevenssessaccssses
Clay, gray, and fine sand.cecssscsoscscsnsese
Sand, fine to coarse, and fine gravel..eseses
Sand, coarse, and fine gravel.ccecscsccscnses

Gravel, fine and coarse sandececcescescccsscne
Cannonball member of the Fort Union formation:

Clay, sandy, silty, liggg BraY eecs00cs0escsocse

Thickness Depth
(feet) (feet)
3 3
5 8
2 10
3 13
11 24
6 30
34 64
12 76
9 85
25 110
5 5
2 7
3 10
3 13
2 15
36 51
14 65
5 70
6 6
9 15
37 52
3 55
4 59
16 75
15 90
K 3
11 14
8 22
7 29
3 32
11 43
7 50
4 54
16 70



TABLE 4.~-Logs of Test Holes =~ Continued

151=76~26bbb
Test hole 1076
Formation Material

Outwash deposits:
Sand, fine, brown, clayey, yelloWeesecccsooss
Clay, Smooth, yellow...........-....-.-....-
Gravel, fine’ Clayey, yellow.ooccooncooooocc
c18y, y311ow and fine gravel.......-........
Hard rOCk; difficult drilling'ooo'o-o-ounlot
Clay, yellow to brown, and fine to medium
sand...‘l......................".........
Hard rOCk; difficult drilling-ot-oooo'--oooo
Clay, silty, yellow to brown, and fine to
coarse SanNdesececssssosensessscssanssonscss
Sand, fine to medium, gray..csesscenccccecss
Till and associated sand and gravel deposits:
Clay, smooth, datk-gray........-......-..,..
Cannonball member of the Fort Union formation:
Clay’ sandy, gray‘...'..'....-...........".

151-76~34add
Test hole 1079
Outwash deposits:
Sand, CIayey, dark-gray.....................
Sand, medium to COArS8€isecnscccesascssrearonae
Gravel, fine to mediumM.scecsesscssescercsass
Cannonball member of the Fort Union formation:
Clay, smooth, light-grayoocc.IC.O0.0IO......
CIay, sandy, silty, light-gray..............
Clay, Sandy, Silty, dark-gray.'.--..........

151-77~1ddd
Test hole 1071
Alluvium:
Clay, smooth, light-gray..........-.........
Outwash deposits:
Sand, fine to mediumoooooao...ot.ocooooovooo
Sand, medium to coarse, and large lignite
ftagm-ents...lﬁ'l.O.‘.....'....I..Q...."l'
Sand, medium to COArB8Cicessssascsnsescscssen
Till and associated sand and gravel depositss. -
Clay, gray,and fine to medium gravel.sceesse
Cannonball member of the Fort Union formation:
Clay, smooth, Br8Yeocosovevts0s0ssecossssvasne

151=77=2ccc
Test hole 1073

Till and associated sand and gravel deposits:
Clay, sandy, yelloWeeeesoeresscccscecscsnnes
Clay, yellow, and fine to medium gravel.....
Cannonball wmember of the Fort Union formation:
Clay, sandy, Br8Yesovovnocovosescoccscnescans
Clay, smnoth, Br8Yecosevcccnssssccssncsscccce

Thickness Depth
(feet) (feet)
4 4
2 6
15 21
4 25
2 27
4 31
2 33
3 36
14 50
10 60
10 70
3 3
9 12
16 28
3 31
4 35
14 49
7 7
8 15
10 25
11 36
7 43
17 60
6 6
35 41
19 60
10 70



TABLE 4.--Logs of Test Holes == Centinued

151-77-2ddd
Test hole 1072
Formation Material Thickness Depth
(feet) (feet)
Till and associated sand and gravel deposits:
Clay, yellow, and fine to medium gravel....... 10 10
Clay, dark-brown and fine to medium gravel.... 7 17
Cannonball member of the Fort Union formation;..... g g
c13y, sandy, dark-brown--.......-o.........-.. 20 37
Sand, fine to medium, dark-brown.............. 4 41
CIay, Sandy, dark-brown-...........-.......... 6 47
Clay, smooth’ light-graYOOOOOOQ.Q00.0.00..".0 13 60

152-76-11lccec
Test hole 1067

Till and associated sand and gravel deposits:

CIay, sandy, brownesssssssvsoaasssssvasasssses 3 3
Clay, sandy, yeIIOW.oooo.o'-oooonc.cc-oo.oo.to 2 5
Clay, yellow, and fine to medium gravel,...... 10 15
Clay, gray, and fine to medium gravel.,.cceeee 3 18
Sand, medium to coarse, and fine gravel....... 2 20
Clay, gray, and fine to medium gravel.....eoce. 3 23
Gravel, fine, and coarse Sandececscocoscsssses 9 32
Clay, gray, and fine to medium gravel.eveeeese 23 55
Gravel, fineo.cooc-.-ooocoooooo.o‘.oootcc-.ono 2 57
Clay, gray, and fine to medium gravel..c.ecee.ss 1l& 71
Sand, fine to mediumecessseovroosssecossosacss 21 92
Clay, gray, and fine to medium gravel..ccesees 9 101
Cannonball member of the Fort Union formation:
CISy, sandy, Silty, BrAYeessennvcocenssccsccnse 15 116
Sand, medium, hard, stlty, BraYeccsesoscscscoosne 26 142
Clay, 8m°0th’ gray'................'...‘...... 8 150
152-76-14ccc
Test hole 1066
Alluvium:
Cl‘ay’ sa“ndy’ gray'....‘.‘............‘......O. 4 4
Outwash deposits:
Sand, fine to mediumececcsssvesscssocsacannnns 4 8
Clay, yellow, and fine to medium gravel....ce. 9 17
Sand, fine to coarse, and fine gravel..coeecse 9 26
Till and associated sand and gravel deposits:
Clay, gray, and fine gravel..eeesccceccessceee 23 49
Cannonball member of the Fort Union formation:
Sand, fine to medium, silty, gray-gre€N.caccece. 13 62
Sh&le, lignitIC.....o...o.-....;....-..-....-- 2 64
cl‘ay’ stOth’ brown.‘...C..‘..........".’.... 9 73
Clay, Smooth, light 8T8Yescoe0s00000000s0000se 2 75
sh'ale’ lignitic.........l.....'............‘.. 2 77
Clay, smooth, brownscescasecsecnscccscassosssnns 2 79
Clay, smooth, light‘gray-ooooooooooo.oo.’oo-oo 1 80

- 41 =



TABLE 4.~-Logs of Test Holes ~-- Continued

152-76-26bbb
Test hole 1065

Formation Material

Till and associated sand and gravel deposits:

Sand,
Clay,
Clay,
Sand,
Clay,
Clay,
Clay,

fine, silty.‘l'...l'...........l‘..."‘
smooth, light-gray....o................
yellow, and fine to medium gravel,.....
medium to coarse, and fine gravel......
yellow, and fine to medium gravelee....
gray, and fine to medium gravel.ssseeees
sandy, dark-brown.ssscsccssscscnsscsses

Cannonball member of the Fort Union formation:

Clay,
Clay,
Clay,
Clay,

Smooth, light’gray.uaoocoooolooonooo.co
58ndy, 811ty, Br8Ycccoccssecsvscsscsoves
Smooth, bDrOWNeeesosscoscssssnsscsonssss
&mooth, Br8Yses0cc0essconcssosscsccsccecs

152-76-35bbb
Test hole 1064

Till and associated sand and gravel deposits:

Clay,
Sand,
Clay,
Clay,

ﬂandy, yellowooooon.o-c-o.-oooccooootoo
fine to coarse, and fine gravel..cesees
yellow, and fine to medium gravel.sssee
gray, and fine to medium ‘gravel...coess

Glay smooth, Bra@Ycescessssnercessvesescccsnscse

Clay,

gray, and fine to medium gravel.ecessess

Cannonball member of the Fort Union formation:

Clay,

smooth, sandy, BraAYesvsvscsscvsssncocere

.42 -

Thickness Depth
(feet) (feet)
3 3
2 5
2 7
1 8
4 12
9 21
7 28
3 31
3 34
6 40
10 50
3 3
1 4
8 12
65 77
3 80
94 174
16 190
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