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GEOLOGY AND OCCURRENCE OF GROUND WATER
IN THE STANLEY AREA,
MOUNTRAIL COUNTY, NORTH DAKOTA

By

Quentin F. Paulson

ABSTRACT

The area described in this report consists of 72 square miles in T. 156 N., Rs.
91 and 92 W., in northwestern North Dakota. The largest community in the area, the
city of Stanley, has a population of about 1,500.

The area is in the glaciated section of the Missouri Plateau. It is covered
extensively with glacial materials deposited during late Wisconsin time. The
glacial deposits consist largely of end moraine but include also lake-basin deposits
of considerable area and small areas of ground moraine. Glacial outwash deposits of
sand and gravel occur in the valley of the Little Knife River, which originates a
few miles east of Stanley. Thin deposits of alluvium and slope wash of Recent age
overlie the outwash deposits in places and are present also in the larger tributaries
to the Little Knife River and White Lake. White Lake lies in a northwest-trending
depression that reflects the presence of an underlying bedrock channel thought to be
of preglacial age. The bedrock in the entire area is the Fort Union formation of
Paleocene age.

Aquifers of considerable importance occur in the Fort Union formation and in
the outwash deposits in the Little Knife River valley. Aquifers of lesser importance
occur in the glacial drift in the moraine and lake-basin areas and possibly in bed-
rock formations underlying the Fort Union formation. A pumping test on a public-
supply well at Stanley, penetrating the Fort Union formation, indicated a trans-

missibility of about 6,000 gpd per foot for the formation and a specific capacity of



2.6 gpm per foot of drawdown for the well. A pumping test on a well penetrating the
outwash deposits in the Little Knife River valley indicated a coefficient of trans-
missibility of about 24,000 gpd per foot for these deposits. It is likely that pro-
longed pumping of wells constructed in the outwash deposits near the edge of a
reservoir in the Little Knife River valley south of Stanley would cause infiltration
of water from the reservoir to the wells.

The ground water in the Stanley area ranges from moderately mineralized and hard
in the outwash deposits to highly mineralized but relatively soft in the Fort Union
formation. Water of intermediate quality occurs in the glacial deposits in the
moraine and lake=-basin areas.

INTRODUCTION

General studies of the geology and ground-water resources of different counties
in North Dakota are being made by the United States Geological Survey in cooperation
with the State Water Conservation Commission and the State Geological Survey. These
studies are made to determine the occurrence, movement, discharge, and recharge of
the ground water and the quantity and quality of such water available for all pur-
poses, including municipal, domestic, irrigation, and industrial. However, the
most critical need at present is for adequate and perennial water supplies for
numerous towns and small cities that are constructing municipal water-supply systems
for the first time or are expanding present facilities. For this reason, the county
studies are being started in the vicinity of those towns that have requested the
help of the State Water Conservation Commission and the State Geologist, in con-
nection with water-supply problems. Progress reports are being released as soon as
possible in order that the preliminary data may be available for use in the solution
of water-supply problems, as well as for general reference, before the general

studies can be completed.
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Purpose, Scope, and Nature of the Investigation

The study described in this report relates chiefly to that part of Mountrail
County that may be of interest to the city of Stanley, North Dakota and surrounding
area as a source of water supply. The investigation was made under the general
supervision of A. N, Sayre, Chief of the Ground Water Branch, of the U. S. Geological
Survey. The field work and test drilling with a State-owned rig were done under the
direct supervision of P, D. Akin, district engineer.

Fieldﬁotk in the area was done chiefly in July, August, and September, 1952,

It consisted of the following: (1) mapping geologic features on aerial photographs,
(2) gathering information on many of the existing wells, including, where possible,
measurements of depths and depths to water levels, (3) drilling 46 test holes rang-
ing in depth from 20 to 350 feet, for a total of 5,059 feet, and taking ditch samples
and cores of the earth materials, (4) collecting and submitting for chemical analysis
samples of water from water-bearing beds penetrated by test holes and existing wells,
and (5) obtaining data from aquifer tests.

Laboratory and office work in connection with the investigation was done chiefly
during the winters of 1952-53 and 1953-54, It included the following: (1) examina-
tion and analysis of the cuttings and cores from the test holes, (2) correlation of
well logs, (3)interpretation of the chemical analyses of the water, (4) compilation
of well, test-hole, and other data, (5) analysis ofaquifer test data, and (6) pre-

paring illustrations and writing this report on the investigation.

Previous Investigations and Acknowledgments

The geology and ground-water resources of Mountrail County have been described
generally by Simpson (1929, p. 174=177) and Alpha (1935). These reports, however,
do not contain sufficient detail to be of more than general use in evaluating the

water resources of the area.



The present study was facilitated by the ready cooperation of the townspeople
and farmers. Thanks especially are due those who permitted measurements of water
levels in their wells and test drilling on their land.

The assistance of the North Dakota State Department of Health in making chemi-

cal analyses of samples of ground water from the area is gratefully acknowledged,

Location and General Features of the Area

The Stanley area (see fig. 1) consists of 72 square miles in T. 156 N., Rs. 91
and 92 W., in the northwestern part of North Dakota. The city of Stanley, the
largest community in the area, is in the eastern part of the area. The small com~
munity of Ross is about 7 miles west of Stanley. The area is served by the main
line of the Great Northern Railway, U. S. Highway 2, and State Highway 8, all of
which pass through Stanley (see pl. 1). The population of Stanley is 1,486 (1950
census).

The area is in the glaciated section of the Missouri Plateau (Fenneman, 1931,
p. 72-79). The topography is primarily glacial, being composed for the most part
of rolling knob-and-kettle tracts, interspersed with large glacial~lake basins.

The valley of the Little Knife River extends southwestward across the south-
eastern corner of the area. It heads near the eastern margin of the area and
increases very rapidly in width and depth downstream so that at the southern edge
of the area it is nearly half a mile wide and is incised to a depth of about 200
feet.

Present Water Supply and Future Needs

Ground water is the chief source of water in the area. In addition, water from
the Little Knife River and prairie potholes is used to some extent for stock. A dam
constructed by the Great Northern Railway across the Little Knife River south of
Stanley impounds water which is piped via several substage reservoirs to a storage

tank,at the porth edge.of Stanley, for use in steam locomotives.



Stanley has a municipal water-distribution system. The system is presently
supplied with water from 3 wells, all of which are within the city limits. The wells
are designated in the tables and are shown on plate | as Stanley No. 1, 2, and 3.
They are 183, 200, and 180 feet deep,respectively. All the wells obtain water from
Qery fine sand or sandstone in the Fort Union formation.

Owing to the relatively large areal extent and thickness of the water-bearing
beds it is likely that the potential quantity of water available from the Fort Union
formation will be adequate for the present and forseeable future needs of the city.
However, the chemical quality of the water is poor and it would be desirable to ob-
tain water of better quality for municipal purposes, even though the development of

a more satisfactory supply might entail considerable financial expense.

Well=-Numbering System

The well-numbering system used in this report is based upon the location of the
well with respect to the land-survey divisions used in North Dakota. The first num-
ber is that of the township north of the base line which extends laterally across
the middle of Arkansas. The second number is the range west of the 5th principal
meridian. The third number is the section within the designated township. The
letters, a, b, c, and d designate, respectively, the northeast, northwest, southwest,
and southeast quarter sections, the quarter-quarter sections, and the quarter-quar-
ter-quarter sections (10-acre tracts). |If more than one well within a 10-acre tract
s listed, consecutive numbers are given to the wells as they are scheduled. This
number follows the letters., Thus well 156-91-34aaa (see pl. 1) is in T. 156 N., R.
31 W., sec. 34. It is in the northeast quarter of the northeast quarter of the
northeast quarter of the section. Similarly.‘well 156-91-25bccl is in T. 156 N., R.
21 W., sec. 25. It is in the southwest quarter of the southwest quarter of the
northwest quarter of the section and is the first of a number of wells scheduled in

hat 10-acre tract. Numbers for wells not accurately located within the section may
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FIGURE |- MAP OF NORTH DAKOTA SHOWING PHYSIOGRAPHIC DIVISIONS, AS MODIFIED FROM SIMPSON, AND LOCATION OF THE STANLEY AREA.
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contain only one or two letters after the section number, indicating that the loca-
tion of such wells is accurate only to the quarter or quarter-quarter section,
respectively.

Figure 2 illustrates how the numbering system is applied.

The test holes drilled by the U. S. Geological Survey with the State-owned rig
were given serial numbers in the field. These serial numbers have been retained in

the report for purposes of reference and for ease of recognition by the local people.

GEOLOGY

The occurrence of ground water in any area is controlled foremost by the
geology of the area. Consequently, an understanding of the geology of the area is
necessary before an effective evaluation of the ground-water resources can be made.
The geologic investigation of the Stanley area involved both surface and subsurface
methods .,

A geologic map of the area (pl. 1) was prepared, with the aid of aerial photo-
graphs, on which were drawn the boundaries between the various geologic features or
types of deposits as they were distinguished in the field. It is hoped that the
reader may follow the geologic descriptions more easily, by referring to the geo=-
logic map, especially as references are made to the water-~bearing characteristics
of the various types of deposits.

In conjunction with and as a supplement to the geologic mapping of the area,
46 test holes, ranging in depth from 20 to 350 feet, were drilled with a hydraulic-
rotary drilling rig owned by the State of North Dakota. Descriptive logs of the
geologic materials penetrated in each of the test holes were made by the head
driller and samples were taken at 5-foot intervals. The samples were examined
later by the writer and composite logs were compiled which included the information
given by the driller and also the writer's interpretations. These logs are given

on pages 31 to 49. Using the logs of the test holes, correlations of similar

-5 =
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geologic deposits and formations were made, and the correlations are shown graphi-
cally in the geologic sections (pls. 2 and 3).

The youngest deposits in the area consist of alluvium and slope wash, which
are found mainly in the valley of the Little Knife River and in some of the larger
gullies tributary to it. Except for places where alluvium and slope wash are
present, the surface.formation over the entire area is glacial drift. The glacial
drift has been subdivided, as to land forms and types of rock material, into end
moraine, ground moraine, lake basins and deposits, and outwash. The bedrock in the
entire area consists of the Fort Union formation and was reached in all the test
holes. In the following sections the deposits are described from youngest to oldest,

as they would be penetrated in a well drilled through them all.

Alluvium and Slope Wash

Thin deposits of alluvium and slope wash of Recent age occur in the Little
Knife River valley and in the larger tributaries to it, and, also, in the larger
tributaries to White Lake. The deposits consist mostly of dark gray humic clay,
silt, and very fine sand. They range in thickness from a few inches to several feet

and grade downward and laterally into adjacent deposits.

Glacial Drift

Glacial drift is present over the entire area. It was penetrated in all the
L6 test holes and averaged about 70 feet in thickness. However, much of the test
drilling was done in the valley of the Little Knife River, where the drift is com-
paratively thin. On a regional basis the average thickness of the drift probably
is in the neighborhood of 100 feet, as indicated in the general geologic sections
(p1. 2). 1In parts of the Little Knife River valley, less than 10 feet of drift
overlies the bedrock. The maximum thickness of glacial drift penetrated was in

USGS test 606, about 3 miles north of Stanley, where it was found to be 224 feet.



The unusual thickness at that location is due to the presence of a rather deep
trough in the underlying Fort Union formation. This feature is discussed further
in the section on the White Lake depression.

It is believed that the glacial drift exposed at the surface in the Stanley
area is of a single age which, tentatively, is believed to be late Wisconsin,
However, the test drilling indicated the presence of at least one older drift sheet
and possibly several others, underlying the late Wisconsin drift in places. The
older drift is indicated in the test-hole logs by the yellowish=gray, oxidized zones
of till (indicating weathering while at or near the land surface) underlying gray,
unoxidized till. Consequently, it is known that the area was periodically covered
and uncovered by glaciers several times during the glacial or Pleistocene epoch,

The glacial drift in the Stanley area was differentiated by topography and
lithology into the following categories: end moraine, ground moraine, lake basins
and deposits, outwash deposits in the Little Knife River valley, and the White Lake
depression.

End Moraine

End moraine is the most extensive surficial deposit in the Stanley area. |t
is characterized by rolling, knob-and-kettle topography. Undrained depressions
(ranging in size from small sloughs or 'potholes' a few hundred feet across to
larger, more permanent, sloughs and lakes several thousand feet across) are rather
common in the end-moraine areas. Local relief generally does not exceed 50 feet.
However, east of Stanley the end moraine becomes more rugged, and it is likely that
the local relief in that area may be 100 feet, or more.

No attempt was made to correlate the end moraine with similar deposits outside
the area investigated. It is believed that the end moraine in the Stanley area
represents but a very small part of a much larger, linear end moraine that extends

across North Dakota from the northwestern‘corner of the State to approximately the
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middle of the southern boundary line with South Dakota. Early investigators of the
geology of the State generally believed this extensive belt of end moraine to be
correlative with the Altamont moraine which is prominent in South Dakota. (Todd,
1896). Consequently, the usage of the term Al tamont'' for the North Dakota counter-
part of the moraine has become rather well entrenched in the literature.

However, Townsend and Jenke (1951, p. 845) recently have proposed that the term
"Altamont end moraine'' be discontinued, at least insofar as it applies to that part
of the deposits extending northwestyfrom the latitude of Bismarck, N. Dak. In place
of the term "Altamont end moraine'' they introduced the new term "Max moraine,"
which they used because of the prominence of the morainal deposits near Max, N. Dak.
Thus, they expressed doubt as to the validity of the correlation of the deposits
with the Altamont moraine in South Dakota and also to the use of the term '‘end
moraine," substituting rather the nongenetic term 'moraine."'

It is believed that the deposits in the Stanley area designated ''end moraine'!
are a part of the large belt of glacial deposits in question. Because of the small
area involved in this report, little additional information was gained that would
help solve the correlation probiem which is of regional proportion. However, the
writer believes that the deposits are true end-moraine deposits formed along the
margin of the late Wisconsin glacier.

The end moraine is composed predominantly of till which was deposited directly
from the glacial ice along its margins with little sorting by melt water. Conse-
quently, the till is a heterogeneous mixture of clay, silt, sand, gravel, and
boulders. Clay and silt probably constitute more than 75 percent of the till so
that it is very compact and relatively impermeable. In places the end moraine may

include deposits of sorted sand and gravel without much clay.



Ground Moraine

Ground moraine occurs in only two small isolated areas. The larger of these
areas is in the vicinity of Stanley and the other is in the lower part of secs. 32
and 33, T. 156 N., R. 92 W. The ground moraine areas are underlain by deposits of
till just as are the end-moraine areas, but they can be distinguished from end
moraine by their characteristically flatter topography.

The deposition of the ground moraine probably was directly from the glacial
ice without any significant action of melt water.

Lake Basins and Deposits

Three basinal areas of varying sizes and shapes occur in the Stanley area.
These areas are believed to be the sites of extinct glacial lakes which existed for
relatively short periods during the latter stages of late Wisconsin glaciation,

The largest lake basin is in the western part of the area in the vicinity of
the village of Ross. It has an area of about 7 square miles. The lake that formerly
occupied the basin had a shoreline of about 15 miles. Much of the basin is under-
lain by stratified deposits of clay, silt, and sand resting on till. In USGS test
591, which was drilled near the southern edge of the basin, 9 feet of clay and sand
were penetrated. Beach deposits consisting of well stratified and relatively well
gorted sand and gravel occur northwest and southeast of Ross. The beach deposits
northwest of Ross are known to be at least 15 feet thick, and a gravel pit of com=
mercial importance has been opened in them.

A small lake basin, about 2 square miles in area, occurs in the south=central
part of the Stanley area. USGS test L93 was drilled near the center of the basin
and penetrated 14 feet of lake deposits, consisting mostly of clay. Low ridges of
sand and gravel occur in places along the edges of the basin, and they are shown
in plate | as beach ridges although it is likely that they are partly of ice-contact
origin. That they are partly of ice-contact origin is evidenced by their discon~
tinuity and also by the large volume of material composing the ridges in relation

-G -



to the small size of the body of water that must have occupied the basins. Evidence
of the proximity of active glacial ice in the area at the time of the existence of
the lakes is found, also, in the relatively large thickness of the finer-grained
lake deposits in the central parts of the basins.

It is believed that significant thicknesses of lake-sorted materials ordinarily
would not be deposited in lake basins as small as those in the Stanley area.
Instead, it seems likely that the lakes were in contact with active glacial ice
along their northern shores so that consequently, large amounts of detrital material
were continually dumped into the lakes and were sorted and redeposited by the lake
waters.

Part of the White Lake depression in the northern part of the area is underlain
by relatively thick lake deposits. In USGS test 603, 16 feet of clay was penetrated,
and in USGS test 606, 66 feet of silty clay was penetrated. White Lake apparently
is the remnant of a considerably larger lake that formerly occupied a large part of
the White Lake depression at the close of late Wisconsin glaciation. However, its
mode ‘of origin is different from that of the lakes already described in that it was
not necessarily bounded by glacial ice on the north, Although the preglacial
channel in which White Lake occurs is more or less filled with glacial drift, the
channel is incised so deeply into the bedrock that a considerable depression that

collected and ponded glacial melt water remained in the topography after glaciation.

Outwash Deposits in the Little Knife River Valley
Glacial outwash deposits consisting of sand and gravel occur in the Little
Knife River valley east and south of Stanley. They occur along the inside of the
meander loops in the valley and, south of Stanley, are nearly a mile wide. Terrace
deposits have been developed in places along the valley sides; but, because of the
small are involved and also because of the resemblance of the deposits to ice

.ontact deposits in places, no attempt was made to distinguish them on the map(pl.1).



The outwash deposits probably were deposited for the most part by the melt
water from the late Wisconsin ice sheet. The deposits consist mostly of very coarse
sand and gravel, but in the southern part of the area they are overlain by and
probably grade laterally into lake clays.

A considerable number of test holes were drilled in the outwash deposits in
order to determine their thickness at various locations and to aid in determining
the areal extent of the deposits. Geologic-sections were compiled from the logs of
the test holes and are shown in plate 3. The thickest deposits appear to be in the
area south of Stanley, as shown in geologic sections E-E' and G-G'. The max i mum

thickness of the deposits penetrated was in USGS test 562, where it was 22 feet.

White Lake Depression

A northwest-~trending topographic depression averaging somewhat less than a
mile in width extends across the northeastern corner of the area. It is shown on
plate 1 as the White Lake depression, although only a small segment of White Lake
is present in the area.

The White Lake depression is about 4 miles long in the Stanley area but it was
traced northwestward for an additional 25 miles to the vicinity of the village of
Fowers Lake. White Lake, Cottonwood Lake, Powers Lake, and an unnamed lake of
considerable size southeast of White Lake lie on the axis of the depression. All
the lakes are linear, generally ranging in width from one~half to three-quarters of
amile and in length from 2 to 4 miles. The water of White Lake is highly mineral=-
ized, sodium sulfate or “Glauber's salt' being the main constituent. A sample of
water taken from near the water's surface along the east shore of the lake during
a survey in 1948 contained 94,300 parts per million of dissolved solids, of which,
more than 90 percent was sodium sulfate (Grossman, 1949, p. 42).

it is believed that White Lake depression marks the course of a preglacial

stream channel. This is strongly evidenced by the meandering course of the depres-
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sion and by the deep channel incised in the underlying bedrock (B-B', pl. 2).

On the basis of the test drilling it was determined that the channel is incised
in the bedrock to a depth of more than 200 feet. As shown in geologic section B-B!,
there appears to be some evidence of terrace cutting along the sides of the channel.
This is indicated by the relatively sharp breaks in slopes at the locations of USGS
test 602 and 603.

It is believed that the preglacial stream which eroded the channel flowed
northwestward, inasmuch as elevations obtained at the test holes drilled in the
White Lake depression showed a slope of the channel floor in that direction.

That part of White Lake depression that extends through the Stanley area is
largely filled with end-moraine deposits. However, the area south and east of White
Lake is relatively flat and apparently is underlain by lake deposits. In USGS test
606, which was drilled about half a mile southeast of Whife Lake, 62 feet of uniform
clay and silt, believed to be lake deposits, were penetrated. Altogether, 224 feet
of glacial drift was penetrated in USGS test 606, the greatest thickness of glacial
drift penetrated anywhere in the area. |

The floor of the bedrock channel underlying the White Lake depression apparently
is lined with deposits of sand and gravel. The deposits range in thickness from 12
feet in USGS test 608 to 24 feet in USGS test 606, Considerable carbonaceous ma-
terial was found mixed with the deposits of sand and gravel, and it is possible that

the deposits are preglacial alluvium.

Fort Union Formation

The Fort Union formation of Paleocene age underlies the glacial drift every-
where in the area. No exposures of the Fort Union were found in the area but in
some places, especially in the Little Knife River valley, the formation lies close

to the land surface.
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In some of the test holes the Fort Union formation was penetrated to depths of
more than 200 feet. The test-hole cutting$ of the formation consist mostly of light-
gray clay, sandy clay, and very fine sand. Lignite beds are rather common, at least
in that part of the formation penetrated by the test drilling. The typical lignite
bed is about 2 feet thick.

insofar as is known, no test holes or wells that completely penetrate the Fort
Ynion formation have been drilled in the Stanley area, so that the total thickness
of the formation in the area is not known. However, in the Amerada-lverson No. |
oil well, drilled about 25 miles west of Stanley, 725 feet of the Fort Union forma-
tion is reported to have been penetrated (North Dakota Geol. Survey, 1952, p. 13).
It is probable that the thickness of the formation in the Stanley area is somewhat
less, probably in the neighborhood of about 600 feet, owing to the fact that the

area lies east of the axis of the basin where the largest thickness would be expected.

Older Rocks

The Fort Union formation is underlain successively by rocks of Cretaceous,
Jurassic, Triassic, and Paleozoic ages. The total thickness of sedimentary rocks
in the area is believed to exceed 12,000 feet. However, insofar as the occurrence
of felatively fresh ground water is concerned, probably only the Cretaceous forma-
tions would be of interest. The log of the Amerada-lverson No. 1 oil well about
25 miles west of Stanley indicates a total thickness of nearly 5,000 feet of
Tertiary (Fort Union formation) and Cretaceous rocks in that area. The following
is a list of the formations and the depths at which they were encountered in the
well, from the surface to the bottom of the Cretaceous. The brief descriptions

given of each formation are those of the present writer.
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Tertiary

Fort Union Surface
Cretaceous

Hell Creek 725
Fox Hills 1,275
Pierre 1,453
Niobrara 3,475
Benton 3,690
Greenhorn 3,838
Muddy sandstone

member (of

Thermopolis

shale) 4,336
Dakota 4,615

Light-gray and buff clay, silt,
very fine sand: lignite beds
common throughout section.
Terrestrial,

Dark-gray and brown clay, silt,
and very fine sand. Terrestrial.

Fine sandstone. Marine.

Light-gray siity shale. Marine,

Light-gray calcareous shale.
Marine.

Dark-gray clayey shale. Marine.

Calcareous shaie. Marine,

Fine sandstone. Marine.
Fine sandstone interbedded with
shale. Terrestrial and marine.

OCCURRENCE OF GROUND WATER

General Principles

Essentially all ground water is derived from precipitation. The water enters

the ground by direct penetration from rain or melting snow, or by percolation from

surface-water bodies such as streams and lakes where such bodies are naturally

higher than the general water table. In most areas there is lateral movement of

ground water firam areas of recharge to lower areas of natural discharge.

The amount of water that a rock can hold is determined by its porosity.

Unconso!idated material such as clay, sand, and gravel is generally more porous than

consolidated rocks, such as sandstone and limestone, although in some areas the

consolidated rocks are highly porous.

If the pore spaces are large and interconnected, as they commonly are in sand

and gravel, the water is transmitted freely and the rock is said to be permeable.
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Where the pore spaces are very small, as in clay, the water is transmitted very
slowly or not at all and the rock is said to be impermeable. Furthermore, a de-
posit of uniformly sized, well-rounded material may be more porous and permeable
than a variously sized material because in the latter the smaller particles occupy
the interstices between the larger ones.

At various depths in different regions, depending on local conditions, spaces
in the rocks are filled with water, and the rocks are said to be saturated. This
is true of clay as well as of sand and gravel, but, because of the difference in
permeability, it is possible to develop successful wells only in the coarser:
material.

wWhere some part of the water-transmitting bed (aquifer) is exposed at the sur-
face or comes in contact with another aquifer so exposed, the water discharged
naturally or through wells can be replenished periodically from precipitation or
streamflow. Where the aquifer is more or less completely surrounded by clay or
other relatively impermeable materials, natural recharge may be very slow, and the
water taken by wells from storage in the aquifer may not be fully replenished each
year. The initial yield of wells in aquifers that are virtually cut off from
natural recharge may be as large as that of wells in aquifers having adequatg re-
charge areas, thereby giving an erroneous impression that an abundant perennial
water supply is available.

As ground water moves through an aquifer, it dissolves a part of the more
soluble mineral constituents of the rock particles. The amount of mineral matter
dissolved is determined by the amount of the soluble materials present and the
length of time the water is in contact with them. Therefore, in rocks of homo-
geneous mineral composition, the water that has been underground longest or that has
traveled the greatest distance is more highly mineralized than that which is rela-

tively near the recharge area.
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Aquifers in the End-Moraine,
Ground-Horaine, and Lake=-Basin Areas

Most of the wells in the Stanley area obtain water from aquifers in the glacial
drift of the moraine and lake-basin areas. The wells generally are bored or dug and
few are deeper than 50 feet. Most of the deeper wells are bored and are in the lake-
basin areanear Ross in T. 156 N, R. 92 W.

Generally, the aquifers in the moraine and lake-basin areas are of small areal
extent and thickness. Many of the wells were reported to yield inadequate amounts
of water. In some cases the water was reported to be of very poor quality, being
very hard and containing objectionable amounts of iron.

The materials composing the aquifers in the moraine and lake-basin areas range
in texture from clay or clayey till to very coarse gravel. Most of the dug and
bored wells in the lake basin near Ross obtain water from till composed mostly of
clay and silt. The. permeability of these materials is very low and the wells that
obtain water from them are capable of producing only a few gallons per minute (gpm).

Test drilling in the moraine and lake~hasin areas did not indicate the presence
of any aquifers of major importance. In USGS test 571, an aquifer composed of fine
to medium gravel was penetrated between 35 and 52 feet and between 57 and 68 feet
below the land surface. However, considerable off-set test drilling from that lo-
cation failed to intercept the aquifer and, consequently, it is believed to be small
It is possible that the aquifer is linear and somewhat sinuous, so that considerable
detailed test drilling would be necessary to determine its boundaries.

Thin deposits of water-bearing sand and gravel were penetrated in several other
test holes drilled in the moraine and lake-basin areas (see pl. 2). Those deposits
constitute aquifers of minor importance from which small supplies of ground water

probably could be obtained.
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Aquifers in the Outwash Deposits
of the Little Knife River Valley

The outwash sand and gravel occurring in the Little Knife River valley are
water bearing in part and compose an aquifer of considerable importance in the
Stanley area. Generally, the water occurs under water-table conditions, but in the
southern part of the area deposits of clay and silt overlie the water~-bearing sand
and gravel, and it is likely that artesian conditions exist in that area.

Test drilling indicated that the thickest part of the deposits occur south of
Stanley in the vicinity of USGS test 562 (pl. 3). At that location 18 feet of fine
to coarse gravel overlain by 3 feet of clay and sand were penetrated. At the time
of the test drilling the water table was about 4 feet below the land surface, in~
dicating a zone of saturation of about 17 feet.

It is estimated from the test-drilling data and field mapping that the aquifer
has an area of about 16 million square feet and that the average saturated thickness
is about 7 feet. Using these figures and assuming that a minimum of 25 percent of
the volume of the aquifer is saturated with water, it is estimated that about 28
million cubic feet or 210 million gallons of water occur in the aquifer in transient
storage. At the rate of 150,000 gpd (100 gpd, per capita, for a town the size of
Stanley) that amount of water would not be entirely used up over a continuous period
of 3 years. However, it would not be economically feasible to place such a demand
on the aquifer as to nearly unwater it.

On the other hand, in most of the area in which the aquifer occurs, it is
easily accessible to recharge by water percolating downward from the surface. Also,
it is very likely that prolonged pumping of a well constructed in the aquifer near
the edge of the surface reservoir would cause water to infiltrate laterally and
downward through the bed of .the reservoir and into the aquifer. In that case the
well would be drawing waterlfrom both the aquifer and the reservoir. A supply of

water would then be assured for as long a time as water remained in the reservoir.
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The major factors upon which the amount of water stored in the reservoir depend are
the amount of surface runoff and the evapotranspiration rate. It is believed that
not enough basic data are available at the present time to permit evaluating the
effect of these factors.

A short pumping test was made on well 156-91-33bda, which is near the edge of
the north shore of the reservoir and is constructed in the outwash deposits of the
Little Knife River valley. It is a dug well 11.4 feet deep and 2 feet in diameter
and has a stone curbing. The well was pumped for a period of 2 hours and 9 minutes
at an average rate of 30 gpm. Water-level measurements were made during the period
of pumping and also for a period of several hours after pumping ceased.

The water-level data obtained during the pumping and recovery period were
analyzed for the coefficients of transmissibility and storage by means of the Theis
nonequilibrium formula (Theis, 1935, p. 519-524; Wenzel, 1942, p.v87-90). The‘
coefficient of transmissibility computed from the data is abéut ZQ;OOO gpd per foot
and the coefficient of storage is 0.02. 1/

it is probable that a well constructed within about 200 feet from the edge of
the reservoir and penetrating the entire thickness of the aquifer would yield water
at a rate of about 150,000 gpd for at least as long a time as water was present in
the reservoir. Larger amounts of water undoubtedly could be obtained by construct~
ing additional wells along the trend of the aquifer and near the edge of the reser-
voir. However, further data obtainable by means of a comprehensive pumping test of
the initial well would be necessary in order to determine the proper spacing of the

additional wells, if any were proposed.

1}/ As used here, the 'coefficient of transmissibility'" is defined as the number of
gallons of water that will pass in 1 day through a vertical strip of the aquifer 1
foot wide, under a unit hydraulic gradient (1 foot per foot); or, through a cross
section | mile wide under a gradient of | foot per mile, under prevailing conditions.

The ""coefficient of storage'' may be defined as the amount of water, expressed as
a fraction of a cubic foot, that will be released from storage in each vertical
column of the aquifer having a base of | square foot when the water level falls 1
foot.



Aquifers in the White Lake Depression

It is likely that the sand and gravel deposits penetrated in USGS tests 606 and
608 are part of a narrow, linear aquifer that follows the trend of the White Lake
depression and occurs near the bottom of the glacial drift. The deposits were
penetrated at depths ranging from 212 to 224 feet in USGS test 606, and from 123 to
135 feet in USGS test 608.

No further quantitative data were obtained concerning this aquifer., Apparently
none of the wells inventoried in the area obtain water from it. Flows of water were
obtained in both the test holes that penetrated it, indicating that the water occurs
under considerable hydrostatic pressure. The pressures probably are caused by the
higher head that occurs in the Fort Union formation bounding the sides of the White
Lake depression,

Relatively deep aquifers associated with buried channels in the Fort Union
formation have been noted in several places in northwestern North Dakota (Waring
and LaRocque, 1949, p. 42; Witkind, 1952, p. 674). It seems likely that some of
these aquifers, although relatively narrow, would be of considérable length, perhaps
several miles or more. The aquifers generally are composed of gravel and probably
have higher transmissibilities than most aquifers in the Fort Union formation.
However, they probably are recharged by water moving through the Fort Union forma-

tion so that the quality of the water may be similar.

Aquifers in the Fort Union Formation

The Stanley municipal=-supply wells and several farm wells southwest of Stanley
obtain water from aquifers in the Fort Union formation. The wells range in depth
from 180 to 290 feet and are reported to obtain water from fine sand and sandy clay.

Four test holes (USGS test 569, 598, 599 and 604) were drilled to depths of
350 feet, and one test hole (USGS test 605) was drilled to a depth of 280 feet, in
order to obtain some knowledge of the areal extent and thickness of the water-

bearing deposits in the Fort Union. The locations of the test holes are shown on



plate | and the logs are given on pages-31-49. Where found in the test holes the
aquifer ranged in thickness from 52 feet in USGS test 604 to 119 feet in USGS test
598. The aquifer was not penetrated in USGS test 599 about three-quarters of a
mile north of Stanley, and it possibly 'pinches out' in that vicinity, It was
penetrated in USGS test 604 about a mile south of Stanley and, as indicated by the
well inventory, the aquifer probably is extensive over the entire part of the area
southeast of Stanley. In USGS test 569, drilled 1 mile west of Stanley, nearly
100 feet of very clayey sand was penetrated; but, because of the high clay content,
the aquifer there would not be very permeable, although it probably would yield
some water. The absence of deep wells in the area west of Stanley probably is due
to the high clay content of the aquifer in that area.

In USGS test 598, in which the greatest thickness of the aquifer was found,
the water-bearing materials, as observed in the samples, consisted of alternating
layers of very fine sand, sandstone, and sandy clay from 117 to 236 feet. The
samples contained less clay than those from any of the other test holes that
penetrated the aquifer.

Since the time of the test drilling in the Stanley area, a new city supply
well, shown on plate 1 as Stanley No. 3, was drilled near the location of USGS
Test 598 and was finished at a depth of 185 feet. The log of the well is given
on page 40. The diameter of the well is 8 inches and a gravel pack was placed
around the outside of the casing. The casing is perforated from 121 to 185 feet.
A deep-well turbine pump was installed in the well and it is presently being pumped
in service at the rate of about 70 gpm.

A pumping test was made on Stanley No. 3 supply well during the period
August 27 to 29, 1953. The well was pumped at an average rate of 100 gpm for a
continuous period of 24 hours. Measurements of the water level in the well were
made at intervals during the time of pumping and for a period of about 24 hours
after the pump was shut off.
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The data obtained were analyzed by means of the Theis recovery formula (Theis,
1935, p. 522) to determine the coefficient of transmissibility. The value of the
coefficient determined by this method is about 6,000 gpd per foot.

The water level before the pump was turned on was about 86 feet below the
measuring point, and after 24 hours of pumping it was about 124 feet below the
measuring point.loghe 1-day specific capacity of the well (gpm per foot of drawdown)

is approximately*§§ = 2.6.

Aquifers in Older Rocks

No definite information is available concerning the lithology or water-bearing
properties of rocks underlying the Fort Union formation in the Stanley area. Of
the formations listed on page 14, probably the Hell Creek formation, Fox Hills sand~
Stone, Muddy sandstone member, and Dakota formation would be of interest as possible
équifers. All these strata have a large areal extent and probably contain very
large amounts of water in storage. However, it is believed that they are fine
grained and possibly clayey or silty so that their transmissibilities may be rela-
tively low. Thus no single well constructed in them would have a very large yield.
Also, it is very likely that the water would be highly mineralized, probably con-
taining 3,000 ppm or more of dissolved solids. Consequently, the purposes for which

the waters could be used satisfactorily would be limited.

QUALITY OF WATER AND CHEMICAL ANALYSES
In order that the reader may understand the significance of the chemical
analyses, following is a partial list of chemical standards required by the U. S.

Public Health Service for drinking water on interstate carriers:

Chemical Concentration
substance (parts per million)
Chiloride (C1) 250
Sulfate (S0,) 250

Magnes ium (ﬁg) 125
Fluoride (F) 1.5

iron and Manganese (Fe + Mn) together 0.3
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Dissolved solids should not exceed 500 ppm, but, if water of such quality is
not available, a content of 1,000 ppm may be permitted.

The presence of excessive amounts of nitrate in ground water may indicate
organic contamination. Water containing more than about 10 parts per million (ppm)
of nitrate nitrogen (about 44 ppm of NO3 as listed in the table of chemical analyses)
should not be used for feeding infants, because of the danger of contributing to
infant cyanosis, or the condition commonly known as "blue baby" (Comly, 1945;
Silverman, 1949). The presence of fluoride in drinking water in excess of 1.5 ppm
may cause permanent mottling of the enamel of the teeth when the water is used by
children during the period of calcification of the teeth. Contents up to 1 ppm,
however, may increase resistance to tooth decay.

Soft water is desirable for washing clothes or for any washing operation where
soap is used. Practically all natural water contains calcium and magnesium, which
cause hardness in water. Water having a hardness of about 100 ppm as CaC03 is
generally considered to be moderately hard.

For general irfigation of crops or for watering lawns, trees, and gardens,
water having a high percent sodium - that is, a high proportion of sodium among the
total cation concentration - is undesirable because it causes the soil to become
impermeable. Water containing more than 50 to 60 percent sodium (as indicated in
the table of analyses) would be harmful to the soil if applied continuously for a
long time. This would be especially true if the soil were heavy and subsurface
drainage poor. In a porous soil having good subsurface drainage, the effects would
not be so marked.

Eaton (1950, p. 123=133) has shown that if water containing relatively large
amounts of carbonate and bicarbonate, as compared to the calcium and magnesium
present, is used for irrigation, a soil-water solution containing principally sodium
salts may result. The danger of developing a soil solution of high sodium content

is increased if the water is applied sparingly and if good soil drainage is not
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provided., If the soil solution contains considerable sodium carbonate or sodium
bicarbonate a black-alkali soil may result.

Chemical analyses of 11 samples of water from 10 wells and test holes in the
Stanley area are given on page 25. The locations of wells and test holes from
which the water samples were obtained are shown on plate 1.

Four samples of water from the outwash deposits in the Little Knife River
valley were taken from 1 well (156-91-33bda) and 2 test holes (USGS test 550 and
560). Two samples were taken from the well, one before the well was pumped a great
deal and the other after the well had been pumped continuously for a period of
slightly more than 2 hours at a rate of about 30 gpm.

The water from the outwash deposits is of the best chemical quality of any
ground water so far obtained in the Stanley area. The samples from well 156-91-
33bda, before and after pumping, and USGS test 550 and 560 contained 340, 450, 200,
and 1,130 ppm of dissolved solids (sum of determined constituents), respectively.
Hardnesses of the four samples were 300, 990, 130, and 460 ppm, respectively.

Both dissolved solids and hardness increased in well 156-91-33bda after 2 hours of
pumping. lron was present in objectionable quantity, more than 0.3 ppm, in only
one sample, that from USGS Test 550. The percent sodium was 50 or less in all the
samples.

Four samples (156-91-21cdd, 156-91-21dcbl, 156~91-21dcb2, and 156-92-23ddd)
were taken from 3 wells and 1 test hole which obtained water from glacial=drift
aquifers in the moraine and lake-basin areas. Dissolved solids in the 4 samples
were 1,190, 1,080, 860, and 1,370 ppm, respectively. Hardnesses of the 4 samples
were 930, 670, 650, and 500 ppm, respectively. iron was present in the samples in
insignificant quantities except in that from USGS test 571 which contained 2.2 ppm.

The percent sodium in all 4 samples was less than 60.
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Three samples (156~91-21cba2, 156-91-25bcd, and 156-91-28aba) were taken from
wells that obtain water from aquifers in the Fort Union formation. Dissolved
solids in the samples were 2,970, 2,950, and 2,170 ppm, respectively. The water
is relatively soft, however, the hardness of the three samples béing 110, 39, and
100 ppm, respectively. The predominant cation is sodium and the predominant anions
are sulfate and bicarbcnate. lron in the 3 samples was 0.4, 4.9, and 0.1 ppm,
respectively. The percent sodium in the 3 samples ranged from 94 to 98.

The water in the aquifer in the deposits of the Little Knife River valley is
only moderately mineralized and, except for its hardness, would be acceptable for
most municipal, domestic, and industrial uses. The aquifers in the glacial drift
of the moraine and lake basin areas yielded water that probably would be satisfac-
tory insofar as dissolved solids are concerned, but the extreme hardness and sul-
fate content of the water undoubtedly would limit its use. Both waters because
of their relatively low sodium content would be satisfactory for irrigation. The
water in aquifers in the Fort Union formation is too highly mineralized for most
purposes, yet it is relatively soft. The large amounts of sodium, bicarbonate, and
sulfate that the water contains probably would prove to be injurious to plants if

the water were used extensively for irrigation purposes.
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CHEMICAL ANALYSES OF GROUND WATER
(Chemical constituents in

(Analyses by North Dakota State

Aquifer: D, glacial drift except outwash in Little Knife River valley;
FU, Fort Union formation; O, glacial outwash deposits in
Little Knife River valley.
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c o ° . o O E =
rh .- g = = 5 23 §3
[ =1 Qo - = 0 ® 0 [ U8 (S 5] c =
g g < s §* &° 8= 3§
-4 S < a a - © =
156-91
21cha2 Stanley No. 1 FU 200 2-19-51 0.4 2k 1
2lcdd Roy Edwards D L3 9-10-52 0.1 195 108
21dcbl C. E. Koesseng D 50 9-10-52 0.3 92 106
21dcb2 Lewis Backer D 20 9-10-52 0.2 107 9L
22ddc USGS test 550 0 10 7-19-52 0.5 39 9
25bed James Vachal FU 230 1952 L.9 9 L
28aba Stanley No. 2 FU 190 1951 0.1 9 19
33bda 1/ William Nelson 0 n.4  7-1-52 L9 b
33bda 2/ . . . .do. . . . 0 1.4 7= 1=52 0.3 95 62
3L4cbb | USGS test 560 0 50 7-30-52 97 53
156-92
23ddd USGS test 571 D 68 3/ 8- 8-52 2.2 25 107

1/ Sample obtained before pumping well very much. Well
had not been pumped recently.

2/ Sample obtained after pumping well about 2 hours
at a rate of about 30 gpm.

3/ Not total depth of test hole.

L/ iIncomplete analysis.
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IN THE STANLEY AREA, N. DAK.
parts per million)

Department of Health, Bismarck)

T - o.D
€3 [(1] (1] o QT C
0 s [ o & [0} [)] 0 W w V0
%5 53 &g &8 5T 5o fNE. °ET 8%
B8E LZ 2 S8 @ T& 3Bz d= kA E3¢ g9
vy [~ (&1 vy (%1 (TR = x 1 72] 8 o
1,020 1,110 1,370 110
100 600 60 0.2 170 930
130 150 4 660 Lo 65 670
L 380 290 50 87 650
27 220 10 2.1 130
1,080 1,080 1,410 20 39
775 920 L6 910 A 2.1 100
28 420 10 4.3 300
500 4s 2 430
210 370 580 8 2.1 L60
270 250 820 20 0.1 6.5 500
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RECORDS OF WELLS AND TEST HOLES

Depth to water: Measurements given to hundredths are
measured water levels. Those given in whole numbers
only are reported.

Location Cwner or name Depth of Diameter Type
number well (feet) (inches)
156-91
Lhebe USGS test 606 230 5 Drilled
beeel USGS test 602 160 5 . . -
hcee2 Bert Straoi 20 48 by 48 Dug
Leee3 Y. [ TR 12 L8 by L8 . [, P
5aaa USGS test 603 90 5 Drilled
6add Bert Straoi 48.9 24 Bored
6cdd Robert Kohls 3L.0 ,es Dug
7baa Nels Hemstad 40.0 - Bored
8daa Matt Jellsed L6.3 24 «esdO..
9bca Ben J. lngeberilson 65 24 wawlOn « v
10ccc Tom Schjervheim 60 24 P . JP
Hlede USGS test 609 140 5 Drilied
12¢cc Melvin Howell 8.3 48 by 48 Dug
13baa USGS test 608 140 5 Drilled
16acb USGS test 600 g0 5 Y < [ T
16bbb USGS test 601 140 5 sesdO.se
16¢cca USGS test 599 250 5 sesdO...
17bcc Sam George Lo 24 Bored
18daa Albert Massen 16.1 48 by L8 Dug
19ddc M. Jensen 130 e Drilled
20ddd USGS test 568 70 5 eeedOL.s
21cbal City of Stanley 180 5 esedo..s
21cba2 Stanley No. 1| 200 8 eeedo...
2lccal USGS test 610 70 5 eeedO..
2lcca2 USGS test 611 60 5 a5 D
2lcdd Roy Edwards L8 24 Bored
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IN THE STANLEY AREA, N. DAK.

Depth of well: Measurements given to hundredths or
tenths are measured well depths. Those given in
whole numbers only are reported.

Use of water: D, domestic; S, stock; T, test hole;
U, unused; PS, public supply.

Date Depth to Date of Use
completed water (feet measure= of Remarks
below land ment water
_surface)
9-20-52 - v we T Hole refilled. See log.
9-“‘52 EEER] es e T DO.
1905 17 suun D Aquifer, sand and gravel. MWater
reported hard.
1903 10 cees S Do.
9-11-52 A cauw T Hole refilled. See log.
R 33.10 7-28-52 .e Water has strong odor.
1952 25.2 7-28-52 S Water reported hard.
£ 25.87 8~ L4-52 D,S Easily pumped dry.
PP 32.8 7-28-52 D,S Water reported hard.
crene 26.6 7-28-52 D,S Water reported hard; contains
excessive iron.
1915 23.3 7-26-52 S Water reported very hard, Unfit
for human consumption.
9-24-52 ..., o T Hole refilled. See log.
1948 3.2 7-26-52 D,S Aquifer, coarse gravel. Water
reported soft.
9-24-52 ..... cees T Hole refilled. See log.
9-10-52 ceene - T Do.
9-10-52 e ey T Do.
9- 9-52 @ ...nn o T Do.
1940 18.0 8- 4-52 D,S Water reported hard.
I 10.2 8- L-52 u
ceeen 85 vaw S Water reported unfit for human
consumption
8- 5-52 cavse ceen T Hole refilled. See log.
1915 PERp CREE 1)
1947 128.0 11-30-48 PS Casing slotted from 172-200 feet.
See log, chemical analysis.
9-25-52  .eeen .eds T Hole refilled. See log.
9-25-52 cevae M T Do.
1927 24 S D, See chemical analysis.
PS
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RECORDS OF WELLS AND TEST HOLES IN

Location Owner or name Depth of Diameter Type
number well (feet) (inches)
156-91 - Cont.
21dcbl C. E. Koesseng 50 24 Bored
21dch2 L. Backer 20 24 veodo...
21dcd . Fredheim 36.0 24 eesdO...
21ddb L. Backer 20 36 Dug
22bcb M. Weisenberger 62 By ...do...
22dcd USGS test 549 40 g Drilled
22ddc USGS test 550 20 5 veedO...
22ddd1 USGS test 551 30 5 ...do...
22ddd2 USGS test 552 50 5 «esdo...
23bab Oscar Kloster 60 2L Bored
23cce USGS test 553 80 5 Drilled
23ced USGS test 554 100 5 Y [ PR
25bccl James Vachal 132 24 Bored
25bcc2 ssssd0swss 230 3 Drilled
26abbl Ear]l Stoner 94.7 18 Bored
26abb2 veesdOLa.s 22.8 24 Dug
26bbb Vacant 53.6 24 Bored
26daal R. Z. Stalnecker 205 3 Drilled
26daa2 eevedo.. .. ceee 24 Bored
27bbb USGS test 605 280 5 Drilled
27bcc USGS test 555 60 . 5 veodo...
27bcd Anton Peterson Lo.o 24 by 18 Dug
27cbb USGS test 556 90 5 Driltied
27ccb USGS test 557 60 5 as+sdOsss
27cce USGS test 558 L9 5 veodO...
28aba Stanley No. 2 190 8 o uwl us
28abb Jay Smith 26.0 36 by 36 Dug
28bacl USGS test 598 350 5 Drilled
28bac2 Stanley No. 3 185 12-8 eesdOo.s
28cba William Nelson 73 20 Bored
28ccc USGS. test 604 350 5 . Drilled
28dda M. M. Kincanon 26.4L 24 by 24 Dug
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THE STANLEY AREA, N. DAK. - Continued

Date Depth to Date of Use
completed water (feet measure- of Remarks
below land ment water
surface)
1922 ... rEES D,PS Water sold in Stanley for drinking
purposes. See chemical analysis.
1949 15 D,PS Do.
1943 35 ceee D Aquifer, gravel.
Sew 15 RPN D,PS
—— AP S 0-40 clay, 40-41 fine gray sand;
L1-62 blue clay.
7-19-52 ..... Pnwe T Hole refilled. See log.
7-19-52 ... S— T Hole refilled. See log, chemical.
analysis.
7-21-52 . P T Hole refilled. See log.
7-21-62  ..... — T Do.
1933 35.5 7-26-52 D,S
7-22-52 = ... s ins T Do.
7-25-52 ..., S T Do.
1907 112 s ds S
1952 140 o D,S Aquifer, fine sand from 216 to 230
feet. See chemical analysis.
1930 75.0 7-28-52 S Water reported hard.
vl ¥ 14.2 7-26-52 D Bo.
wwan Lo 7-21-52 U
1948 94.3 7-26-52 S
1917 57.3 7-26-52 D
9-17-52 = ... ceen T Hole refilled. See log.
7-25-52 e T T Do.
1948 27.2 7-25-52 D
7-26-52 ... wedin T Do.
7-28-52  cieas AP T Do.
7-29-52 = ... W T Do.
1949 95 cune PS Pumps 50 gpm. See log, chemical
analysis.
1928 13.7 9- 9-52 D,S
9- 5-52 Ewww i T Hole refilled. See log.
&-53 85 cees PS Pumps 70 gpm. See log.
1928 50 wuwn D,S Aquifer, hard sand. Hardness of
water reported to be more than
800 ppm.
9-16-52  ..... " I Hole refilled. See log.
1925 15.3 7-28-52 D Water reported hard.
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RECORDS OF WELLS AND TEST HOLES IN

Location Owner or name Depth of Diameter Type
number well (feet) (inches)
156-91~ Cont.
29abb E. T. Jellesed 100+ 36 by 36 Dug
29baa Andrew Johnson 60 36 by 36 ...do...
29bbb USGS test 569 350 5 Drilled
29cdc Vacant 70.0 30 Bored
31cbe Mick Loman 56 20 vesdO..s
32bad USGS test 595 80 5 Drilled
32bccl Reubin Enander 22 24 by 24 Dug
32bcc2 542006 wws 30-40 20 Bored
32bdal USGS test 596 70 5 Drilled
32bda2 USGS test 597 20 5 sssl0wq s
33aaa Vacant 67.5 24 Bored
33aca USGS test 564 20 5 Drilled
33bad USGS test 563 60 5 o5 all0hs s
33bbe USGS test 566 30 5 vesdO.ea
33bbd USGS test 565 20 5 P [s TR
33bdal William Nelson n.b 20 by 20 Dug
33bda2 USGS test 552 50 5 Drilled
33cab USGS test 567 80 5 veosdoo..
33dad USGS test 561 140 5 IERT « (o JURUIN
3haaa Jake Jacobs -120 18 Bored
3Lbbb USGS test 559 20 5 Drilled
34cbb USGS test 560 50 5 Y < [« TR
3hcbel Harold Hagen 16.0 36 by 36 Dug
3kcbc2 veeedO.... 28 6 Bored
36bcc Claver Houda 290 3~2 Drilled
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THE STANLEY AREA, N. DAK. - Continued

Date Depth to Date of Use
comp leted water (feet measure= of Remarks
below land ment water
surface)

1902 55.8 7-26-52 D,S Aquifer, gray clay.

1902 32.0 7-25-52 D,S Aquifer, gravel.

8- 6-52 §EE R 5 i T Hole refilled. See log.

* % % wie 36.6 7-25-52 U

1947 33.7 7-25-52  D,S Aquifer, blue sand.

9- 4-52 caene veee T Hole refilled. See log.

1929 AP i D,S Aquifer, sand. Water.reported hard

cevs 11.5 7-25-52 S Water reported soft, contains

excessive iron.

9- L-52 £ 50 don KE¥E T Hole refilled. See log.

9= 5=52 o coee T Do.

ceves 22.4 7-2L-52 U

8- 1-52 ¥ iwinin e T Do.

7-31-52 PP enyn T Do.

8- 1-52 o wnn ceos T Do.

8- 1-52 b P T Do.

..... 3.9 8- 1-52 U Aquifer, gravel. See chemical
analysis.

7-31-52 — coae T Hole refilled. See log.

8~ 5-52 wugEs - T Do.

7-30-52 cevne cees T Do.

1913 96.8 7-26-52 © D,S Aquifer, fine gray sand. Water
occasionally cloudy.

7-29-52 . cees T Hole refilled. See log.

7-30-52 PP P— T Hole refilled, see log, chemical
analysis.

1930 3.8 7-25-52 S Aquifer, gravel. Water reported
soft.

1950 10 - D Aquifer, gravel. Water reported
hard.

1949 80 cous D,S Water reported soft.
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RECORDS OF WELLS AND TEST HOLES IN

Location Owner or name Depth of Diameter Type
number well (feet) (inches)
156-92
Lbbb Vacant ceens 24 Bored
L4bdce A. Farhart 115 24 eeedO..e
6abc Emil Fleck 194 24 Y. (- TR
7dcc K. Olson 135 24 PY- [ TR
9abb Vacant 74.0 2L 55000 v
10dcc Jim Horne 175 24 eeodo...
11dcd Vacant 67.3 2h eoedo...
‘Zbab QOQdOt.o 62-5 24 .oodO..o
1L4aba Charlie Jerma 35.0 24 by 24 Dug
15a0a Irvin Horne 80 24 Bored
]6abb e & 500 ¢8I0 20.0 2“ ...do...
'7be R T 2800 ZLI' o-IdOOt!
17ddd J. Whetlock 120 24 eeesdO...
18add Vacant 56.4 24 s4 ¢80 5w
18cdd Earl Thompson 15 8 SRR < | -
18daa Vacant 100+ 24 ev.do...
19daa M. Myers 120 24 . . T
20bcc eoedOo.. 100+ 36 essdOu.e
20ddd USGS test 591 102 5 Drilled
2lcdd M. Myers 14 48 by 48 Dug
22ccc USGS test 590 100 5 Drilled
23cce USGS test 589 130 5 eeedO.es
23ddd USGS test 571 160 5 P < [
2Lcbb USGS test 592 172 5 eeslOess
24dbc H. Nelson 200 3 . -
2hddd U5SGS test 570 160 5 esedOees
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THE STANLEY AREA, N. DAK. - Continued

Date Depth to Date of Use
completed water (feet measure- of Remarks
below land ment water
surface)

senea 55 PP S Aquifer, 1 foot of sand.

- 100 — S

1940 100+ Tl D,s

ceses 100 svee D,S Water reported hard; contains
excessive iron.

v &b 51.2 8- 5-52 u

1925 99.1 7-29-52 S Aquifer, fine sand.

v 39.1 7-29-52 U

. w e e L4i.s 8- 5-52 S

1949 33.2 7-29-52 D Aquifer,black silt.Vary inadequate

1920 58 S S Aquifer,clay. Water reported hard.

TR 17.5 7-23-52 D

1941 Dry or 8- 5-52 S

caved
I Dry or 8~ 5-52 S
caved

..... 5 o n D,S Water reported to be of very poor
quality.

PP 55.4 8- 5-52 S

1920 110 I S Water reported unfit for human
consumption.

1920 98.0 8- 5-52 S Do.

8-28-52 e “ T Hole refilled. See log.

— 8 e D,S Aquifer, sand and gravel,

8-28-52 rawvE W T Hole refilled. See log.

8-22-52 T ——_ T Do.

8- 8-52 R . T Hole refilled. See log, chemical
analysis.

ceese  eswes - T Hole refilled. See log.

PR 100+ vese S Water reported unfit for human

§ 6 ek “sea GEw T consumption.
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RECORDS OF WELLS AND TEST HOLES IN

Location Owner or name Depth of Diameter Type
number well (feet) (inches)

156=92 ~ Continued

25aaa David Enander 27 - Dug
26abb Steve Noeachek 70 36 Bored
26aca USGS test 594 70 5 Drilled
26add USGS test 593 135 5 . [ -
26daa J. Severson 64 24 Bored
35ddc Vacant 90.3 20 . [
157-91

32aaa USGS test 607 50 5 Drilled
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THE STANLEY AREA, N. DAK. - Continued

Date Depth to Date of Use
completed water (feet measure- of Remarks
below land ment water
‘surface)
1925 17.4 7-30-52 D,S Aquifer, coarse gravel.
1930 60 P S Aquifer, fine sand. Water
reported inadequate; high in
nitrate.
9- 3-52 Ewmwe PP T Hole refilled. See log.
9- 3-52 . I T Do.
1919 11.9 7-29-52 U Inadequate.
G & 39.2 7-30-52 S
9-22-52 ceese . T Hole refilled. See log.
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Formation

Glacial drift

Fort Union fo

Glacial drift

LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK.

156=91=bcbe
USGS test 606
Material Thickness
(feet)
Clay, yellowish=graye.ecsecssaescsncocssasoce 7
Clay, medium-gray, silty, uniform. Appears
to be lake depoSitS..vereseccccsvccccnsosss 55
Till, medium-gray, sand; few pebbles......... 126
Gravel, fine, and very coarse sand.
Hard drillingesseseseccncecoccsscescaccncss 24
Till (?), samples consist mostly of
very coarse sand and carbonaceous clay..... 12
rmation
Shale, light=gray..cceececcccsesassccssccacces 6
156-91-keccl

USGS test 602

Fort Union formation

Glacial drift

Clay, grayececeecesccessscssssssossoscscncons 3
Sand..cosessesranosnsnarsssesnsossssssonsanvens 1
Clay, gray, and gravel..ciceeceescescascscesse 5
Till, yellowish=gray...eceeececescsscscscanes 7
Till, Qrayeececesscsescesasassasocncssascscone 38
Sand, fine, and clay, gray. About 50% sand. 28
Sand and gravel, cleaner than material from
G4 to 82 feetieeeeceanssosesssostvonaracscns 9
Till, Qrayecccecescasoecsossscessssosssescsss 55
Ligniteieeseosasssonessassvacsscasssossosnace 1
Shale, light=gray, sandy...cccossesscacccccss 13
156-91=-5aaa
USGS test 603
Clay, yellowish=gray....cccceecsnceecsncsanas 16
Till, yellowish=gray...coeceveccvvsccscancass 25
Sand, fine, clayey...c.cvuen cessessersacsnssen 15

Till, gray. Boulders at 72 and 78 feet,..... 25

Fort Union formation

Ligﬂite..--O.........-........-.............. ‘
Sha‘e, ‘ight'gl’a\/.-.....-. oooooo sseveoevsnnans 5
Lignite........‘......--........'..--.;-1..-. 3

- 3] =

epth
feet)

62
188

212
224
230

16
L
56
81

82
90



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK. - Continued

156=-91=1lcdc
USGS test 609

Formation Material

Glacial drift
Till, pale yellowish=brown, sandy....cceco.se
Till, medium=gray.ceecececoccocssasaccnsccccss
Till, moderate yellowish=brown...ccoveceeoces
Till, light=gray.sescscesccccsscasssccoscecss
Fort Union formation
Clay, light-gray, sandy....ccceaesscoccsncecs

156-91-13baa
USGS test 608

Alluvium and glacial drift
Soil, dark-brown....ceceeecocssccescooscscnne
Clay, grayeeccecavocccccsanssoanse JEeEREEEnE R
Clay, grayish-white. Contains alkaline
SAltSicercoessveavessosteosccesasscsccssroase
Till, yellowish=gray...cceceescassesscoenccis
Till, gray; much.sand and gravel....coceesen.
Sand, and gravel, hard, drills like
cemented gravel...cveiecrceansocsccecccaces
Fort Union formation
Shale, ]ight-gray............-...............
Shale, dark=brown....esvecessssccccrconcenase

156=-91=-16acb
USGS test 600

Glacial drift
SOoileceeacnonns Gons g5 5 o 1 8 R g 3 i
Till, yellowish=gray..cceocescecececocscscons
Till, light=gray.seceecceccscocccconcencsnnese
Till, yellowish=gray...ceeeeecesccnccsccscans
Till, yellowish=gray..ccceececcscssoscccscnss
Fort Union formation
Shale, gray, Sandy..ccceeevasscoscscccsnsecsa

-3 =

Thickness
feet)

27
55

6
L3

9

18
35

2}

Depth
(feet)

27
82
88
131

140

WA ==

123
135

139
140

19
54
60
81

90



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK. - Continued

156-91-16bbb
USGS test 601

Formation Material Thicknes Depth
feet (feet)
Glacial drift
S0il, dark=brown..c.cecececccecscssccsccccscses 1 1
Till, yellowish=gray...eeeeeeassccesconconanss L2 L3
Till, light=gray, sandy....eceesessessssccccss 21 -6l
Sand, medium; much Clay.cccevevrasccsssrcnncss 5 69

Till, light-gray, sandy...ceeccesocoscaccscscne 33 102

Till, yellowish=gray...cececececcecccsconscncs 24 126

Till, gray, hard..ccceocerosssccccnsnnasnccnns 1 137
Fort Union formation

Shale, light=gray..ceececeessscscssccossansacas 3 140

156-91=16cca
USGS test 599

Glacial drift

SOil, brown...vceesecsssssssessecsscsanssccccs 2 2
Till, yellowish=gray.....cceeseeeanencansss - 16 18
SaNde..eeoecsessssasssssssacasssesescasesancnse 2 20
Till, yellowishegray.cccceaeess RS —— - 18 38
Sand and gravel...ceeeeeresacconcscncossonnces 10 L8
Till, yellowish=gray..ceeeeessnsscconsosacans 29 77
Till, gray, harder than above.....cccociaacecs 29 106

Fort Union formation
Shale, light=gray, sandy.....ccccoeeccascsccans 9 115

Shale, light=gray, clayey....ceeeeesscscconnns 30 145
Shale, light=gray, hard..c.ccccacaccocanccrcans 12 157
Lignit@ecssoeenscovesesanccannas R ——— 2 159
Shale, light-gray, clayey...coveecscconcnccans L9 208
Indurated rock, probably concretion..cceneeces 1 209
Shale, light-gray, hard.....ccccveecncccconanes 39 248
Shale, brown...cceeeecevacsoscssscsnssccncscce 2 250

156-91-20ddd
USGS test 568

Glacial drift

Soil, dark=brown....cocvesecsssscsccocaccccnes 1 i
Till, yellowish=gray..ccoascsecccncsvconcencce 20 21
Sand ,and gravel..cieceecsccoscsasssasoscascsee 6 27
Till, yellowish=gray....ccoeseveacaceccacsaccas 33 60

Ti“’ ‘ight.gray..'.l..l‘.."-"....‘.‘....... 6 66
Fort Union formation ‘
sha‘e’ ‘;ght-gray. ..... TR EEEE R R R R R R R RN h 70



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK. -~ Continued

Formaticn

Glacial drift

156=91=21cba2
Stanley No. 1 (supply well)
Log furnished by M and W Drilling Co.

Material

soi]Qootn‘.l..c.....i.‘o'l.'..ot.t.'t.l.boo!.

Clay with cobbles (till)..eeeeeeneneceenensen
Sand, medium tO COArS@..cvevsevosscscsncsnsce
Gravel, fine, clayey.e.ceeecusornovcnasnsnnsnae
Sand, medium to coarse; mostly shale
Fragments; isssvaiairssbgidssrsadfdnspasesss
Sand, medium to coarse; mostly shale
Fragments, clayey..vessssccarssssvannsvas oo
Clay and sand.e..ceecesscecncrvesccasascnccnnse

Fort Union formation

Glacial drift

clay’ gl’ay, toughcoolncocoooo-o.o-op-oo.lvucoo

sand, clayey.--.oootﬁov. oooooooo ®9 e 00000 0s0 08
c‘ay, gl"ay-. oooooo ¢ s0 000000008t ce seoeese¢es a0
c]ay, bfown......--. ooooooooooo sePes o0t 0

c‘ay’ gray, sandy.'.'..‘.l...I......‘l'..l\....
Sand, gray, clayey; hard and soft layers.....
Jandstone, gray, Fine..esrsnasvasennnsnnnunnss

156-31-21ccal
USGS test 610

SOi', b‘acknvoooltcnouou‘.nttooo.'oo"c‘moco.
Ti", yel‘OWiSh‘gray..-...............-.c.a..

Fort Union formation

Shale, yellowish=gray....c.ccvesesceccscesans
sha'e, Iight-grayll...‘0'...‘....'.0..."'..‘

Thickness
(feet

L5

11
12

Depth
(feet)

1
4
18
22

30

38
65

114
118
153
160
170
175
200

58
70



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK. - Continued

156-91-21cca2
USGS test 611
Formation Material
Glacial drift
soi" dark-brown..ot‘. llllll (EEEREEN IR BN N .
Till, yellowish=gray....cceecenceeces PR .
sand.... ..... .’Q‘.......'0"'....'..'.. .......
Til" ye'lowish-gray.l...OQ..‘..Ol'l'..l.Ol..

Fort Union formation
Shale, yellowish~gray..sececececsccescncceces
Shale, light-gray...‘...0..'...‘........b.'..

156-91-22dcd
USGS test 549

Glacial drift
Soil, dark yellowish-brown.....cecececvcscace
Till, yellowish=gray..cceeecceccocccacacscnss
Fort Union formation
Shale, light=gray..ccceceeccssee cesssseace soee

156-91=-22ddc
USGS test 550

Alluvium and glacial drift
Soil, dark-brown.....cccceeescacceccrsscnconcns
Clay, brown.sceeeecesscssscsccsaonccnsscncccs
Sand, Very COarS...cccceececcscevcoscannscsce
Gravel, very fine to coarse; average diameter
about Z inCheueeeenneraneans I —
Clay, carbonaceous, dark-brown; contains bits
of vegetation...cvesesesssececcnccascsences
Fort Union formation
Shale, light=gray..cccoceaccrvcnssescscsccsnns

- 35 =

Thickness
(feet

Bwrn

o

25
12

o & i NN -

Depth
(feet)

\%\I#N

N W -

10
14

20



LOGS OF WELLS AND TEST HOLES (N THE STANLEY AREA, N. DAK. - Continued
156-91-22ddd 1
USGS test 551

Formation Material Thickness Denth
(feet) (Feet)

Alluvium and glacial drift

0 aunainas R 6 L S L 1 1
o - iSRRI 2 3
Sand, very coarse..... R — 2 5
Till (?), yellowish-gray, much very coarse

=11 1« [N o 8 e s e o B B 5 10
Till, yellowish=gray....occeeeecacccoscssesses 5 15

Till or lake clay, grayish~orange, contains
smali amounts of pebbles or sand (could
also be weathered shale, more orange than
oxidized €ill).eeeuueerorececsosavensncasons 7 22
Fort Union formation
Shale, light-gray (streak of dark-brown clay
and 1ig, from 24=26)....ccrvencencoacssconse 8 30

156-91-22ddd2
USGS test 552

Alluvium and glacial drift

Soil, dark=brown.....eoceececssaccaceasacscans 1 |

Clay, Drown...cevesesceccceccssosososcosonanes 2 3

Sand, fine to medium.c..ccveesevcosccanscnsasns 4 7

Till, yellowish=gray..cceeeeececcecccscacarnss 13 20

Till, yellowish-gray, much sandier than above 27 47
Fort Union formation

Shale, light=gray, sandy....ccececescessscoves 3 50



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK. - Continued

156~91-23ccc

USGS test 553
Formation Material Thickness Depth
(feet) T?iet)

Alluvium and glacial drift

Soil, dark=brown....cceveecescococscsssasserae 1 1
Clay, yellowish=gray...ceeeecvcocaoscescccnncs 2 3
Sand, medium tO COArSE...cecssccosscsssacssons 2 5
Sand, Very CO@rS€..ecsssscesssaccsasscscasnase 3 8
Gravel, very fine to coarse; average diameter
abOUt Z INCheceiececsvsessrsonsccvoccocnnone 8 16
Till, yellowish=gray..eeeceeeees P 58 74
Fort Union formation
Shale, Brown,ssssessssssnssassnnsssssnsssnanns 2 76
Shale, light=gray.ecececscescescccsssscscoanasss 1 77
Ligniteiisisssrssisnnsannsnssuannnwrwensanvinend 1 78
Shale, 1ight=gray.eeesesscesssccecssnsconccacs 2 80
156-91-23ccd
USGS test 554
Alluvium and glacial drift
Soil, dark-brown, sandy.....cceceevcrssrsccnns i 1
Clay, graY.oescessesasnsocscesscssansssasansoses 2 3
Sand, and gravel...ceeecrncssaccascccsscacases 5 8
Till, yellowish-gray, sandy....cceoeeeeetccceses 80 88
Fort Union formation
Lignitesssus sevnenswamnns R Ry nan s A ] 89
Shale, light=gray, sandy.ccececcesvcesccccccss 1 100
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LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK. - Continued

156=-91-27bbb
USGS test 605

Formation Material

Glacial drift

SOi], dal’k"bl‘Own........ ooooooooo esssresenss
Clay, light-gray, and gravel....ccveannneses
Sand....................... ------ seesevvanee

Till, yellowish-gray, very gravelly.........
Till, yellowish-gray. Streak of carbona-
ceous clay from 44 to 46 feet...ccaicenren
Fort Union formation
Shale, light=gray...cecceeccscscscscocsonsns
Lignite.ie.cacescossoascsccnascsnscavanencsns
Shale, light=gray, hard...ccececeesccacencns
Lignite.sieiesseeeeccassccsarssensarensnansns
Shale, light-gray, hard....eccecccecessncecs
Ligniteieeeesesoecesncsorscsssccscscovsscnscns
Shale, light=gray, hard..c.cceccncoccsoncnas
Shale, light-gray, sandy...cccoeececcsncaccs
Sandy shale or sand, light-gray (about 50%

sand) ..... © 5.0 0 2085 508 0EFEON OIS GPIESSIOSDREDNS L3

Shale, gray, clayey..ceccevevecsnososcaccens

Lignite and carbonaceous clay....cveceveeess

Shale, ‘ight-gl‘ay, C]ayey.;-.........o....-.
156-91-27bcc

USGS test 555

Alluvium and glacial drift

Soi‘..0.0.0..'.0..t..l.l.!‘.l'..l'......i...

Clay, gray.ecesceccecsensssnscons ¥ e N
Sand, VEery COarS@.cseescsscsscarssssccscsncsse
Gravel, medium.ceeoncecocncccnnes R N 8
Till, light-olive gray, much gravel...... 5w

Fort Union formation
Sandstone, very fine, very friable,
yellowish=gray..ceeeeescesccrscassoescnces
Clay, light=gray..ceeceececscocosscscsnasones

156-91-27cbb
USGS test 556
Alluvium and glacial drift
Soil, brown, sandy..cceeceesevescsnosssensas
Clay, browne.cecescescarecocassoncccscscaans
Gravel.sisssssasasnosonnsns o o e e w B
Cobbles; average diameter 2 to 3 inches.....
Sand and gravel..ccceeccerviescocecannsecnne
Till, yellowish=gray, sandy...c.seceeescacucas
Fort Union formation
Shale, light=gray...cccecovescanserosccscncne

- 38 -

i0l
113
14
128
160

217
243
243
280

10
17
L5

57
60

10
14
78

90



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N.DAK. - Continued

156=91~27ccb
USGS test 557
Formation : -Material . Thickness Depth
cLL (feet feet)
Alluvium and glacial drift
4 1 S [P PO — 1 1
c‘ay..o-o‘-ooooco.-oco.‘ ......... esesssssesne 3 4
Sand, very coarse, and gravel PEREE R 6 10
Gravel, very fine to coarse..... TR — 6 16
Till, mediume=gray .cosssisssosssnsssssnsnsnsns 12 28
Till, yellow, gray, and orange (streaked);
very sandy. Appears to be a weathered zone.
Shows evidence of greater weathering than in
the overlying till; contains limonitic
ROOUTEE, s ospsusissnrpsdisbsrrsuse buspusens va 21 L9
Fort Union formation
Shale, light=gray..cisssesssssnnvavsnssnnsnsvn 1 60
156-91-27ccc
USGS test 558
Alluvium and glacial drift
Sand antd gravel.ssessassssensvannseiensnwnssn 5 5
BraVE) os s 558565 b b TR S EE SRR SR & 9
Till, medium=gray...... PO 13 22
BFBUET ..o 5 v w0 03 00 8 0 0 L 26
Till, medium=gray...coeceeessecacscncsssssccos 3 29
Fort Union formation
Shale, light-gray. Core, about 5% recovery... 1 Lo
156-91-28aba
Stanley No. 2 (supply well)
Samples furnished by C. A. Simpson & Son
Glacial drift
Till, yellowish=gray...ccceeeeeceeecanecccccns 60 60
Fort Union formation
Clay, yellowish-gray, silty....cocccveucecacns 10 70
Clay, light=grayi.cecececonse o s mien s a B 64 Bk 10 80
Silt, pale brown.......... cesevcssscessacrenny 10 90
Silt, yellowish=gray....cceceeees T TIT Iy 20 110
Silt, dark=brown, carbonaceous....cceceacecesss 10 120
Silt, light=gray.eceeceacececcscecccoscccrcnans 10 130
Clay, dark=brown, carbonaceous..,.c.cseeeceees 10 140
Clay, light=gray, silty.ccccceceseoccensecanee 10 150
Sand, very fine, clayey, loosely consolidated. 12 162
Sand, very fine to fine, relatively clean,
loosely consolidated...voeeerveneccccocscnaes 1n 173
Sand, very fine, clayey....oceccvcosssnssscnes 27 200

- 39 -



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK. - Continued

Formation

Glacial drift

156-91-28bacl
USGS test 598
Material
SOi], dal‘k-bl’own.. ---------- veososvesvsD e eB e

Till, yellowish=gray, sandy.....cececoccescece

Fort Union formation

Glacial drift

Shale, light=gray...... siciasEEsEnsmuET Y Ro hbE
Lignite..... FRE AR R R cavessernsssarsnane
Shale, light=gray.cceececase SENEEEE Y sesssen .
Sand and sandy clay, light=gray, and thin
layers of hard sandstone.......... PP

Sand, cleaner than from 117 to 190, but
samples still contain much clay. Washed
sample obtained from pits consisted mostly
of medium grained, angular sand, about 75%
or more quartz; remainder consisted mainly
of basic igneous rock fragmentS....c.ccoee.

Lignite..seosseeesne Cossan crssens ss s e g

Shale, light-gray. Core obtained from 240
to 250 feet with about 60% recovery. Con=
sisted mostly of light-gray clay-siltstone
and one foot of very fine, dirty sandstone.

Lignite.eeeseeersceascssoscscvscssssasccannns

Shale, light-gray, with hard layers..........

156=91-28bac2
Stanley No. 3

Thickness
(feet)

71
20
23
73

37
75

(Same location as USGS test 598, log furnished

by C. A. Simpson & Son, Bisbee, N. Dak.)

C‘ay, ye]]ow’ Sandy ooooooo eesess vV aBEBeDN T ORS

Fort Union formation

Clay or shale, gray..cccceesececensccsseccsns
sha'e’ green‘ TR R R R ENENEEEEEEE [(EREEE NI N A NS
shale, gray‘.ll..'l.'l"..Qi.‘l.....'..'...‘.

Shale, gray, sandy...... cEEEE e cenessscnsane
Sandstone, fin.ceseces b6 A e
Shale, gray, Sandy...ccceesesesacescsscccscccs
Sandstone, fine, hard......ccocvnvee LSRR

Shale, gray, Sandy...c.cccervcaccosccascsncoce
Sandstone, fine, hard....escecescaccccnccccns
Shale, gray, sandy....coeeesscccvccscoscesons
Sandstone, hard..... SRR e P S p g
Shale, gray, sandy..... T s 3 A g R
Shale, brown, sandy...ccecieccecerccncancenes
Shale, gray...... tesesssssscavssesesesasnnoane

- 40 -

Depth
(feet)

1
72

92
ok
117

190

236
237

274
275
350

76

108
AL
118
160
162
170
171
185
188
205
207
235
238
239



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK. - Continued

156-91-28ccc
USGS test 604

Formation Material Thickness Depth
feet T?get)

Alluvium and glacial drift
S0T .nerocecessrascnccsscocsosssvesenssacsccs 1 1
Sand, medium to coarse....cceeeee T T 12 13
Till, yellowish=gray..ccoeeceeces AR R 32 L5
Fort Union formation

Shale, yellowish=gray......... T — 95 140
Shale, light=gray..ceeeciceccsccacssccscessss 20 160
Sand, light-gray, very fine to fine, much

ClaY.eceeossnasssssoaccesessssssscscccsass 52 212
Lignite.cesesneeesensosasasarecsssassncsnscns 2 214
Clay and sand, very fine, light-gray......... 23 237
Lignite.e.uisveseocececcorssssosossasancassnss 3 240
Clay, sandy, gray. Indurated rock at 243

i R PR 8 248
Shale, light-gray, not sandy....eceeseeoseeecs 16 264
Lignite.ooeeeennans R 3 267
Shale, light-gray, with hard layers at 293

feet and 298 feet.vecesseosssoscsssanaasans Ly 301
LigGNiteeseesnnecnoseanesasssesanns envenenens 2 303
Shale, light=grayececesceccsecocessecosssscns 12 315

Lignitev!'illllll‘....ll..ll'.ll'...'.‘.l‘...' z 3'7
Sha‘e, ‘ight-gray-bo.oQ‘.tot.«oonoooivococuocn “ 328
Lignite‘t-oco.o.‘.oo-..-.cnbco'...-.oooc!otto 3 33‘

Sha'e, 'ight"gl’ay...........-.....-........... ]9 350

- by -



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK. - Continued

Formation

Glacial drift

156-91-29bbb
USGS test 569

Material

Soil, dark=brown...cccceececeosscrscesccacsnces
Till, yellowish=gray, sandy...ceccacecccansee
Till, grayer than above....ccovsvscrccsccsece
Till, yellowish-gray, sandy.....cccccaccccsses

Fort Union formation

Clay, yellowish=gray....ccecececcctocnssssces
Clay, very light purplish-gray, sandy........
Clay, yellowish=gray, sandy...ccoeeccencnsons
Clay shale, light-gray, alternating with
layers of sandy clay..cccesecccecacannancee
Clay, very sandy, light-gray....ceececccccass
Sandstone, very fine, light-gray, dirty......
Sand,very clayey, light=gray....cevsececencacs
Sandstone, fine, dirty.ccececaccescsccsvcanes
Sand, very clayey (50% or more clay).........
Clay, light=gray, sandy...ceceeceosccavecces N
Clay, gray.ceecescsosccasnscosacsocsansonse _—
Ligniteiiseeeeesecracassssscsoccssansrcassces
Clay, light=gray.ccecececaasss SRR R
Clay, brownish=gray...ccceceecncsvcconcsncecs
Ligniteiesacaeaoevessarorosacssosssoccssasanse
Clay, gray.eeeecescescsss RER— cesibsbavE A

156-91~32bad
USGS test 595

Alluvium and glacial drift

Sand..ceceecncs PR ————- < T .
Sand and gravel.....ccoavaceees sesseesssarres
Till, yellowish=gray...ceceeerecccccacacccnss
Till, gray.cceeeeas CEmENET AT G

Fort Union formation

Shale, light=gray, sandy...cceeceecsovecvense

-[‘2-

26
15

27

195

327
335

350

12
38
53

80



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N, DAK. -~ Continued

156-91=32bdal
USGS test 596

Formation Material

Alluvium and glacial drift
SandisssssepsnspirssissinsuEsERA R NTRER SRS
Gravel.iieeeeseasssescceroesosssosesesnonanns
Till, yellowish=gray...ceieseveecocercoccscnne
Till, medium=gray..ceseseoseseceessesssocansas

Fort Union formation
Shale, light=gray..cccececscsecesoscecnsncseses

156-91-32bda2
USGS test 597

Alluvium and glacial drift
Soil and slope wash, dark-brown, clayey......
Till, yellowish-gray....... e L, LT
Fort Union formation
Shale, light~gray, clayey..cceceeeecocvancsane
Shale, light=gray, sandy....cc.covcesvacvcace

156-91-33aca
USGS test 564

Alluvium and glacial drift
Soil, dark=brown.....eseeeececsssossscsssscncs
Clay, sand, and gravel.....cccvvecsecccnncnns
Sand, Very COarsS€i.csecescesacssoscsessonsasa
Fort Union formation
Shale, clayey, yellowish=gray....ccecevevcccss

156-91-33bad
USGS test 563

Alluvium and glacial drift
SOi‘, bfown, Sandy........-.‘....--..h...y..-
C‘ay, ]ight-tan....-..........-....-.......-'

32157 (R SR SO S pRpopep e g

Till, yellowish=gray.cccecesococcosansas P
Fort Union formation

Shale, light-=gray...cceeecencnces cesssssasans

-l|.3..

Thickness
(feet)

10
14
28

14

oW oW

Swih

11

WV e o

E

=,

14
28
56

70

12
20

LN

20

NN N =



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK. - Continued

156=91~33bbc
USGS test 566

Formation Material

Alluvium and glacial drift
Soil, dark=gray, clayey...ceeosecoccccscensscs
Clay, moderate yellow, uniform.
Probably lake depositS....ccaveescoscssnnee
Sand, medium tO COArSE@.cievvocsnssnsnnsvarass
Fort Union formation
Shale, light=gray..ceceesesesccscscesnossness

156=-91-33bbd
USGS test 565

Alluvium and glacial drift
Soil, dark-brown, clayey....cceveececcscssone
Clay, yellowish~-gray, with few pebbles.......
Sand, medium tO COArS€..ccverocnrscnnsanacnss
Fort Union formation
Shale, light=gray, sandy....ccccceuvcccencece

156~91-33bda2
USGS test 562

Alluvium and glacial drift
Soil, dark=brown, clayey..cceessecrscescocens
Clay, sand and gravel...ccveecceacesacsceccns
Gravel, fine to coarse; average size about
3/8 inch. Consists of limestone (about %);
granite (%); basic igneous, concretions,
and shale (Z)eeeeeecenecvanscancsossancnass
Fort Union formation
Shale, light=gray, sandy....ccccececssceccsce

156-91-33cab
USGS test 567

Alluvium and glacial drift

soil, dark‘brcwn.... oooooo esecacscecsscsscscrsce
Till’ YG‘]OWiSh‘gl’ay ------ sesses00s00ensensy
sand’ fine.'...‘.. ............ E R B 3R B B BN BN RN R W %

Sand or sandy clay, yellowish=-gray, soft.....

Sand, coarser than from 40 tO 55.c.csceccescce
Fort Union formation

Shale, dark=gray, clayey..cc.cocessccnrsscsscne

- bl -

N O woOw

18
23

32
15

20

22
30

LW

21

50

33
Lo

55
60

80



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK, - Continued

156-91~33dad
USGS test 561

Formation Material

Glacial drift
Soi" brown..-Q..'.l....l.."l...l....'......

Till, yellowish=gray..cc.ceeecse veeseseseacens
Ti]]’ medium-graytit‘r..............‘....0‘..!
Sand and gravel...ceecestcccscrosccvanssncene

Till, medium=gray.coeeesesescccssosncsvasonse
Fort Union formation

Shale, gray, Sandy...cccsececcscoscsncscccnss

Shale, yellowish=gray....csceecececcccccscaces

Shale, light=gray, clayey..ceeerosccecancecss

156-91-34bbb
USGS test 559

Alluvium and glacial drift
Soil and slope wash..seeescesconscscoccvnncne
Clay, tan...ceeecesvsnersoscosccanssasncncans
Sand and gravel..ceeesecrosccsccsosnsccsccsns
Fort Union formation
' Shale, light=gray...ceccoeesesaceccscavcncsse

156=-91-34¢cbb
U5GS test 560

Alluvium and glacial drift
Soil, dark=brown, sandy.....cccavcssacscscsss
Clay, ta@Neeceecessacesosscsssssasssssnsccnees
Sand, COArS@..cecenssesssanscssssssscsosnssoss
Till, light=grayecoecsoscccscconesscsoncecacs
Fort Union formation
Sand, mostly medium-grained, relatively well
sorted and clean....ocoeseccossescnsascces
Shale, light=gray...eocececveecss T T

- 45 -

Thickness
feet

35

38

32
19
n

N -

Depth
feet)

0w

20



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK. - Continued

156=-92-20ddd
USGS test 591

Formation Material

Glacial drift
Clay,

YelIOWiSh‘gray.;uu...-o--.--o.-o;.-..-o

sandnvocoool‘c‘nooo.-l.'l.c.o..oia..lo..'o.n.

Till,
Tily,
Till,
Fort Union formation

yel‘OWiSh‘gray......-o-;o--.-.--.-o..-.
gray.noncoooooucooouuo.000.-0.0...-...0

ye]lOWiSh"gl'ay....-..............--....

Shale, yellowish=gray..ceecesecoccasscnsescsce

Glacial drift
Soil,
Till,
Tilt,
Sand,
Till,
Till,

Fort Union formation
Clay,
Clay,

Glacial drift
Soil,
Till,
Sand,
Clay,
Sand,
Clay,
Sand,
Till,
Till,

Fort Union formation

156~92~22ccc
USGS test 590

dark=broWNn..ssscccssssscscossssssascses
yellowish=gray..cceesecssocccsconcssnse
gray..t...'..lI.-‘l‘0‘0'!'..0.0.0...“'
COATSCersascsasavosssssssstsstsscsnconse

gray.'lQOOI'llll'..“....".'..l.ll....

Ye]lOWiSh‘gray..o..--..u-.o-cn...o.---.

light'graY..-o......-..a....---a..-..-.
Ye"OWiSh‘graYo...-.-.c..-..o..-.......

156-92-23ccc
USGS test 589

dark=brown...cvecssceccscessseasssseascsse
light yellowish=gray...ceececceccecascss
fine, clayey..ceceeveorscsansssncsccccane
gra¥eecssasassosasasns 8 A A
Clayey.voeeensosessssssoncsosasscscnscs
dark=gray..c.ceeoesasassssocnssssccasrae
Clayey.seeerrosssosossnscssecscanans -

gray..-o-'ooc.ooooloc-o..oooooo..colo.c

ye]lOWiSh'grBYo-.--.'..-....-.-.-..u.o-

Shale, yellowish=gray, sandy...secccecceccccss

- k46 -

Thickness

(feet)

3
6

25
36
30

000\#010\%—'

38

D

th
feet)

3
9
34
70
100

102

18
32

84

90
100

35
21

L6
50

102
122

130



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK. = Continued

156-92-23ddd
USGS test 571
Formation Material Thickness Depth
feet feet)
Glacial drift
Soil, dark-brovh.sc saovssssscsersesvonsunsnas I 1
Till, yellowishegray...ceceeeeeeonccsconnacans 30 31
Sand, medium tO COArS@..ceevecscccncnens ceeee 4 35
Gravel, mediumM. .ccoveeaceoceasacsccnrsscssnnss 5 Lo
Gravel, fine to coarse; average diameter
BbOUL 2 INCRueeeesereeseeesosossaassssannes 12 52
Till, gray..cceene. Cevsesecrtessasessseansnas 5 57
Gravel, medium; average diameter about 3/8
iEhasse s, Eam s s s s medaonkp ki dd 55 Ed 5 . 11 68
Till, gray and tan..cceeeerevcccncscccscsanns 7 75
Sand, very fine, brown, streaked with black
CarbonaceouUs ZONES...eveseensenscssssscasse 5 80
Clay, dark=-brown to black (as in soil),
carbonaceous, Pieces of carbonized wood.... 5 85
Till, gray, very sandy...ceoceesess O —— 16 101
Till, yellowish=gray.....coeeeerecenanes. ceees 7 108
Till, medium~dark-gray and brown.....oceveees 36 144
Fort Union formation
Clay, light-gray, sandy....ceceeveecssvcsccsns 16 160
1566~92=~24cbb

USGS test 592

Glacial drift

Soil, dark-brown..e..oceces.s L 1 1
Till, yellowish=gray, sandy.....ccee0ecesceces 18 19
Till, medium=-gray, sandy........ R VT 10 29
Sand, fine to mediume.oeo.... Ceeececrsesasane 7 36
Till, medium-gray..... Cecececesisesaensacnons L9 85
Till, pale yellowish=gray...coeeeeeovesvecss . 23 103
Till, medium=gray, gravelly..c.cecveenccaonns 22 130
Till or bedrock, medium=-gray, sandy clay.

Few pebbles..... P P 37 167

Fort Union formation

Shale, light-gray, moderately sandy....... wea 5 172

.47-



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK. - Continued

Formation

Glacial drift

156-92~-24ddd
USGS test 570

Material

Soil, dark=brown...ceccovescosssssscscasceace
Clay, yellowish=gray, sandy....ceecevevececss
Sand..cvssrenanes censenssanas tessnsessssanues
Till, yellowish=gray, sandy....ccavceccecccase
Till, grayeececececccocsanasncens LSRR R E RN
Till, yellowish-gray...occveuces o o o
Till, gray...... P T R

Fort Union formation

Glacial drift

Sha‘e, yellO\NiSh-gl’ay oooooooooo sesescedecss s

156=92-26aca
USGS test 594

Clay, yellowish-gray, lake deposits..........
Till, yellowish=gray...cccceeees P -
SaNd...cececcreorrnseacssessostranssccsvsansse
Till, yellowish=gray...ccecocesecccccccccaness

Ti“, gray.;-l.oooooon--oo ooooo [N ERE N RN LR )
Gl"avel, fineco09:o‘o-cl-oo.oooo.‘..‘.ouolo-o
Ti]l, gl’ay ooooooo eae s 8000500 P esacsedoecB OB

Thickness

(feet)

Depth
(feet)

28
118
126
154

160

12
15
16
L2
53
57
70



LOGS OF WELLS AND TEST HOLES IN THE STANLEY AREA, N. DAK. - Continued

156~92-25add
USGS test 593
Formation Material Thickness Depth
(feet) (feet)
Glacial drift
Soil, dark=brown..cceeececececncoovencsarsacs 1 1
Clay, yellowish=gray, lake deposit....ccceeus 13 14
Till, yellowish=gray, clayey...cceevveooveass 14 28
Till’ gray ....... LI BE B B BE O Ik 2B N 2 ® 9 8 9 0008045000000 48 76
Till, yellowish-gray, bouldery.....coeeeusese 38 14
Fort Union formation
Clay, yellowish-gray, sandy.....cecceeevevoass 21 135
157-91=-32aaa

USGS test 607

Glacial drift

Soil, blackivissisvssnssssussnsnssonsenmsnses 2 2

Clay, yellowish=gray..ceeeeceesssecaocscaneonn 6 8

Till, yellowish-gray...ccco... N — 34 L2
Fort Union formation

SHATE. cuxronun Cesessensannenean prhEad A snaa 8 50

- by -
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