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GROUND-WATER CONDITIONS IN THE VICINITY
OF GILLETTE, WYOMING

By Robert T. Littleton

WITH A SECTION ON THE QUALITY OF GROUND WATERS

By Herbert A. Swenson

INTRODUCTION

Purpose and Scope of the Investigation

The City of Gillette lies in northeastern Wyoming in about the cen-
ter of the Powder Riéer structural basin. It is the county seat of Cemp-~
bell County and has an estimated population of esbout 3,150. The Gillette
area is underlain by a thick succession of sand, sandstone, clay coal,
and carbonaceous shale of Tertiary age. There are no perennial streams
iﬁ the immediate vicinity of the city, hence water for municipal and in-
dugtrial use is obtained from wells.

In October 1948 W. T. Fulkerson, Mayor of Gillette, requested the
assistance of H. D. Thomas, Wyoming State Geologist, in an 1nvestiga£ion
of the ground-water conditions\in the vicinity of Gillette, the principel
objective of which was to locate a municipal ground-water supply of
better quality and greater quantity. This request was referred to the

Ground Water Branch of the United States Geological Survey, which
1
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cooperates with the Wyoming State Engineer in studying the occurrence,
availability, and chemical quality of ground water in Wyoming. The
ensuing investigation was made by the Geological Survey in cooperation
with the City of Gillette and the Wyoming State Engineer.

The writer was in the area from May 19 to June 15, 1949, and again
on August 7 and 8. An inventory was made of 52 wells and 4 springs.
Six test holes aggregating 1,788 feet were drilled for the city by geo-
physical companies operating in the Powder River Basin. Water samples
for complete analysis were obtained from 11 wells and 2 springs and were
analyzed by chemists of the Quality of Water Brancﬁ, United States
Geological Survey at Lincoln, Nebr., under the supervision of Paul C.
Benedict, regional engineer. A map was prepared showing the locations
of wells, springs, and test holes. Two cross sections showing geologic
conditions in the upper part of the Fort Union and lower part of the
Wagatch formation were prepared from data obtained from test holes and
well logs.

The investigation was under the general supervision of A. N. Sayre,
Chief of the Ground Water Branch of the Geological Survey, and under the
direct supervision of S. W. Lohman, district geologist for Colorado and
Wyoming. Mr. Lohman helped in planning the investigation and critically
reviewed this report. Miss Natalié Willesen aided in preparing the
manuscript. The final typing for duplimat reproduction was done at
Lincoln, Nebr., by Crystal J. Rollf of the Missouri Basin ground-water

staff.
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photographs for use in this investigation.

GEOGRAPHY

Topography and Drainage

The ares surrounding Gillette is a hilly-to-rugged upland interrupted
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by wide rolling valleys and dotted with conspicuous buttes capped by red
shale and clinker (Thom, 1927, pp. 50-64, pls. 11-13). There are several
enclosed depressions that are occupied intermittently by lakes. The
origin of these depressions seems to be related to slumping caused by éhe
burning of coal beds and to wind erosion.

Gillette lies at an altitude of about 4,550 feet, at asbout the divide
between the Powder River to the west, the Little Powder River to the north,
and the Belle Fourche River to the east.

Streams in the vicinity of Gillette, such as Donkey Creek, Little
Ravhide Creek, and Rock Pile Drain, are ephemeral and flow only in response
to precipitation. ILittle Powder River, which heads in the northeastern
part of the area covered by this investigation, is a small perennial stream
below the point at the northeast edge of the area where it intercepts the
flow of springs. These springs issue from clinker beds or zones of slump

associated with the burning of coal beds.

Climate

The climate in the Gillette area is semiarid but the precipitation is
sufficient in most years to support dry farming and grazing. The average
annual precipitation during the 35-year period of record has been 14 .94
inches. The area has warm, dry summers and cool, blustery winters. The
precipitation consists principally of spring snows and rains. Early in
summer thundershowers are common and the frequent hailstorms cause consider-

gble damage to grain crops.



GEOGRAPHY 5
A soil mantle has developed over most of the area and is fairly
thick in the valleys. This condition allows much of the water from rain

and snow to seep to underground storage.

Economy

Gillette serves a large stock-raising and dry farming area that in-
cludes the whole of Campbell County and a large part of the Powder River
Bagin. The city has had continued and steady growth since it was estab-
lished as a camp at the railhead of the Chicago, Burlington and Quincy
Railroad, vhen comstruction was delayed during the winter of 1891-92.

The city is served by the railroad and by United States Highway 1h-
16 and Wyoming State Highway 59. It has much tourist trade during the
summer months, as it is the only stopping point of any consequence
between the Black Hills to the east and the Big Horn Mountains to the
wést.

In recent years the city has become the center of a greatly expanded
program of petroleum exploration in the Powder River Basin. This has
caused & sharp rise in population and has created a demand for additional
water. City officials and civic-minded residents were quick to recognize
that the continued growth and development of Gillette are dependent pri-

marily upon the availability of additionsal water of better quality.
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GEOLOGY

Summary of Geologic History

The geologic history of the ares covered by this réport is an inte-
gral part of the geologic history of the Powder River Basin. As the
history of the entire basin is long and involved and poorly kmown, only
the histéry pertaining to the deposition of the Fortlﬂnion and Waéatch
formations of Tertiary age is discussed here.

The Fort Union and Wasatch formations are of fresh-water origin,
having been deposited in inland lakes and marshes and an extensive flood
plains. During most of Fort Union time the area was characterized by
large, shallow inland lakes and marshes in which were deposited mud,
sand, and carbonaceous material that were later compacted into shale,
sandstone, and coal. The marshes at first developed locally, but at
the ciose of Fort Uni;n time they covered most of the area. A 1u#uriant
growth of vegetation in this extensive marsh contributed the vast amount
of carbonaceous material from which developed the Roland coal.

In early Wasatch time sluggish ﬁéandering streams deposited irregu-
lar bodies of fine-grained sand and clay. Throughout Wasatch time depo-
sition by streams alternated locally with the development of marshes
forming thin beds and lenses of coal, notable among which is the Felix
coal.

The drainage pattern of the main streams in early Wasatch time had
en important bearing on the present occurrence of ground water in the

vicinity of Gillette, as their former courses are now marked by channel
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sandstones. From the meager evidence at hand in the vicinity of Gillette,
the long, narrow sandstone bodies of the Wasatch formation seem to trend

generally northward.

Summsry of Stratigraphy

Pre-Tertiary Sedimentary Rocks

A succession of stratified rocks ranging in esge from Cambrian to
Upper Cretaceous unconformably underlies the thick covering of younger,
Tertiary rocks. The pre-Tertiary rocks crop out in a wide belt against
the Black Hills uplift to the east, dip westward into the Powder River
Basin, and are deeply buried in the vicinity of Gillette. This succession
of pre-Tertiary stratified rocks underlying the area probably exceeds
10,000 feet in thickness. The Texas Co's deep oil test was drilled into
the Pahasapa limestone of Mississippian age, having penetrated 8,045 feet
of pre-Tertiary rocks.

The pre-Tertisry rocks consist largely of coarse- and fine-grained
sandstone, thick beds of shale, and massive and porous beds of limestone,
but sufficient information is not available to compose an adeguate strati-
graphic section. Table 1, based on data obtained from deep oil tests,
however, gives the stratigraphic sequence and the probabie average depths

and thicknesses of formations that would be encountered by deep drilling.
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Table 1.--Stratigraphic section at Gillette, Wyo.

Thickness | Depth

Formation (feet) | (feet)
Tertiary:
Weasatch formationNecosccscoscocoecooscsosssscsecs 335 335
Fort Union formation.ccccccececosecconsnosncscss 1,955 2,290
Pre-Tertiary:
Lance formatioNecceocscccoscosecosconscossseesscs 1,000 3,290
Fox Hills Sandston@ccesccecccoscscncscosossossos k60 3,750
Pierre shale and Niobrara formatioNeeccceccecescas 2,845 6,595
Frontier formatioN.cccsscccesvessscoencsssssacss 115 7,370

Graneros shale and its lateral equivalents, the
Skull Creek shale, Newcastle sandstone, Mowry

shale, and Belle Fourche 8h8l€.cccoseoscsoscse khs 7,815
Inyan Kara group: Lakota sandstone, Fuson shale,

and Fall River s88ndston€...cesseccscocecssssss 250 8,065
Morrison fOrmation..ccececocccoccsasccascsosvoece 95 8,160
Sundance formatioNcceccococcccsosossccscosasccss 165 8,325
Spearfish formationN.cccecccoococoscscssossoososs 800 9,125
Minnekahta 1imeston€csceccescecscoassascssssones 15 9,140
Opeche shale ("red beds”).cececsososscccsacscans 55 9,195
Minnelusa sandston€.ccscoccsscesccvsosscascsscos T70 9,965
Pahasapa 1imeBton€.cscocecesccsacvacoconsasesoss ? ?

Tertiary Sedimentary Rocks

Fort Union formation.--In the vicinity of Gillette the Fort Union
formation consists of gray clay, gray silty clay, thin beds of fine~
grained gray sandstone, and beds of subbituminous coal and carbonsaceous
shale. The sandstone beds range in thickness from 10 to 65 feet. The
coal beds vary in size and shape and range in thickness from a few feet
to 88 feet. The formation crops out at Minturn, 6 miles east of Gillette,
vhere it is capped extensively by red clinker produced by burning of the
Roland coal.

According to Dobbin (1927, pp. 1-50, pls. 1-10), the formation is
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made up of the Tongue River member above and the basal Lebo shale member.
The upper contact of the Fort Union is placed at the toﬁ of the Roland
coal. The contact between the finer materials of the Fort Union and the
coarser sediments of the underlying Lance formation cen be inferred from
electric logs of deep oil tests obtained by the Texas Co. Dobbin
assigned a maximum thickness of 800 feet to the Fort Union formation at
the eastern margin of the Powder River Basin. Deep drilling by the
Texas Co. and by the City of Gillette suggests a thickness of about
1,950 feet in the vicinity of Gillette. It is reasonable to assume that
the formation should thicken toward the center of the vast early Tertiary
seoi&ncline.
| Wasatch formstion.--The Wasatch formation consists of lenticular
bodies of fine-grained sand, sandstone, clay, and silty clay interbedded
with beds and lenses of subbituminous coal and carbonaceous shale. The
sandstone beds are gray and yellowish brown and are poorly to tightly
cemented. The yellowish-brown sandstones contain sbundant limonite as
concretions and irregular streaks and locally as cementing material.
Beds of red shale and clinker crop out along the coal horizons in many
places. The stratigraphic units that make up this formation lack con¥
tinuity, particularly the sandstones, which thin and thicken markedly
eastward. The history of deposition of the Wasatch, however, suggests
that the channel sandstones may persist for several miles along their
length.

The Wasatch formation crops out at the surface in the vicinity of
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Gillette. Previous investigators (Thom, 1927, pp. 50-6%, pls. 11-13) have placed
the contact between the Wasatch and Fort Union in the vicinity of the Wyodak coal
mine, about 53 miles east of Gillette.

At the Powder River dralnage divide 6 miles west of Gillette the thickness of
the Wasatch formation is estimated to be about 800 feet. Dobbin (1927, pp. 1-50,
pls. 1-10) postulates an over-all thickness of 1,000 feet for the formation in this
part of the Powder River Basin. In the vicinity of Gillette erosion has removed

all but about 335 feet of the Wasatch.

Quaternary Deposits

Alluvium of'Qnaternary age deposited in the valleys of the main sireams con-
sists predominantly of sand, silt, and clay but contains also & few lenses of fine
gravel consisting of pebbles of hard fine-grained sandstone and of fragments of
red shale and clinker. The thickness of the alluvium in the valleys ranges from a

few Peet to about 35 feet.

Structure

According to Dobbin (1927, pp. 1-50, pls. 1-10) the Tertiary rocks in the
eastern part of éhéﬁPowder River Basin dip gently southwestward. The writer
obtained information on the Roland coal suggesting a westerly dip of about l%
degrees. However, the exact directions of strike and dip cannot be ascertained
owing to the lack of uniformity of thickness of the Roland coal.

The structure of the Tertiary formations conforms only in a general way to

that of the underlying rocks. Post-Tertiary disturbances that may have occurred
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in the Powder River Basin are, in the opinion of the writer, reflected
in the Tertiary strata as variations in the direction and amount of pre-

dominantly gentle dips.

GROUND WATER

Water in Quaternary Alluvium

Ground water occurs in the alluvium along the main streams; but
owing to the limited thickness and fine-grained texture of the alluvium
only limited supplies are availahlég Only three of the wells inventoried
yield water from the alluvium. The water generally is highly mineralized
and contains an excessive amount of iron, meking it hardly suitable even
for stock use. A few dug wells in the alluvium were reported to yleld
water of good quality, but these reports could not be verified. The
writer obtained information suggesting the presence of small, isolated
lenses of clean 3a§d that are recharged directly from precipitation

and hence contain water of better quality.

Water in Tertiary Rocks

Wasatch formation

Ground water in the Wasatch formation occurs principally in irregu-
larly bedded, lenticular sandstone and in jointed coal, and generally is
under artesian pressure. In the immediate vicinity of Gillette artesian

water generally is found in the lenticular sandstones between the Felix
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coal above and the base of the formation (top of the Roland coal) below
(see pl. 2), but the artesian pressures range widely within short dis-
tences. Reportedly dry sandstone was penetrated at a depth of 228 feet

in well 8, vwhich suggests that some of the sandstone lenses are completely
surrounded by impervious clay and shale and contein no water.

Unconfined ground water occurs in the lenticular sandstones in places
vhere they crop out at the surface or beneath saturated alluvium.

Most of the wells in the Wasatch formation obtain water from fine-
grained sandstone at depths ranging from a few tens of feet to 380 feet,
and yield from 10 to 50 gallons & minute. The depth to water level in the
shallower wells averages about 30 feet but in the deeper wells it ranges
from 75 to 150 feet.

Because of the occurrence of the water largely in channel sandstones
that trend generally northward, it may be possible to economize in test
drilling by first locating test holes on an east-west line. Then, any
favorable holes could be supplemented by additional holes to the north or
south; those would have a better-than-average chance of penetrating similar
favorable materials. A rectangular area sbout 6 miles long and 2 miles
wide along line C-D (see pl. 1) is the most favorable area for prospecting

for lenticular sandstone in the Wasatch formation.

Fort Union Formation

Water in the Fort Union formation occurs mainly in thin beds of fine-

grained gray sandstone, but to & lesser extent also in jointed coal and in



' GROUND WATER 13
red clinker and red shale. Most of the wells in sandstone and coal
encountered water under artesian pressure, but flows are not to be ex-
pected in the vicinity of Gillette because the reservoir rocié dip in
the direction of topographic rise. Gas was encountered at the top of
the Roland coal in well 8 (pl. 1). Water from the coal subsequently
entered the well and rose about 259 feet above the point at vhich it was
encountered.

Unconfined ground water occurs in outcrop areas of the red clinker
and shale of the Fort Union‘formationo Many springs issue from the large
area of clinker beds northeast of Gillette. The water from these springs
issues at the contact between clinker and underlying fine-grained material,
generally clay, along the sides of valleys. Moyer spring (No. 58), now
owned by Charles Marshall, has an estimated yield of about 200 gallons a
-minute and 1s the largest spring known in the area. The yields of the
smaller springs range from 5 to 12 gellons & minute. Well 15 is a shallow
pit dug into shattered red shale adjacent to Ditto Lake and seems to be
supplied from the lske. This well is pumped at about.l,soo gallons &
minute vith a drawdown of approximately 8 inches.

The water level in wells that produce from sandstone ranges from
about 250 feet below land surface in wells 16, 17, and 18 to 373 feet in
wvells 43, 44, and 45. The water level in well 8 was only 125.76 feet
below land surface on August 8, 1949, but this high level may be due to
gas pressure.

During & pumping test the railroad well (No. 45) yielded only 93
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gallons a minute with a drawdown of 13%.5 feet. The specific capacity of
the well thus is only 0.69 gallon a minute per foot of drawdown, indicating
that the sandstone has a low permeability. Each of the three railroad
wells is pumped at about 45 gallons a minute to decrease the drawdown and
to avoid pumping fine sand. Wells 16, 17, and 18, owned by the Wyodak
Manufacturing Co., are capsble of yields ranging from 35 to 58 gallons &

minute.

Water in Pre-Tertiary Rocks

Information about water in the pre-Tertiary rocks in this area was
obtained from the records of deep oil tests by the Texas Co. and deep
drilling by the City of Gillette. Potential aquifers in pre-Tertiary
stratified rocks include ssndstone beds of the Lance formation, the Fox
Hills, Fall River ("Dakota"), and Lakota sandstones, sandstone in the
Sundance formation, and the Pshasapa limestone. These formations are
recherged at their outcrops mainly from streams and in small part from
precipitation. As the aquifers dip beneath the surface, the water is
trapped beneath confining beds of shale and percolates down the dip toward
the center of the Powder River Basin. In the vicinity of Gillette water
under some artesian pressure might be obtainable at depths ranging from
2,200 to 10,000 feet from such of these units as are sufficiently permesble.
Flowing artesian wells could not be obtained from any of these formations
in the vicinity of Gillette, however, as the city lies about 200 feet

higher than the intake area.
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Ground water in the Lance formation occurs in fine-grained sandstones.
These sandstones range in tﬁickness from 10 to 50 feet and are separated by
beds of shale énd coal. In the outcrop area 18 to 25 miles east of Gillette
this formation supplies water to stock and domestic wells. Because of the
depth, which is exceesive in view of the fine-grained character of the sand-
stone beds, the aguifer is of little economic importance at Gillette.

The Fox Hills sandstone contains water under arteslan pressure at Gil-
lette. Two deep wells drilled by the City of Gillette obtaln highly
mineralized water from this formation (see analysis for well 40). Accord-
ing to the avallsble information, the nonpumping water level in these wells
is about 505 feet and the pumping level about 750 feet below the land sur-
face. Accurate records of the yleld of these deep wells are not avallable
‘but the large drawdown suggests & low permeability.

The Fall River and Lakota sandstones, lying at probable depths ranging
from 7,800 to 8,060 feet at Gillette, contain artesian water. These forma-
tions are notable agquifers near the margin of the Black Hills uplift. The
Texas Co. recovered 900 feet of water in s 45-minute drill-stem test of
the Fall River sandstone at a depth of 7,615 feet. No chemical analysis
of the wvater was made; however, it was reported to be cool and palatable.

Ground water under artesian pressure in sandstone of the Sundance for-
mation can be anticipated at Gillette. A drill-stem test of the sandstone
at & depth of 7,965 feet by the Texas Co. recovered water. No chemical
analysis of this water was made but it was reported to be of poor quality.

Water encountered in the Pahasapa limestone by the Texas Co. at a

depth of 9,750 feet contained sbout 3,070 parts per million of dissolved
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solids. Although the Pahasapa limestone is notably cavernous at the edge
of the Black Hills uplift, it had only small porosity in the Texas Cols
deep oil test.

The quantity of water that could be expected from wells penetrating

these deep aquifers is not known but probably would not be large.

QUALITY OF GROUND WATERS

Chemical Chsracter of the Ground Water

The differences in chemical character of ground waters in the vicinity
of Gillette generally reflect differences in geologic formations from which
the waters are derived. The quality of the ground water in a single forma-
tion varies from place to place, and properties such as total mineraliza-
tion and hardness show little relation to well depths. The three aguifers
of chief importance, however, yield waters of distinctive chemical character
and are discussed individually. 1In view of their potential use as a muni-
cipal water supply, spring waters are discussed separately. Figure 1
(p. 22) is a . map of the Gillette area showing points where ground water
samples were collected. Chemical #nalyses are given in table 2 and shown

graphically in figure 2. (See pp. 23 and 2k.)

Wasatch Formation

The Wasatch formation yields water containing moderate to large

amounts of dissolved solids, ranging in concentration from 252 to 2,320
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parts per million. In both dilute and concentrated waters, calcium and
sulfate are usually found in significant amounts. Water in this formation
has a considerable range in hardness; for 6 samples, the total hardness as
calcium carbonate (CaCOB) ranges from 120 to 1,530 parts per million. Iron
is found in obJjectionable quantities in several of the waters from the
Wasatch formation and is traceable to limonitic concretions and streaks in
the yellowish-brown sandstones. Studies of the available analyses show no
significant relation between the chemical character of thg vaters and the
depth of the wells either in the Wasatch formation or in the other two

principal water-bearing formations.

Fort Union Formation

Ground water in the Fort Union formation is somewhat lower in both
total mineralization and hardness than waters in the Wasatch formation,
though the range in both is considerable. Sodium, bicarbonate, and sul-
fate are the principal ions in the waters from the deeper wells. Pcr four
samples of water from the Fort Union, the range in dissolved solids and
total hardness is 276 to 1,490 parts per million and 38 to 947 parts per
million, respectively. The waters from the Fort Union are hard with the
exception of the Wyodak Manufacturing Co. well (No. 17, 540 feet deep),
which ylelds & very soft water, 38 parts per million. Iron is present in

low concentrations.
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Fox Hills Sandstone

The City of Gillette is pumping water from a deep well (40), 3,4k45
feet in depth; penetrating the Fox Hills sandstone, and this water is one
of the sources of the municipal supply. A sample of this water, from
well 40, was found to be very soft; the dissolved solids (1,150 parts per
million) consist largely of sodium bicarbonate. The fluoride conmtent of
8 parts per million is cause for concerh, although mixing this water with
other sources of supply may reduce the fluoride content considerably.

The amount of iron present, 0.0l part per million, is insignificant.

Spring Waters

Complete chemical analyses of two samples from springs inrthe Gil-
lette area are presented in table 2. The Michael Elmore spring (56),
which issues from the Fort Union formation, yields water low in dissolved
solids and hardness, 286 and 177 parts per million, respectively. A sam-
ple from the Charles Marshall spring (58), which probably issues at about
the contactrof the Fort Union and Wasatch formations, has & higher miner~
alization and hardness; the total dissolved solids and hardness are 1,080
and 712 parts per million, respectively. No general statements concerning
the quality of the spring waters can be made on the information available

at present.
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Relation of Chemical Character to Use

Various standards have been proposed from time to time to evaluate
a water for drinking purposes. In general, natural waters containing
less then 0.2 part per million of iron and having low concentrations of
magnesium sulfate or sodium sulfate are usually acceptable.. The United
States Public Health Service (1946) recommends as drinking-water stan-
dards for common carriers in interstate commerce the following maximum

limits of chemical substances in natural or treated waters:

Maximam
Constituent (parts per million)

Iron and menganese together... 0.3
Megnesiume.osoeseoocnvseancosasns 125
Sulfate.cesecosccossocovoosans 250
Fluoride.e.ccecveacococannscnns 1.5
Chlorid€sceecsvessccsccscosnons 250

Dissolved 801id8escvcccavocasns 500 (1,000 permitted)

The above standards, together with other sanitary, chemical, and
biological requirements of the Public Health Service, are helpful in
evaluating private eand public water supplies.

Use of waters that exceed these suggested"standardg is common.
Consumers in rural areas, accustomed to drinking a water containing
1,500 parts per million or more of dissolved solids, may find unpalatable
an urban supply that contains 100 to 200 parts per million. Although
several of the analyses in table 2 indicate high concentrations of dis-
solved solids, most of the waters sampled are satisfactory for drinking
and cooking purposes unless iron or fluoride is present in obJjectionable

agounts.
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Hardness, which is related to the amount of calcium and magnesium in
solution, receivegwmcst attention with reference to domestic and indus-
trial suppliesor This characteristic of water is recognized bj fhe quan-
tity of soap required to produce a lather and by the objectionable cﬁrd ‘
formed in washing ?racesseso Water having & hardness of less thén 66 parts
per million is gemerally considered soft. Hardness betﬁeen 60 ané 120‘
parts per million.is usually satisfactory for most pufposes except for use
in steam boilers and in some industrial processes. Waters with hardness
ranging from 121 to 200 parts per million are considered hard and in the
upper ranges may be profitably softened for laundry and industrial use.
Waters having a hardness in excess of 200 parts per million preferably
should be softened before being used for most purposes, though such waters
sre widely used without treatment.

The percentage of sodium, which is the result obtained by dividing
the equivalents per.million of sodium by the equivalents per million of
the cations (calcium, magnesium, sodiqm, and potassium) and multiplying
by 100, has & bearing on the suitability of water to be used for irriga-
tion and lawn and garden sprinkling. Waters in which the percentage of‘
sodium is more than 60 mey be injurious to certain types of soils; partic-
ularly if adequate drainage is not provided. High concentrations of o
sodium in solution tend to replace the calcium and magnésium in the
mineral and organic complexes of the soil; with the result ﬁhai the ééil
becomes gelatiﬁcus or "sticky" and relétively impermeable fo the downward>

movement of the water. The very soft water from the deep well pumped
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by the City of Gillette is umsuitable for irrigation use because of the

high percentage of sodium.

Summary

On the basis of samples analyzed for this study, waters from the Fort
Union formation and waters from springs offer the most promise for develop-
ment of additional municipal supplies. However, proper evaluation of the
present municipal supply or of the spring-water potential cannot be made
in view of the small number of samples analyzed. Water of the Wasatch
formation probably would be objectionable because of high iron content and
excessive hardness. The water from the Fox Hills sandstone as represented
by a sample from the deep well owned by the City of Gillette, has & high

fluoride content and percentage of sodium.
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Table 2.--Chemicel analyses of ground waters in the_Gillette area, Wyo.
[Results given in parts per million/

Hardness
as CaCO3
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Wasatch formation >}
T. b9 N., R. 7L W. . ‘ |
3|SW SE sec. 1 5-26| 204%|7.0f 51413 |15 36 19 9.1 3.2| 123 4,0(0.8| 0.8{0.11 252 168 67110 g
T. 49 N., R, 72 W. _
10|NE NE sec. 5 6-14| 120/T7.0/2,210{12 |11 365 |11h ko 9.2 461,370 4.0| .6| 4.6| .27/1,940/1,380(1,340( 6 9
T, 50 N., R. T2 W.
25 (MW NW sec. 8 5-20| 380|7.5|1,180|12 .85 25 14 {254 5.6| 823 2.k| 8.0 .8} .2| .08] Tho| 120 ol81 8
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39|SW NE sec. 21 6-14| 210{7.6}2,280|22 3.3 |34 |150 k3 |14 373|1,170 T7.0] .2} b.7] .22{1,940|1,kT0!1,160| 6 g
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Fort Union formation @
T. 49 N., R. 72 W.
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T. 50 N., R. 71 W.
15|/SE NE sec. 20. 5-23 6/7.3|1,890| 30 .01/ 195 |112 58 |67 304 856 8.0 .9! 6.9 .63|1,490| 9hT! 698|11
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Fox Hills sandstone
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City of Gillette

History of Development

The early history (1898-1925) of municipal water-supply development
at Gillette was reviewed by Kirk Bryan (1925). For some 15 years after its
founding in 1891, the city was supplied with water by the Chicago, Burling-
ton and Quincy Railroad from two deep wells that penetrated sandstones in
the Fort Union formation. As the waters from these wells were highly
mineralized, the wells were sbandoned by the railroad in 1908, at which
time the city embarked upon a program to develop ground-water supplies
from shallow wells. This program included some test drilling in the immed-
iate vicinity of Gillette and concluded with the development of four wells
in sandstones of the Wasaich formation at the site of the present well
field. At the time of Bryan's visit in June 1925 the city was obtaining
its entire supply from these four wells. The reported depths of tﬁe wells

ranged from 160 to 165 feet.

Present Supply

Owing to the poor quality of the shallow water and declining water
levels brought on by the drought of the 1930's, city officials looked to
the possibilities of deep drilling. In 1937-38 and in 1940-k1 two wells
were drilled to depths of 3,445 (?) and 3,470 feet, penetrating the Fox

Hills sandstone of Upper Cretaceous age. The water from these deep wells
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is soft; however, it contains an excessive amount of dissolved solids,
including 8 parts per million of fluoride.

The quantity of water obtained from the two deep wells was not suffi-
cient to meet the demands of the city and a mixture of the shallow and’
deep waters is now being used. In view of the disappointing results
obtained in deeper drilling, additional shallow wells were drilled to
depths averaging about 250 feet. The water from these wells is obtained
from a rather extensive lenticular sandstone containing abundant limonite.

In 1948 the city attempted to shoot one of the deep wells at the
horizon of the sandstone beds in the Fort Union formation; the depths of
the beds were determined from & gamme-ray log. The explosion caused the
casing to collapse, however, and the well was abandoned.

Currently, the city is pumping eight shallow wells and the remaining
deep well. Pesk consumption is about h20,0d0 gallons a day but, if addi-
tional water were available, peak demands of 650,000 gallons a day could
be expected. The system has a storage capacity of 600,000 gallons sbove

ground and 100,000 gallons underground.

Wyodak Manufacturing Co.

The Wyodak Manufacturing Co. is situated at the site of its large
open-pit coal mine sbout 5% miles east of Gillette. This company, which
is owned by the Homestake Mining Corp. of Lead, S. Dak., is engaged pri-~
marily in mining the Roland coal. Much of the coal mined is shipped by

rail to Lead, S. Dak., where it is used by the parent company. Much coal
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is sold locally and the company also sells electric power to the City of
Gillette.

Water for industrial use at the mine is ébtained from three wells
(Nos. 16, 17, and 18) that penetrate sandstones in the Fort Union forma-
tion, which lies at depths ranging from 296 to 536 feet. The reported
yields of these wells range from 35 to 58 gallons a minute. The chemical
gquality of the water is suitable for most uses, but water of better qual-
ity would be desirsble.

Prior to drilling wells the company made a brief study of the avail-
able water in springs some 6 miles north of the mine. Company officials
concluded after a brief investigation that the cost of piping the water

from these springs was too great for the supply available.

Chicago, Burlington and Quincy Railroad

Former Supply

The first water supply obtained by the Chicago, Burlington and
Quincy Railroad was from a well drilled in 1898 to a depth of 865 feet.
In 1906 an attempt was made to obtain a greater quantity of water of
better quality by drilling a second well to a deith of 1,560 feet.
Neither objective was accomplished, so the wells were abandoned and the
railroad built a diversion dam on Donkey Creek in sec. 5, T. 49 N.,

R. 72 W., and constructed a ditch to conduct the flood waters of the
stream to Burlington Lake, & natural depression lying Jjust north of the

City of Gillette. This water was suitable for engine-boiler use, but
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the supply was not wholly dependable because the lake dried up during

periods of drought.

Present Supply

During the sustained drought of the 1930's, railroad officials
decided to sbandon the use of reservoir water and to obtain water for
boiler use at other stops in the Powder River Basin. 1In 1939 a well was
drilled to a depth of 852 feet, in 1943 a second well was drilled to a
depth of 840 feet, and in 1947 a third well was drilled to a depth of 850
feet. Currently two of the wells are pumped at a rate of about 45 gallons

& minute each for general use at the railroasd ysrds.

Possibilities of Developing Additional Ground-Water Supplies

From information compiled during this investigation, there appeer to
be only three possible sources of additional ground water for mumicipal or
industrial use in the vicinity of Gillette. Named in order of feasibility
they are (1) water in the sandstones of the Wasatch and Fort Union forma-
tions, (2) springs that issue from clinker beds in the Fort Union forma-
tion about 14 miles no:thea;t of Gillette, and (3) deep aquifers of pre-
Tertiary age that lie at depths ranging from 2,200 feet to possibly 10,000
feet.

It seems likely that enough water is availsble in the sandstones of

the Wasatch and Fort Union formations to supply the city's present and
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future needs. In the vicinity of Gillette these sandstones generally are
saturated but are predominantly fine-grained and consequently have low
permeability. Test drilling would be needed to locate sandstones of suffi-
cient thickness and lateral extent (see p. 12).

The springs about 1k miles northeast of Gillette would supply suffi-
cient water for the city's need if properly developed, but a cellecting
system, pipe line, and pumping station would be required. The combined
yield of the springs is estimsated to be about 390,000 gallons & day. This
estimate includes Moyer Spring (No. 58) and all smaller springs, some of -
which are just northeast of the area covered by plate 1. These springs
occur within an area of about 16 square miles and range in altitude from
4,400 feet to 4,500 feet.

The third and least likely possibility of obtaining additional water
would be from wells drilled to deep aquifers of pre-Tertiary age. Hovever,
the water in the Lance and Fox Hills formations is not of suitable quality,
and the scenty information available about the chemical quality of water in
the deeper artesian aquifers introduces an element of considerable risk

into any program of deeper drilling.

DOMESTIC AND STOCK WATER SUPPLIES

In the vicinity of Gillette domestic and stock water is obtained from
wells that tap fine-grained sandstones in the Wasatch formation. The water
is confined under some artesian pressure but, as pointed out above, the

wells do not flow at the surface.
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Most of the wells currently in use are equipped with cylinder pumps
that are powered by wind or by gasoline motors. The capacity of these

pumps rarely exceeds 10 gellons a minute.

RECORDS OF WELLS, TEST HOLES, AND SPRINGS

Records of 62 wells, test holes, and springs in the vicinity of Gil-

lette are given in tsble 3.
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Table 3.~--Records of wells, test holes, and springs in the Gillette area
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Table 3.--Records of wells, test holes and springs in the Gillette area, Wyoming--Continued
(1) (2) | (3) (B) |1 (5) | (6) 1(7) 8) 1 (9 o)Ay (a2)[(a3)] (k)
T. 50 N., R. 72 W.~=Cont.
L7 | SW NW NE sec. 25 |State Exp. Farm.|Dr 160| 6=4 | Tw | Cy,W | D,S |TBC | 0.2]109.92|5=2h|.c0assocs-
48 |NW NE SW sec. 25 |Lawrence Shippy.|Dr 204 | 6~4 | Tw |Cy,W,H| D,S | TC 0| T8.5T|5-2k|ccccccnso
ho |NE NW SW sec. 26 (M. B, McCann....|Dr 118| 6 Tw | Cy,W | D,S | TC 8| 50.82{5-24|0sccceaces
50 |SW SE NW sec. 27 |City of Gillette|Dr 340 6 Tw T,B P |ecoo|ecco|ecscsc|osae|Y, 4O
51 |NE NE KE sec. 29 |Lee Newtonoo.cs..|Dr 140| 6-3 | ™w | Cy,E {S,In | LS .0 (100 5-201Y, 50
52 |NE NW NW sec. 30 |L. H. Barlow....|B 30| 6 Tw | Cy,W D feceo|osce|oocana|enss]Y, 20
53 |SE NW NE sec. 34 |[M. B. McCann....|Dr T0|eseos| Tw | Cy,G S |eees|eeve|oosses|seco|ossceccas
T, 50 K., R. 73 W.
54 |NE WW NW sec. 24 |James McKenzie.. |Dr 1451 6 ™ | Cy,H S |TBC 2| The21[5-28]cc0ceccce
55 |NW SW SE sec. 25 |[LeRoy Christinck |Dr 227 6-4% | T™w | Cy,W S TC 6| 99.39(5-28|cvcctccns
T, 51 N., R. 71 W.
(56) SW SE SW sec. 22 Michael Elmore..|S eso00a |soses |[TEU easscoe S cocef|vses laoasocoo|oceoo Y, 6
57 |NW SW NE sec. 27 |Eugene Springen.|S |cesce|occcs |[TfU [ccooae| S |csecfoses|osocos|[eass|Y, 12
(58)|SE NE NW sec. 30 |Charles Marshall|S |eeeee|osccs |TW? [cosoce| S |eeeo|oscc|oosooe|oces|Y, 200
T. 51 N., R. 72 W,
50 [NW SE WW sec. 20 |A. Vandekoppel..|Dr 58 6 Tw |Cy,W,G|D,S,I| TC| .0| 39.52|6-1h].vcececes
60 SE RW oW sec. 22 R. Eo Kelleyoooo Du 12 sceece anl Cy,w S TBC o2 h‘.57 5-20 sess00aec
(61) NE SE SE sec. 29 Ee Eo Hladkyooco Du 31‘ 60'h8 Tw Cy’w S TBC 190 30098 5‘20 ecobscoee
62 SW SW NW sec. 33 Clifford Davis..|Dr 32 6 Qal Cy,W S c oh 10033 5"20 cscceccoe
1 Well number in perentheses Indicates that 6 D, domestic; I, irrigation; In, industrial;
analysis of water is given. N, none; 0, observation; P, public; S, stock.
2 B, bored well; Dr, drilled well; Du, dug T 1S, land surface; TBC, top of board cover;

well; S, spring; T, test hole.
3 Kfh, Fox Hills sandstone; Qal, alluvium;
Tfu, Fort Union formstion; Tw, Wasatch formation.
C, centrifugal pump; Cy,
cylinder pump; T, turbine pump.
5 Type of pover:
or diesel; H, hand; W, wind.

k Method of 1ift:

E, electric; G, gasoline

TC, top of casing; TCB, top of concrete block.

8

Measured depths to water level are given in

feet, tenths, and hundredths; reported depths to
water level are given in feet.
9 Y, yleld in gallons s minute; DD, drawdown

in feet.

w
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On the following pages are tabulated the logs of six test holes and
four wells in the Gillette area. The test holes were drilled by the
hydraulic-rotary method. Logs entitled "sample logs" are those for which
the drill cuttings availsble for each 5-foot interval were studied by

the writer; the "driller’s logs" were cbtained from drillers or from other

sources.
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Sample log of test hole 22, approximately 1,090 feet south and 390 feet
east of NW cor. sec. 4, T. 50 N., R. T2 W,

Thickness Depth
_(feet) (feet)
Alluvium: Sand, silt, 8nd claY¥occvoccoscccocoonscoa 15 15
Wasatch formation:
Siltstone, buff to gray, containing abundant
EYDPBUR . o c 00 0000000000000000000000000080000030 18 . 33
Sandstone, gray, fine-grained; composed mainly
of angular grains of quartz, with accessory
ferromagnesian minerals and crystals of
pyriteccocccoccccooccococoocccsocsosocovocoao 2 35
Clay, gray, WaXYooccoocoocosovooooooocoevco0oooono 15 50
Sandstone, gray, fine-grained; composed of
- angular grains of quartz with accessory fer-

romagnesian minerals.ccccccccocoococcocccsccs 3 53
Clay, gray, sandy (sand, very fine), contains
abundant crystels of pyrite and gypsumlccococoo 12 65

Sandstone, gray, fine-grained; composed of
angular grains of quartz and abundant

crystals of pyriteccccccocoococovovococcsscocna 10 T5
Clay, gray, interbedded with fine-grained sand-

BEOME 6 0 00000000005000000000000000000000a00000 10 85
Coal, interbedded with carbonaceous sha&lecocooo 5 90

Clay, gray to dark-gray, calcareous, imterbedded
with streaks of coal and a few thin beds of
siltstoneoO00QOOOOOOO000000000000000000000000 60 150

Fort Union formation:

Coal, interbedded with carbonaceous shale and
thin beds of cl8¥coocoovcososcocsosococoscass 60 210

Clay, gray, sandy (sand fine) to waxy; contains
thin stresks of white bentonite and irregularly
distributed brown limy concretions; inter-
bedded with thin streaks of coal and & few
thin beds of fine-grained sandstone and silt-
SELONC o 00 co0o0uo00000000000000000000000000000 190 - koo

Sample log of test hole 33, approximately 200 feet west and 75 feet morth
of SE cor. sec. 17, T. 50 N., R, T2 W.

Alluvium: Sand, silt, and clay; weathered; contains
fragments of red "porcellanite™c.ccoocoo 20 20
Wasatch formation:
Sandstone, buff to gray, medium- to fine-
grained, poorly cemented with limonite; con-
tains ebundant concretions of irofcccccocccocoe 30 51
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Sample log of test hole 33--Continued

‘Thickness | Depth

(feet) | (feet)

Wasatch formation--Continued
Shale, carbonaceous, containing streaks of
limonite; interbedded with thin streaks of

coalocﬁoooooaooooooooooooooeoooaoooooooooooooo h 55
Clay, gray, silty to vaxy; contains a few

streaks of fine-graimed gray sandston€.ccoccoccs 27 82
Coal, brittle, impure.cccccccooccococococoscccso 3 85
Clay, gray, sandy (fine sand).ccccoccoccoocccccoos 25 110

Sendstone, gray, fine-grained; composed of
angular grains of quartz; interbedded with ‘
thin beds Of clayoooano00030000000000000000000 55 165

Coal, interbedded with carbonaceous shale and

streaks of fine-grained sandstoné..ccoccoscocoo 10 175
Siltstone, gray, containing thin streaks of

coaloo@O00000000000000000000000000000000000600 10 185
Sendstone, gray, very finme grained; interbedded

with siltstone and clayoocooocccoocococcccccoosse 65 - 250
Clay, gray, waxy, containing mica, pyrite, and A

thin streaks of ¢08locccocococoososccosooocaoo 35 285

Coal, containing thin streaks of claycocccoococoss 15 300
Clay, sendy (sand very fine), stratified; inter- ,
bedded with streaks of coal and a few beds of

gray g8iltstonecccscocooococcosoooococcooos0a000 53 350
Siltstone, gray, soft, calcareouScoccocococssscccoo 5 355
Sandstone, light-gray, very fine grained, soft,

calcareous, containing streaks of cle&ycoocoaoo 28 383
Clay, gray, soft, WBXYcooooocovocooconoocoooocoso T 390
Sendstone, gray, very fine grained; almost a

811t8t0NC 0000000000 00000000000a00000000000000 10 koo

Sample log of test hole 34 at the SE cor. sec. 19, T. 50 N., R. 72 W,

Alluviuﬁz Slope wash and wind-blown 8&8nd.ccccsccccos 15 - 15
Wasatch formation:
Sandstone, gray to buff, fine=-grained, poorly

cemented, CAlCAI€OUScooocoocoocacooocooo0o00000 33 L8
Coal; interbedded with clay, carbonaceous shale,

end thin streaks of fine-grained sandstone.... T 55
Clay, gray; interbedded with thin streaks of

coal, carbonaceous shale, and siltston€.ccocco. 25 80

Siltstone, gray; interbedded with cley and

coalooooooouoooooouuoooooooooaooooooaooooooooo 20 100
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Sample log of test hole 3k--Continued

Thickness | Depth
(feet) | (feet)

Wasatch formation--Continued
Clay, gray, silty; interbedded with thin streaks

Gf COS}. Emd carbon&cecus Shaleooavoebooooo0coo 25 125
Coal, black, dense, brittle, containing streaks

of ¢arbonaceous shale (Felix co@l)esecescceces 17 1k2
CIay, m‘ay 8nd 1ight"gz.aYOoo.ooaooo.ooeoooocoooo 3 11‘5
Coal, black, hard, dense, containing clay ,

partings (Felix co&l).o..o.........weo@.o..... 8 1,1_3

Clay, gray, sandy (very fine sand); interbedded
with thin streaks of coal and carbonsaceous

BhAleicoocsooecsosocvosocnonoscssesboooooosoas 12 165
Clay, gray, silty; interbedded with thin streaks :
of siltstone and fine-grained sandston€..c...s 58 223
Sandstone, gray, fine-grained, tightly cemented,

conteining occasional stresks of clayeeccioese 12 235
Clay, gray; interbedded with thin streaks of

siltstone m fine-gl'a-ined sandstoneaac.og.ooo 65 300

Sample log of test hole 36, on right-of-way of U. S. Highway 14-16, 30
feet west and 2,380 feet south of NE cor. sec. 20, T. 50 N.; R. T2 W.
Alluvium: Cl&}, y‘SllﬁW; weathered.cccococsoooc0vne ool 15 15
Wasatch formationg
Sandstone, buff to gray, soft, poorly cemented;
consists of angular grains of quartz; lower
part contains asbundant concretions of limonite
and sparse streaks of coal and carboneceous

materialoaooegouvooéoooecooaaooo.ooooooooaeoeo 137 152
Coal; black, dense; interbedded with carbona-
C@GHS shaleeoooao&ooacoooonvcosanODOUOOOOQQOO 8 160

Clay, gray, waxy, containing thin streaks of

COalovooagn?zoeaoo-ooo-oooooegoooe-eovcoo'OO‘YGD.’ 5 165
Siltstone, gray, soft, poorly cement€dcecescocsss 2 167
coalgoc'ocoocooooocaoeoeooenocscaoeoooooo.o'oooon 3 170
Sandstone, gray, very fine grained; interbedded '

with clay and thin streaks of €08lsoccsvoscscece 35 205
Siltstone, gray, soft, containing thin streaks

Of Ccalooabao.oaeaoooooooe-ooooeobooicoooouooo 20 225
Sandstone, gray, fine-grained.cbccccesscsccscose 5 230
Siltstone, gray, containing streaks of cle&y..css" 10 240
Sandstone, gray; interbedded with thin streaks

of clay and silts8tonCcoccecpovecsccesccscscssns 35 275
Cl&y’ gl."ayg Bilty»:c-oootcooooaoo%oc.o!.o'eoo.ooo 25 3@

Coal; black, containing thin streaks of clay
‘and carbonaceous shfle.ccsocscecscsscsesnogocs 20 320
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Sample log of test hole 38 at E. E. Littleton farm, 20 feet SE of wind-
mill, 320 feet west and 850 feet south of the center of sec. 20, T. 50

R., R. T2 W.
Thickness | Depth
(feet) | (feet)
Alluvium: Clay, sand, and fragments of red shale.... - 25 l 25
Wasatch formation:
Cley, gray, waxy; interbedded with fine-grained
BANABLONC o 0voossccecocesooossososcoescceasen 20 k5
Sandstone, buff, highly stained with limonite,
' loosely cemented, friable, containing a few
streaks of clay and Co8leceococsoccccocooacsossoss 8s 130
Clay, gray to light-gray, calcareous; inter-
bedded with fine-grained sandston€ccocococosess 30 160
Sendstone, gray, fine- to medium-grained, con-
taining abundant crystals of pyrite inter-
bedded with thin streaks of coal and clay.ceo.. 30 190
Clay, gray, calcareous; interbedded with thin
streaks of fine-grained sandston@c.ccocccvcose 5 165
Sandstone, very fine grained, gray, calcareous,
poorly cemented, containing a few thin
streaks of clay and CO8loccoscoccccceossccsssos 28 223
Clay, gray, sandy; interbedded with streaks of
brown carbonaceous 8h8l€.ocsccccsccocascecnsoson T 230
Shale, brown, carbonaceous, containing sbundent
crystals of gypsum and pyriteccocsccoscessscsce 5 235

Semple log of test hole 42, 180 feet east and 1,290 feet north of SW cor.

sec. 21, T. 50 K., R. T2 W.

Alluvium: Sand, silt, and clay, containing some
fine gravel derived from red shalececcoce
Wasatch formation:

Sandstone, gray to buff, tightly to poorly
cemented, calcareous; composed mainly of
angular grains of quartz; contains abundant
concretions of limonite throughout..ccececceocoe

33

80

33

113

Driller's log of well 8, approximately 150 feet south and 1,950 feet west
of NE cor. sec. 4, T. 49 K., R. T2 W. ‘

Allwium.: Soiloceocoooooaooaooooooooooooooaooooaooeo
Wasatch formation:
Sand, yelloWeococosoeoooocoocosonooscacesenocosoas
Sand, coarse (hard water).coecoccocosossccsossco

10

10
10

10

20
30
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Driller‘’s log of well 8--Continued

Thickness | Depth
(feet) | (feet)
Wasatch formation--Continued
ClayandShale’o.eooooooooe‘oaoo.ooeo.noooco.ooo 100 }.30
Clay, b}.ueooo-os.ooooaooe.coo...ooooooosanooo-to 10 lho
Send (hard Water)oeeccsccscssosscocescsesssasseo 25 165
COBlocesecooocoscncsacssccosesescecsssesnsascsoscese 5 170
Sand (herd Water)eecececcososescecassssssesossens 10 180
clayotu.aoo.cocooooooooe..oooo.oo...oc‘-ccooo.oo 5 185
Sand (hard water).cccooscscoscccsssssansccccosss 4o 225
Sandstone, hard, tight, calcareouS.eccscecscsccses 3 228
Send (dry, 108t Water)esecceccscoccecssssoscsacs 5T 285
Clay, Br8Yececcoscssscscesscccscascassscasssassns 59 344
coaltnoooo-seeuoo-oooeo-ooscoocncoco.o.ooouooooo 1 3&'5
Clay (gas, 382 feet)ovecceosscossccsssscossscacs ko 385
Fort Union formation: Coal (Top of Roland coal; water) 2 387

Driller’s log of well 17, approximately 1,370 feet south and 390 feet east
of KW cor. sec. 2T, T. 50 K., R. T1 W.

Alluvium: Send, gray, 8nd Bud.ccecsccccvccsscossscone 20 20
Fort Union formation:
Clay, blu€.cscoveccsssosccccseconsscseasssosacaso 5 25
Sand, gray, fine (Water)...occecvoevsscscescscsss 15 4o
Sand, gray, fiN€.sccccccecesscececsssssscsssocae 20 60
Lime rock-;oauosceca-aoooooo-onaooocoo.oocoeocoo 5 ’ 55
Sand, gray, 8nd lime ToCK.ceeccescsccsascsssccas 15 80
Shale 8nd Cl8Ycceoccscssscssccossooncnsscscaassssse 55 135
Clay, blulsh=gray.cecceccossscssssscancsascoescns 10 145
Shale, gray, clay, and s8ndecececoccocscoscsosces 31 176
Clay, gray, containing stringers of co8lececssss 9 185
Sandstone, Whit€cosecsoscosecesococascosssssenssce 1 186
Shale, gr8Y.ceesscccccascscscscsccsscassnasossas 9 195
Clay, blulsh=grayececccscocsscsccscsscsssassscasco .10 205
Clay, gray, containing shale and streaks of coal 35 240
Sand, containing gray and black pebbles (water
hardness, 115 grains per g8llon)ecccocecscscas 36 276
Clay, DlacKeceoscsescscscccooecssosssocasaccsose 9 285
Clay, black, containing streaks of CO8l.cesscess 10 295
Clay, gray, and 8h8l€ccescancsoscsssossasccssssns T 302
Sand, gray, end black and gray shale (water
hardness 4.4 grains per gallon)ecessccocecsccs 23 325
Shale and clay, black a8nd gray.cecccecesscsssosas 30 355
Sand, gray, containing streaks of co8l.cessecess 10 365
Shale and clay, bluish=gréyescsececscsscoscsssses 20 385
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Driller's log of well 17--Continued

5

Thickness
(feet)

‘Depth

(feet)

Fort Union formation--Continued

Send and shale, gray (Water).....ccccecesccccss
Shale, black, and gray clay.cceseoeccescoosscsss
Shele, gray, clay, and streaks of cO8lecsccccss
Shale, black, gray sand, and streaks of coal...
COBlecosossceeconcocossscscansasccoeasscassensce
Shale, black, sand, and streaks of coal..cccces
Shale, blacCK.cocceorocossoseessscosssscesncense
Shale, black (Water)eeceecceeosecocccosoccacsccs
Quicksand, gray (Water)..ceocecessocscosscccscns
Clay, blulsh~graycececccescosccccoecosssasacsass
Sand, gray and white, quartz (water hardness
3.6 grains per g21loN)c.ecccsscsccccossccases
Shale, gray, and Claycecooccsosecscoecccscsesso
Clay, blue, and sh8lecccccocecscsvocossscacosee
Clay, black, and coOBlocecscoccosoccccsooaseanss

10
ko
10
28

N w3

H
\ng\OO +=

395
435
khs
473
478
485
488
kg5
502
506

516
525
535
540

of NE cor. sec. 6, T. 50 N., R. 72 W.

Driller's log of well 23, approximately 710 feet south and 190 feet west

AlluVium: Sand'ﬁt.cob00.06009.&.0QOOOOOQQQOOCI“..O‘
Wagsatch formation:

Fort Union formation:

Clay, sandyooetc.o.Q‘ooooooootooooo.ete'ooooctoo
Sand, yelloW.cocsccceccsssoeccsscsessssccsessscs
Clay, yelloW.cosessesoosesocooescossssccnsssscses
Sand (Water)ecsesccccsoscsoescsccosscnscocessss
Carbonaceous materisl (?).cccccecccsosssssscoscoe
Shale, blu€.ccocccoocoecsnosossenscssossocsossoss
Shale, dark-blu€.ccocosscseossccoscosnscasoncass
Shale, blue, cArbONACEOUSsccvsccoooosasosscosss
Lime and sand rocK.cccsecoccoscsossoscssccscoss
Shale, graycescceescssosscsocssosssnssoascsoscocs
Lime roCK.e.oeosscoscescooscooscscosaaceancasas
Shale, blu€c.cecececsscsascacsosscsascosocasssoc
Sandstone (Water).cceeoeeocceecccoccocanasscscse
Shale, bluCcccescocoasscssscscssscocsssososcsas

coala.ooootcaoo.oocoocoDooobeooacoooan‘oh.aoco0

ClaYQ.iQooao‘ooeo.ooe'o.ocoloe.cooooenouuoeoooo

Sand, gray (wet g88):cceceveccccescoconccooecss
Shale and carbonaceous material (some gas).....
Hard rock (7)eccosescscccoccsocecsecssscsocssss
Shale and carbonaceous meterifl.ccccceccccecces
Send, gray (some gas and 0il)ceccoscecsscscocssa

18

12
10
>
25
13
b7
10
23
5
16
6
16
2hk
12

80
13
5
72
2
151
30

18

30
4o
L5
70
83

130

1k0

163

168

184

190

206

450

62

542
555

632
634
785
815
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Driller's log of well 45, approximately 1,710 feet north and 1,290 feet
east of the SW cor. sec. 22, T. 50 N., R. T2 W.

Thickness
(feet)

Depth
(feet)

Alluvium: Sand, brown, ClayeY.eeceeceesesssecocccsnane
Wasatch formation:

Fort

Sand, yellow, Clayey¥eeceseccsssasscessnccsscannas
Clay, black, 8nd COBl.eciececencasssasaceacsassans
Shale, Braycececcceececceeesocssssccscesssssscnsnse
Sand, white (very little water in top of sand
body but water gradually increesed with depth
to about 172 gallons & MINULE)..eecscececsscsns
Shale, DIrOWH..ccseeossorcasssscoresssossonsaccesss
Shale, Zraycceccecsscccccsasessancssssossssosscses
COBlevicesresenecosceonsscossassrssssascncsacasnne
Shale, gray (hole caving b8dly)seeeecsscecccsscoss
Shale, light=gray.ceceecevcecccscssssscoacnscosnes
Shale, light-gray, sandy.ccececccecccccscccosecce
Union formation:
Shale, DlacK.scecaoesesecssssorsensesanrssccnnonees
Coal (& little more Vater).......................
Shale,"black...o...................-......‘.......
Shale, gray.cocececceoscccsscscssossssassssacsssscs
Sand, light-gray.ccccceccacesessccasacscnncacasse
BaANndescsscocoaccsccssesccssssscccsassrsssccrsnssscne
Shale, yellow, containing streaks of coal....eue.
Shale, gray, 8800Y.ccececascecsccosossscsssscoces
COBlececoccorsccacasencesssnconssrssossssssccsnanas
Shale, graYcoccescacoscsscossasoncossssscossenscnases

coaltt.oooo09olo-o-o.oo‘toaooonoootb..ottotiuotoo

Sand, gray (good vater),‘.;"'l.......'....'.‘..l‘

Shale, dark, containing some CO8l.cevreccroscscsas

Sand, gray (8004 Water).ue.esececesesccsaccccsocss

Shaletdﬁ0000..000..00..0.000oto.c.oconct.ocoto.ot

36

22

>
22

122
6

19

p)
46
12
25

15
50
18
18
14
15
10
25
25
187
4
25
60
64
2

36

58
63
85

207
213
232
237
283
295
320

335
385
403
421
435
450
460
485
510
697
701
T26
786
850
852
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