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averaged about 120 ft from about 1972 to 1985 44°22'30’ L
INTRODUCTION top of the Wyodak coal bed (Wyodak-Anderson) as those perforated. In the wells used in this about 10 ft because of much bubbling action for 16 wells in the upper part of the Fort Union \\\ 25,000 i
the contact between the Wasatch and Fort Union study, the distance between the top and bottom caused by the gas release. Comparison of the Formation measured in the immediate vicinity of 8
This study, done in cooperation with the Formations. This contact is used in this study. perforation ranges from about 10 to about 1,200 driller's lithologic log and geophysical logs of Gillette. A water-level decline of about § ft \3? — |
Wyoming State Engineer, investigates the geo- ft. The water level represents an average of nearby wells indicates that the uppermost in a well in the Lance and Fox Hills from
hydrology in an area of about 220 mi? in north- The principal effort in this study is to the hydrostatic heads in the zones open to perforations in well 50-72-30CBD are probably in September 1983 to December 1985 probably results it
eastern Wyoming that includes the urbanized determine which formations are used as the main perforations. For most wells, the only water- a coal bed. Presence of gas in the water could from pumpage for oil-field waterflood . » il
region near Gillette (fig. 1). Gillette is the source of water and to interpret the effects of level data are the water levels reported when account for the relatively high initial water operations. e
county seat of Campbell County and the principal pumping on water levels in those formations. the well was drilled, hereafter referred to as level as a result of partial gas 1ift. Dissipa- g 17,500 o
trading center in the northeastern part of the Although the Wasatch Formation is the shallowest the initial water levels. tion of gas could account for part of the 292 ft A regional flow pattern of ground-water 5
State. aquifer, the Fort Union Formation is most likely of water-level decline since the well was movement could not be determined for the Fort = 15000 1
to be developed for future ground-water supplies The variation in hydraulic head is drilled. Because the gas is still escaping and Union Formation, Lance Formation, and Fox Hills
Energy development in northeastern Wyoming because better quality water is obtained from illustrated in the graph of initial water-level contributing to the hydraulic head in the well, Sandstone. A potentiometric surface prepared _— |
caused dramatic population growth in Campbell this formation. altitudes and the well-bottom altitudes for the water level would most likely decline below using ihitial reported water levels in wells in L .
County since about 1960 (fig. 2). The popu- wells in the upper and lower parts of the Fort its present level if the gas was sealed off. L

lation growth rate in the study area is assumed
to follow a trend similar to that shown in
figure 2 because much of the population growth
in Campbell County occurred in the vicinity of
Gillette. The population of Gillette increased
from 3,150 (Littleton, 1950, p. 1) in 1950 to
about 15,000 in 1985.

Ground-water development in the study area
includes wells for the Gillette public-water
supply, for separate water supplies developed
for many subdivisions, for waterflooding in oil
fields, and for facilities at nearby surface

There is some disagreement among
investigators as to the exact location of the
contact between the Wasatch and the Fort Union
Formations. Generally, the boundary is con-
sidered to be at or somewhat above the top of
the Wyodak-Anderson coal bed (Keefer and Hadley,
1976, p. 4). Law (1976, p. 251) considered the

The general relation between the several
formations as sources of ground water can be
illustrated by the source of water pumped for
Gillette municipal use. Municipal pumpage
reported to the Wyoming State Engineer by the
city of Gillette (fig. 5) consists of pumpage
from wells completed in the Wasatch and Fort
Union Formations, the Fox Hills Sandstone, and
the Madison Limestone. Water from the Wasatch
Formation was not pumped after water from the
Madison Limestone became available in 1982.

Most of the well data were obtained from
records on file at the Wyoming State Engineer's
Office. The records indicate that most wells
have casing cemented from land surface to the
bottom of the well. The casing is perforated at
selected intervals after the casing is cemented
in place, thus all zones are sealed off except

Union and wells in the Lance Formation and Fox
Hills Sandstone (fig. 7). In those wells where
perforated intervals are known, most per-
forations are in the bottom 100 feet, therefore,
the altitude of the well bottom should be a
reasonable representation of the altitude at
which the head was measured. The distribution
of data points shows poor correlation of
hydraulic head with depth although there may be
a slight trend of decreasing hydraulic head with
depth for wells in the lower part of the Fort
Union and Lance and Fox Hills. Decreasing
hydraulic head with depth has also been noted by

Some large differences in hydraulic head
may be explainable. At nearby well 50-72-30CBD,
the initial water-level altitude was 4,570 ft
when the well was drilled in 1979 and was
4,278 ft on August 15, 1985. When measured in
1985, gas was escaping through the water
surface, and the water level seemed to fluctuate

Examination of the 17 hydrographs for wells
completed in the upper part of the Fort Union
Formation (see fig. 9) indicates that the
average water-level decline in these wells is
about 120 ft and has occurred from about 1972 to
1985; however, the average length of pumpage has
been about 7 years. Very few water-level data
are available from the time the wells were
completed until 1985, and it is not possible to
determine if the rate of water-level decline has
changed. More data are needed to determine the

Data obtained from 18 observation wells
completed in aquifers below the Wasatch
Formation indicate declining water levels.
Pumpage for municipal use by Gillette and for
public supply by the subdivisions is the
principal cause of water-level decline that

the upper part of the Fort Union indicated
unrealistic patterns of ground-water movement.
The water levels used for control probably were
composite water levels resulting from hydraulic
heads of more than one potentiometric surface.
It was concluded that data were too few to
define local flow systems or how the local
systems merge into a regional flow pattern.
Water-level data were too few to map a
potentiometric surface for the lower part of the
Fort Union Formation, the Lance Formation, and
the Fox Hills Sandstone.
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Figure 2-Population growth in Campbell County, Wyoming,

1920-85.

Data from Wyoming Department of Administration and Fiscal

_ : current trend of water-level changes. [ Control, Division of Research and Statistics (1985).
coal mines. Also, there are many stock and Wasatch Formation other investigators (Ground-Water Subgroup of REFERENCES CITED
domestic wells near Gillette. Water Work Group Northern Great Plains Resource A regional flow pattern of ground-water C%Eﬁﬁn
The Wasatch Formation is exposed at the Program, 1974, p. 38) suggesting that vertical movement could not be determined for the upper Ballance, W.C., and Freudenthal, P.B., 1975, d

Local water users are concerned that surface in most of the study area and consists ground-water flow is downward and that the part of the Fort Union Formation in the study Ground-water levels in Wyoming, 1974: U.S. 10593115 105°2845" 105°27'30"
pumping may be causing water levels to decline, of lenticular fine- to coarse-grained sandstone deeper aquifers potentially can be recharged area. The initial water levels reported at the Geological Survey Open-File Report, 186 p. 4426 VLS B ;
and some users are concerned that pumping of the and interbedded shale and coal (Hodson and from overlying beds. However, because of the time the wells were drilled were used as control Daddow, P.B., 1986, Potentiometric-surface map WYOMING f \( l | dmie
deep wells may affect the water levels in the others, 1973, sheet 3). In the Gillette area, interbedding of sandstone, shale, and coal; the for a potentiometric surface. An attempt to of the Wyodak-Anderson coal bed, Powder - 1IN \ | .>
shallower aquifers. Water administrators need average thickness of the formation is about 490 discontinuous sandstone beds; and the wide range contour the potentiometric surface resulted in a River structural basin, Wyoming, 1983-84: L_, N é:j\ BIP ! fﬂ,
verification of the declines and, if declines ft. Many stock and domestic wells are completed of hydraulic heads, vertical hydraulic connec- very unrealistic pattern of ground-water move- U.S. Geological Survey Water-Resources ‘ I $a e \ g
are occurring, the areal extent of declines and in the Wasatch because ground water is available tion probably is poor. It is possible that ment within the study area. The water levels Investigations Report 85-4305, 1 sheet. 1 ;7%614’gﬂ4g[‘ 4.052
identification of the stratigraphic zones in from relatively shallow depths. Most people pumping water from the lower part of the Fort used for control probably consisted of composite Gillette Area Groundwater Monitorin : - ; BB ‘o ags 3473 | Tfu e ‘;i4ﬁf\

. ) k ; : . ; . i prc y p _ g Figure 1--Location of the study area. 41845 e MR & T
which the declines are occurring. consider the quality of this water to be Union Formation and below may affect water water levels resulting from hydraulic heads of Organization, 1983-85, GAGMO annual |- 3987+ 8 | \ 450 I
inferior to water obtained from deeper levels in wells in the upper part of the Fort more than one potentiometric surface. The data report: Gillette, Wyo., no pagination. ls %ﬁf_"\fzggﬁﬁ_. mZ]EE\~> :
formations. Union, but the effect will probably occur at points were too few to define the local flow Ground-Water Subgroup of Water Work Group R A%ﬁﬁ?ﬁ””iﬁfié: :::: Ll
Purpose and Scope such a slow rate it will be difficult to systems or to interpret how the local systems Northern Great Plains Resource Program, 38,2802 5 i ; Tk Y
measure. In addition, the effects on water merge into a regional flow pattern. 1974, Shallow ground water in selected S\ 13640 4,248 i S A 3,490

The purpose of this report is to present Fort Union Formation levels from pumping water from wells completed areas in the Fort Union coal region: U.S. S IVA TINAVER o . EL*A*%*%%??QQI&i
concepts of ground-water flow in the Powder in the upper part of the Fort Union will mask Geological Survey Open-File Report 74-371, RadioToweé’s//.% Muw ~" 525
River structural basin in northeastern Wyoming The Fort Union Formation consists of three the effects of pumping from the lower part. Wells in the lower part of the Fort Union 72 p. 1AM 330 ﬁ: )
based on investigations of the effects of members which are, from the youngest to oldest, Long-term monitoring will be required to Formation Henderson, Thomas, 1985, Geochemistry of ground 5718 5 d 7 Kb %,j;gs w
pumping. Evaluation of water-level changes in the Tongue River, Lebo Shale, and Tullock determine the effect. water in two sandstone aquifer systems in , <(B%ﬁg””>;{\\ g
the Fort Union Formation of Tertiary age is Members (Law, 1976, p. 221). However, the Water-level changes in the lower part of the northern Great Plains in parts of T &*\484 /4i‘/2“° 1
emphasized because much of the recent pumping Tongue River Member is absent within the the Fort Union Formation are not well documented Montana and Wyoming: U.S. Geological L'ggf}fjizfmﬁﬂ/?r,-
near Gillette has been from wells completed in boundary of this study (fig. 6) (Denson, Macke, Wells in the Wasatch Formation because only well 50-71-31ABA was available in Survey Professional Paper 1402-C, 84 p. 1\E*ﬁﬁﬁf3ﬁ11 -%%%%E i
the Fort Union. There were insufficient data to and Schumann, unpublished mapping). Although which to measure the water level. The hydro- Hodson, W.G., Pearl, R.H., and Druse, S.A., .J;:;ﬁ%;jUTZi;ﬁzh41; g
estimate transmissivity from pumpage and draw- the top of the Fort Union is shown on the The hydrographs for two observation wells graph for this well (fig. 9) indicates that the 1973, Water resources of the Powder River - K f;;fHT“‘ 3
down data. electric log in figure 6 as above the Wyodak- completed in the Wasatch Formation at similar water level rose about 120 ft from June through basin and adjacent areas, northeastern T .

Anderson coal bed, in this study the top of the depths illustrate the effect of pumping other December 1985. The water-level change Wyoming: U.S. Geological Survey Hydrologic ———

Well records, driller's lithologic logs, Fort Union is assumed to be the top of the wells also completed in the Wasatch (fig. 8). represents recovery following intervals of Investigations Atlas HA-465, 4 sheets. 44°17'30" P 2
and geophysical logs were examined to determine Wyodak-Anderson coal bed. The average thickness pumping this well. The water-level declines Hotchkiss, W.R., and Levings, J.F., 1986, . Ol Dew giesze | e | T-50N.
the well-completion method and the water- of the Fort Union Formation is about 1,800 ft. The hydrograph for well 50-72-20ADD, in the occur in the summer after which the water level Hydrogeology and simulation of water flow 1 ﬁ\J T AEQWEQf
yielding zones. Wells were inventoried, and The stratigraphy of the Fort Union Formation is Wasatch Formation, which 1s near well rises in the fall and winter. The data are and strata above the Bearpaw Shale and ! 'l | N T
water levels were measured periodically in wells complex as indicated by the electric log in 50-72-21ABA, illustrates water-level changes insufficient to define a trend. equivalents of eastern Montana and 5 f=i“ f 480
that had air lines installed. figure 6. Because of the lateral discontinuity before and during the population growth at northeastern Wyoming: U.S. Geological o - 3725 ]

of sandstone lenses, it is difficult to corre- Gillette. Water levels were measured for 25 Survey Water-Resources Investigations "}%wéﬁ i ¢%,"”“340

The records of about 100 wells near late the lithology between wells, and it often years (1949-74) in well 50-72-20ADD before it Wells in ths Lanee Formation and Fox #ills Report 85-4281, 72 p. 'f'T.L‘\M X 25 4,160 '
Gillette had data to define well construction, is difficult to determine if nearby wells are was destroyed in 1974 (Ringen, 1973 and 1974, Sandstone Keefer, W.R., and Hadley, R.F., 1976, Land and : Jgﬁgmf“ﬁﬁ 1 ' g
water level, and the lithology drilled. These completed in the same sequence of sandstone and Ballance and Freudenthal, 1975). The natural resource information and some S RN g L
wells were selected to be representative of all lenses that should permit good hydraulic hydrograph (fig. 8) shows the water-level Water-level changes were analyzed for cight potential environmental effects of surface . —
the wells completed in the principal aquifers connection between wells. Hodson and others changes that occurred in the Wasatch before the wells completed in either the Lance Formation or mining in the Gillette area, Wyoming: U.S. = )

(fig. 3). (1973, sheet 3) describe the Fort Union population of Gillette started increasing in the Fox Hills Sandstone. or in both formations Geological Survey Circular 743, 27 p. — 1 /o]
Formation as fine-grained sandstone, and about 1961. The declining water level from One well probably yields’most of Ghe maber Pree King, N.J., 1974, Maps showing occurrence of > %?::oii.:pjd o3 ‘ ~ & 7
Driller's lithologic logs and the depths of interbedded shale, carbonaceous shale, and coal. about 1965 through 1974 probably resulted from the Lance, and one well is completed in both the ground water in the Gillette area, Campbell {380 | e TN ¢ bri
perforated intervals for the water wells were Electric logs in combination with gamma-ray logs increased pumpage (although pumpage data are not Lance and,the Fox Hills The other six wells County, Wyoming: U.S. Geological Survey §}3&mm //’t a74\ =
compared with geophysical logs of oil-test holes and driller's lithologic logs provide the best available) associated with population growth were reported to be ielding water from the Fox Miscellaneous Investigations Map I-848-E, EXPLANATION N L& Fory | Th L] B 5
drilled in the area in order to determine which data for selecting intervals to perforate or (see fig. 2). No water-level data are available Hillen But Pemords ari - ;iailable b web iR 1:125,000, 1 sheet. ) o~ 2.700-F" ~ . %, N
geologic formation yielded water to each well. screen. Geophysical logs are not always for wells in the Wasatch from 1975-82. that gll the wells were completed only h]thz Law, B.E., 1976, Large-scale compaction . EWE y f170 f L35 o F < \23\
The formations were differentiated using available to define the best aquifer zones, and Fos Bille Sendstens. OF the six. Four apo structures in the coal-bearing Fort Union . WELL--Number above bar is depth to initial reported - 3438\ 3856 —— g-igﬁﬁ' : \°°u""vc'“b' A 36 /23
formation tops picked on geophysical logs by many wells are perforated on the basis of only The hydrograph for well 50-72-21ABA in the Gillette mupieipal wells, ove is a m{ne—facijity and Wasatch Formations, northeast Powder ggg} water level below land surface. First number \~fucﬁso‘f<wa2353 3% \__ p
Norman M. Denson (U.S. Geological Survey, oral the driller's knowledge about the lithology Wasatch illustrates water-level recovery wEl] . snid Sue well 1% tge soures of uster Fer River basin, Wyoming, in Wyoming Geological Thu below bar is altitude of water level; second N 3 Dalbey o n Vi s N
commum., 1985). Water wells are grouped accord- gained while drilling the hole. following a period of pumping. A digital water- wate;flooding in an oil field Association Guidebook, 18th Annual Field number below bar is altitude of well bottom. g \Fishing Lake X S, gy “wh D
ing to total depth and depths of the perforated level recorder has been operated by the Wyoming ’ Conference: p. 221-229. National Geodetic Vertical Datum of 1929 | e, SRR A . z 4 3 %l,/‘
intervals. For identification purposes in this It is difficult to identify any particular State Engineer's Office on this well since 1983. _70- . e 4 s e B <Y - S
report, the groups are designated as wells in zone or sometimes even the formation in which The hydrograph (fig. 8) shows a steady rise of and nglil{jl{l?:oiSTSBe%’ a(;o:flfbtsii\,;zis:eweLﬁ"i Llttl(iartllot?h,e izl‘irgir’dig;‘Boof‘, G(i;(l):rtz(éewd;;gmci?lngdlt;;);l; LETTER SYMBOLS DESIGNATE WATER-YIELDING FORMATION-- i ,g:gﬁi_' \Jf é ‘ Sama et
the Wasatch Formation, upper and lower parts of the water wells are completed. The formations the water level for the period of record. R — waterllevel AEOGOE B digltal weter- % seption on Dhe quality o% el dggg;g‘ - Th *\ | | !
the Fort Union Formation, and Lance Formation overlying and underlying the Fort Union Discontinued pumpage of water from the Wasatch level recorder has been opépated by the Wyoming by H.A. Swenson: U.S. Geological Survegl Wasatch Formation - Ygroverpir B0} o | B“ !
and Fox Hills Sandstone; however, perforated Formation have similar lithology (sandstone and Formation for Gillette municipal use after 1981 State Engineer's OFfice on the well since Circular 76, 43 p. N [/ |\ oo Towed. 085 <
intervals in some wells were open to more than shale layers with coal beds) as the Fort Union. probably accounts for the rising water level. September 1983. The hydregraph (F1g. 10) shews Lohman, S.W., 1(’379’ B AT L Tertiary Upper part of the Fort Union Formation \\\ - 3;‘:47‘:‘:_-‘_‘ \v\ 5
one formation. Most driller's lithologic logs list alternating 1f pumpage of water from the Wasatch by that the water level has declined about 9 ft (3rd ed.): U.S. Geological Survey Lower part of the Fort Union F ti [L80 3" ~ or C i g
sequences of lenticular sandstone, siltstone, mun101pal wells does not occur and no new wells from September 1983 to December 1985. When this Professional Paper 708, 70 p. It p e nion rormation ‘32%?& . <ﬁ ;y ol } o
shale, and coal beds with no layer that can bo  are drilied, i uater level 1o well SO-Te- W e UEGTLic o 1081, the niiial uater  Lowy, W, 1973, Hyaroidey of whe upermst (] vance Formatr £ AN
used as a marker bed to identify location within i y . y level was reported to be at 490 ft below land Cretaceous and lowermost Paleocene rocks in Cretaceous 1o . /ﬁ«‘“@ f‘g
" 5 otk 198E 201) a formation. Because the Wyodak-Anderson similar to that measured in well 50-72-20ADD surface. The water-level decline probably is the Hilight oil field, Campbell County,  kih| Fox Hills Sandstone W Q¥ 7 \ jK\\\% -
listLgtnzé gaai?§§58nre?er2;ze; zhaé ?aclude co?], hed iz the Bowh G¥perbles and tbleesﬁ 5 [ el bhe remslt of pumpape ok industriil Use beeauss i o gl il 3 Rl T ——— e o \ ekl
et coal bed in the study area, it is used in this ) there are 14 oil-field waterflooding operations Report 73-161, 60 p. 124,000 quadrangle sefes:

Eugergus rgpo;fs{?ezcrls}ng t:e g:oligg gnd study as the best lithologic marker N Cogp$gli;n between the hydrographs for withdrawing water from the Fox Hills Sandstone Lowry, M.E., Wilson, J.F., Jr., and others, Gilltte East, 1971, Gilletie West, 1971 . i ] l |

ydrology 1in the Powder Kiver structural basin. distinguishable in driller's lithologic logs. wells 50-72-20ADD and 50-72-21ABA and annual : ; S : o s ]

S GG o, el o Wells, pSEARE. 0dtH, Wil g g ogs arepipiatlion (Fig. 8) lndieates Phat waber within a radius of about 10 mi of the 1986, Hydrology of area 50, Northern Great o/ % % %  1KLOMETER

some water-level data are filed with the Wyoming
State Engineer's Office.

Several water-level contour maps have been
published. The contour map prepared by King
(1974) probably is representative of the
altitude of the first water level that might be
encountered when drilling a well in the study
area. Annual reports published by the Gillette
Area Groundwater Monitoring Organization (GAGMO)
from 1983 to 1985 include potentiometric-surface
maps and water-level-change maps for the Wasatch
Formation and the underlying Wyodak coal bed in
the Tongue River Member of the Fort Union
Formation at most coal-mine sites. In addition,
well location, aquifers in which wells are
completed, and water levels are published
annually by GAGMO. These water-level data are
for wells completed in shallow aquifers, most of
which are less than 500 ft deep. Hotchkiss and
Levings (1986, figs. 8-12) and Daddow (1986)
show contour maps of water levels for wells
completed in deeper formations.

Well-Numbering System

g:::;gneesdaggssk{]%%so ?\{: ;::ethl;}arsliid;ngrizx. Hl,%.hli the upper part of the Fort Union Formation, Union Formations of Tertiary age and the Lance Haltiply By To ohtain =

Wells cited in this report are numbered by M Forwmatién ts Pins- Be WeEiue-grained digital water-level recorders were installed on Formation and Fox Hills Sandstone of Cretaceous foot (ft) 0.3048 meter z
a method based on the U.S. Bureau of Land sEmdatine inberkeAlol with seh@y shale #ad two wells in the upper part of the Fort Union. age. Wells in alluvium were not included in mile (mi) 1.609 kilometer \< ~
Management system of land subdivision in Wyoming o agmhpme beds {(Messon wnd wehers, 1973 At well 50-72-22DBA, the water-level recorder this study. Gillette has municipal wells P L. ou7 square meter : )
(fig. 4). The first number indicates the town- sisek 3). Sae werBsrs divide S Earims. | 1h b was installed May 7, 1985. The water-level completed in the Madison Limestone of square mile (mi?) 2’590 square kilometer E&\‘
ship, the second the range, and the third the upper aﬁd lower wambers (Nerman M. Denson, U.S decline from May through October in this unused Mississippian age, but those wells are located cubic foot per 0:02832 cubic meter per ol B
section in which the well is located. The Geological Survey, oral commun : 1986)’ fhé well (fig. 9) probably was caused by pumping about 30 mi east of Gillette and are outside of second (ft?/s) — :
capital or lowercase letters following the ersitesical Ide ih Fiwirs 8 11 lustratas Fhe Gillette municipal wells and public-supply wells the study area. Aquifers in the Fort Union foot squared per 0.09290 meter squared =
section number indicate the location of the well %ntg;ggdded nat%re of ikua biwbte Formation in nearby subdivisions; both the pumping wells Formation are most likely to be developed for day (ft?/d) ) i dg z | 2,246 .
in the section. The first letter denotes the making it difficult to correlate particular bed; and the observation well are completed in the futuge ground-water supplies because the best acre-foot per year 1,233 cugic me{er per N Th“\,v 2.128
quarter section, the second lepterthe(nmrter— from one place to another. The Fox Hills upper part of the Fort Union. A water-level QUallty of water is obtained from this year e 17
quarter section, and the }ﬂvlrd letter the Sandstone is predominantly fine- to medium- measurement made in Decemb?r.1985 indicated that formatlon.. About 109 wells were selected to pe gallon per minute 0.00006309 liter per second - 1
quarter-quarter-quarter section (10-acre tract). e inedl sandstone conbadulug thin beds of ewd the water level had stabilized, although there representative of all wells completed in (gal/min) \ | ,200
The subdivisions of a section are lettered A, B, & g y was no indication of water-level recovery in the aquifers below the Wasatch. //4590

C, and D in a counterclockwise direction,
starting in the northeast quarter. If more than
one well is listed in a 10-acre tract, consecu-
tive numbers starting with 1 follow the letters
of the well number. If a section does not
measure 1-mi square, it is treated as a full
section with the southeast section corner
serviug as the reference point for the
subdivision of the section.
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The principal aquifers in the study area,
in descending order, are the Wasatch and Fort
Union Formations of Tertiary age, and the Lance

Wells completed in the Fort Union Formation
were grouped on the basis of the location of
perforations below the base of the Wyodak-
Anderson coal bed. Those wells having all
perforations between the base of the coal bed
and 750 ft below the base of the coal bed are
referred to in this report as wells in the upper
part of the Fort Union Formation. Most of the
wells completed in the Fort Union Formation and
included in this study are completed in this
750-ft zone. Wells that are completed in the
interval from 750 ft below the base of the
coal bed to the top of the Lance Formation are
referred to as wells in the lower part of the
Fort Union Formation. Some wells have per-
forations to the total thickness of the
formation or open to part of the Fort Union and
Lance Formations.

Lance Formation and Fox Hills Sandstone

The Lance Formation and the Fox Hills
Sandstone are assumed to be hydraulically
connected and to respond as one aquifer. The

shale (fig. 6). The upper part that is
equivalent to the Colgate Member of the Fox
Hills Sandstone in Montana is differentiated
from the lower member at some locations. The
Pierre Shale of Cretaceous age underlies the Fox
Hills Sandstone. The contact between the Fox
Hills and the Pierre is one of the most easily
identified features on electric logs throughout
the region. Wells are completed in either the
Lance or the Fox Hills, or both, and in this
report are referred to as wells in the Lance
Formation and Fox Hills Sandstone.

GROUND-WATER-LEVEL CHANGES

Water-Level Data

In order to establish a record of water-

middle of 1983. The digital recorders were used

to obtain hourly water-level measurements for

levels in the Wasatch Formation may be partially
affected by long-term changes in annual
precipitation. 1t is unlikely that water-level
changes resulting from differing recharge from
precipitation could be identified in the deeper
aquifers that are below the Wasatch Formation
because low vertical permeability would restrict
downward movement of recharge.

Wells in the upper part of the Fort Union
Formation

The water levels in wells in the upper part
of the Fort Union Formation in 1985 were
substantially lower than when the wells were
drilled (fig. 9). The water levels measured
during 1985 in 17 wells range from about 39 to
about U455 ft lower than the initial reported
water level. All but 2 of the 17 wells are used
as production wells; therefore, some of the
water levels measured during 1985 were lower
because of residual drawdown resulting from
pumping. It was usually not known how recently
the well was pumped prior to the measurement.

To help define the water-level changes in

observation well. At well 50-72-20CAB, the
water-level recorder was installed in December
1985 (hydrograph not shown). Not enough data
has been collected to establish a trend of the
water level, although water-level measurements
made from October 1985 to January 1986 indicate
that the water level in this well has risen 17
ft during this short period. The recorder will
remain on this well as more data are needed to
help explain the water-level rise.

Anomalous differences were noted 1n the
hydraulic heads in wells completed in the upper
part of the Fort Union Formation. The lowest
and highest hydraulic heads in all the wells
evaluated in the study area were determined from
the water levels in wells in the upper part of
the Fort Union (see fig. 7). The water-level

well with the higher water level is slightly
down dip from the one with the lower water
level. The formations dip about 1 degree

observation well.

Water-level data were too few to map a
realistic potentiometric surface for the Lance
Formation and the Fox Hills Sandstone within the
study area. Initial water levels reported for
the eight wells in the Lance and Fox Hills used
in this study indicate that the gradient of the
potentiometric surface is northward, which is
similar to the direction of flow indicated by
the regional potentiometric surface shown by
Henderson (1985, fig. 33, p. C U4) for the Lance
and Fox Hills.

SUMMARY AND CONCLUSIONS

Ground-water-level changes were evaluated
in an area of about 220 mi? in northeastern
Wyoming, including the urbanized region near
Gillette, where ground-water development is most
concentrated. Local water users are concerned
that water levels are declining.

The principal aquifers in the study area,
in descending order, are the Wasatch and Fort

Wells completed below the Wasatch Formation
were completed in the upper and lower parts of
the Fort Union Formation and in the Lance
Formation or the Fox Hills Sandstone, or both.
Most of the wells are completed in the upper
part of the Fort Union between the base of the
Wyodak-Anderson coal bed and 750 ft below the
base of the coal bed. Other wells are completed
in the zone from 750 ft below the base of the
coal bed to the top of the Lance. Because of
the discontinuity of the lenses in the Fort
Union, it was difficult to determine if wells
are completed in the same sequence of lenses
that would permit hydraulic connection between
wells. 1In addition, perforations in wells are
open to more than one sandstone lens, and the
wells are drilled to different depths resulting

1974, the water level declined about 9 ft. No
water-level data are available for wells
completed in the Wasatch from 1975-82. The

Plains and Rocky Mountains Coal Provinces,
Wyoming and Montana: U.S. Geological
Survey Water-Resources Investigations Open-
File Report 83-545, 131 p.

Ringen, B.H., 1973, Records of ground-water
levels in Wyoming, 1940-71: Wyoming State
Water Planning Program, Report No. 13,
479 p.

1974, Records of ground-water levels in
Wyoming, 1972-73, Wyoming State Water
Planning Program, Report No. 13, Supplement
No. 1, 157 p.

U.S. Department of Commerce, 1949-85,
Climatological Data, National Oceanic and
Atmospheric Administration: Washington,
U.S. Government Printing Office.

Wyoming Department of Administration and Fiscal
Control, 1985, Wyoming Data Handbook 1985:
Wyoming Department of Administration and
Fiscal Control, Division of Research and
Statisties Handbook, Cheyenne, Wyo., 7th
edition, 206 p.

CONVERSION FACTORS AND VERTICAL DATUM

National Geodetic Vertical Datum of 1929 (NGVD of

1929) :

"Sea Level Datum of 1929."

For additional information
write to:

District Chief

U.S. Geological Survey

2617 E. Lincolnway, Suite B’
Cheyenne, Wyoming 82001

Denver, Colorado 80225

A geodetic datum derived from an
ad justment of the first-order level nets of both
the United States and Canada, formerly called
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. : i : . blv b Gill x ; Base from US. Geological Survey 1:100,000 1 4 M
area; wells completed in the alluvium were not the two wells. Well 50-72-29CBB has the higher probably because Gillette stopped pumping water ar: = s 0 1 2 3 ILES
i i i i X : i ici s :G ) ™ ™ e ™ e S e, S—
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the Fox Hills Sandstone are not utilized
extensively in the study area. Gillette has
municipal wells completed in the Madison
Limestone of Mississippian age, but those wells
are located about 30 mi east of Gillette and are
outside the study area.

years after well 50-72-20CAB.

after 1981.
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Figure 3-Well data and locations of wells completed in formations of Tertiary and Cretaceous age.
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