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Casper Board of Public Utilities
200 North David Street
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Re: Deep Well Project Phase I Report

Ladies and Gentlemen:

The accompanying report summarizes our expanded Phase I Geohydrologic and
Engineering Investigation relating to the potential of obtaining groundwater
from sediments in the vicinity of Casper Mountain. A considerable inter
pretive effort was required because of the lack of previous drilling or
other exploration efforts in the area.

We have identified two potential drilling sites which appear favorable for
obtaining groundwater. These sites were reviewed for the selection of a
recommended exploration drilling site and a well testing program. As envi
sioned in the Application for the State Matching Funds, a second site was
selected in case drilling at the recommended site indicates unfavorable
groundwater conditions.

Reconnaissance engineering was done to estimate the range of costs of poten
tial water develoJlTlent. The estimated costs of developing a well field and
conveying the water to Casper appear favorable compared with the other
potential water supplies.

The steps required to carry out the exploration and testing program are as
follows:

(1) Obtain the release of funds from the Wyoming Water Development Com
mission for drilling and testing.

(2) Obtain permission from the State Land Board for drilling and testing
at the two recommended sites.

(3) Obtain test well and monitoring well permits from the State Engi
neer.

(4) Begin Phases II and III by seeking a qualified drilling firm through
a bidding process.
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We welcome the chance to discuss the report and recommendations with you. A
request to seek the Phases II and III funds release from the State must be
made no less than one week prior to a Wyoming Water Development Commission
meeting. Approval must be obtained before drilling can commence.

Very truly yours,

WRIGHT WATER ENGINEERS, INC.

By-lk(~~&;.
1 lam • e 1S

Senior Hydrogeologist

re ease
Vice Pr ident
Wyoming P.E.L.S. No. 712

JPB/WHB/FJT:ard
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EXECUTIVE SUMMARY
The purpose of this report was to review the available geohydrologic infor
mation, interpret the data, identify the preliminary feasibility for ground
water development, and recommend an exploration drill ing and testing program
for the City of Casper. Based upon the findings of this preliminary study,

a primary and seconary exploration site were selected. These sites are be
lieved to show the greatest promise for a high capacity water well.

During a limited field reconnaissance of the study area, the primary site
was selected for recommendation as the Phase II exploration and testing
site. This site, located in the NW/4 SW/4, Section 35, T. 32 N., R. 79 W.,
was selected on the basis of possible faulted and fractured zones, access
for drilling rigs, and state land ownership.

Should a test hole at the selected primary site prove unfavorable for

groundwater development, a secondary site was identified. This secondary
site is located in the NE/4 SW/4, Section 36, T. 32 N., R. 80 W. This site

was selected for the same three reasons as the primary site.

The following program is recommended for the Phase II drilling and testing.

1. Drill a small diameter test hole at the selected drill site. This test
hole would be drilled through the sedimentary formations to the Precam
brian metamorphic rocks. The small diameter test hole would be logged
and lithologic samples taken in order to obtain all possible information

concerning the subsurface lithology.

The major objective for drilling this small diameter test hole would be
to obtain data and information for siting and designing the test well.
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If the first small diameter test hole shows unfavorable geohydrology, a
second small diameter test hole would be considered at the secondary
site.

2. Drill a test well in the vicinity of the small diameter test hole which
indicates the best potential groundwater yield. The exact location and
design of the test well would be determined on the basis of information

obtained from the test hole.

3. A long-term pumping test (at least 72 hours) would be conducted at the
test well in order to obtain data for estimating values of the storage
coefficient and transmissivity of the tested portion of the aquifer.
These coefficients describe the basic hydraulic characteristics of the

aquifers and will be essential in determining the hydraulic connection
of these aquifers to each other and to surface springs and streams. The
small diameter test hole would be used as an observation well for the
test well pumping test. Surface springs would also be monitored during
testing. The Goose Egg Spring will be monitored as required by the Wyo
ming State Engineer's Office.

4. Conduct water quality analyses on surface springs and streams to deter
mine their groundwater source if possible. These analyses would be com
pared to water quality samples taken at the test holes and test well to

determine if surface springs originate within the same geologic unit as
the test holes and test well.

Water quality samples taken in the test holes and test well during
drilling would be analyzed to determine significant changes in water
quality. Change in water quality constituents with depth could indicate
that hydraulic connection may not exist between aquifers within the
three formations.

The Phase III work would include the analysis of the pumping test and
water quality data and preparation of a final report as follows:
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a) Analyze the pumping test data to determine hydraulic coefficients of
the aquifer. Analyze the collected water quality data with respect
to recommendations for multiaquifer well completion and well design
i mpl icat ions .

b) Prepare preliminary well design(s) based on the capabilities of the
aquifers, calculated potential well yields, and other considera

tions. Reformulate a deep well field plan.

c) Revise the cost estimate of the water development, conveyance, and
treatment.

d) Prepare a report summarlzlng the exploration and testing, geology,
hydrology, well field feasibility, costs, and conclusions.

We believe that the above strategy represents the most efficient course of
action to test the Casper Mountain groundwater and obtain data to evaluate

this source as a possible water supply for the City of Casper. It will pro
vide the necessary data and information needed for designing the eventual

production wells.

Cost and Schedule
Certain components of the above strategy could change as a result of addi
tional information obtained from the various tests and analyses. The
following represents the expected costs of the exploration and testing pro

gram to accomplish the tasks envisioned in the grant application as modified
by this first phase study. The following is a list of the tasks, time, and

costs required for the above listed steps. The "Completed By" column pro
vides estimates of when the task should be completed if the Water Develop
ment Commission approval allows for a summer drilling and testing program.
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Estimated Costs
Tasks Completed By Construction Engineering

1. Obtain WWDC approval 3/1/83
for Phases II and III
funding

2. Apply for a test well 4/1/83 (inc1uded in
and monitoring well contract doc-
permits ments

3. Obtain permission to 4/1/83
drill on state land

4. Prepare and send out 5/1/83 $2,500.00
contract documents and
hold bid opening.

5. Dri 11 one small di ameter 6/1/83 $41,000-47,000 7,000.00
test hole.

6. Dri 11 and construct test 7/1/83 155,000-205,000 10,000.00
well, conduct long-term
pumping test, analyze
pumping test data.

7. Conduct water quality 7/15/83 2,000.00
analysis.

8. Phase III-conduct data 9/15/83 10,000.00

analysis, finalize
report including cost
ana1ysi s.

TOTAL $196,000-252,000 $31,500.00
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The Phase II program and costs were developed under the original concept of
the State Grant Program. Although the Grant Program does not have an ex
ploration depth limitation, the financial limitation of the Grant is in
reality an automatic depth limitation. The study area is geologically com
plex and the topography can be very rugged. These rugged areas are rather
remote in that is they lack accessibility. Drilling costs are a function of
access to the proposed location by the drilling equipment and supplies,
availability of drilling water, target depth of the exploration hole, physi
cal difficulty of the drilling and geological complexities (such as lost
circulation problems and structural problems due to faults and high angle
dips). All of these problems become more costly and complex with increased
drilling depth.

If the State of Wyoming were to decide to provide funds for a deeper ground
water exploration program, such as extending the exploration depth to about
3,000 feet we estimate that the cost for an exploration hole and production
well will be about $500,000. This includes engineering and contingency, but
does not include costs for remote access, or landowner or leasor access
fees.

For a deeper drilling program, we cannot offer a greater degree of certainty
of obtaining an adequate groundwater supply than we could for our primary
drilling site. There is probably a greater certainty of encountering a
saturated section, but no guarantee of permeability or good water quality.

A potential deep drilling exploration area would be on the north side of the
Muddy Mountain Fault, along Otter Creek (for instance, in Sections 17 or 18,
T. 31 N., R. 78 W.). The depth to the Precambrian would be about 2,000 feet
(Plate IV). The cost for the exploration program in this area would be
about $350,000. This area has recharge potential from the Deer Creek Range,
as well as Casper Mountain. This area has some drawbacks such as fairly
remote access, and distance from the City of Casper.

Another potential site is the Emigrant Gap Anticline area, mainly because of
the nearness to the City of Casper. Drilling on the Emigrant Anticline
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would, by necessity, have to be near the crest of the anticline because of
steep dips. We estimate that the Precambrian will be at depths greater than
3,000 feet. The recharge to the Casper and Madison would probably have to
be located to the southwest and west since the Emigrant Gap anticline does
not have these units exposed. Thus, if this anticline were to be explored,
the logical generalized location would be Sections 23, 26, and 25, T. 33 N.,
R. 81 W. This area is very rugged topographically and it appears that
access might be an expensive problem, however, because of the formation
dips, relocation away from the anticline crest would mean a greater depth to
the target formations.

Another potentially interesting exploration area for deep groundwater would
be northeast of the pipeline route (Plate I). This would be on the south
1imb of the Casper Anticl ine or the north 1imb of the "Bates" Syncl ine. In
order to decrease the drilling depth, the exploration area should be in the
general area of Sections 29 and 30, T. 32 N. R. 80 W. The Casper and Madi
son will be in the depth range of 3,000 or more feet and the drilling cost
will range from $500,000 to $750,000. Access to this area will probably be
a problem, and the potential for interference with Goose Egg Spring is
increased.

The "Bates" Syncline area has good groundwater potential from the Lakota
Formation as evidenced by the wells in Section 18, T. 31 N., R. 80 W. (Plate
I and Appendi~ B). It thus seems likely that the deeper units (Casper and
Madison) should also be potentially good aquifers. However, the geological
structure causes the drilling depths to be a limiting factor. Along the
pipeline route (the Casper-Medicine Bow Highway), the Casper and Madison
will probably be more than 5,000 feet deep.

If the State of Wyoming desires to explore the "deep" groundwater in the
Casper area it is not going to be an inexpensive program.
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INTRODUCTION
The City of Casper, located near the geographic center of Wyoming in east
central Natrona County is experiencing an increase both in population and in
areal extent. The City's North Platte River water rights with junior prior
ities are also subject to regulation by the Wyoming State Engineer's Office
to meet the demands for water from senior water rights.

To adequately meet its present water demands and to prepare to meet its need
for future growth, the Casper Board of Public Utilities (CBPU) must obtain
additional water supplies. In order to fulfill this objective the City has
undertaken a project to explore the potential for development of new ground
water supplies. This program is funded 90 percent by a special fund pro
vided by the Wyoming Legislature and administered by the Wyoming Water
Development Commission. The 10 percent matching funds are provided by the
Casper Board of Public Utilities.

A preliminary geologic and hydrologic investigation of the south flank of
Casper Mountain was conducted by Wright Water Engineers under a subcontract
with the Casper Board of Public Utilities in conformance with the state
grant requirements. The study area definition was affected by a similar
grant to the Town of Evansville, Wyoming. It was agreed that Evansville
would study the area essentially north of Casper Mountain and the Casper
Board of Public Utilities would study an area primarily consisting of the
south and west flanks of Casper Mountain.

After the initial draft of this report, the Casper Board of Public Utilities
requested additional study in the southern and northwestern portions of the
study area. The study area expansion was requested to provide more cer
tainty to the Board of Public Utilities that the investigation covered all
the groundwater development prospects for the area which could be included
in the WDC grant area of investigation.
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Purpose and Scope of Investigation

The purpose of this investigation was to determine the feasibility of devel
oping groundwater from sediments in an area including essentially the south

and west flanks of Casper Mountain. The study area was defined by the Wyo
ming Water Development Commission grant and was confined to the Casper Moun

tain area. Subsequent to the initial draft of this report the CBPU re
quested that other areas in the vicinity of Casper Mountain be evaluated.

Groundwater development in other areas could also provide water supply for
the City of Casper. Such areas which could potentially yield groundwater
are the Split Rock Aquifer in the Arikaree and Ogallala Formations located
approximately 40 miles southwest of Casper near the Pathfinder Reservoir and
the Sweetwater River, several potential aquifers located north of Casper
Mountain, and aquifers in the Shirley Basin area south of the City of Casper
which would involve some 30 miles of pipeline for water conveyance. These
areas were not within the scope of work provided in the Water Development
Commission grant approval.

This investigation has been divided into three phases: Phase I, a hydro

logic investigation which consisted of reviewing all pertinent published in
formation on the geology and hydrology of Casper Mountain to determine the
feasibility of obtaining groundwater from sediments on the south limb of
Casper Mountain, and preparing a reconnaissance estimate of the costs in
volved; Phase II, an exploration program which would drill test holes, con

duct hydrologic testing from the test well, determine the lithology at the
drilling site and further define the geology of the area, and predicting the
potential yield of the aquifers; and Phase III, an analysis of the hydrogeo

logic data obtained from both Phase I and Phase II of the investigation and
the preparation of a more detailed estimate of the water development costs.

This report represents Phase I, the hydrogeologic investigation. Phase II
and III cannot be undertaken without prior approval and funding by the Wyom
ing Water Development Commission after review of the conclusions and recom
mendations of this report.
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Location and Extent

The area investigated in this study is included in the geographical areas
shown in Figure 1. The general area of the investigation comprises approxi-

mately 450 square miles in northeastern Natrona County and includes all or
portions of Townships 31 and 32 North, Ranges 78, 79, 80 and 81, and por-

tions of Township 33 North, Ranges 80 and 81 West (Plate I). As shown on
Figure 1, the initial study area comprised about 150 square miles in the

northern half of the southeastern corner of Natrona County and included all
or portions of Townships 31 and 32 North, Ranges 79, 80, and 81 West which

is included on Plate II. The area of investigation shown in Figure 1 in
cludes the study area and shows the relation of the study area to the City

of Casper. After the initial draft of this report, the Casper Board of
Public Utilities requested additional study in the southern portion of the

study area and in the area covered by portions of Township 32 and 33 North,
Ranges 80 and 81 West.

Present and Future Water Demands

In 1980, the Casper Board of Public Utilities had a total of 16,663 water
customer accounts. Of this total, 15,245 (91.5 percent) were domestic water
user accounts served by the City system, 1,171 (7.0 percent) were commercial
water user accounts within the City, and 247 (1.5 percent) were domestic
water service accounts located outside the City. Of the total water used in
1980 only about 0.1 percent was non-treated water supplied to the Pleasant

,View Water District. The remaining water supply was potable, treated water
delivered to the system customers.

The municipal water system is in general good repair. The Board of Public

Utilities currently has a repair and replacement program for the pipelines
within the system for general system upgrading. Meters have been installed
for all water user customers. The current average annual water usage of 170
gallons per person per day (gpdpc) is a normal use rate for a City the size

of Casper, which also indicates that the system is in a reasonable state of

repair. The Casper Water Treatment Plant No.1 has been constructed and
enlarged within the last ten years and is now fully operational.
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Until 1970 t Casper relied on groundwater supplies to meet its municipal
water demands. The groundwater supplies are diverted from wells and a
gallery located adjacent to the North Platte River. The gallery and a
groundwater recharge system have surface water rights granted by the State
Engineer's Office. In 1970 t a permit was obtained from the Wyoming State
Engineer to divert water from the North Platte River to Casper Water Treat
ment Plant.

Additional water rights for the Water Treatment Plant were applied for from
the Wyoming State Engineer in 1977 and 1979. The Water Treatment Plant max
imum diversion capacity is 42 cfs for meeting peak water requirements. The
existing Casper groundwater supply system can provide a maximum of about 22

mgd to augment the treated surface water supply.

Table I is a listing of the Casper well permits for the groundwater supply.
Nearly all of the wells are in use either on re9ular basis, for park use, or
fire protection. Water quality problems have been experienced with the Park
Wells which are located near the center of Casper along the North Platte
River. The other wells, which are located in the western part of Casper

near the main water treatment facilities, yield water of sufficient quality
for municipal use.

Table II is a list of the Casper surface water rights. All of the rights
have been adjudicated with the exception of the second enlargement of the
Casper Water Treatment Plant No.1. The State Engineer's Office has not yet
granted a permit for this application.

Table III is a projection of population and Casper municipal water use which
has been used by the Board of Public Utilities for planning purposes to meet
the needs to at least the year 2000. Population data in Table III compare
reasonably with other population projections developed for 201 planning and
those used by the City of Casper Planning Department.

The average annual water use has been 170 gpdpc with peak day use 3 times
the average annual. Table III water uses include the assumption by the
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TABLE I
CASPER WEll PERMITS

Permit
Permit No. Name Priority location Yield (gpm)

S.C. #U.W. 615 Ca sper rt>. 1 1920 NE/4 NW/4, 500
Sec. 18,
T•33N ., R. 79W •

S.C. #U.W. 616 Casper No. 2 1920 NE/4 NW/4, 500
Sec. 18,
T•33N., R. 79W •

S.C. #U.W. 617 Capser No. 3 1920 NE/4 NW/4, 500
Sec. 18,
T•33N., R. 79W •

W.R. #U.W. 594 Casper No. 4 04/08/57 NE/4 NW/4, 700
Set. 18,
T.33N., R. 79W •

W.R. #U.W. 595 Casper No. 5 04/08/57 SE/4 SE/4, 700
Sec. 12
T.33N ., R.8GJ •

W.R. #U.W. 596 Casper No. 6 04/08/57 SE/4 SE/4, 700
Sec. 12,
T.33N., R.80W.

W.R. #U.W. 597 Casper No. 7 04/08/57 SE/4 SE/4, 700
Sec. 12,
T.33N., R.80W.

W.R. #U.W. 598 Casper No. 8 04/08/57 SE/4 SE/4, 600
Sec. 12,
T.33N., R.80W.

W.R. #U.W. 599 Casper No. 9 04/08/57 SE/4 SE/4, 700
Sec. 12,
T.33N., R.8CM.

W•R• #U. W. 600 Casper No. 10 04/08/57 SE/4 SE/4, 600
Sec. 12,
T.33N., R.80W.

U. W. 49 Ci ty of Casper 04/23/58 NE/4 SE/4, 750
No. 11 Sec. 12,

T.33N., R.8CM.

U.W. 50 Ci ty of Casper 04/23/58 NE/4 SE/4, 750
No. 12 Sec. 12,

T.33N., R.8CM.
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TABLE I
CASPER WELL PERMITS

(Co nt i nued)

Permit
Permi t No. Name Priority Location Yield (gpm)

W.R. #U. W. 601 Casper No. 14 04/08/57 NW/4 SW/4, 600
Sec. 7,
T•33N ., R. 79iJ •

W.R. #U.W. 602 Casper No. 15 04/08/57 SW/4 SW/4, 800
Sec. 7
T.33N., R.79W.

#U.W. 1152 Ci ty of Casper 03/27/64 SE/4 SW/4, 600
No. 16 Sec. 7

T .33N., R.79W.

#U.W. 1153 Ci ty of Casper 03/27/64 SW/4 SE/4, 600
No. 17 Sec. 7,

T•33N., R. 79W •

#U.W. 1154 Ci ty of Casper 03/27/64 SW/4 SE/4, 600
No. 18 Sec. 7,

T•33N, R. 79W •

#U.W. 47 Casper-Ranney 04/23/58 NW/4 NW/4, 2800
No. 1 Sec. 18,

T•33N, R. 79W •

#U.W. 46 Casper-Ranney 04/23/58 NW/4 NW/4, 2200
No. 2 Sec. 18,

T.33N., R.79W.

#U.W. 48 Casper-Ranney 04/23/58 NW/4 NW/4, 4200
No. 3 Sec. 18,

T.33N., R.79W.

#U.W. 574 Park We 11 No. 1 05/19/61 NW/4 NE/4, 800
Sec. 3,
T•33N ., R. 79W •

#U.W. 575 Park Well No. 2 05/19/61 SW/4 SE/4, 800
Sec. 34,
T.34N., R.79W.

U.W. 576 Park Well No. 3 05/19/61 SW/4 SE/4, 800
Sec. 34,
T•34N ., R. 79W •

U.W. 577 Par k We 11 No. 4 05/19/65 NW/4 SW/4, 800
Sec. 34,
T.34N., R.79W.
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TABLE I
CASPER WELL PERMITS

(Co nt i nued)

Permi t No.

W.R. #U.W. 1797

#U.W. 1798

#U.W.· 1799

Name

ftbrad No. 1

Morad No. 2

Morad No. 3

Permit
Priority Location Yield (gpm)

12/15/65 NW/4 SW/4, 700
Sec. 18,
T.33N., R. 79W .

12/15/65 NE/4 SW/4, 700
Sec. 18
T.33N, R.79W.

12/15/65 NE/4 SW/4, 700
Sec. 18
T.33N., R. 79W .

Board of Public Utilities that water rate increases and water conservation
measures will reduce water consumption to 165 gpdpc by the year 1990 and to
160 gpdpc by the year 2000. It can be seen that the annual diversions will
nearly double in the year 2000 over the 1980 annual water use.

Casper has enjoyed the use of water from the North Platte system and from
groundwater. Its system capacity is sufficient to meet the water demands
for several years in the future. However, the City is in a precarious posi
tion in regard to water rights, and therefore, needs to seek additional
water supplies and/or senior water rights so that its water supply facili
ties can operate uncurtailed by State Water Administration Officials due to
calls for regulation by senior water appropriators (CBPU Application,
1981) .

Investigative Procedures
Several courses of investigation were pursued in order to define the geology
and hydrology of the study area. The geologic formations of major interest
are the Cambrian-Mississippian Sandstone, the Madison Limestone, the Casper
Formation, and the faulted and fractured zones within these formations.
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TABLE II
CASPER SURFACE WATER RIGHTS
FROM THE NORTH PLATTE RIVER

Permit
Number
17091
22355
22356
23390
6614E
TF 23 6/244

City of Casper Facility
Pipeline
Recharge Pi pel ine No. 1
Recharge Pipeline No.2
Water Tr eatmerit Pl ant No. 1
WTP No.1 1st Enlargement
WTP No.1 2nd Enlargement

Priority
04/21/26
01/30/63
01/30/63
05/05/70
05/16/77
12/21/79

Capacity
(cfs)
10
20.5
13.5
14
14
14

In addition, there are very minor water rights from Elkhorn Creek, tributary
North Platte River.

TABLE III
ESTIMATED CASPER WATER DEMANDS

Est imated Water Danands
Popul at ion Average Peak Annual Water Use

Year Served Day (mgd) Day (mgd) (Ac-ft/yr)
1960 38,900 6.6 19.8 7,380
1970 39,400 6.7 20.1 7,500
1976 46,900 8.0 23.9 8,960
1977 49,000 8.3 25.0 9,610
1980 58,400 9.9 29.8 11,100
1985 71,200 12.1 36.3 13,560
1990 84,800 14.0 42.0 15,680
1995 102,100 16.8 50.5 18,870
2000 112,000 17.9 53.8 20,070
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Based upon these concerns, the following investigative procedures were
undertaken.

1. Aerial photography of the study area taken in September and October

1976, May 1978, and July 1979 were obtained from the U.S.G.S., EROS Data
Center. The stereo photography was used to identify surface manifesta
tions of faulted or fractured areas on the south flank of Casper Moun
tain and to identify the location of formation outcrops.

2. All pertinent published and unpublished geologic and hydrologic litera
ture of the study area was obtained and reviewed. A list of these
references is presented in this report. Recent geologic work in the
study area is sparce. Therefore, as much data as available were
analyzed.

The purpose of obtaining this information was to understand the deposi
tional geologic history of the Casper Mountain area, to lithologically
differentiate the various geologic formations within this area, to
locate potential fault and fracture zones within these formations, and
to determine the areas where geologic and hydrologic information are un
available.

3. Personal discussions were held during the period of March 5 through
April 15, 1982 with authorities on the geology and hydrology of the
study area. The following persons were contacted:

(a) John David Love, Ph.D., Geologist, U.S.G.S., Dr. Love is one of the
leading authorities on the geology of Wyoming and has authored over
180 publications on the geology of Wyoming. His publications which
are pertinent to this study are listed in the Reference Section.

(b) Richard D. Stockdale, Groundwater Geologist, Division of Water Re
sources, State Engineer's Office, Wyoming. Mr. Stockdale super
vises the Groundwater Section of the State Engineer's Office.
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(c) Marlin E. Lowry, Hydrologist, U.S.G.S. Mr. Lowry has authored
several publications on groundwater for the State of Wyoming in
cluding U.S.G.S., Water Supply Paper, HA-1897, which he coauthored
with Marvin A. Christ.

(d) Jack D. Palma, II, Attorney, Holland, Hart &Kite, Cheyenne, Wyom
ing. Mr. Palma is a former Wyoming Assistant Attorney General and
knowledgeable on the political and legal constraints to groundwater
development in Wyoming.

(e) Laurence Wester, Anderson-Kelly Consulting Firm, Branch Office,
Laramie, Wyoming, (main office Boise, Idaho). Mr. Wester has com
pleted several studies in the Madison Aquifer throughout Wyoming
and has knowledge of the Madison Limestone and Casper Formation in
the Laramie Range east of Casper Mountain.

(f) Steven Champlin, Geologist, private consultant, Casper Chamber of
Commerce Water Board. Mr. Ch amp 1in is a member of a team of geo10

gists from the American Institution of Professional Geologists
(AIPG) independently defining the geology of the Casper Formation
on Casper Mountain.

(g) Eugene George, Geologist, private consultant, Casper Chamber of
Commerce Water Board. Mr. George is a member of a team of geolo
gists from the American Institution of Professional Geologists
(AIPG) independently defining the geology of the Casper Formation
on Casper Mountain.

(h) Bayard D. Rea, Geologist, private consultant, Capser, Wyoming. Mr.
Rea is a member of a team of geologists from the American Institu
tion of Professional Geologists (AIPG) independently defining the
geology of the Casper Formation on Casper Mountain.
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(i) Bill A. Street, Consulting Petroleum Geologist, Casper, Wyoming.
Mr. Street is a member of a team of geologists from the American
Institute of Professional Geologists (AIPG) independently defining
the geology of the Casper formation on Casper Mountain.

(j) Ronald E. Marrs, Professor of Geology, University of Wyoming,
Remote Sensing Lab. Dr. Marrs has access to all aerial photography
and satellite imagery for the State of Wyoming.

4. Lithologic logs were obtained from permitted wells throughout the study

area. The purpose of obtaining these logs was to determine the lith
ology throughout the study area and to predict potential yields of the
aquifer. Permitted wells in the study area are presented on Plate I and
discussed in the Physical Availability Section.

5. Geophysical borehole logs from oil, gas, and water wells in the vicinity
of the study area were obtained from Petroleum Information and the
Wyoming Oil and Gas Commission. The purpose of obtaining these logs was
to aid in the interpretion of the geologic structure in the study area.

6. A field reconnaissance of the study area was conducted to field check
access to potential drilling sites.
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PHYSICAL AVAILABILITY
Physiographic Setting
The North Platte River Basin of Wyoming is a region of considerable physio
graphic diversity. The eastern part of the basin adjoining the plains of
Nebraska is in the high plains region and features gently rolling plains and
up'lands sloping toward the east. The western part is dominated by high
mountain ranges and intermontane valleys of the Rocky Mountains with the
Continental Divide as the basins western boundary.

The headwaters of the North Platte River originate in the rugged mountains
of the North Park area in northern Colorado east of the Continental Divide.
The river then flows north entering Wyoming through Northgate Canyon and
continues through mountains and plains until it reaches central Wyoming.
Near the City of Casper the river turns eastward toward the City of Douglas
then flows in a southeasterly direction towards Nebraska. The total
drainage area ~f the North Platte River Basin is approximately 34,900 square
miles of which 23,041 square miles are in Wyoming.

The climate of the basin varies widely due to the influences of latitude,
elevation, and topography. It can be generally characterized as semi-arid
with low rainfall and wide fluctuations in temperature. The humidity gene
rally averages 55 percent annually and winds average 12 miles per hour
annually although strong winds of 30 to 40 miles per hour can prevail for
several days. Precipitation on most of the plains ranges from 9 to 16
inches annually, but increases in mountain areas from 20 inches in the
Laramie Range to 40 inches in the Snowy Range and the Sierra Madre. The
highest temperature recorded was 110°F while -55°F was the coldest
temperature recorded.

Topographic elevations vary from about 4,100 feet above sea level at Tor
rington in the North Platte River Valley near the Nebraska State line to
about 12,490 feet at the top of Atlantic Peak in the Wind River Mountains.
Between these extremes are mountain ranges at elevations of about 8,000 and
10,000 feet, mountain valleys at elevations of 6,500 to 7,500 feet and high
plains less than 5,000 to more than 6,000 feet above sea level.
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In the study area, Casper Mountain is the most conspicious topographic
feature. It is about 16 miles long and rises more than 3,000 feet above the
North Platte River Valley. Two prominent ridges and intervening valleys
outline the south limb along with long dip slopes traversed by steep
valleys. Elevations on the south side of Casper Mountain range from less

than 5,600 feet along Bates Creek to over,8,000 feet at the mountain top
(Plate I). To the northwest of Casper Mountain lies Emigrant Gap Ridge.

This ridge extends about 10 miles in the study area and is flanked by promi-
nent hogbacks on the southwest flank and flat ridges with long dip slopes on
the northeast flank. Elevations reach more than 5,800 feet (Plate I).
Bessemer Mountain is a small rise about 5 miles long and 3 miles wide. It
lies southwest of Emigrant Gap Ridge and west of Casper Mountain. Sandstone
hogbacks bound Bessemer Mountain on the northwest and southwest. Elevations
reach more than 6,300 feet (Plate I). To the southeast of Casper Mountain
lies Muddy Mountain which is relatively flat lying. It is about 13 miles

long including its northeastern extension. Elevations range from less than
5,600 feet at Beaver Creek to over 8,200 feet at the top of the mountain.

The North Platte River flows northeastwardly through the study area. It
flows along the western portion of the Bates Creek area between Bessemer
Mountain and Casper Mountain, across the southeastern end of Emigrant Gap
Ridge, and out into the flatter lying area toward the City of Casper.

The major tributary to the North Platte in the study area is Bates Creek
which heads in the Deer Creek Range south of the study area. The larger
tributaries to Bates Creek in the study area include Cottonwood, Coal, Big
and Little Red Creeks which drain the southwest flank of Casper Mountain;
and Pitchpine, Garden, Holin, and Corral Creeks which drain Muddy Mountain.
Poison Spider Creek is the main tributary to the North Platte from Emigrant
Gap. The main tributaries to the North Platte from the southeast side of
Casper Mountain are Clear Fork Muddy, and Beaver Creeks. Otter and Smith
Creeks drain the northeast flank of Muddy Mountain.
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Geologic Setting
Based on aerial photographYt a review of all pertinent literature t personal
d~scussions with authorities on the geology and hydrologYt and a study of
lithologic logst an interpretation of the geologic and hydrologic
characteristics within the study area was made.

Stratigraphy. The exposed rocks in the study area range in age from Precam
brian to Quaternary. The formations present are listed in the composite

stratigraphic section (Fig. 2). Those geologic periods for which there is
no geologic representation have not been listed in this stratigraphic
section. A geologic map of a portion of the study area is presented in
Plate II.

The exposed formations are t in ascending order t the Precambrian Metamor
phics t the Cambrian-Mississippian Sandstones t the Madison Limestone t the
Casper Formation t the Goose Egg Formation t the Chugwater GrouPt the Morrison
and Sundance Formations t the Lakota Conglomerate t the Thermopolis Shale and
Muddy Sandstone t the Mowry Shale t the Frontier Formation t the Cody Shale t
and alluvial t windblown t and landslide deposits. A geologic description of
each formation is presented herein.

Precambrian Rocks - (Precambrian [2 t400 m.y.]) - metamorphic rocks (schist t
gneiss t slate t quartzite)t with numerous granitic intrusions which include
pegmatite dikes composed of quartz and feldspar.

Cambrian-Mississippian Sandstone - (Cambrian t Lower Mississippian) - thick
ness - 50 to 100 feet - primarily dull pink conglomeratic sandstone which
grades upward into moderately well sorted quartzose sandstone which becomes
increasingly calcareous upwards.

Madison Limestone - (Mississippian) - thickness - 150 to 250 feet - gray to
light-gray massive chert limestone and dolomitic limestone.

Casper Formation - (Pennsylvanian t Lower Permian) - thickness - 500 to 1000
feet - gray and tan thick-bedded sandstone underlain by interbedded sand-
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RAS PERIODS SERIES UNIT (FEET) DESCRIPTION

Landslide Deposits Variable Landslide and slump debris
cenezoic ()J aternary

Windblown Deposits Vari ab le Unconsolidated sand

Alluvial Deposits Variable Unconsolidated silt. sand and
gravel

Gray soft shale and lenticular
Cody Shale 2950-3400 sandstone beds. gray limy shale

at base.

Fr ont ier Fo rmat ion 850-900 Dark gray concretionary shale
~per and white bentonite interbedded

with sandstones.

Mowry Shale 250-300 Back siliceous shale. dark gray
shale. bentonite with sandstone
lenses. weathers silvery white

Cretaceous Th ermopo1i s Sh ale 75-100 Thermopolis shale - dark gray
and Muddy Sandstone calcareous shale Muddy Sand-

stone Member - sandstone. silt-
stone. and shandy shale at top.

Lower
Brown. hard. chert pebble con-

Cloverly Formation glomerate at base of Cloverly
Mesozoi c Lakota Member 50-150 Format ion.

Upper Morrison Formation - variegated
Morrison and SundanCE 420-460 claystone with gray silty sand-

Middle Formations stone lenses. Sundance Formation
- olive gray sandstone with a

Lower persistent thin-bedded sandstone
at the base.

~per

Upper formation - red sandstone
Triassic Chugwater Group 640-700 and siltstone. middle for-

Middle mation - gray laminated ledge-
forming limestone. lower forma-
tion-red shale and siltstone.

Lower
Goose Egg Formation 380-400 Red shale with interbedded gray

upper algal limestone and gypsum beds.
Permian Ml00le

Lower
l-'>per Gray and tan thick-bedded sand-

stone underlain by interbedded
Paleozoic Pennsyl vani ar MHldle Casper Formation 500-1000 sandstone. pink and gray lime-

stone and dolomite and red
Lower shale; red to gray sandstone at

base.

Gray to light-gray massive chert
Mi ss iss ippi ar Upper Madison Formation 150-250 limestone and dolomitic lime-

stone.

Lower Dull pink conglomeratic sand-
stone. grades upward into mod-

upper Cambrian-Mississppian 50-100 erately well-sorted Quartzose
Cambrian M;ddle Sandstone sandstone - increasingly cal-

Lower careous upwards.

Metamorphic rocks (schist.
Proterozoi c Precambri an -- -- -- gneiss. slate. Quartzite) with

numerous granitic intrusions.
pegmatite dikes - quartz and
feldspar.

*Tertiary. Devonian. Silurian and Ordovician units not present in study area.
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stone, pink and gray limestone and dolomite, and red shale; red to gray
sandstone at the base.

Goose Egg Formation - (Permian, Lower Triassic) - thickness 380 to 400 feet
- Red shale with interbedded gray algal limestone and gypsum beds.

Chugwater Group - (Triassic) - thickness 640 to 700 feet - includes an upper
formation (Jelm Formation) of red sandstone and siltstone, a middle forma
tion (Alcova Limestone) of gray laminated, ledge-forming limestone, and a
lower formation (Red Peak Formation) of red shale and siltstone.

Morrison and Sundance Formations - (Upper Triassic, Jurassic) - thickness
420 to 460 feet - Morrison Formation consists of varigated claystone with
gray silty sandstone lenses; Sundance Formation is an olive-gray sandstone
with a persistent thin-bedded sandstone at the base.

Cloverly Formation Lakota Member - (Lower Cretaceous) - thickness 50-150
feet - very resistant ridge forming brown to gray chert pebble conglomerate
and sandstone.

Thermopolis Shale and Muddy Sandstone - (Lower to Upper Cretaceous) - thick
ness 75 to 100 feet - Thermopolis Shale is a dark gray, calcareous shale,
with the Muddy Sandstone Member at the top consisting of sandstone, silt
stone and sandy shale.

Mowry Shale - (Upper Cretaceous) - thickness 250 to 300 feet - black sili
ceous shale, dark gray shale, bentonite with some sandstone lenses, weathers
silvery gray.

Frontier Formation - (Upper Cretaceous) - thickness 850 to 900 feet - dark
gray concretionary shale and white bentonite interbedded with sandstones.

Cody Shale - (Upper Cretaceous) - thickness 2950 to 3400 feet - gray soft
shale and lenticular sandstone beds, gray limy shale at the base.
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Alluvial deposits - (Pleistocene and Holocene) - thickness - variable - un
consolidated silt, sand and gravel.

Windblown deposits - (Pleistocene and Holocene) - thickness variable - un

consolidated sand.

Landslide deposits - (Pleistocene and Ho1ecene) - thickness variable - land
slide and slump debris.

Structural Environment. The geologic structures of interest in the study
area are Casper Mountain Anticline, Emigrant Gap Anticline, Bessemer Moun
tain Anticline, and Deer Creek Syncline.

Casper Mountain is an east-west trendi"ng, doubly plunging asymmetric anti

cline about sixteen miles long with a steep north limb and a more gentle
south limb (Plate II). It is cut on the steeper north limb by the Casper
Mountain Fault, a high angle reverse fault along a line of weakness which
may have originated during the Precambrian Period, which has locally more

than 5,000 feet of stratigraphic displacement. More than 1,000 feet of Pre
cambrian metamorphics are exposed in the mountain face. The fault cuts off
the sharply folded Cretaceous Emigrant Gap Anticline on the northwest.
Farther west, the fault is dissipated in the asymmetrical Bessemer Mountain
Anticline, and eastwardly the fault dies out in Cretaceous sediments.

The Emigrant Gap Anticline is an asymmetric doubly plunging anticline which

dips steeply on its southwest limb (up to 65°) and gently on the northeast
limb (about 12°). The Sundance Formation constitutes the oldest rocks out

cropping in the breached crest of the fold which is outlined by the hogbacks
formed by the Wall Creek Sandstone Member of the Frontier Formation. In its

southeast end, the anticline has been cut by a thrust fault which strikes
parallel to the strike of the axis of the fold and dips to the northeast.

This fault is cut off on the south by the Capser Mountain Fault and dies out
to the north in the Sundance Formation (Sims, 1948).
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Bessemer Mountain Anticline is a westward plunging anticline about five
miles long and about three miles wide. The axial plane of the anticline
strikes generally N. 70 E., but on the extreme west end it turns in a north
west direction. On its eastern end, the axis turns east-west. The oldest
formation exposed is the Goose Egg Formation. The Casper Formation may crop

out at a point on the crest of the anticline. Hogbacks of the Wall Creek
Sandstone Member of the Frontier Formation bound the structure on the north-

west and southwest. Much faulting occurs on the northwest limb of the anti
cline. This plunging anticline may represent the southwest plunging asym
metric, anticlinal nose of the main Casper Mountain Anticline. Goose Egg
Spring which yields considerable quantities of fresh water is located on the
crest of the Bessemer Mountain Anticline (Larsen, 1951).

Muddy Mountain Syncline lies directly south and parallel to the Casper Moun
tain Anticline. Muddy Mountain Syncline is a shallow doubly-plunging syn
cline approximately seven and one half miles long with a gentle north limb
(dips from 5° to 11°) and a steep south limb (average dip 60°). The axial
trend is approximately N. 35° E., and plunges 4° to 7° to the southwest.

The Deer Creek Syncline trends in a northeast-southwest direction from about
Section 16, T. 32 N., R.77 W., to about Section 3, T. 31 N., R. 78 W. for a
distance of about 10 miles. The syncline is asymmetrical with a gentle
north limb and a steeper south limb. The horizontal projection of the axis
strikes northeast through the area and plunges about 80° to the northeast.

The Muddy Mountain Syncline and the Deer Creek Syncline are bounded to the
southeast by the Muddy Mountain Fault and the Deer Creek Fault. These
faults are low angle reverse and trend in a general N. 65 E. direction for
about 16 miles (Sears, 1949; and Schwarberg, 1959).

Formations of Primary Interest. The formations of primary interest in the
study area are the Cambrian-Mississippian Sandstone, the Madison Limestone,
and the Casper Formation. The formations of secondary interest are the
Goose Egg Formation and the Chugwater Group. The outcropping areas of these



-20-

formations are presented in Plate II. Two cross sections were also prepared
to depict the inferred geologic relationships of these formations (Plate
III, IV). The cross sections were prepared based on the geologic mapping
completed in the area. Extensive exploration drilling has not been con
ducted in the study area. Therefore, the physical characteristics of the
formations, such as thickness and apparent dips of the beds, could only be
estimated using available data. Borehole logs from oil and gas wells appli
cable to the geology of the study area are listed in Appendix A.

o Cambrian-Mississippian Sandstone. The Cambrian-Mississippian Sandstone
forms a hard resistant cliff at its outcrop in the northern portion of
Casper Mountain (Plate II). The Cambrian-Mississippian Sandstone also
crops out along the base of the Deer Creek Range in the southeastern por
tion of the study area. It is generally composed of arkosic conglomera
tic sandstone that is usually correlated with the Flathead Quartzite or
Deadwood Formation of the Cambrian Period. Some authors also consider
this formation to be the basal sandstone unit of the Madison Limestone
(Maughan, 1963). The sandstone lies directly on Precambrian metamorphics
and consists of well rounded to subangular quartz and feldspar pebbles in
a matrix which is dominantly quartz sand but which contains some silt
and clay-sized particles. Grains of feldspar and ferro-magnesium mine-
rals are also abundant. This arkosic sandstone was derived from the
weathering of the underlying Precambrian metamorphic and granitic rocks.
It commonly grades upward into a moderately well sorted quartzose sand
stone which in turn is increasingly calcareous upwards.

The sandstone varies in depth from its outcrop at the top of Casper Moun
tain to over 2,800 feet in the southern portion of Casper Mountain. In
the Emigrant Gap area geophysical logs indicate that depths to the
Cambrian-Mississippian sandstone probably exceed 2,800 feet at the crest
of the anticline and become increasingly deeper away from the crest as
evidenced by a calculated depth of over 5,600 feet in Section 32, T. 33
N., R. 81 W., about 4 miles southwest of the crest. Depths to the
Cambrian-Mississippian Sandstone in the Bessemer Mountain area range from
about 900 feet at Goose Egg Spring to over 3,500 feet in Section 9, T. 32
N., R. 81 W., about one mile away. In the Muddy Mountain-Deer Creek
Syncline area, depths to the Cambrian-Mississippian Sandstone may range
from the outcrop along the Muddy Mountain-Deer Creek faults to over 3,000
feet in the central portion of the syncline (Jenkins, 1949).
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o Madison Limestone. The Madison Limestone forms a sinuous outcrop pattern
along the south limb of Casper Mountain. The Madison Limestone also
crops out along the base of the Deer Creek Range in the southeastern
portion of the study area. It disconformably overlies the Cambrian
Mississippian Sandstone and generally consists of a sequence of silt
stones and sandstones overlain by dolomites and limestones. The Madison

Limestone can be divided into three units: a basal arkosic conglomeratic
sandstone unit, a middle unit of highly dolomitic limestone, and an upper
unit that contains yellowish-gray tabular fossiliferous chert lenses in a
matrix of yellow limestone. The basal sandstone unit is gradational with
the overlying limestone unit while the chert unit rests sharply upon the
limestone (Maughan, 1963).

The basal arkosic conglomeratic quartz sandstone unit is not well sorted
and is associated with the finer textured calcite or dolomite matrix
which dominates the rock. The dolomitic sandstones and silty dolomites
in the basal Madison Limestone at Casper Mountain probably represent the
western limit of this unit. Where this facies is present, the thickness
may only average a few feet. The grains are a mixture of frosted and
clear grains, with the smaller grains clear and angular and the larger
grains frosted and rounded. Westward, a decrease in grain size is accom
panied by an increase in angularity of the grains. The carbonate content
of the sandstone increases at Casper Mountain (Mytton, 1954).

The dolomitic unit approximates 70 feet at Casper Mountain and thins
westwardly. The basal Madison beds in the dolomitic unit at Casper Moun
tain are altered limestones. The dolomite usually follows original lines
of weakness such as bedding planes rather than fractures which have
formed during subsequent deformation. It is thought that the carbonate
rocks at the contact between the dolomite and limestone zones within the
Madison represent continuous deposition without major stratigraphic
breaks. The areal distribution, stratigraphic position, and thickness of

the dolomitic rocks are probably related to differential dolomitization
(Mytton, 1954).

The upper chert unit, although relatively thin varies considerably in
thickness from place to place owing to erosion before deposition of the
overlying Casper Formation. At Casper Mountain and in adjacent areas,
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some of the thickening of these Mississippian rocks seems to be due to
preservation of Mississippian strata younger than the chert beds. This
upper chert unit is vuggy and in some places cavernous. Other remnants
of the paleokarst topography such as sinkholes and solution cavities may
also be evident in this upper unit (Wester, 1982).

The Madison Limestone ranges in depth from its outcrop at the top of Cas
per Mountain to over 2,500 feet in the southern portion of the mountain.
In the Emigrant Gap area geophysical logs indicate that depths to the
Madison probably exceed 2,600 feet at the crest of the anticline and be
come increasingly deeper away from the crest. The Madison is calculated
to be more than 5,400 feet in Section 32, T. 33 N., R. 81 W. approxi
mately 4 miles southwest and down dip of the crest. Depths to the Madi
son in the Bessemer Mountain area range from about 700 feet at Goose Egg
Spring to about 3,400 feet in Section 9, T. 32 N., R. 81 W., about one
mile down dip from Goose Egg Spring. Depths to the Madison in the Muddy
Mountain-Deer Creek Syncline area range from its outcrop to over 2,800

feet in the central portion of the syncline (Jenkins, 1949).

o Casper Formation. The Casper Formation crops out in the northern and
southeastern portions of the study area and is predominantly composed of
alternating thicker sandstones and thinner limestones. The sandstones
are indurated to partially indurated, highly cross-bedded to thin-bedded
or massive; fine- grained to conglomeratic, and quartitic to highly fe1d
spathic. Festoon cross-laminations are conspicuous in most sandstones
indicating deposition in a high energy environment. The limestones are
generally light colored to almost white, but some are marked by pale

tints of pink, lavender, or purple. Most of the limestones are fossilif
erous. The basal part of the Casper Formation consists of arkosic and

conglomeratic red beds which may contain chert nodules that may have been
derived from the underlying Madison Limestone. The name Casper Formation

has been given to this sequence of sandstone which represents the south
eastern extension of the Tens1eep and Amsden Formation (Jenkins, 1950).

The Casper Formation ranges in depth from its outcrop at the top of Cas
per Mbuntain to over 1,800 feet in the southern portion of the mountain.
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In the Emigrant Gap area, geophysical logs indicate that depths to the

Casper probably exceed 1,900 feet at the crest of the anticline and in
crease in depth away from the crest. The Casper is calculated to be more

than 4,700 feet in Section 32, T. 33 N., R. 81 w. approximately 4 miles
southwest and down dip from the crest. Depths to the Casper Formation in

the Bessemer Mountain area range from the surface at Goose Egg Spring to
about over 2,760 feet about one mile from the spring. Depths to the

Casper in the Bates Creek area exceed 3,200 feet. In the Muddy Mountain
Deer Creek Syncline area, depths to the Casper Formation range from its

outcrop along the Muddy Mountain-Deer Creek fault to about 2,000 feet in
the central portion of the syncline (Jenkins, 1950).

o Goose Egg Formation. The Goose Egg Formation consists of interbedded red
shale and siltstone, thin limestone, and gypsum. The Goose Egg Formation
crops out in the southern portion of Casper Mountain (Plate II) and along
the southern edge of Muddy Mountain in the study area. The thickness of
this red bed sequence ranges from about 380 to 400 feet in the study area
(Sears and Sims, 1954). The name Goose Egg Formation was given in 1956
to the eastern facies of the Dinwoody and Phosporia Formations. The term
Embar was also made obsolete (Schwarberg, 1959).

o Chugwater Group. The Chugwater Group crops out in the southern portion
of the study area and is composed of three formations: the Red Peak

Formation, the Alcova Limestone, and the Jelm Formation.

The Red Peak Formation consists of red siltstone, claystone, and some

very fine-grained sandstone. It has a fairly uniform thickness of 600 to
700 feet. Overlying the Red Peak Formation is the Alcova Limestone,

which is about 10 to 20 feet thick and is resistant and forms a prominent
ledge. The Alcova is overlain by the Jelm Formation which consists of
red sandstone and siltstone. The thickness of the Jelm is generally less
than 100 feet, but differs considerably from place to place owing to ero
sion prior to deposition of younger strata (Lee, 1927). The thickness of
this group ranges from about 640 to 700 feet in the study area (Sears and
Sims, 1954).
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Geologic Features Within the Study Area. Aerial photography of the study
area was obtained from the U.S. Geological Survey for the purpose of identi
fying tectonic features in the formations of interest within the study
area.

Faults and fractures have been identified on Casper Mountain in the Precam

brian Metamorphics, the Cambrian-Mississippian Sandstone, the Madison Lime
stone, and the Casper Formation and are shown on Plate II. The faults and

fractures are generally continuous in the outcrops of all of these forma
tions indicating that these features are probably also continuous through
these formations in the subsurface. The actual depth of the fractures into
these formations is unknown. The majority of the faults and fractures
follow north-south directions.

Faults and fractures did not appear to continue into the Goose Egg Formation
or the Chugwater Group. Therefore, it is expected that because of the in
competent nature of these formations, the faults and fractures are masked.
It is expected that these faults and fractures continue in the Precambrian
Metamorphics, the Cambrian-Mississippian Sandstone, the Madison Limestone,
and the Casper Formation.

Because of the amount of stress applied to the study area by tectonic

forces, it is expected that these formations have been fractured and faulted

in all areas which have been deformed. The direction and depth of the
faulted and fractured zones are dependent on the amount and direction of
stress.

The actual displacement caused by the faults and the direction of movement
along the faults cannot be determined at this time with the limited amount
of data available. Based upon the present data positive distinction between
faulted and fractured zones could not be made.
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Hydrologic Setting
By definition, an aquifer is a geologic formation, group of formations, or
part of a formation containing significant saturated permeable material or
secondary porosity and permeability which can yield sufficient quantities of
water that may be extracted and applied to beneficial use. 'The formations

in the study area which probably best meet these qualifications as defined
by the CBPU contract are the Cambrian-Mississippian Sandstone, the Madison

Limestone, and the Casper Formation.

As previously discussed (Geologic Setting), the Cambrian-Mississippian Sand
stone consists of well cemented orthoquartzitic sandstone, the Madison Lime
stone consists of alternating sandstones, limestones, and dolomites, and the
Casper Formation consists of alternating sandstones and limestones. Exten
sive exploration drilling has not been conducted in the study area and the,
hydrological characteristics of these formations could only be estimated
using available data.

For the most part, these formations are dense and consolidated and have low
primary porosity and low permeability. The importance of these formations
as aquifers is largely due to the presence of secondary porosity and perme
ability. The secondary porosity and permeability have been formed by fault
ing and fracturing particularly in the Cambrian-Mississippian Sandstone and
Casper Formation and to some degree the Madison Limestone. Karst and other
solution features may be especially prevalent in the Madison Limestone and
to a small extent in the Casper Formation.

Groundwater in the formations in the study area occurs under unconfined
(water table), confined (artesian) and semiconfined conditions. The degree
to which the aquifers penetrated will be under one of the above conditions
is dependent upon the depth of the aquifer penetrated, the presence of over

lying confining layers, the topography and composition of the overlying and
underlying formations, and the depth and interconnection of faults and frac
tures within each of the aquifers.
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Groundwater Movement. Groundwater movement in the aquifers is primarily
controlled by the geologic structure of the study area, the permeability of
the water bearing zones, the depth, direction, and interconnection of faults
and fractures, and the amount of recharge to the aquifers. The study area
is extremely complex geologically. Three major anticlines and two major
synclines along with several smaller anticlinal and synclinal structures
exist within the study area. The geologic formations which have been up
lifted, folded and downdropped have been complexly faulted and fractured.

Very little geologic investigation has been conducted in the study area,
therefore, the geologic structure of the area has been estimated based on
av ail ab 1e dat a.

The direction of movement of groundwater in permeable zones within the form
ations is expected to follow the direction of dip. It is expected, however,
that the majority of the groundwater in the formations will be contained in
faulted and fractured zones. The direction of groundwater movement is ex
pected to be dependent on the depth and direction of these faulted and frac
tured zones. Faults and fractures have been identified in the Casper Forma-

tion (Casper Aquifer), the Madison Limestone (Madison Aquifer), and the
Cambrian-Mississippian Sandstone (Cambrian-Mississippian Aquifer) on the
south side of Casper Mountain where these formations crop out in the study
area (Plate II). The faults and fractures generally follow lines of weak
ness within the more substantial rock. It is expected that faults and frac
tures throughout the study area will be dependent on the direction of stress

of the associated structure.

Several major faults occur in the study area, the Casper Mountain Fault, the
Muddy ~untain Fault, and the Deer Creek Fault plus numerous other minor
faults and fractures. It is unknown whether or not the lesser faults and
fractures are interconnected to the more major faults. It is suspected that

a majority of these probably do. Groundwater held within these zones will
probably flow in the direction of the faulted and fractured zones.



-27-

The ultimate source of groundwater recharge in the study area is precipita
tion. Recharge occurs from infiltration of precipitation on outcrop areas
and through fault and fracture systems and by percolation of streamflow.

The amount of precipitation that reaches the formations depends on several
factors including topography, infiltration rates, soil moisture holding cap

acity, vegetal cover, rainfall distribution and intensities, temperature,
humidity, radiation, and wind. Precipitation on the outcrop areas is ir
regularly distributed in place and time. Only a small fraction of the
annual precipitation on the study area percolates to groundwater aquifers.
A large portion of the precipitation is lost to evaporation and evapotrans
piration.

In the Casper Mountain area, it is expected that recharge to the aquifers
will occur by percolation of precipitation on the outcrop areas, by vertical

leakage from overlying aquifers, and by vertical movement through faults and
fractures.

It is expected that within the study area the Cambrian-Mississippian Aqui
fer is recharged by the infiltration of precipitation and runoff from the
Precambrian Metamorphics on its outcropping area which approximates 1.65
miles (1,056 acres) and by leakage from the overlying Madison Limestone.
Recharge occurs primarily through faults and fractures in overlying forma
tions directly connected to the sandstone. Recharge from the underlylng
Precambrian Metamorphics can occur where fractures are connected with the
overlying formations.

Recharge within the study area to the Madison Aquifer occurs by rapid
infiltration of precipitation on its outcropping area which approximates 7.9

square miles (5,051 acres). Because of the vuggy and perhaps cavernous
nature of the Madison, it is expected that the rate of infiltration would be
higher than the other formations. Recharge to the Madison would also occur
from vertical leakage from the Casper Formation and from the faults and
fractures in overlying formations directly connected to the Madison.
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Recharge within the study area to the Casper Aquifer would occur by percola
tion of precipitation on its outcropping area which approximates 29.63
square miles (18,963 acres). Recharge would also occur through faults and

fractures which are directly connected to overlying formations.

The formations in which these aquifers occur extend over most of Wyoming and
parts of Idaho, Montana, Colorado and South Dakota. It is highly probable

that these aquifers continue for long distances and interconnect with other
sources of recharge at locations far removed from the study area.

Faulted and fractured zones or secondary permeability tends to channel
groundwater movement within the aquifers. Because of this secondary perme
ability and the complexity of the geologic structure, these aquifers are
non-homogeneous in nature. Therefore, the effects of specific groundwater
withdrawal may be variable throughout the aquifer.

An estimate was prepared of the annual rate of groundwater recharge within
the study area. The estimate is based on precipitation, published recharge
rates for similar areas, and the measured outcropping areas available for
recharge. A State of Wyoming study concluded that the recharge to the Madi
son Limestone in the Powder River Basin from the Laramie Mountains is about
3.1 inches per year. This amounts to about 10 percent of the average pre
cipitation measured at a Soil Conservation Service weather station on top of
Casper Mountain. A University of Wyoming study of the Casper Formation re
charge near Laramie (Lundy, Huntoon) concludes the recharge rate is also

about 10 percent of precipitation. Reference to a state precipitation map
prepared by the NOAA Weather Service and the Wyoming Water Planning Program
indicates similar average annual precipitation amounts for the study area
and the Laramie vicinity study area for the Casper Formation.

The calculated recharge from precipitation on Casper Mountain outcropping
areas is tabulated in Table IV. The calculated recharge of 7,400 acre-feet
per year represents the estimated average recharge to the aquifers
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investigated on Casper Mountain. The formations involved extend for consid
erable distances. Therefore, the calculated recharge represents only that
portion of the recharge that occurs to the aquifers where they crop out on
the south flank of Casper Mountain and within the study area. Based on the
natural discharge section of the report, it is evident that recharge to Cas
per Mountain is only a small portion of the total recharge to the formations
under investigation. Some additional recharge also occurs on the outcrops

of these formations in the southeastern portion of the study area along the
base of the Deer Creek Range.

TABLE IV
CALCULATED GROUNDWATER RECHARGE FROM PRECIPITATION

ON CASPER MOUNTAIN OUTCROPPING AREAS

Recharge Recharge Groundwater
Rate Area Recharge

Geologic Formation (feet/year) (acres) (Acre/feet/year)
Precambri an 0.26 6,455 1,678
Cambrian-Mississippian

Sandstone 0.26 1,056 275
Madison Limestone 0.26 5,051 1,313
Casper Formation 0.12 18,963 2,276
Goose Egg Formation 0.12 7,179 13'6-1
Chugwater Group 0.12 8,736 l';{)48

Total rounded to: 7,400

Natural Discharge. Natural discharge in the study area occurs as springs
and seeps which form small intermittent streams (Plate I). These springs
and seeps generally originate from faulted or fractured zones in the Casper

Formation (Christ and Lowry, 1972). The aquifer from which these springs
and seeps derive groundwater may be anyone or a combination of the three
aquifers, brought to the surface by faults and fractures which penetrate all
aquifers. Estimated yields of the springs range considerably from less than
0.5 gpm to over 1,000 gpm.
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The most notable and largest spring in the study area is Goose Egg Spring
formally called Speas Spring, located in the SW/4 NE/4 NW/4 Section 15, T.
32 N., R. 81 W. Goose Egg Spring flows approximately 7,630 gallons per
minute (gpm).

The geology and origin of Goose Egg Spring is not fully understood. Based
upon published and unpublished literature and discussions with local author
ities, the spring occurs at the breached top of the Casper Formation at the
lowest elevation in the area and that it is an outlet for the whole recharge
area and determines the lowest piezometric surface point.

As previously mentioned, Casper Mountain is a doubly plunging anticline that
trends east-west. The western plunge of this anticline has its nose in the
vicinity of Goose Egg Spring. However, upon close examination of the geo
logy of this area, it appears that there are actually two noses. The first
occurs in the vicinity of Section 12, T. 32 N., R. 81 W., where the Goose
Egg Formation and the Chugwater Group actually wrap around the outcropping
Casper Formation. The second occurs at Goose Egg Spring or Bessemer Moun
tain Anticline which is a westward plunging anticline nose (Faulkner,
1950).

Numerous major faults have been identified in this area. Several indica
tions of minor faults and splinters have also been identified using aerial
photography. Much faulting occurs in the northwest limb of the Bessemer
Mountain Anticline. Reverse faults occur in both the east and west ends of
the northwest limb. It also appears that the North Platte River in this
area may be, at least in part, fault controlled. If this is the case, it is
entirely possible that the Goose Egg Spring area has been uplifted and
tilted southward from the main anticline. Northeast-southwest trending
faults have not been identified in geologic mapping to date, however, it is
expected that a faulted zone in this area may be masked because of the in
competent nature of the sedimentary units. This faulted zone may actually
create boundary conditions which separate groundwater within aquifers in
Casper Mountain from the sources of Goose Egg Spring.
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Upon further~xamination of the geology of the area, it is noted that Emi
grant Gap Anticline which trends northwest-southeast, is truncated by the
Casper Mountain Fault in the vicinity of Goose Egg Spring. The Oil Moun
tain Anticline is located to the northwest of Goose Egg Spring. These areas
are intensely faulted and fractured. The interrelation of these features
within the Casper Mountain Anticline to other faulted zones in the three
other anticlines is unknown. It is entirely possible that these faults are
interconnected but are not evident at the surface.

As previously mentioned, the Casper Mountain Anticline is doubly plunging
with a nose at the east end of Casper Mountain by the Hat Six Hogback as
well. It is possible that groundwater in the aquifers on Casper Mountain
diverges at a divide within the aquifer with some groundwater flowing toward
the eastern nose and some groundwater flowing toward the western nose of the
anticline. Large springs yielding from 400 to 900 gpm are located on the
eastern end of the anticline (Crist and Lowry, 1972).

Goose Egg Spring yields approximately 12,260 acre-feet of groundwater per
year. The determination of the recharge to Casper ~buntain within the study
area was approximately 7,400 acre-feet per year. Goose Egg Spring yields
about 4~800 acre-feet per year more than our indicated recharge. This may
indicate that the spring derives water from sources other than, or in addi
tion to Casper Mountain.

Another spring yields large quantities of groundwater at the eastern end of
Casper Mountain Anticline. It is located in the NE/4 SW/4, Section 11, T.
32 N., R. 78 W. This spring has been dug out for a well and yields
900 gp11.

Two other springs are reported to yield frpm 400 to 900 gpm and are located
on t~e eastern side of Casper Mountain (Christ and Lowry, 1972).

Groundwater Use. The records of all wells permitted by the State of Wyoming
within the study area were investigated. Those permitted wells pertinent to
this study are located on Plate I and information obtained from well records
is presented in Appendix B.
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Springs used for groundwater supplies are located on Plate I and listed in
Appencix C along with owners of rights on these springs. Large-scale devel
opment of groundwater in the vicinity of Casper Mountain may reduce the flow
of the identified springs. The primary consideration of reducing spring
flows will be the effects on water uses established under permits issued by

the Wyoming State Engineer's Office. The U.S. Geological Survey information
is specific about the Goose Egg Springs, but not about the flow or location

of the other springs in the study area. It is presumed that legal uses have
been established on these springs, and that conclusions reached about the
use of the Goose Egg Spring would also be applicable to the flows of other
springs.

As previously discussed, the average flow of Goose Egg Spring is 7,630 gpm
or about 17 cubic feet per second (cfs). Water rights which have been
established on the flows of Goose Egg Spring are given in Table V. The
water rights total 21.8 cfs; however, 11.0 cfs are for the Wyoming Game and
Fish Department fish hatchery. The water flows from the fish hatchery to
the Goose Egg Spring Ditch siphon across the North Platte River. Thus, the
actual demand for water is less than the total of the water rights.

The Goose Egg Spring Ditch water rights total 8.63 cfs for irrigation and

the Sussex Ditch irrigation water right is 1.95 cfs. This is a total irri
gation demand of 10.58 cfs. However, under Wyoming water law when there is
surplus water available, these two water rights could take double their ap
propriation amount. Thus, it is probable that during the irrigation season

the entire flow of Goose Egg Spring is utilized by senior irrigation water
rights. During the winter months, the 11 cfs nonconsumptive fish hatchery

use would be the only water right in effect.

Development of a groundwater well field on Casper Mountain might effect the
flows of the Goose Egg Spring and affect the senior ditch water rights. It
might be years before any reduction in spring flow could be noticed, or
measurements of the spring flows during a pumping test might indicate
effects of the, pumping. The measurements contemplated in Phases II and III
of the exploration and testing program will be utilized in determining mea-
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TABLE V
ADJUDICATED WATER RIGHTS FROM GOOSE EGG SPRING

Permit Number
Terr.
1688
1255E

5966E

Ditch
Sussex
Goose Egg Spri ng
En 1. Goose Egg

Spring
En 1. Sussex

Priority Acres cfs
5 pg. 1888 137 1.95
12/14/1897 411 5.87
06/15/1904 193 2.76

11/05/1957 Fish 1 11.00
(non-cons.)

Tot a1 Sus sex Di tch
Total Goose Egg Springs Ditch

137
604

12.95
8.63

1 Flow through use for fish hatchery purposes. Water rediverted
into Goose Egg Spr i ngs Di tch .

surable effects and hydrologic parameters for calculating possible future
effects of well(s) on others in terms of time and amount. That kind of in
formation cannot be developed until after hydrologic testing, however.

An examination of the permitted wells indicates that hundreds of wells exist
within the study area, however, very few wells actually penetrate the
Cambrian-Mississippian Sandstone, the Madison Limestone or the Casper Forma
tion. Those that do, do not show exceptionally high yields, however, these
wells were drilled in one specific area and are used for domestic purposes
only. Deep wells have not penetrated these formations elsewhere in the
study area, therefore, the potential yield of these aquifers has not been
evaluated.

Several wells which penetrate the Lakota Formation yield groundwater in ex
cess of 1,000 gpm, especi ally in the Bates Creek area. Thi s may indicate
that the recharge to aquifers within the study area do contain sufficient
groundwater to yield high capacity wells. The Lakota Formation may be re-
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charged by Bates Creek, however, Bates Creek may be spring-fed by the Casper
Formation (Sims, 1948). Evidence has not been shown to indicate that Bates
Creek is spring fed by the Casper Formation.

It has been shown in other studies, especially, of the Madison Limestone
that these aquifers can differ radically with respect to water yield. The
value of these formations as aquifers is based on the amount and intercon

nection of secondary features.

The fact that springs yielding large quantities of water occur in the study
area and the fact that high capacity water wells occur in the Madison and
Casper Formation leads to the conclusion that large quantities of ground
water do exist in the study area within the Madison and Casper Formation,
and that this area is worthy of an exploratory program.

Water Quality. An examination of water analysis shows that the major dis
solved substances in water comprise a small number of elements, usually in
ionic form. These include the ions of calcium, magnesium, sodium, bicar
bonate, sulfate, and chloride which can combine to form dissolved chemical
compounds. Mineral substances and trace elements are also found in varying
concentrations.

From the analyses collected during this investigation there appears to be a
similarity in quality in groundwater obtained from the Precambrian Metamor
phics, the Cambrian-Mississippian Sandstone, the Madison Limestone, and the

Casper Formation. There also appears to be a direct relation between the
quality of groundwater near the outcrop and at a distance from the outcrop

(Crist and Lowry, 1972).

Analyses of groundwater were obtained from permitted wells in the study area
and analyses resulting from U.S.6.S. studies. Water quality data from these

sources are presented in Table VI. Because the amount of water quality data
in the study area is scarce, all data available within these formations from
wells at or near the outcrop along the western side of the Laramie Range
which would exhibit similar geologic conditions were tabulated.
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The concentration of total dissolved solids (TOS) normally consists chiefly
of carbonates, bicarbonates, chlorides, sulfates, phosphates, and nitrates.
The National Secondary Drinking Water Regulations (1977) proposed a limit of

500 mg/l (milligrams per liter) of dissolved solids in drinking water. This
limit is based on palatibility which decreases with increasing concentra

tions. The concentration of TDS in the three formations range from 119 to
331 mg/l with two exception. Well No. 3992 had a TOS of 1048 rng/l and Well

No. 14188 at 4980 mg/l. Based on the lithologic log of this well, the water
was obtained from a shallow aquifer containing shale. This exception may
represent an isolated condition within the Casper Formation. The spring may
originate from the Casper Formation or the Goose Egg Spring Formation.

CalcilJll ions are the prinicpal cations in most natural waters. They are de
rived from the solution of carbonates. The groundwater within the forma
tions for which analyses are available contains from 26 to 74 mg/l with Well
No. 3992 the only exception at 126 mg/l .

Bicarbonate is also derived from the solution of carbonate rocks and is the
major cause of alkalinity in groundwater. The recommended range of alkalin

ity in public supplies is from 30 to 400 mg/l. The groundwater tested falls
within this range with concentrations of bicarbonate ranging from 134 to 378

mg/l (alkalinity will range slightly lower) with Well No. 3992 the only ex
ception at 458 mg/l.

Sulfate compounds may originate from the oxidation of sulfite ores, the
solution of gypSlJllS, anhydrites, and shales. Sulfate compounds are diffi
cult to remove from groundwater because they are quite mobile and will not
usually decrease in concentration. If concentrations exceed the recommended
limit of 250 mg/l the sulfates may produce a medicinal taste and a catha
ritic effect. The concentration of sulfates in the three formations range
from 1 to 37 mg/l with Well No. 3992 the exception at 476 mg/l.



-38-

The waters within the three formations tested did not show analyses for the
Primary Standards for arsenic, barium, cadmium, chromium, lead, mercury,
selenium, and silver.

The analyses were done for fluoride and nitrates. The groundwater tested
did not exceed the mandatory limits for these constituents except for a
U.S.G.S. well located in the NE/4, NE/4, Section 14, T.14N., R.72W. which
exceeds the mandatory limit for nitrates. This may be because of a faulty
septic system which may have leaked into the groundwater supply at this
well.

Groundwater in the Precambrian Metamorphics, the Madison Limestone, and the
Casper Formation for which analyses are available shows a similarity in
quality.

Analyses conducted by Crist and Lowry in 1972, and by Lowry, Rucker, and
Wahl in 1973 indicate that the quality of groundwater in these formations

changes with the distance from the outcrops.

The Goose Egg Formation and the Chugwater Group contain groundwater which is
very high in total dissolved solids ranging from 1300 to about 1500 mg/l
(Crist and Lowry, 1972). The groundwater also contains high concentrations
of magnesium and sulfate.
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LEGAL AVAILABILITY
Wyoming State Engineer Policy
The Wyoming State Engineer's policy governing the appropriation of
groundwater from aquifers within the State of Wyoming is described herein.

A permit must be acquired from the Wyoming State Engineer to use groundwater
of the state. This groundwater would be regulated according to a priority

date which is the date that the application was received and filed.

No absolute well spacing requirements have been established, however, if
well locations cause unreasonable well interference, water rights 'Will be
administered based on priority. If well locations are such that interfer
ence between surface water flows and groundwater withdrawals develop, the
priorities of groundwater rights will be correlated with surface water
rights and regulated accordingly.

A division advisory committee on groundwater has been established in each of
the state's four water divisions. These committees consist of three indivi
duals who reside within the water division and who are appointed by the Gov

ernor for six-year terms. The functions of the committees are to advise the
State Engineer and the State Board of Control on matters relative to ground
water development in the water division and to call and supervise the elec
tion of control area advisory boards.

Control Area. Whenever the State Engineer has reason to believe that a
control area should be established, he makes a repoit to the State Board of
Control who may order designation of a control area, after a hearing, on the
basis of the following:

A. The use of groundwater is approaching the current recharge rate.
B. Groundwater levels are declining or have declined excessively.

C. Conflicts between water users are occurring or may occur.
D. Other conditions exist or may arise that require regulations for the

protection of the public interest.
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The designation of a control area serves three primary purposes:

1. It provides a mechanism to slow development so as to ensure that prior
water rights are protected and not subjected to interference problems.

2. It provides for the election of a control area advisory board comprised

of five people living within the control area to advise and assist the
State Engineer in formulating policies concerning groundwater develop
ment in the control area.

3. It provides a means by which regulation of the use of groundwater can be
developed and implemented should the situation warrant it.

Well Interference. Another provision of law important in understanding the

appropriation and use of groundwater in Wyoming refers to interference com
plaints. Any appropriator of either surface or groundwater may file a writ
ten complaint alledging interference with his water right by a later prior
ity groundwater right. Complaints are filed with the State Engineer and
must set out in detail the facts pertinent to the situation. Upon receiving
the complaint and fee, the State Engineer will undertake an investigation to
determine if the alledged interference does exist. Following the investiga
tion, the State Engineer will issue a report stating his findings and sug
gestions on various means of stopping, rectifying or ameliorating the inter
ference or damage. Any appropriator who is dissatisfied with the results in
the State Engineer's report and procedure may appeal to the State Board of

Control. The decision of the State Board of Control can then be appealed to
the courts.

In practice, the State Engineer has attempted to enable reasonable use with
in the available rechargeable water resources of an aquifer so as undue well

interference and water level lowering is avoided (Trelease, 1979).

Wyoming State Engineer Policy Governing the Study Area
At present (May, 1982) our understanding of the State Engineer's policies
governing groundwater in the Casper Mountain study area is as follows:
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o Aquifers within the study area would be separated out by formations.
The Cambrian-Mississippian Sandstone, the Madison Limestone, and the
Casper Formation may be hydraulically connected but they would not be
considered as a single aquifer (Stockdale, 1982).

o If it can be proved by hydraulic testing that the three aquifers are
hydraulically connected, the State Engineer would probably approve

permits for the multicompletion of wells. By the same token, the
State Engineer would reject permits for multicompletion of wells in
these aquifers if hydraulic testing shows an increasing or decreasing
hydraulic head with depth which may indicate a distinction between
aquifers (Stockdale, 1982).

o Permitted wells penetrating these aquifers do not include the right
to a water level or artesian pressure higher than that required for
maximum beneficial use of water in the source of supply (W.S. 41-3
933). This law is uncertain as to the amount of drop in water level
that is allowable before this provision is violated (Palma, 1982).

o The State Engineer may require that the City of Casper reduce or

cease withdrawal of groundwater if that withdrawal unreasonably
interferes with adequate wells developed for stock and/or domestic
use unless the City furnishes replacement water (41-3-911). Wyoming
State law does not provide guidance, however, on the specifications
of an adequately developed well (Palma, 1982). Therefore, the ~nount

of interference to other wells allowable and which wells would be
affected is uncertain at this time.

o Any major withdrawal as part of a well permit will be conditioned
upon the rate of withdrawal and the annual volume withdrawn. These
limits will be fixed by the State Engineer based on a testing program

conducted by the City of Casper (Palma, 1982). The State is attempt
ing to regulate withdrawals prior to the issuance of permits to pro
vide potential injury to other users. Extensive technical evidence
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in support of application to appropriate the desired quantity of
groundwater must be obtained. Therefore, the City of Casper must
supply the State Engineer with enough data concerning the aquifer at
the well site for the State Engineer to decide on the amount of
groundwater to be appropriated.

o The burden of proof is placed on the City of Casper to demonstrate
that an aquifer is not hydraulically connected to surface streams.

In the case of Casper Mountain, the City must prove through hydraulic
testing that the Cambrian-Mississippian Sandstone, the Madison Lime
stone, and the Casper Formation are not hydraulically connnected to
the North Platte River or its tributaries.

In order to maximize the total amount of water in storage, the City

of Casper must also prove that the Cambrian-Mississippian Sandstone,
the Madison Limestone, and the Casper Formation are hydraulically
connected, that the withdrawal of groundwater from these aquifers
does not adversely lower the potentiometric surface, and that the
withdrawal of groundwater from these aquifers does not adversely
interfere with other users, particularily the Goose Egg Spring and
the domestic wells at the top of the Casper Mountain.
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DRILLING PROGRAM
Exploration Program Scope
In order to define the drilling and testing program, it is necessary to

understand the intent of the program, the ancillary constraints, and the
costs. After considering these factors, the procedures of the exploration/

testing/analysis program can be recommended.

The intent of the exploration program is to determine the feasibility of
developing groundwater in an area where little is known about the geology or
the actual groundwater availability. There are no deep wells in the study
area upon which to determine the certainty of finding groundwater. The only
drilling information available is from oil and gas well tests in which
drilling typically seals off aquifers because finding water is not the
intent of oil well drilling, and the production of water can be a nuisance.

Thus, the decision to continue with the intent of the program (i .e., to
drill an expensive exploration observation well and accompanying production
well) needs to be weighed on the basis of the cost of exploration and on the
eventual costs of water developed at this source compared with other
sources. In the next section of this report, estimates of comparative water
costs are developed to present the Board of Public Utilities and the State
of Wyoming an idea of what might be involved in developing a groundwater
supply for Casper if adequate wells can be obtained in the study area.
These costs must be considered along with other factors in scoping the ex
ploration program and in deciding to proceed.

The scope of the exploration program needs to be directed towards:
o Defining the extent of aquifers and/or boundary conditions of sites.
o Determining well drilling and development techniques that will be

needed in water development and related well yields that can be ex
pected ..

o Producing data to define aquifer parameters of transmissivity and

storativity.
o Producing data needed to make predictions of effects of groundwater

development on existing uses and on the aquifer.
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Constraints to the exploration program relate not only to the geohydrologic
aspects of the study area, but also to such factors as access, terms of
trespass agreements, road availability, and related costs. Access has a
very direct bearing on the exploration program costs. The depth of drilling
contemplated requires that a large drilling rig be able to reach the explo
ration site. If a suitable road is not available, the exploration costs
will have to include constructing roads. Trespass agreement requirements

refer to the fees that would be charged by landowners for entering a site,
the cost of disturbances of operations and vehicular traffic, and land for
roads, drilling rigs, and water pits.

The original scope of the exploration program contemplates using existing

roads and drilling on state land where only minimal arrangements must be
made with the state leasee for access.

Cost factors include drilling and pumping depths required for the test
hole(s), pumped well and pump testing. The original project scope was to

locate a reasonable geohydrologic site having drilling depths in a range of
approximately 1,500 feet.

Other cost factors relate to groundwater development costs which include the
overall costs of developing the groundwater well field, collecting the
water and conveying it to Casper. In this context it is necessary to con
sider not only the capital costs of construction, but also the annual costs
involved because alternative pumping schemes can result in highly variable
annual operation costs.

The following section of this report presents the reconnaissance engineering
cost estimates for the developed water. The cost of water from this project

can be compared by the Casper Board of Public Utilities with other alterna
tives available to Casper for providing water to meet long range needs. The

other costs that the Board needs to consider relate to the share of costs
that it must provide which are in excess of the $200,000 State of Wyoming
grant limitation. Should the Board feel that the risk of negative results
from the exploration program outweigh the positive aspects of developing
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water (coupled with the costs of the developed water compared to other al
ternatives), then the Board may not choose to proceed further.

It should be pointed out that there is another check point that can be uti
lized by the CBPU and the Wyoming Water Development Commission in regulating
the exploration costs. That check point can be established as a part of

Item 2 in the recommended drilling program discussed below.

Recommended Drilling Program
In the initial draft of this report a primary exploration drilling site was
chosen. This site (Site 1) is located in the NW/4 SW/4, Section 35, T. 32
N., R. 79 W., on the southern limb of the Casper Mountain Anticline. This
site was chosen based on the geology as it pertains to favorable groundwater
conditions, access to the drilling site, and state land ownership. An al
ternate site (Site 2) located in the NE/4 SW/4, Section 36, T. 32 N.,
R. 80 W., was chosen in case the primary site proves unfavorable.

Our target formations as outlined by the scope of work included the Casper
Formation, the Madison Limestone, and the Cambrian-Mississippian Sandstone.
Secondary permeability provided by fractured and faulted zones as determined
by aerial photography was one of the prime geologic criterion.

Because of the high cost of drilling, a reasonable drilling depth of about
1,500 to 2,000 feet is expected based on the state budget alotted for the
Phase II program. If additional funds were appropriated for the Phase II

program, the depth of drilling could be increased.

The primary exploration drilling site is located adjacent to two possible

fracture traces (Plate II), and is expected to have a total depth of about
1,660 feet. It is near adequate access onto the property as well as being
on state land.

Skepticism has arisen about this site because of an oil well (No.1 State E
- Texas Company) located near the chosen site (SW/4 SE/4 NE/4, Section 2, T.
31 N., R. 79 W.) which was drilled to a depth of 1,869 feet. The well ap-
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parently encountered no water. Well No. 1 State E is not located in an ap
parent fault or fracture trace (Plate II). In addition, the well appears to
be located on an anticlinal structure which appears to be somewhat higher
structurally than the proposed exploration site (Plate IV).

Other areas which were investigated as possible exploration sites were Emi
grant Gap Anticline and the Muddy Mountain - Deer Creek Syncline and the
Bates Hole Area (Plate I).

Depths through the Casper Formation and Madison Limestone range from over
2,600 feet at the crest of the Emigrant Gap Anticline to over 5,400 feet
along the limbs of the anticline. Economically, it would not be feasible to
drill an exploration well in this area based on the budget for the Phase II
program. The Casper Formation, Madison Limestone and Cambrian-Mississippian
Sandstone do not crop out on Emigrant Gap Anticline. Therefore, recharge to
the formations in the anticline must come from sources other than direct
recharge to outcropping areas. Geologically, the potential for groundwater
would increase down dip so it is probable that drilling depths in the Emi
grant Gap Anticline would be in excess of 5,400 feet. The cost of a drill
ing program would outweigh its benefits.

Depths through the Casper Formation and Madison Limestone range from less
than 900 feet along Otter Creek located along the southern limb of the Muddy
Mountain Syncline to about 2,000 feet in the central portion of the syn
cline. Along Otter Creek where the Casper Formation and the Madison Lime
stone crop out along the base of the Laramie Range recharge to the aquifer
may occur. Geologically the potential for groundwater would increase down
dip toward the axis of the syncline .. The drilling depths in this area are
expected to exceed 2,000 feet. However, access to this area would be the
limiting factor. No major roads exist in the vicinity of this site. Roads
and drilling pads would have to be constructed entailing increased drilling
costs. The cost of constructing a pipeline for conveyance of water to the
City of Casper is expected to increase considerably.
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The Bates Hole area is a synclinal structure with its axis trending in a
northwest-southeast direction in Sections 5, 9, 13, 14, and 15, T. 31 N., R.
81 W., and in Sections 19, 20, 27, and 28, T. 31 N., R. 80 W. It is bounded
to the southwest by a reverse fault which trends northwest-southeast in
Sections 7, 8, 16, 17, 21, 22, 26, and 27, T. 31 N., R. 81 W. Depths
through the Casper and Madison Formations exceed 3,000 feet along the north
east limb of the syncline to over 4,600 feet near the axis and over 5,000
feet on the southwest side of the reverse fault. The area which would offer
the greatest potential for groundwater would probably be near the axis of
the syncline. However, in order to decrease the drilling depth, the recom
mended site would be in the general area of Sections 29 and 30 in T. 32 N.,
R. 80 W. where drilling depths are expected to approximate 3,000 feet. The
potential of interference to Goose Egg Spring is greater in the Bates Hole
area. Wells which penetrate the Lakota Formation in this area show large
yields. This may indicate that the lower units are also potentially good
aquifers.

These three areas geologically show promise as potential development sites.
If the budget is increased for the Phase II program, and deeper drilling is
anticipated, these areas may also be considered as potential test sites.
The depths to these formations in any other part of the study area exceeds
what would be economically feasible for the Phase II program.

Based on this analysis, the initial exploration site is still considered the
best possible drilling site.

The following procedures constitute a proposed strategy for determining the
feasibility of obtaining groundwater from the potential site.

(1) Prepare contract documents to drill from one to two test holes and one

test well including a long-term plJTlping test. These doclJ11ents would be
sent to interested companies and an open bid held to determine the con
tractor.
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(2) Drill a small diameter (5 7/8-inch) test hole at the selected site
which would be drilled to the Precambrian Metamorphics with lithologic
samples taken at five foot intervals. The objective of drilling this
test hole is to determine the availability of groundwater at this loca
tion. If this first test hole proves unfavorable for yielding ground
water, a second small diameter test hole would be considered at the al
ternate site.

During the drilling of the test hole, airlifting techniques will be
used to estimate the potential yield of the test well. Airlift pumping
refers to a continuous, aerated method of producing groundwater. This
method involves inserting a pipe, approximately 1/3 the diameter of the
casing, into the casing. Pumping is done by applying gas or air pres
sure to the pipe resulting in an air-water mixture rising at a high
velocity up the annulus. Production rates are measured by blowing the
air-water mixture into a tank and having the water discharge through a
controlled opening. Stilling well and float recorder may be be used.
Water level measurements taken during an air-lift test are obtained
through the air pipe by air lines or pressure transducers. The test
data obtained during the air-lift test can be analyzed for approximate
aquifer characteristics such as transmissivity and permeability.
If the test hole shows favorable conditions, a geophysical log would be
taken in order to obtain data and information on the subsurface litho
logy.

The approximate depth of the test hole at the primary site is expected
to be 1660 feet (Fig. 3). The estimated depth to the formations is as

follows: 0 to 150 feet - Chugwater Group, Red Peak Formation; 150 to
550 feet - Goose Egg Formation; 550 to 1300 feet - Casper Formation;
1300 to 1550 feet - Madison Limestone; 1550 to 1650 feet - Cambrian
Mississippian Sandstone; 1650 feet + - Precambrian Metamorphics.

It is expected that the test hole would be drilled open hole, however,
if the sediments prove incompetent, casing will have to be installed.
The Chugwater Group and Goose Egg Formation which consist of shales,
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siltstones, and limestones may require casing. If casing is required,
cement would be run the length of the casing to seal off groundwater
from the underlying formations. A schematic drawing of the test hole

construction is presented in Figure 3.

(3) Drill a test well in the vicinity of the test hole within the same

fracture system. The exact location and design of the test well would
be determined on the basis of information from the test hole.

The diameter of the test well would be determined by the expected yield
of the well. It is expected that the diameter of the test well be such
that either 8 5/8-inch or 10 3/4-inch steel well casing will be in
stalled if yields approximate 200 to 400 gpm.

The actual construction of the test well will depend on the competency
of the formations encountered. It is expected that the well will be
cased to 560 feet and cemented to prevent connection between the Chug
water Group and Goose Egg Formation and the underlying formations. It
is unknown at this time whether the well would require perforated cas
ing or well screen. A schematic drawing of the test well is presented
in Figure 4.

In order to determine these aquifer characteristics, a minimum of two
wells must be used. One well will be pumped and the other will be used
as an observation or monitoring well.

(4) Conduct a long-term pumping test in order to obtain data for estimating
values of the storage coefficient and transmissivity of the tested por
tion of the aquifer. These coefficients describe the basic hydraulic
characteristics of the aquifers and would be essential in helping to .
determine the hydraulic connection of these aquifers to each other and
to surface springs and streams.

The test hole would be monitored during the pumping test. Communica
tions from the State Engineer's Office indicate that they will require
monitoring of Goose Egg Springs. This should be done, however, it is
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not likely that there will be any effect on the Springs from a three
day test. We have not considered a cost for monitoring the Springs be
cause it could be highly variable depending on the nature of the moni
toring system.

(5) Conduct water quality analyses at the test well and on surface springs
and streams to determine their groundwater source if possible. These
analyses would be compared to water quality samples taken at the test
holes and test well to determine if surface springs originate within
the same geologic unit as the test holes or test well.

Water Quality samples taken in the test holes and test wells during
drilling would be analyzed for primary and secondary constituents to
determine significant changes in water quality. Change in water qua
lity constituents with depth could indicate that hydraulic connection
may not exist between aquifers within the three formations.

An estimate of construction and engineering costs for the drilling pro
gram have been prepared and presented in Table VII.



-53-

TABLE VII
COST ESTIMATES FOR THE DRILLING PROGRAM

Tasks
Estimated Costs

Constructlon Englneering

1. Prepare contract documents and
conduct bid opening

2. Drill one small diameter
(5 7IB-inch) test hole plus
mobilization and geophysical
logging

3. Drill and construct one test
well including casing and screen

Alternative 1 - drill one 12 1/2
inch hole, install 1640 feet of
B 5lB-inch 0.0. steel casing and
200 feet of B 5lB-inch 0.0. stain
less steel well screen

Alternative 2 - drill one 15-inch
hole, install 1640 feet of 10 3/4
inch 0.0. steel casing and 200 feet
of 10 3/4-inch 0.0. stainless steel
well screen.

4. Conduct a 7-hour step-drawdown test,
a long-term 72-hour pumping test
including installation of test pump
to approximately 1200 feet and main
tenance of pump during test

5. Conduct water quality analysis
including testing

TOTAL

41,000-47,000

141,000

191,000

14,000

$196,000-252,000

2,500.00

7,000.00

10,000.00

2,000.00

$21,500.00

Construction costs are based on estimates given by a local Casper Wyoming
drilling contractor.

Pumping test costs are based on estimates given by a local Wyoming pumping
contractor.

These estimates are based on a well constructed for an approximate yield of
200 to 400 gpm. Increased yields would require an increase in both hole and
casing diameters.



-54-

ESTIMATES OF COMPARATIVE WATER COSTS
Assumptions

Reconnaissance engineering and cost estimates of various alternative deliv
ery systems were prepared. This was done to evaluate this proposal from a

cost standpoint and to provide a basis for comparison with other water
development projects which may be proposed.

For this report, the year 2000 Casper water demand of 20,070 acre-feet per

year was utilized. This water demand as estimated by the firm of Black and
Veatch for the Water Facilities Master Plan has been utilized in other re
ports regarding the Casper future water demands. The amount of water that
would be delivered by a Casper Mountain Deep Well Field Project was derived
from the year 2000 water demand taking into account the yield of the exist
ing City of Casper well field and considering the recently acquired Kendrick
storage water availability.

The City·s existing wells and recharge facilties from the North Platte River
have a peak day capacity of 22 million gallons per day (mgd). Analysis of
Casper·s water diversion and water use records indicates that about 12 mgd
is representative of the sustainable capacity for a six month summer period.

The wells can presently meet all wintertime water needs.

The annual water use of 20,070 acre-feet per year was distributed by month
on the basis of historic water use data for Casper. From this total re

quirement, the monthly diversions from the existing well field were sub
tracted to derive the quantity that might be utilized from the proposed Cas

per Mountain Deep Well Field and from the Kendrick Project water supply in
the year 2000. The existing well field would yield 12,430 acre-feet per

year, leaving a remaining requirement of 7,640 acre-feet per year to meet
from the Casper Mountain Deep Well Field and the Kendrick Project supply.

This requirement is during the six months, May through September.

There are no high capacity wells in the study area upon which to estimate
the probable well capacity that can be obtained. It is necessary to base
assumptions of well capacity upon experience gained in other areas of Wyom
ing with wells in the aquifers involved. Wells in the Madison Limestone
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have varied from small yields to as high as 6,000 gpm. A well ..field devel
opment in northeastern Wyoming for the City of Gillette was able to obtain
wells averaging 650 to 700 gpm utilizing proper well development methods in
a area of fractures similar to the Casper Mountain area. The Casper Forma
tion has supplied water to the City of Laramie for many years. Two wells
north of Laramie have been developed to yield 1,200 and 5,000 gpm respect
ively. For purposes of this report, it appears reasonable to assume that a
deep well field development in the study area could consist of six wells
with a capacity of 500 to 1,000 gpm. To derive the annual use of Kendrick
water and development groundwater, it was assumed that pumping would be from
five wells pumping continously for a six month period to meet the 7,640
acre-feet per year demand. This would provide for maintenance and for one
standby well for emergency purposes. The remaining demand beyond the deep
well field yield would be made up from the Kendrick water supply.

If well yields are 500 gpm in the Casper Mountain Deep Well Field, six
months pumping would yield about 2,030 acre-feet per year. If well yields
are 1,000 gpm, the well field would supply 4,050 acre-feet per year. Use of
Kendrick storage then would be 5,610 acre-feet per year for the 500 gpm per
well system, or 3,590 acre-feet per year for the 1,000 gpm per well system.

Another concept on use of the Casper Mountain Deep Well Field was assumed
for purposes of this report. This second concept is that the Casper Moun
tain Well Field would be pumped 11 months a year at the equivalent capacity
of five wells. A sixth well would be a standby well which would be inter
mittently operated with the other wells. On this basis, 3,700 acre-feet per
year would be pumped if the well capacity is 500 gpm, and 7,400 acre-feet
per year would be pumped if the well capacity is 1,000 gpm per well.

Reconnaissance Engineering
TW9 primary transmission pipeline routes were chosen for initial considera
tion and comparison.

One route, the Casper Mountain Road route follows the existing road right
of-way from the well field to the outskirts of Casper. Three alternate
routes over Casper Mountain were then chosen for comparative purposes. The
other primary transmission pipeline route is west to the North Platte River
where the developed supply would be comingled with North Platte River water
and then .di verted at the Casper treatment faci 1i ty.
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All Casper Mountain transmission pipeline routes would require a repump
station to develop the hydraulic head necessary to get water over the moun

tain, and pressure reduction stations to relieve the high pressures devel
oped on the down gradient of Casper Mountain into Casper. After capital
costs were determined for the alternatives it was determined that only minor
differences existed in the cost of the alternatives; therefore, only the
Casper Mountain Road route was selected for water cost estimations.

The North Platte River route would not require a repump station due to the
elevation differences between the well field and the North Platte River.
This route also follows a road right-of-way and would require a pressure
relief station approximately midway.

Preliminary Engineering
Pipeline profiles and alignment for each route were drawn utilizing U.S.G.S.
7 1/2 minute quad sheets for the area. This technique provided both hori

zontal and vertical distances for the routes. Pipes were then sized by
assuming a maximum fluid velocity of 6 feet per second (fps) for the maximum
delivery rate under each alternate.

Maximum delivery rates were calculated by assuming that of the total of six
wells, five would be pumped at 500 gpm each for one alternative and 1000 gpm
each for the other alternative. The sixth well would be used for standby
purposes. For the two delivery rates of 2500 gpm and 5000 gpm, the pipe
sizes were determined to be 14" and 20" respectively.

Pipe class or pressure limits were determined by selecting pipe which would
be readily available from suppliers, yet still fulfill the requirements for
utility. Pressure relief stations were located by determining the point at
which the difference in elevation of the hydraulic grade line and profile
were at the maximum allowable head for the class of pipe being used.
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Cost Estimation

Materials cost estimates were obtained from suppliers and other recently
estimated project costs of similar size. Installation costs are based upon

current equipment and labor rates.

An allowance of $3,640 per mile of transmission and well field pipeline was
included for the possible need to acquire right-of-way.

Electrical power lines for pumping power were assumed to cost $30,000 per
mile. It was assumed that adequate power could be obtained within an 11
mile radius of the well field.

Although all items and factors in the construction of the pipeline system

could not be estimated at this level of detail, those items which are
significant to the cost of the project have been included within a 15

percent contingency factor.

Engineering, legal and administrative costs were estimated at 15 percent of
the construction cost.

A.summary of the construction costs for each alternative is given in

Table VIII.

Annual costs were estimated to arrive at a unit cost of the developed water.
The following are the items used in arriving at a unit cost of water.

1. Annual repayment of construction cost estimated by using a capital

recovery factor for 8 percent interest over 20 years.

2. Opera~ion, maintenance, and replacement was estimated as 2 percent of
the total capital cost.

3. Pumping power for the wells and repumping station (where needed) was
estimated at $.04/KWH.
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Est imated Co st, Do 11 ars

2500 gpm 5000 gpm
Pipel ine Route Cost Item System System

Casper Mountain Road Wells, pumps, equipment $1,020,000 $1,020,000
Collection system 395,600 484,500
Transmission pipeline 1,988,300 3,061,800
SUBTOTAL 3,403,900 4,566,300

Contingencies (15%) 510,600 684,900

Subtota1 3,914,500 5,251,200

En gr ., Le gal, Ad min. (15%) 587,200 787,700
TOTAL 4,501,700 6,038,900

E1 ectri c Tr ans. System 330,000 330,000

GRAND TOTAL $4,831,700 $6,368,900

North Platte River Wells, pump, equipnent $1,020,000 $1,020,000

Collectio~ system 507,700 697,000

Transmission pipeline 1,878,100 2,939,000

SUBTOTAL 3,405,800 4,656,000

Contingencies (15%) 510,900 698,400

SUBTOTAL 3,916,700 5,354,400

En gr., Le gal, Ad min. (15%) 587,500 803,200
TOTAL 4,504,200 6,159,200

Electric, Trans. System 330,000 330,000

GRAND TOTAL $4,834,200 $6,487,600
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4. Filtration costs for water delivered to Casper via the North Platte

River were estimated at $0.30/1000 gal if the system is operated for an
11 month period and $0.60/1000 gal if operated for a six month period.

There would be no treatment cost other than chlorination for water sent
via the Casper Mountain Road route.

Two pumping durations were utilized in the evaluation of the two alternates
as well as two pumping rates. Table IX lists the alternatives, pumping
rates and durations, and the resulting annual water yields and unit water
cost.

Conclusions
Figure 5 is a graphical presentation of the unit cost of the water developed
by the project under the different alternatives. It is evident that the
water treatment costs associated with using the North Platte River pipeline
route more than offset the pumping costs associated with the Casper Mountain
pipeline route.

The datia show that there is an economy of scale obtained by maximizing the

yield of the project. The cost of the investment in the facilities can be
optimized, in terms of water cost, if the aquifer(s) developed can support a

high yield from high yielding wells or from an increased number of properly
spaced wells. However, the cost of water from the existing Casper well

system is cheaper than the project water would be, and the existing wells
can probably totally supply the year 2000 Casper non-irrigation season water
requirements. Therefore, system optimization would not occur until after
year 2000, or unless the water were shared with or sold to other water

users.

It is concluded, at this level of engineering detail, that the Casper Moun
tain pipeline would provide a more economical water supply for Casper than
the North Platte pipeline alternative.

Although an eleven month per year pumping alternative of up to 7,400 acre
feet per year with 1,000 gpm wells was included in the cost calculations, it
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Total
Pump i ng Pumping Annual
Rate Duration Yield Un it Water Cost

Alternate (gpm) (months) (AF /YR) $/1000 gal $/AF

Casper Mountai n Road 2500 6 2030 1.17 380

2500 11 3700 .76 249
5000 6 4050 .85 277
5000 11 7400 .59 191

North Platte Route 2500 6 1930* 1.66 540

2500 11 3515* .93 304
5000 6 3850* 1.35 439

5000 11 7030* .76 249

*A 5 percent river loss has been applied for water delivered under this
route alternate.
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is doubtful that the well field can be pumped to that annual yield. The
recharge calculations indicate that such a level of pumping would approach
the total groundwater recharge of the study area. A six month per year
operation will meet the Casper summer peak water use period and use 2t OOO to
4 t 100 acre-feet per year from the aquifer system.

The cost of water developed by a Casper Mountain Deep Well Field and
delivered into the Casper water distribution system would be between $0.85
and $1.17 per 1t OOO gallons ($277 to $380 per acre-foot). It must be
emphasized this is the cost of treated water not raw water. This water cost
appears favorable to costs of other sources of water that might be
considered for Casper t such as new Platte River tributary storage projects
or transbasin diversions t based on information available in Wright Water
Engineers' files.
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GEOPHYS ICAl BmEHOLE LOGS IN TI£ STUDY AREA

Well N-.e
11-2 State <IIrel
ProducIng & o.vel
opwent l»rP.

Well loeat Ion
NE/4, SW/4, NE/4, Sec. 2

T. 31N., R. 7911., 1650 FNl,
1650 FEl

Field Oate

10/1/60

Total
Elevation Depth

5756 620

Log Formation Tops
o - 112 water sand

112 - 300 shale
300 - 518 Mlwry shale
518 ~ 592 Muddy sandstone

592 - 620 shale

Remarks
Rugged and abandoned. Water sand 300-408
No Indication of quantity.

Log
Spontaneous potential
RBslstlvlty
ConductivIty

'2-2 state <IIrel
ProducIng & [)eyel
opnent tbrp.

11-£ state
The TelCas tbmpany

SW/4, SW/4, Sec. 2

T.31N., R.7811.

SW/4, SW/4, NE/4, Sec. 2
T.31N., R.79W., 2334 FNl,
1001.4 FEl

1114/60 616O? 320 o - 262 sand? Spontaneous potential
Not ad- 262 - 320 shale? Raslstlvlty
dressed tbnductlvlty

8/25/55 7928 1870 o - 13 surface (Tilled using cable tool by W. Weaver, Cas- QlIIIIl8 ray
13- 640 Chugwater per, WyOlllI ng. No I nd Icatlon of oil, gas, or teutron

640- 708 Din woody water, plugged and abandoned.

708 - 1058 Atosphorla

1056 - 1604 Tensleep
(Casper FM)

1604 - 1870 Madison

K8lIlOn AEtd O"eek

'2, 'by Farrell

Well tb. 1
Mlracle-FI fer
OIIvls

SE/4, NE/4, Sec. 16,

T.31N., R.8Of., 2065
FNl, 510 FEl

Nf/4, SW/4, Sec. 35,
T.31N., R.8Of., 2310 FSl,
730 FWl

12/4/66

9/2/78

5737

6415

2769

2004

o - 780
780 - 1160

1160 - 1575
1575 - 2400
2400 - 2610
2610 - 2769

100 - 600
600 - 400'
400 - 670
670 - 806
606 - 825
825 - 1406

1406 - 1475
1475 - 1760
1780 - 2004

?
05kota
Sundance
Alcova
Phosphoria
Tens I eep

Lakota
Mlrrlson
Sundance
Chugwater-Je 1m

Alcova
Chugwater-Redpeak
Dlnwoody
Atosphorla
Tens I eep

~Iglnall y dr Illed to 1140, later deepened
to 2769.

QlIlIll8 ray
Spontaneous potential
Raslstlvlty
tbnductl v Ity



GEOPHYS ICAl amEHOlE lOGS I N THE STOOY AREA

WeI I Neme
18-1 RIssler Burton

Hawks, Inc.

Wei I locatIon
SW!4, tIf!4, sec. 8,
T.31N., R.81W., .1978 FNl,
657 FWl

FIeld Date
Blltes Q-eek 7/4/75

Total
ElevatIon Depth

53701 2229
log FormatIon Tops

793 - 1723 FrontIer

1723 - 1967 Mowry
1967 - 2055 Muddy
2055 - 2229 Thermopolis

Relllarks
lib IndicatIon of 011 or gas.

well.

left as water
log

KleIn state 11
True & Brown
Producers

She I I Federal 11
Salll8dln 01 I Q)rp.

tIf!4, SE!4, sec. 8, Bates Q-eek 9/29!54 5380
T.31N., R.81W., 1980 FSl,
1980 FEl

tIf!4, tIf!4, sec. 20, Bates Q-eek 12/10!69 5418
T.31N.. R.81W., 662 FNl,
661 FWl

39451 507- 640 1st Wa II Q-eek

640 - 1170 2nd Wall Q-eek

1170 - 1195 stray sand

1195 - 1660 1
1660 - 1765 Muddy

1765 - 1840 Qilkota
1840 - 2440 lakota
2440 - 3263 Jelm

3263 - 3945 Embar

3945 - Tensleep

5034 3182 - 3404 tarille

3404 - 4306 Frontier
4306 - 4554 Mo.... y

4554 - 4652 Muddy
4652 - 4721 Qilkota

4721 - 5034 lakota

5034 - Morrison

133-1 ThOlMS

HlInble 01 I
tIf!4, tIf!4, sec. 33

T.31N., R.81W., 660 FNl,
450 FWl

Bates Q-eek 7/27/62 5506.9 4529 1525 - 1690

1690 - 1790
1790 - 2040

2325 - 2450
2450 - 2700
2700 - 2750
2750 - 3680

3580 -

Qilkota
lakota
Sundance

Nugget
Chugwater
Alcova
Red Peak Mbr. (Chugwater)
Embar



GEOflHYS ICAl B~EHOlE lOGS IN THE STUDY AREA

Total

Well Name Well location Field Date Elevation Depth log Format Ion Tops Remarks log
Govt. No. 1 Mul e SE/4, ~/4, Sec. 33, 7/5/62 5479 4219 180 - 1312 Frontier

Creek 01 1 (b. T.31N., R.81W., 1570 FNl, 1312 - 1547 M:>wry

1700 fWl 1547 - 1660 Muddy
1660 - 1812 Oskota

1812 - 2055 M:>rrlson

2055 - 2344 Sundance
2344 - 2545 Qlugwater

2545 - 3310 Alcova
3310 - 3436 Din wood y
3436 - 4004 Rlosphorla

4004 - Tensleep

'1 Fed.,.a I -£Me ~/4, SE/4, Sec. 29, 1/8n9 4373 800 - 1085 3rd Frontier

Trend Resources ltd. T.3IN., R.81W., 1985 FSl, 1085 - 1340 4th Frontier
1823 FEl 1340 - 1775 ""wry

1775 - 1850 Lakota

1850 - 2100 ""rrlson
2100 - 2275 Sundance

2275 - 2390 Nugget

2390 - 2580 Canyon Springs

2580 - 3260 AI cova (Chugwater )

3260 - 3350 01 nwoody

3350 - 3725 Phosphoria

3725 - 4330 Tensleep
4330 Madison

" stuckenhoff ~/4, SE/4, Sec. 13, 5508 2377 332 - 1203 ' Frontier

Dean CI ausen T. 32N., R. 7811., 2130 FSl, 1203 - 1427 M:>wry
1980 FEl 1427 - 1555 Muddy

1555 - 1631 Oskota
1631 - 1781 lakota

1781 - 1997 "",-rlson
1997 - 2351 Sundance

2351 - 2377 Alcove



GEOf'HYS ICAL BCREHOLE lOGS IN THE STWY AREA

Well Name
tb. I State

R. Q-ahanl O\er..y VI

\u,r~;; .r

tb. I Q)vt. Ibn I ey

JO. 12, I State

Wei I Location
SW/4, NE/4, Sec. 16,

T.32N., R.78f., 2130 FSL,
1980 FEL

SW/4, ttf/4, Sec. 7,

T.32M., R.78/f.

ttf/4, ttf/4, Sec. 12,

T.32M., R.78/f.

Field Date

1118/55

9/6/58

Total
Elevation Depth

5404 1269

6707

5403

log Formation Tops

To - 423 Embar

423 - 870 Tensleep
870 - 1046 Mad I son

1046 - 1257 Deadwood
1257 - 1269 Q-an I te

1941

2520

Remarks
Important water sands 423-660

1046-1260

log

SP, Ieslstlvlty,

GBIIIll8 A!ly, teutron

SP, Ieslstlvlty,
())nductlvlty

Well tb. 1 Sta..

Be.. all Co.

SW/4, SW/4, Sec. 2, Bessemer

T. 32M., R.81W., 600 FS L, Bend

150 FWL

6/1919 to

6/1921

Water sands letter to State GaoIog I st : John G. Ma.. zen ,
712/2 7: "The we II at Bessemer Bend was

located by another party, howver, and I
cannot see where they can even find 0" there

for they have mistaken a mountain fault and
upll tt for a dome or anticline." Fran Frank
Taylor, 011 & Gas Inspector.

letter to State Geologist: John G. Marzen,
11/10/27: "Wei I located on plunging nose of

Qlsper ~unta in upl I ft owners of the big
spring wre fearful that the wll might
demage the water f low and secured an

Injunction from the courts, restraining the

dr 1111 ng of the well."

Water sands: 2220 - 2380
2450 ~ 2461

2500 - 2580

light sand
white sand
dar k sand - best
producer

[)-llled using 8 Cable Tool Rig



GEOPHYS ICAl BCREHOlE lOGS IN THE STOOY AREA

Well N..

Kramer '1
AI pine 0" II ling (b.

Well location

C/SW/4, */4, sec. 7
T.32N., R.81W., 1980 FNl,
660 FWl

Field
Iron O"eek

Date

6/16/69

Total
Elevation Depth

5428 2160
log Forlll8t Ion Tops

586 - 1461 Frontier
1461 - 1720 Mowry
1720 - 1738 Muddy?

1738 - 1748 Muddy
1748 - 1832 Skull O"eek
1832 - 1910 D!lkota

1910 - 2011 lakota
2011 - Morr I son

Remarks Log
Sel f potent I al ,

Resistivity, (bnductlvlty,
Qlnma Ray, Time

GoYt. Sprague No. 1
Texas (bmpany

SW/4, NE/4, sec. 8,
T.32N., R.81W., 1976 FNL,
1986 FEl

Bessemer
Bend

4/18/57 5447 3818 877 - 1145
1145 - 1243
1243 - 1315
1315 - 1387
1387 - 1667
1667 - 1995
1995 - 2094
2094 - 2747
2747 - 3093
3093 - 3560
3560 - 3818

~... y

Muddy
D!lkota
lakota
~rrlson

Sundance
Chugwater
Alcova
Qx)se Egg

Tensleep
Madison

(bre of Tensleep: 3096-3134 - Sandstone 
white - black stain, very fine grained to
medllJll grained, predOllllnantl y fine grained,
subrounded to rounded, fair sorting, clean,
fr lable, very calcareous cemented, black 011

sta In, no fl uorescence until cut, odor,
taste, ring, good porosity and permeabl "ty,
probab I y wet.



GEOPHYS ICAL BffiEHOLE LOGS IN THE STlDY AREA

W.II ....
Goose Egg GoYt. '1
Mississippi River
Fue I & Qls {btnpany

Wei I Location
SE/4, SE/4, Sec. 9,
T.:52N., R.81W., 1025 FSL,
882 FEL

Field Date
10/6/55

Total
Elevation Depth

5397 2791
Log Formation Tops

To - 518 Lakota

518 - 1105 ~rrlson

1105 - 1528 Sundance

1528 - 1690 tokIgget

1690 - 1712 Alcova

1712 - 2355 o,ugwater

2355 - 2427 DI nwoody

2427 - 2767 Alosphor la

2767 - 2791 Tensleep

R-.arks
Sandstone, whl18, very fine grained to medlUlll
grained, angular to subrounded with frosted
grains, very conglCllllerat Ic toward base.
Sha Ie, gray-green, waxy, wi th SOllIe Interbed
ded, with light brown, very fine grained
silty, calcareous sandstone toward base.
Shale, glauconitic and siltstone, Interbed

ded, with light brown, very fine grained
silty, calcareous sandstone toward base.
Sandstone, white, very fine grained to coarse
grained, good porosity and permeability.
Limestone, plnk-buff, dense
Siltstone and shale, reddlsh-orange, Inter
bedded, with anhydrite and gray limestone.
Siltstones and shale, reddlsh-orange, with
anhydrl te and gray limestone.
[blClllllte, buff-brown, dense, Interbedded

silty shale, reddish, with white to buff.
Sandstone, wh Ite, very fine-grained to
flne-gralned, good porosity and Permeability,
tract of black tarry oil, wet.;

Water sands: 0 - 518
1105 -1528
1528 -1690
2767 -2791

Log



GEOPHYS ICAl B~EHOlE lOGS IN THE STOOY AREA

Well NaIIle
Q:wt. No. 1
LI b.-ty Petroletlll
Q)rP.

Well location

NE/4, SE/4, NW/4, Sec. 15
T.}2N., R.81W., 1629 FNl,
2195 FWl

Field
Total

Elevation Depth

52}6 """'252
log Format Ion Tops

To - 10

10 - 40

40 - 50

50 - 80

80 - 96

96 - 130
130 - 160

160 - 175

175 - 250

Remarks

Shale, red to maroon, gypsum anhydrite,
coarse quartz grains
Q-avel - coarse quartz pebbles, limestone

pebbles, limestone pebbles, chert fragments,
unconsolidated
sand-coarse, subrounded to rounded, glassy to

frosty, coarse quartz pebbles, unconsolidated
Quartz pebbles, coarse sand, limestone peb
bles

Q-avel, very coarse grained, var Igated, col
ored quartz, limestone pebbles, conglanerate

limestone - cream - buff, finely crystalline
Siltstone - brick red, shale, calcareous, an
hydrite Inclusions
Siltstone, grading frOlll red to pale green
Sandstone, fine to medium grained, subangular

to subrounded, glassy, very slightly calca
reous to noncalcareous, very porous, soft to
quite friable, water wet, artesian flow

N:lte In file: "Well tapped Tensleep at 175

feet, hit weter at 210 feet - artesian

flow."

"Flow of weter was tremendous, no shallow
sur face pi pe, f low washed out mud pits, cut
rapidly Into surface and within} 1/2 hours

toppled over the rig."

"Flow weshed to a depth of 15 feet over an

area approx lmatel y 20 by 50 feet, f low trem
endous, cut to Speas Rench carrying consid
erable silt and drained Into river."

log



GEOPHYS ICAl BCREHOLE LOGS IN THE STOOY AREA

Well N..

12 (bvt.
Mississippi River
Fuel (brP.

Well Location
SE/4, SW/4, SE/4, See. 13

T.32N., R. 81W., 330 FSl.
1520 FEL

Field Date
Total

Elevation Depth
5404(RB) 1269

Log Format Ion Tops
To - 255 M)wry

255 - 388 Muddy
388 - 457 Dlleota
457 - 505 La leota
505 - 544 M:>rr I son

Remarks
Important water sand - 457-505

Log

123-1 (byt.
Lysite Vent..-e Inc.

Well lib. 1 (byt.
Lys I te Ventlres Inc.

We II lib. 1 Govt.
Fr ank A. M) rgan , .....

M)hawk Well

*/4, NE/4. See. 23,
T.33N., R.81W., 330 FNl,
1650 FEl

*/4. */4, SE/4, See. 24.
T.33N., R.81W •• 2440 FSL,
2440 FEL

*/4, */4, SW/4, See. 32,
T. 33N., R. 81W., 2385 FSL,
330 FWL

NE/4, NE/4
See. 36. T.33N., R.81W.

5880

5550

5420

544 230 - 350 La leota 0"111 stem test - 2024-2051

350 - 455 M:>rr I son

455 - 920 Sundance
920 - 1560 Alcova

1560 - 1630 Dlnwoody
1630 - 1930 Phosphor la
1930 - 2255 Tensleep

2255 Amsden

2232 160 - 300 Dlleota

300 - 895 M:>rrlson

895 - 1530 Alcova
1530 - 1610 DI nwoody

1610 - 1953 Phosphoria

1953 - 2232 Tensleep

2232 - ""sden

3040 1705 - 2822 Frontier

2822 - 2835 M:>wry

2835 - 2860 Muddy

2860 - 2942
2942 - 3040 Dlleota

Letter - 1950 does not state that a well was
ever completed at this site.
Permit N:>. 76 water wells.



APPENDIX B
PERMITTED WELLS



Permitted Wei Is

Static Perforated Estimated lithological
PI" lorlty Tota I DBpth Water levels Yield Zone logs

Permit No. location Aqul fer Date (ft. ) (ft. ) (gpm) (ft.) (ft. ) Remarks

15309 SE/4, SW/4, sec. 8 Precambr Ian 1972 46 20 5 16 - 46 0-1 topsoil Punpl ng test 5 gPII, hand

T.32N., R. 7gf. Me tamorph I cs 1 - 25 granite shale PlJllP 8 hOlrs drawdo'ln - 26 feet.

43964 SW/4, SW/4, sec. 10 Mad I son 1979 160 137 5 140 - 160 o - 14 overburden Fractures encountered between
T. 32N., R. 7gf. limestone 15 - 45 weathered gran Ite 155 and 158 feet. First

45 -150 limestone with water bearing formation at
quartzite seams 155 feet.

2444 Ntf/4, Section 16, Pl"ecambr Ian 1967(1) 50 41 12 37 - 47 0-2 topsoil PlInpl ng test 12 gpm. Static
T. 32N., R. 7gf. Metamorphlcs 2 - 28 yellow clay with water level 41 feet. Two

rock hour test, dra.oown 30 feet?
28 - 40 hard rock

40 - 50 hard rock wi th
water

2543 SW/4, SW/4, Sec. 16 Precambr Ian 1969 130 40 20 o - 127 o - 96 granite EXtremely hard drilling.
T. 32N., R. 7gf. Metamorphlcs 98 -130 schist FlJmplng test - 20 gpm, 2 hOlrs

static level 40 feet, drawdo'ln

86 feet.

26830 SW/4, NII/4, sec. 16 Precambr I an 1914 130 63 80 90 o - 50 yellow sandstone Punplng test 1 gpm, 3 hours,
R. 32. N., R. 7gf. Metamorph I cs 112-120 50 - 85 black conglanerate drawdo'ln 57 feet

85 - 90 green schist
90 -130 black cong 10000erate

32225 SE/4, NE/4, sec. 17 Precambr Ian 1976 69 21 25 o - 18.5 o - 69 solid red granite tb testing
T. 32N., R. 7gf • Metamorph I cs

14866 NE/4, SEl4 sec. 17 Precambraln 1940 90 90 2 80 - 90 o - 90 hard rock FlJmpl ng test - 2 gpm. Water
T.32N., R.7gf. Metamorphlcs bearing zone - slrface spring.



Permitted Wells

«hnt Inued)

Static Perforated estimated LI thologlcal
A-Iorlty Tota I l»pth water Levels YleJd Zone Logs

Permit No. location Aquifer Date (ft. ) (ft. ) (gpm) (ft. ) (ft.) Remarks

52507 NE/4, SE 114 Sec. 17 A-ecambr Ian 198U1) 64 20 5 20 - 60 o - 33 sand and rock

T. 32N., R. 7911. Matamorph I cs

42367 911/4, "'/4, Sec. 18 A-ecambrlan U1known 155 55 5 110 - 155 o - 2 black 5011 AJmplng test 2 hOlrs, 5
T.32N., R.79111. Matamor ph Ics 2 - 15 decanpased gran I te gpm, 60 feet of drawdown

15 - 20 yellow clay

20 - 45 rock
45 - 47 gray clay
47 -147 rock

148 -150 sand
150 -155 rock

11187 SE/4, hW/4, See. 18 A-ecambraln 1971 140 80 10 130 - 140 o -101 red sandstone Q-avel packed frOlll 101 to
T. 32N., R. 7911. Matamorphles 101 -140 copper green sand 140. PUmping test-20 gpm +

12 hours-no drawdown

38470 SE/4, hW/4, See. 18 A-ecambr Ian 1978(1) 50 4 2 30- 50 o - 8 black dirt ~ PUllp I ng test, waer qua-
T. 32N., R. 7911. Matamorph I cs 8 - 14 decanpased granite Iity Information lab t<b.

15 - 20 shale 24145, sodium 3 1lIQ/1,

20 - 50 gran lte Caco
3

164 mgll
potass 11ft 1 mgll, ca I e hili 26
mgll, magnesium 24 mgll,
sulfate 4 mgll, chloride 6
mgll, bicarbonate 193, lOS

159 mgll, N'Cl 137, and pH

7.6



Permitted Wells
Ubntlnued)

Per"lIt No. Location

fr lorlty
Date

Static
Total Oapth Water Levels

Ut.) Ut.)
Yield
(gpm)

Perforafed
Zone

(ft.)

Estimated LI thologlcal
Logs
Ut. ) Remarks

48492

38158

48039

SW/4, SE/4 Sec. 18
T. 32M., R. 791.

SE/4, SE/4, Sac. 18
T.32M., R. 7911.

SE/4, SE/4, Sec. 18
T. 32M., R. 791.

freellll'lbrlan
Metamorphlcs

freellll'lbrlan
Metllll'lorphics

freellll'lbr Ian
Metamorphlcs

1978

1978

1979

60

155

155

30

105

130

5

9

20

40 - 60

130 - 155

130 - 155

o - 8 topsoil
9 - 49 sand and rock

50 - 60 rock

o - 12 dee<Jllposed gran It.
12 - 30 mica
30 -100 yellow black rock

100 -150 rock
150 -153 sand
153 -155 rock

o - 6 dirt and rock
6 -121 rock and limestone

121 -130 rock and hard
granite

130 -155 large rock, sand
and gravel

Wat.. quality, lab M:l. 28367
(All meesur_ents are In mg/l

H!lrdnes Cec0
3

105 mg/I. )
SodIUlll 7, potassium 0, calcium
32, magnesiUM 6, sulfate 4,
chloride 4, bicarbonate 134,
TOS 119, reCl 92, pH 7.8,

Punplng test - 30 gpm, 16 hours,
2 feet of dralildown, water qual
Ity analysis: (all meesurements
In mg/l). TOS 178, sodiUM 3,
potassium 2, calcium 35, mag
nesium 20, sulfate I, chloride
6, carbonate 0, bicarbonate
205, conductivity 270, pH 7.8,

hardness Ceco
3

168, nitrate

O.



~rmltted WeI Is
( <bntlnued)

StatIc ~rforated estImated LIthologIcal
PrIorIty Total DJpth Water Levels YIeld Zone Logs

PermIt No. LocatIon Aqul fer Date (ft. ) (ft.) (gpm) (ft. ) (ft.) Remarks

49902 5E/4, 5W/4, See. 18 Precambr Ian 1980 43 26 8 23 - 43

T. 32M., R. 79W. Matamorphlcs

38315 5E/4, NE/4, See. 21 Casper 1979 300 290 4 220 - 300 o - 40 loose sandstone Fracture - 220-300. AJmplng
T.32N., R.79/11. FormatIon 40 - 300 hard sandstone test - well runs dry after 2

mIn. 7 days to recover to 8
gallons.

2542 SE/4, N1f/4, Sec. 21 Mad I son 1969(1) 95 70 84 42 - 84 o - 70 sur face debr I s
T. 32M., R. 79/11. LImestone 70 - 95 sandstone

3992 NE/4, SW/4, Sec. 21 OIlsper 1969(1) 46 20 40 28 - 46 o - 3 topsoIl Punplng test - 40 gpm - 1 hour
T. 32M., R. 79W. FormatIon 3 - 24 pInk shale - water qualIty analysIs (all

24 - 31 gray shale measurements In mg/I, sod 111II

31 - 44 gray sand 160, potasslllll 6, calclllll 126,
44 - 46 shale magnesl um 50, suI fate 476,

chlorIde ~, bIcarbonate 451,
TOS 1048-

6127 NE/4, 5W/4, Sec. 21 Casper 1970 81 30 50- 80 o - 40 lIght brown gray- Punplng test 40 gpm - 15 mIn.,
T.32.N., R. 79/11. FormatIon Ish shale 40 feet of drawdown. Water

40 - 60 pInk shale qualIty measurements In mg/I -

50- 75 hard rock Sod hili 31, potasslllll 2, calclllll

75 - 80 red shale 74, magnesIum 19, sulfate 13,

80 - 81 hard granIte chlorIde 6, carbonate O. blca-

bonate 378, TOS 331, tee 1 256.
pH 8, hardness 26~



Permitted Wei Is
«hntlnued)

Static Perforated Estimated LI thologlcal
A-Iorlty Total Depth water Levels Yield Zone logs

Per.lt No. location Aqul fer Date (ft. ) (ft. ) (gpm) (ft. ) (ft.) Remarks

6425 NE/4, 5W/4, Sec. 21 Otspw 1972 42 20 10 30- 42 o - 2 slrface loam Punpl ng test-10 gPlft, 3 holrs,
T. 32N., R. 791f. formation 2 - 25 gray clay, sOIfte 15 feet of drawown

gravel

25 - 30 clay sand and

gravel

30 - 38 wh I te sand and

gravel

38 - 42 sand, clay and
dolanlte

6426 NE/4, 5'114, Sec. 21 Otsper 1972 72 17 10 45 - 72 o - 2 slrface loam Punplng test-14 gPlft, 6 hours 30
T. 32N., R. 791f. Fonllatlon 2 - 25 gray cl ay wi th feet of drawdown.

sane gravel

25 - 45 clay, sand and
gravel

45 - 55 whl te sand some
clay

55 - 65 fine whl te sand

65 - 72 sand, clay and

6457 NE/4, 5W/4. Sec. 21 Otsper formation 1970 45 15 10 ltlknown o - 15 yellow clay and Punped at 10 gPlft for 1 holr,
T. 32N., R. 791f. slrface drawown WlknOwn.

15 - 25 yellow clay and
COlrse sand

25 - 45 coarse yellow

sand



Permitted Wells
(Chntlnued)

Static Perforated Estimated LI thologlcal
PI" lorlty Total Ilitpth Water levels Yield Zone Logs

Permit No. location Aqul fer Date (ft. ) (ft. ) (gpm) (ft. ) (ft.) Remarks

3317 NJI/4, SE/4, Sec. 22 Ills!*, 1969 575 435 6 515 - 575 o - II 0 sand stone Tested 6 gpn for one henr,

T. 32N., R. 7911. formation 110 - 115 red siltstone dra.to.. 50 feet, water
115 - 575 tan sandstone quality InformatIon, (mg/I)

wi th limestone hardness 237, TDS 190, sui fate
layers 8.2, nitrate O.

26185 NJI/4, SE/4, Sec. 22 Ills!*, 1974 580 500 1.2 540 - 580 o - 350 Tensleep Sand- Tested 7 gallons p.. hour for 5
T. 32N., R. 7911. formation stone hours, dra.to.. W'lkno...

350 - 540 Ansden Lime-
stone

540 - 580 Mad I son Limestone

38043 NE/4, NJI/4, Sec. 18 lakota 5/17/771 105 49 500 80 - 105 o - 15 red silty clay Water bearing formation 49-105
Nail Well T.31N., R.8Of. formation )

15 - 49 black stick shales feet. F\II11pl ng test - 450 gpn
to. 3 49 - 105 sand & gravel with 75 feet of drawdown after

105 - blue shale 15 hours, after 9 hairS, 500 gpn
with 80 feet of drawdown

36222 NE/4, NE/4, Sec. 18 lakota 7/2n5 105 31 900 65 - 105 o - 6 sandy loam Water bearing formations 30....0,
Na II Well T.3IN., R.8Of., 1180 formation 6 - 30 heavy clay 63-105- to pumpI ng test I n for-
I-I 1180 FNl, 120 FEl 30- 40 fine sand matlon available. 9"avel packed

40 - 69 coarse sand and cemented. PUmp sett Ing 87
& gravel feet.

69 - 74 clay w/Salle
rock

74 - 107 coar 58 sand
& gravel



Perlllitted Wells
( <hntlnued)

Pemlt No. location Aqul fer

A-Iorlty

Date

Total 09pth

(ft. )

Static
water levels

(ft. )

Yield
(gpm)

Perforated
Zone

(ft.)

Est IIIIated 1I thoI og Ical

logs
(ft. ) Rellllll"ks

J8042

Nail *11
tC. 2

NE/4, NW/4, Sec. 18

T. JIN., R.8Of.
lakota
Fomatlon

4/29/14 105 27 1250 80 - 105 o 
27 

36 -

105

69 
74 -

27 clay

36 sand and gravel
105 sand, gravel

and boulders

bit» shale

74 clay w/SOllle rock
107 coarse sand and

gravel

water bearing formations 36-105,

Johnson wei I screen 100 slot,
from 80-105' well Is also gravel
pac Iced. PlJlllP setting 98 feet.

Punp I ng test by OEPAD - C & S
Irrigation, casper, WyOltllng,
1250 glllll with 80 f_t of draw

dolll'l after 10 hour s. Water

quality - available.

9775
Hustance

tC. I

SE/4, NE/4, Sec. 14

T. J IN., Re 81f. ,
1920 FN l, 1J20 FNl

lakota
Forlll8tlon( ?)

8/6/11 105 36 1000 44 - 105 o - 4 top soli
4 - 15 sand, sandstone,

and clay

15 - 37 fine sand
37 - 105 IIIedlum to large

Qravel

Water bearing formations 37-105
AJlllpl ng test by RIt I zenste I n
[}-llllng, Torrington, WY, 1045

gpm wi th 14 feet of drawdolll'l

after 24 hours, 2000 gpm with 22
feet of drawdown after 24 hours.

48215 SE/4, SE/4, Sec. 16,
16-1 T.31N., Re81W.,
Scott Tob In 662 FS l, 654 FEl

lakota
ForIll8t Ion

1789 Flowing 20 o - 10 surface clay
10 - 100 sand wi th slllall

gravel

100 - 440 shale?
440 - 560 I st Front Ier

560 -1116 2nd Frontier
1116 -1350 4th frontier

1350 -1588 Mowry

I588 - I6 11 Mudd Y
161 I -1766 Skull ~eek (DItkota

Siltstone)

1766 -1789 llIkota

Water bear I ng forlll8t Ions at 455,
1766-1789. N:> pumpl ng test In
fOrlll8t Ion.



Permitted Wells
«(bntlnued)

Static Perforated Estimated LI thologlcal
A-Ior Ity Total Dapth Water levels Yield Zone Logs

Perllllt No. Location Aqul fer Date (ft. ) (ft.) (gpm) (ft. ) (ft. ) Remerks

10365 SE/4, ,.,/4, Sec. 11 Lakota 10122n1 105.5 35 1529 35 - 105 o - 2 top soli Water bear I ng fOr'lllllt Ions 35-105.5

T.31N., R.81W., Formatlon( 1) 2 - 35 sand and cl ay Almplng test at 2500 gpm wi th

No 82·14'W. 3611.4' 35 -1055 sand and gravel 16. 5 feet of drawdown after 24

hours.

48213 */4, ,.,/4, Sec. 23 Lakota 4/23n9 2155 Flowing 10 2135-2155 o - 10 sandy top soil Water bear I ng fOr'llllltlon - Lakota

T.31N., R.81W., Formation 101-1100 surface deposit 1)-IIIers report status that es-

660 FNL, 773 FWL 1001- 793 shale sent Ia" y no flu I ds were recov-
793 -1701 Frontier ered from Frontier and ~ddy.

1946 -2052 Muddy ~slng from ground level to 124
2052 -2135 Qs kota slit feet.
2135 -2155 lakota

52 lilt NE/4, SW/4, Sec. 11 ~pser 7/9/36 te. 1 116 2 900 87 - 114 te. 1 --- 0 - 2 soil "so much water had dl fflcult

Six te. T. 32N., R. 7811. , Formetlon te. 2 40 1 2 - 35 sandy muck bailing te. 1, so drove pi pe In

Well 2170 FWL, 1630 FSL Qskota 35 - 87 shale te. 2 and used sand Pl.lllP Inside
Formatlon( 1) 87 - 114 Qskota sandstone casing at 2-35 feet"

114 - 116 Shal e
"an abllldance of fresh, soft

te. 2 --- 0 - 2 soil water from 87 to 114 feet."

2 - 40 sandy muck
Two wi Is and a sump wre
developed as one unit.

12002 NE/4, SE/4, Sec. 15 1958 804 100 150 lhknown te Informetlon

Glynn te. T.32N., R.81W.,
1826 FS L, 500 FEL



Perml tted Wells
(O:mtlnued)

Static Perforated estimated Lithological
A-Iorlty Total Dtpth water Level s Yield lone Logs

Permit No. Location Aqul fer Date (ft. ) (ft.) (gpm) (ft. ) (ft. ) R8IlI8rks

14188 NE/4, 5E/4, Sec. 15 Q)ose Egg 6/2/72 700 150 10-20 650 - 700 o - 500 top so II ? Water bear I ng fo"""tlon - Q)ose
Allen tb. T.32N., R.81". Forllll!ltion 500 - 650 red shale Eg g Format Ion. Water Is high In

650 - 700 water sand minerai sulfates (anhydrltls).
very hard, corrosive but
potable.

Well PtJIlped for 2 hours at 10-20
~ gpm - dra.oown - Inslgnl flcant

water quality - available.

42445 NE/4, 5E/4, Sec. 15 6/18/79 312 219 9 252 - 272 tb Information
Ross tb. T.32N., R.81". 292 - 312

26911 Nail 5E/4, Nf/4, Sec. 27 D!llota 5/6/74 1340 Flowing 5 415 - 500 o - 200 ~nry shale water bear I ng fOrllll!lt I on - D!lkota
h-teslan T.32N., R. 81". Forllll!ltion 200 - 300 Muddy sandstone FI owl ng at 5 gpm.
tb. 1 300 - 400 Thermopolis shale

400 - 540 Cloverly (Dekota)
540 - 720 ~rr I son
720 - 840 faul ted zone
840 -1340 Sundance

30916 5W/4, SW/4, Sec. 5 11/9/75? 340 43 13 330 - 340 o - 60 sandstone water bear I ng formation - sand
Pig tb. T. 33N., R. 80f • , 60 - 290 shal e (stone?) pump tested - 13 gpn

325 F5L, 210 AfL 290 - 340 sand with 12 feet of dra.oown after

3 hours.



Permitted Wells
(O::lnt Inued)

Permit No. Location

Priority

Date

Static

Total DBpth Weter Levels
(ft.) (ft.)

Yield
(gpm)

Perforated

Zone

(ft.)

Estimated Lithological

Logs
(ft. ) R8Illarks

'5130
Mets tb.

NE/4, SW/4, See. 5
T.'3M., R.D.

10/18nn 440 Flowing? 400 - 440 o - 25 surface
25 - 80 gray shale
80 - 180 gray shale wI

bentonite
180 - 195 gray shale
195 - 210 bentonite

210 - '00 gray shale
'00 - 400 dark gray shale
400 - 430 gray and white

sandstone

430 - 440 shal e

Water bear 109 formation - 400-430
tb test data.

'4878
Fay tb.

*14, SW/4, See. 5
T. '3M., R. 8()f ., N06·
'2'E 294 frOlll S 1/16
corner

12129n8 400 2 10 360 - 400 o - 25 sur face Water bear 109 format Ions 270-'00,
25 - 80 gray s II tstone '70-400. f\tmp tested at 19 gpm
80 - 110 gray shale with 220 feet of drawdown after

110 - 180 black shale hour and 260 feet of dra-.down

180 - 200 gray silty shale after' hours.
200 - 210 gray & black shale
210 - 270 gray silty shale
270 - 300 white & black

sandstone

'00 - '10 gray sandstone
tight

'10 - '70 black shale

'70 - 400 soft gray & white
sandstone



PermItted WeI Is
(Chntlnued)

Penlllt No. LocatIon AquIfer

26252 SE/4. SE/4. Sec. 6 Dlkota

GIno ~. T.3-"'•• R.8Of. Fonllatlon

27098 NE/4. SE/4. Sec. 6
T.3-"'•• R.D.

Pr lorlty
Date

4/1/74

6/25/74

Total D9pth
(ft. )

500

385

StatIc
Water levels

(ft. )

Flowing

25

Yield
(gpm)

25

7

Perforated

Zone
(ft. )

420 - 480

352 - 376

estImated LI thoI og leal
Logs
(ft.)

Dlkota sand

o - 33 surface sol I &
sandstone

33 - 80 gray shale

80 - 180 gray shale w/
str I ngers of
sticky shale

180 - 195 gray shale
195 - 198 sal t & pepper

sandstone

196 - 278 gray shale

278 - 282 sa It & pepper
sandstone

282 - 290 gray shale.
str Ingers ben
tonite

290 - 352 dark gray shale

352 - 376 sandstone soft.
gray. white

376 - 385 dark gray shale

Remarks

P\lnp tested at 600 gP'l wi th 88

feet of dra\llldown after 1 hour.

water quality available.

Water bearIng zones - 195-198. 1

gP'l' 278-282. 4 gP'l' 352-276, 5
gpm. Punp tested at 7 gP'l with

210 feet of drawdown after 2 1/2
hours. Water quality available.



Permitted Wei Is
«bntlnued)

Static Perforated Estimated 1I tho log leal
A-Iorlty Total Dapth Water Level s Yield Zone Logs

Pe",lt No. Location Aquifer Date (ft.) (ft. ) (gpm) (ft. ) (ft. ) Remarks

36080 SE/4, SE/4, Sec. 6 2/22/78 388 365 5 365 - 388 o - 65 sandstone ~ test Information.
Baures T. 3~., R.D. 65 - 185 gray shale Water prod~lng zone 365-388

~. I 330 FS L, 1100 FEL 185 - 195 gray shale & Irteslan flow approximates 1/4
mud(stone?) gpm.

195 - 199 black & white
sandstone

199 - 271 gray shale
271 - 280 black & white

sandstone
280 - 365 gray shale
365 - 388 black & white

sandstone

34129 NE/4, NE/4, Sec. 7 9/13/76 1300 Flowing 25 500 - 1300 tblog First water bearing formation -
McConnel I T. 33N., R. 8Of •• (500 gpm open hole 375- Water bear Ing formation

~. I 330 feet frOlll east punped) 500-1300. Us I ng wat.. fran th I s
corner of NE/4 well since 7/21/5~

8291 NE/4, SW/4, NE/4 Frontier 3/3171 320 Flowing 141 - 320 o - 13 clay Water bear I ng format Ion 290-380

BB ~. Sec. 8. T. 33M., R. 80t • Formation open hole 13- 17 sand - water

17 - 19 shale
19 - 134 sandston.-water

134 - 290 shal e
290 - 320 sandston.-Frontler



Permitted Wells
( (bntlnued)

Static Perforated Estimated LI thologlcal
A" lor Ity Total Dtpth water levels Yield 1Dne logs

Permit No. location Aqul fer Date (ft. ) (f1". ) (gpm) (ft. ) (ft. ) R..,.ks

28100 NE/4, ..,/4, Sec. 8 10/17/74 600 Flowing 1.5 160 - 200 o - 24 thin layered, water beer I ng formation - PllllP
Moffett T.33M., R. &Of. coarse grained tested at 1.5 gPlll wi th no draw-
No. 1 sandstone down.

24 - 160 blue gray shale
160 - 180 shale, fine

grained sandstone
180 - 200 shale "alternatlng

sandstone
200 - 540 bl ue shale
540 - 580 fine green sandstone
580 - 600 sand and shale

12590 SE/4, SE/4, Sec. 32 9/30/56 585 20-35 ltlava II able No test data
Wood No. 3 T. 33M., R. &Of •

12672 SW/4, 91/4, Sec. 32 1131/72 480 Flowing 450 - 480 o - 180 shale to test Information. Water
Wood No. 6 T. 33No, R. 801. 180 - 450 shale quality available.

450 - 480 homogeneous white
sandstone

32556 ..,/4, SE/4, Sec. 32 lakota 1/10/77 1140 64 25 1060 - 1080 o - 210 shale Water bearing formation - lakota
Wood No. 9 T. 33M., R.8OI. formation 210 - 230 poor .ter to test Information.

230 - 870 shale
870 - 935 muddy water
935 -1060 shale

1060 -1085 la kota
1085 -1110 shale
1110 -1140 shale



P8rlllltted Wells
(<hnt Inued)

Static Atrforated Estllllated LI thologlcal
Ptlorlty Total Qlpth Water Level s Yield lone logs

Perlllit No. Location Aquifer Date (ft.) (ft. ) (gpm) (ft. ) (ft. ) R......ks

35309 5E/4, 5E/4, sec. 32 Lakota, 311/77 1240 44 10 1015 - 1240 o - 20 sand clay Water bear Ing formation - Lakota

Rhea te. 1 T.33N., R.D. Muddy 20 -1014 gravel w/SOIlIe & Muddy. te test In format I on
fOrmations 1014 -1084 Lakota

1084 -1200 hard gravel
1200 -1225 Muddy formation
1225 -1240 gravel

41650 SE/4, NE/4, sec. 2 IIBn9 1400 Flowing 13 1310 - 1350 o - 237 dark gray shale Wat... bear I ng zones - 1310-1350

WlIIlIbeke T.33N., A.81W., 237 - 249 tan sandstone-water

te. 1 525 South, 144 Fast 249 - 312 dark gray shale

of NElI61 312 - 325 light tan sand
water

325 - 425 gray shale
425 - 435 light sand-wat...
435 -1309 gray shale

1309 -1335 wh I te sand-water
1335 -1400 gray shale

1331 SE/4, 5E/4, sec. 3 Lakota 12/29/66 1514 55 30 1313 - 13861 o -1313 shale Wat... bearing formation - Lakota

Rusnlk T.33M., R.81W., 67·16'W. fOrmation 1313 -1306 La kota

te. 1 600.3 feet frCllll SE 1306 -1514 N:>rr I son

corner of sec. 3

76 Mohawk tE/4, NEl4, sec. 36 11/22/47 3600 Flowing 7& 57 te I n format Ion to In format Ion

Well T.33N., R.81f., S 16-
46'W., 852 feet from
HE corner



APPENDIX C
DATA FROM STATE ENGINEER'S OFFICE RECORDS ON

DIVERSIONS AND USES OF WATER FROM SPRINGS



DIVERSIONS AND USES OF WATER FROM SPRINGS

Permit No. Pmount Irrigated
Name Location Tributary (cfs) Acreage Remarks

P9524D NE/4, NE/4, Sec. 30, T. 31 N., Smith Creek 0.210 0 Irrigation, stock, domestic
R. 78 W.

P16146D NW/4, NW/4, Sec. 18, T. 31 N., Garden Creek 0.110 7.6 Irrigation, stock
A R. 79 W.

P3610D SW/4, NW/4, Sec. 19, T. 31. N., Garden Creek Supple- 22 Irri gat ion
R. 79 W. mental

10570 SE/4, NE/4, Sec. 13, T. 31 N., Pitchpine Cr. 0.010 1.37 Domestic, stock, irrigation
C.G. Jones R. 80 W.

18969 Sec. 27, T. 31 N., Bates Creek 0.030
IBA R. 80 W.

1218 NE/4, NW/4, Sec. 6, T. 31 N., N. P1att e Ri ver 0.700 50.0 Irrigation
R. 81 W.

P23073D NW/4, SW/4, Sec. 27, T. 32 N., Be aver Creek 0.0246 Domestic
Beaver #2 R. 78 W.

23072 NE/4, SE/4, Sec. 28, T. 32 N., Beaver Creek 0.025 Domestic
Beaver #1 R. 78 W.

10514 NW/4, NW/4, Sec. 7, T. 32 N., Garden Creek 0.030 . 2.60 Irri gation
Allen R. 79 W.

10941 NW/4, NW/4, Sec. 7, T. 32 N., Garden Creek 0.080 5.7 Irrigation
Dry R. 79 W.

18857-E SW/4, NW/4, Sec. 7, T. 32 N., Garden Creek 0.120 Irrigation, stock, domestic,
Y-G R. 79 W. Expi red



DIVERSIONS AND USES OF WATER FROM SPRINGS

Permit No. Anount Irrigated
Name Location Tributary (cfs) Acreage Remarks

18009 NE/4, SE/4, Sec. 8, T. 32 N., Garden Creek 0.030 Domest i c
Littlefield R. 79 W.

20261 NW/4, SE/4, Sec. 8, T. 32 N., Garden Creek 0.006 Domestic
Dowenski R. 79 W.

22573 NE/4, SW/4, Sec. 8, T. 32 N., Garden Creek 0.067 Domestic
Curry R. 79 W.

21496 NE/4, SW/4, Sec. 9, T. 32 N., Red Creek 1.00 Domestic, stock, irrigation
Girl Scout R. 79 W.

22798 SW/4, SW/4, Sec. 10, T. 32 N., El khorn Creek 0.020 Domest i c, recreation, stock
Camp R. 79 W.

22328 SW/4, NW/4, Sec. 16, T. 32 N., El khorn Creek 0.012 Domest ic, stock
WaWa #5 R. 79 W.

22326 SW/4, NW/4, Sec. 16, T. 32 N., El khorn Creek 0.008 Domest ic, stock
WaWa #3 R. 79 W.

22327 SW/4, NW/4, Sec. 16, T. 32 N., El khorn Cr eek 0.008 Domest i c, stock
WaWa #4 R. 79 W.

19220 SW/4, NW/4, Sec. 16, T. 32 N., El khorn Cr eek 0.051 Domest i c, stock
WaWa #2 R. 79 W.

19219 SW/4, NW/4, Sec. 16, T. 32 N., El khorn Creek 0.030 1.60 Domestic, irrigation
WaWa #1 R. 79 W.

Total of all WaWa Springs may
not exceed 0.115 cfs.



DIVERSIONS AND USES OF WATER FROM SPRINGS

Permit No. Anount Irrigated
Name Location Tributary (cfs) Acreage Remarks

22008 SW/4, SW/4, Sec. 16, T. 32 N., E1 khorn Creek 0.050 Domestic, recreation
Casper #2 R. 79 W.

19011 SW/4, SW/4, Sec. 16, T. 32 N., Elkhorn Creek 0.070 Domestic, recreation
Casper R. 79 W.

18618 SE/4, SW/4, Sec. 16, T. 32 N., E1 khorn Creek 0.023 Domestic
Casper R. 79 W.

21801 , Sec. 17, T. 32 N., Garden Creek 0.080 Domest ic
ftbrn i ng Dew R. 79 W.

21737 Sec. 17, T. 31 N., Garden Cr eek 0.0037 Domestic, stock
Hogens R. 79 W.

22907 Sec. 17, T. 32 N., Garden Creek 0.0037 Domestic
Fuller R. 79 w.

22689 NW/4, SE/4, (1) Sec. 17, Garden Creek 0.037 Domestic
Co 11 i er T. 32 N., R. 79 W.

22950 NW/4, SE/4, (1) Sec. 17, Garden Creek 0.00223 Domest ic
Weaver T. 32 N., R. 79 W.

21377 NW/4, SE/4 , (1) Se c• 17, Garden Creek 0.008 Domest ic
Jourgensen T. 32 N., R. 79 W.

21164 NE/4, NE/4, Sec. 7, T. 32 N., Garden Creek 0.00684 Domest i c
Asbestos R. 79 W.

16939 NE/4, NE/4, Sec. 17, T. 32 N., Garden Creek 0.088 Domestic, miscellaneous
Asbestos R. 79 W. Expired

20005 SW/4, NE/4, Sec. 17, T. 32 N., Gard en Cr eek 0.100 Domestic, stock
tIoy1 e R. 79 W.



DIVERSIONS AND USES OF WATER FROM SPRINGS

Permit No. Anount Irri gated
Name Locat ion Tributary (cfs) Acreage Remarks

19795 SE/4, NE/4, Sec. 17, T. 32 N., El khorn Creek 0.009 0.10 Damesti c, irrigation
Moonshine R. 79 W.

18978 NE/4, NW/4, Sec. 17, T. 32 N., Garden Creek 0.050 Domestic
Pelton R. 79 W.

21164 NE/4, NE/4, Sec. 17, T. 32 N., Garden Creek 0.127 Domestic
Asbestos R. 79 W.

22366 NW/4, NE/4, Sec. 17, T. 32 N., Garden Cr eek 0.011 Domestic
Cole R. 79 W.

23496 Sec. 17, T. 32 N., Garden Creek 0.0289 Domest ic
Hales R. 79 W.

19216 NE/4, NW/4, Sec. 18, T. 32 N., Garden Creek 0.005 Domest i c, stock
R. 79 W.

22029 NE/4, SW/4, Sec. 18, T. 32 N., Garden Creek 0.013 Domestic
Huber #1 R. 79 W.

22030 NE/4, SE/4, Sec. 18, T. 32 N., Garden Creek 0.037 Domest ic, stock
Huber #2 R. 79 W.

18866 NE/4, NE/4, Sec. 19, T. 32 N., Bates Creek 0.006 Domest ic
Girl Scout R. 79 W.

21497, 21500, SW/4, NE/4, Sec. 19, T. 32 N., Red Creek 0.600 Domestic, stock
21499, 21498 R. 79 W.
Independent #7

21494 SE/4, NW/4, Sec. 19, T. 32 N., Red Creek 0.600 Domestic, stock
Independent #1 R. 79 W.

21495 SE/4, NW/4, Sec. 19, T. 32 N., Red Creek 0.600 Domest i c, stock
Independent #2 R. 79 W.



DIVERSIONS AND USES OF WATER FROM SPRINGS

Permit No. Jlmount Irrigated
Name location Tributary (cfs) Acreage Remarks

22184 SE/4, SE/4, Sec. 19, T. 32 N., Red Creek 0.010 Domestic, stock
E.l. Speas #1 R. 79 W.

21379 SW/4, NE/4, (1) Sec. 20, Garden Creek 0.200 Domesti c
Jourgensen #2 T. 32 N., R. 79 W.

21380 SW/4, NE/4, (1) Sec. 20, Garden Creek 0.200 Domestic
Jourgensen #3 T. 32 N., R. 79 W.

21378 SW/4, NE/4, (1) Sec. 20, Garden Creek 0.020 Domest ic
Jourgensen #1 T. 32 N., R. 79 W.

18953-E NW/4, NE/4, Sec. 20, T. 32 N., El khorn Cr eek 0.010 Domestic, expired
Porcupine R. 79 W.

18954-E NE/4, NE/4, Sec. 20, T. 32 N., Elkhorn Creek 0.050 Domestic, expired
Daisy R. 79 W.

22177 SW/4, NW/4, Sec. 20, T. 32 N., Red Creek 0.044 Domesti c, stock
S Bar R. 79 W.

22185 NW/4, NW/4, Sec. 20, T. 32 N., Red Creek 0.010 Domest i c, stock
E.l. Speas #2 R. 79 W.

22007 NE/4, NE/4, Sec. 20, T. 32 N., El khorn Creek 0.050 Domest ic, recreat ion
Casper #1 R. 79 W.

22018 NE/4, NE/4, Sec. 20, T. 32 N., El khorn Creek 0.100 Domestic, recreation
Porcupine #2 R. 79 W.

22979 SW/4, NE/4, (1) Sec. 20, Garden Creek 0.004 Domest ic, stock
Vanhorn T. 32 N., R. 79 W.

26090 SW/ 4 , NE/4, (1) Se c • 20, El khorn Cr eek 0.106 Miscellaneous
Porcupine #2 T. 32 N., R. 79 W.



DIVERSIONS AND USES OF WATER FROM SPRINGS

Permit No. Anount Irrigated
Name Location Tributary (cfs) Acreage Remarks

6006E NE/4, NE/4, Sec. 20, T. 32 N., E1 khorn Creek 0.010 Domestic, Enlargement #19011
Casper #1 R. 79 W.

4763 NW/4, NE/4, Sec. 22, T. 32 N., E1 khorn Cr eek 0.016 ac/ft. Stock
Truth R. 79 W.

22934 NE/4, NW/4, Sec. 23, T. 32 N., Muddy Creek 0.025 Domest·ic
Tick Bite #1 R. 79 W.

22935 NE/4, NW/4, Sec. 23, T. 32 N., Muddy Creek 0.025 Domestic
Tick Bite #2 R. 79 W.

8271 NE/4, SW/4, Sec. 34, T. 32 N., Muddy Creek 0.100 7.4 Irrigation, stock
R. 79 W.

3410 SE/4, NW/4, Sec. 35, T. 32 N., Muddy Creek 0.680 48 Irr igat ion
R. 79 W.

17046 T-39, T. 32 N., R. 79 W. Wo 1f Creek 0.040 Corrmercia1, domestic

19937 T-39E, T. 32 N., R. 79 W. Garden Creek 0.061 Domestic, stock

21818 T-32, T. 32 N., R. 79 W. Garden Creek 0.007 Domesti c
Wilson

24169 T-44, T. 32 N., R. 79 W. Garden Creek 0.040 Domest ic
01 son #4

24170 T-44H, T. 32 N., R. 79 W. Garden Creek 0.040 Domestic
Olson #5

24171 T-44H, T. 32 N., R. 79 W. Garden Creek 0.040 Domestic
01 son #6



DIVERSIONS AND USES OF WATER FROM SPRINGS

Permit No. Anount Irrigated
Name Locat ion Tributary (cfs) Acreage Renarks

24172 T-44H, T. 32 N., R. 79 W. Garden Creek 0.040 Domestic
01 son #7

23684 T-39B, T. 32 N., R. 79 W. Garden Creek .036 Domesfic
Highs

24168 T-44H, T. 32 N., R. 79 W. Garden Cr eek 0.0116 Domestic
Olson

6695-E T39, T. 32 N., R. 79 W. Garden Creek Stock
Haighs

~17604 NW/4~ SW/4, Sec. 7, T. 32 N., Loomi s Creek 0.640 45 Irrigat i on, domest i c, stock
Red R. 8 W.

17606 NW/4, SW/4, (1) Sec. 7, Loomi s Cr eek Supple- 25 Irrigat ion, domest ic, stock
Hill T. 32 N., R. 79 W. mental

23068 NW/4, SW/4, (1) Sec. 7, Loomi s Cr eek 0 0 Domestic
Canon Vi 11 age T. 32 N., R. 80 W.

(LY \\ #2

c.f"l 23069 NW/4, SW/4, (1) Sec. 7 Loomi s Creek 0 0 Domestics\ \ Canon Vi 11 age T. 32 N., R. 80 W.
f..~t' #3

{l".;~~i(i
NW/4, SW/4, (16 Sec. 7 Loomi s Cr eek 1.0 0 Domestic~.. 23067

~l~{l, ,/:Ie ca#~n Vi 11 age T. 32 N., R. 8 W• -
23070 NW/42 SW/4 (1~ Sec. 7, Loomis Creek 1.00 0 DomestictCanon Vi 11 age T. 3 N., R. 0 W.

#4

23071 NW/4, SW/4, (16 Sec. 7, Loomi s Creek 0 Damest ic
Canon Village T. 32 N., R. 8 W•

#5

21004 SE/4, SE/4, Sec. 13, T. 32 N., Red Creek 0.160 Damest ic
Cabin R. 80 W.

'1

ptf I 83 Sec. 13, T. 32 N., Loomis Creek 3.00 ac. ft. Stock
c.\*/' ~ Gothberg T. 80 W.





DIVERSIONS AND USES OF WATER FROM SPRINGS

Permit No. Pmount Irri gated
Name Location Tri butary (cfs) Acreage Remarks

1688 NE/4, NW/4, Sec. 15, T. 32 N., N. Platte River 4.33 304.00 Irri gat ion
Goose Egg R. 81 W.

8051 NE/4, NW/4, Sec. 15, T. 32 N., N. Platte River 1.950 137 Irrigation, domestic
Goose Egg R. 81 W.

6451 NE/4, NW/4, Sec. 15, T. 32 N., N. Pl atte Ri ver 5.470 9.30 Irrigation, domestic
Goose Egg R. 81 W.

20700 SE/4, NE/4, Sec. 15, T. 32 N., N. Pl atte Ri ver 0.070 Domestic
Ho llywood #4 R. 81 W.

11908 NW/4, SW/4, Sec. 10, T. 33 N., Poison Spider Cancelled
Emigrant R. 81 W. River

21439 NW/4, SW/4, Sec. 10, T. 33 N., Poison Spider 0.45 Domestic, irrigation
Emigrant R. 81 W. River
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