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INTRODUCTION
General
The Town of Thermopolis is located near a large low-temperature
geothermal resource whose limited surface expression forms the thermal
springs at Hot Springs State Park. As a result of renewed interest in
geothermal energy, the resource near Thermopolis has recently been more
extensively studied. Studies have been funded by the U.S. Department
of Energy (DOE) and the Wyoming Water Development Commission (WWDC).
Continued interest in using this geothermal resource for space heating
and concern about protection of the thermal springs in Hot Springs
State Park has led to the present study of aquifer characteristics in
the Thermopolis hydrothermal system.
The Town of Thermopolis received a grant from the WWDC and entered in
separate contracts with the University of Wyoming and Anderson & Kelly
to perform hydrogeologic studies. The general purposes of the study
were to: 1) Determine the most promising area for development of
geothermal resources, 2) Estimate the quantity and temperature of water
available for space-heating purposes, and 3) Estimate preliminary
capital costs of wells and appurtenances. Close cooperation with
existing work groups, organized to assess the geothermal resource, and
other consultants involved in preliminary implementation plans was
maintained. The detailed scope of work is included in the contract
between the Town and Anderson &Kelly dated January 1982.
Previous Investigations
The general area has been the. subject of numerous studies by the
Geological Survey of Wyoming and the U.S. Geological Survey. In
addition, the Wyoming Geological Association publications include
several articles of interest. A list of these are included in the
attached report, prepared by the Geological Survey of Wyoming, liThe
Thermopolis Hydrothermal System with an Analysis of Hot Springs State
Park" by B.S. Hinckley, H.P. Heasler and J.K. King. The report
discusses the specifics of the geothermal resource with respect to
extent, temperature, water chemistry, heat source, geology and general
aquifer characteristics.
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Present Investigation
The present investigation was started in January, shortly after
contract signing, with the assembly of basic data. Tasks completed
during the course of this study included the siting, drilling and
hydrologic testing of three wells. Precision temperature measurements
were made in each well, and rock thermal conductivities were
determined. The hydrologic testing of four other existing wells and
the water level monitoring of one existing well was also completed.
Other tasks accomplished included Federal and State permitting of the
wells, preparation of drilling specifications, a review of existing
water rights and the development of a ground-water elevation
The three test wells were drilled in the Thermopolis area between May
25 and June 4, 1982, followed by hydrologic testing of each between
June 14 and 17, 1982. Detailed information; such as location, drilling
data, thermal data, hydrologic data and related information is
included in Appendix A for well GTW No.1, Appendix B for well GTW No.
2, and Appendix C for well GTW No.3. Appendix D contains thermal data
for an abandoned oil well which was opened to measure water level and
temperatures in the Madison Limestone. Appendix E contains the
potentiometric map for the area and Appendix F contains chemical
analyses for wells GTW Nos. 1, 2, and 3 as well as Big Spring in Hot
Springs State Park. Appendix G contains data from the test on Maret
Well.
Acknowledgements
The cooperation of the Town officials and local residents is
appreciated. The cooperative liaison and discussions with the various
State agencies involved in the overall project was most helpful.
C &N Drilling of Lovell was the drilling contractor and Weston
Engineering of Upton provided test pumping equipment.
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HYDROTHERMAL SYSTEM
General
Thermal measurements made in the wells help confirm the model of the
Thermopolis hydrothermal system proposed by Hinckley, Heasler, and King
(1982). Basically, water enters Paleozoic aquifers in the Owl Creek
and Absaroka Mountains, then flows in a primarily eastward direction
through a syncline and over the Thermopolis anticline (see Hinckley,
Heasler, and King, 1982, for maps and a comprehensive discussion of the
model). The water is heated in the syncline due to the earth's normal
temperature increase with depth. The water is hotter on the
northwestern end of the anticline (162 0 F. at well 2 versus 139 0 F. at
well 3) because the syncline is more deeply downwarped in that area.
The isothermal character of the wells below water level shows a
homogenizing of temperature which is due to mixing of aquifer waters.
The isothermal character of the wells is best shown in Figure 2 of
Appendix B and Figure 4 of Appendix D. Most measured rock thermal
conductivities also agree with those used in the modeling of Hinckley,
Heasler, and King (1982), the exceptions being the thermal
conductivities of the Phosphoria Formation in GTW No.3. These
conductivities are believed to be low because of tar in the pore spaces
of the formation.
Water Chemistry
The chemical analyses in Appendix F, gathered and analyzed by the
Department of Geology &Geophysics for the U.S. Department of Energy
under contract No. DE-FC07-79ID12016, are also in agreement with those
reported by Hinckley, Heasler, and King (1982). This further indicates
that the entire Thermopolis hydrothermal system is of similar chemical
composition. Three variations in the chemical levels are noted. The
analyses of well 2 show a lower Ca level, most likely because CaC03 is
less soluble at higher temperatures. The higher sulfate (S04) level in
GTW No. 3 may be caused by the heavy black tar encountered during the
drilling of GTW No.3. All three wells show a much higher iron (Fe)
level than Big Spring. Since all samples of the wells were taken from
the discharge line of the pump during testing, the high iron levels may
be caused by the steel casing in the wells or the pump itself.
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WELL TESTING
General
The general test procedure followed on wells GTW No.1, No.2, and No.
3 involved pumping each well with a 7.5-HP submersible pump while
measuring drawdown in the well bore with an electric sounder.
Discharge rate was determined using an orifice plate in the pump
discharge line in conjunction with a water manometer. A gate valve in
the discharge line of the pump was used to regulate the flow as needed
for test purposes. Water temperatures were determined using
mercury-in-glass thermometers.
GTW No.1
Testing of this well began with a multiple-step test performed on June
14, 1982, at discharge rates of about 18, 25, 40, and 47 gallons per
minute (gpm) respectively. The purpose of the mUltiple-step test is to
provide information on the discharge rate which a well should be able
to sustain without excessive drawdown (below the pump intake). In this
case, the sustained rate to be used for the constant-discharge test was
determined to be about 50 gpm.
The constant-discharge (or constant-rate) test is conducted so that
certain characteristics of the aquifer in which the well is completed
can be determined. These characteristics, transmissivity and storage
coefficient, are useful in making projections of drawdown at varying
distances from the pumped well, at varying discharge rates, and for
various lengths of pumping periods. A more thorough discussion of the
aquifer characteristics is contained in a following section of the
report. In GTW No. 1 the constant rate test was run for 5 hours at a
constant discharge rate of about 50 gpm. Drawdown in the pumped well
at the end of the 5 hour period was 6.9 feet from an original static
(pre-pumping) water level of 252.8 feet. Within 4 minutes of shutting
off the pump, the water level had recovered to its pre-pumping level,
almost instantaneous recovery. During the test large amounts of H2S
(hydrogen sulfide) gas were given off, which is characteristic of much
of the thermal water in the area. Temperature of the water produced
from this well, as measured at the pump discharge, ranged from a low of
4

HRTER LEVEL RECORD OF GTH NO. 1
DURING STEP TESTING ON JUNE 14 1982
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146 0 F. shortly after the test began,
F. (67 0 C.), which was slightly lower
F. (68 0 C.) recorded about 20 minutes
collected during the test is included
GTW No.

to a final temperature of 152.6 0
than the one-time value of 154.5 0
into the test. Well test data
in Appendix A.
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Testing of this well was accomplished by running a mUltiple-step test
on June 15-16, 1982 at discharge rates of 12.7, 22.6, 25.8, 30.6, and
39.3 gpm, respectively. The pre-pumping water level was 429.27 feet
below the top of the well casing.
The test was begun at a discharge rate of about 39 gpm, which rate was
maintained for 20 hours. Drawdown at the end of the 20-hour period was
only 2.54 feet. At the end of the 20-hour test, the discharge was
controlled by va1ving to produce the discharge rates described above,
each different rate being maintained for an approximately II-minute
period. Such a procedure provides information on possible well losses
due to well construction or due to the nature of the aquifer itself.
After the pump was shut off, the water level in the well recovered to
its pre-pumped level within 6-1/2 minutes, again almost
instantaneously. As in GTW No.1, this well, too, produced large
quantities of H2S gas. The temperature of the discharged water
remained relatively constant throughout the test at about 160 0 F.
(71.1° C.).
The Sanford well, used as an observation well during the test of GTW
No.2, showed no change in water level attributable to pumpage. All
well test data collected during the test is included in Appendix B.
GTW No.3
Testing of this well also was accomplished by running a multiple-step
test on June 17, 1982. The pre-pumping water level was 116.12 feet
below the top of the well casing.
The test was begun at an approximate discharge rate of about 68 gpm;
the average discharge after 7-1/2 hours was only slightly less, about
67.4 gpm. After this relatively long-term period of pumpage,
subsequent progressively lower discharge rates were once again produced
5

~ATER LEUEL RECORD OF 13TH NO. 2
DURING STEP TESTING ON JUNE 15 & 1S 1982
( STAT I C ~~ATER LEUEL 429.27 FEET)
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by restricting discharge using the gate valve, each rate being
maintained for approximately 10 minutes duration. Once again, as in
GTW No.2, recovery was almost instantaneous once pumpage stopped.
The water temperature, measured at the pump discharge, varied between
125.5°-130.1° F. during the earlier part of the test, but had
stabilized at 126° F. (54.5° C.) after about 2 hours of pumpage. This
well, unlike GTW No.1 and GTW No.2, produced no noticeable quantities
of H2S gas but did have some oil in the water. Aquifer characteristics
determined for this test are discussed in a later section of the
report. All test data is included in Appendix C.
Other Well s
Four other wells were tested using the "slug test" technique, in an
effort to derive preliminary information on areal aquifer
characteristics prior to beginning the drilling of wells GTW No.1, No.
2 and No.3. This testing took place on February 24, 1982. Slug
testing, in these cases, consisted of placing a known volume of water
into the well bore as rapidly as possible, and measuring the rate of
recession on the resulting water level. Wells so treated included the
Sanford well, the Maret stockwater well, the Maret "deep" well, and the
Freudenthal well. Although all four tests provided some useful
information, the Maret "deep" well test provided the best results, as
is discussed further in the section of the report on aquifer
characteristics.
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Table 1
Measured Water Levels in Wells GTW Nos. 1, 2, and 3
(Measurements in feet from top of the casing)
Date

GTW 1

GTW 2

Feb. 24, 1982 1

GTW 3

Sanford Well

425.1

June 10, 1982 2

252.7

June 14, 1982 1

252.5

June 15, 1982 1

252.9

June 17, 1982 1

432.8

429.3

426.4

116.1

July 21, 1982 2

252.3

July 30, 1982 2

252.3

435.3

1 Water levels measured by L. Wester
2 Water levels measured by H. Heasler
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115.8

426.5

116.0

426.5

Aquifer Characteristics
Initially, slug tests were conducted on the Sanford Well (SW1/4 NE1/4
Section 2, T43N, R96W, the Freudenthal well (SE1/4 NW1/4 Section 21,
T43N, R95W), a stock well and an abandoned oil well east of Hot Springs
State Park in the SW 1/4 NW 1/4 Section 32, T43N, R94W. Satisfactory
results were obtained only in the abandoned oil well east of Hot Srings
State Park. The other wells accepted the injection water so readily
that the recession of water could not be monitored; indicating very
high, but unquantified, transmissivities. These tests were conducted
early in the investigation to avoid the possibility of expending a
large portion of the grant money on wells in areas where there was
little development potential. The wells east of Hot Springs State Park
were tested in this manner because it was a relatively benign and
inexpensive way to obtain data in that area.
From the one slug test that did produce satisfactory results, it can be
concluded that the transmissivity is about 400 gallons per day per foot
(gpd/ft), and the storage coefficient is about 2.5 x 10- 4• The
relatively low transmissivity in this well is believed to be associated
with traps of tar remaining in various parts of the geologic structure
in which this well is completed.
In an effort to compare water level fluctuations with changes in
barometric pressure, a water level recorder was installed on the
Sanford well and a recording barometer was stationed in Thermopolis.
However, due to tar in the well bore of the Sanford well, satisfactory
water level measurements could not be obtained.
Based on the water level and thermal log of the Seaboard well (SW 1/4,
SE 1/4, NW 1/4 of Section 12, ~T43N, R96W), it is believed that the Park
City, Tens1eep, Amsden, and Madison Formations are all part of the same
geothermal aquifer in the Rose Dome area. The Seaboard well is open to
the Park City, Tens1eep, Amsden, Madison, and possibly the Big Horn
Formation. The water level measured in the Seaboard well represents
the potentiometric surface of the water in the Madison and some of the
underlying formations. This water level, in the Madison Formation as
well as the temperature log, correlate with those measured in the
Tens1eep Formation at GTW No. 1 and GTW No.2.
8

None of the wells fully penetrated the Tensleep Formation and GTW No.3
did not even fully penetrate the Park City Formation. Therefore, it
must be concluded that all of the wells only partially penetrated the
aquifer. Since the wells are only partially penetrating and turbulent
flow characteristics were encountered even at the lowest pumping rates
in each well, the pump tests cannot be easily analyzed by conventional
techniques. However, from step tests conducted at each well, it can be
concluded that the transmissivity at GTW No.2 and No.3 is at least
50,000 gpd/ft, and the transmissivity at GTW No.1 must be at least
25,000 gpd/ft. These values are based ons specific capacity values of
the wells at the lowest discharge rate during testing. These estimates
are based on specific capacity values of the wells determined at the
lowest discharge rate during step testing.
Attempts were made to obtain data that could better define the
transmissivity and storage coefficient of the aquifer by monitoring the
Sanford well during the testing of GTW No.2. Unfortunately, after
pumping GTW No.2 for 20 hours at a rate of about 40 gallons per
minute, no change in water level could be detected in the Sanford well
located 200 feet away.
Test conducted on future wells may show the transmissivity to be higher
than the minimum values determined in this investigation because of 1)
The geologic structure associated with the area around Thermopolis 2)
The test wells are only partially penetrating, and 3) The Madison
Formation may be part of the same hydrologic unit.
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OTHER CONSIDERATIONS
Reinjection of Geothermal Fluid
Although not called for in the contract or specifically investigated,
reinjection of spent geothermal fluid from production wells was
considered as a future possibility. In the event that reinjection is
considered or required, Thermopolis should be aware that further
hydrologic and geochemical studies will need to be done. The location
and design of injection wells is as critical to a geothermal project,
and to protection of existing geothermal features, as production wells.
Reinjection is considerably more costly than surface disposal of the
fluid, and would, therefore, have a considerable effect on the
economics of operating and maintaining a space-heating system.
Permitting
Several permits and leases will be required prior to development. A
permit to drill a well and an approved permit to appropriate water will
need to be obtained from the Wyoming State Engineer's office for each
well. In the event an injection well, or wells, is required, a permit
from the State Engineer's office will be needed for them also. Permits
will be required from the Wyoming Department of Environmental Quality
for the discharge of spent geothermal fluid, whether to a surface site
or to an injection well.
If development takes place on federally-owned land, in this case land
administered by the U.S. Bureau of Land Management (BLM), leases and
special use permits will need to be obtained. Time is of the essence
with regard to leasing. If development areas are leased by speculators
prior to an application by Thermopolis, the Town may find itself facing
higher sub-lease costs when dealing with such lease-holders. Lease
costs will be the lowest when they are negotiated directly with the
BLM.
The State Engineer's office may require that further modeling, test
drilling, and testing be done before permits can be issued. In the
event that it is decided to pursue geothermal development for space
heating purposes, a preliminary computer model of the hydrologic system
10

would be desirable prior to commencing any drilling or testing. If
such a model confirms that development of the geothermal resource is
not likely to have any adverse effects on existing appropriators of the
geothermal system, a detailed drilling and testing program should be
planned in close coordination with the State Engineer1s office. The
purpose of this preliminary model of the hydrologic system would be to
determine if the present concept of the hydrologic system, together
with the aquifer characteristics discussed above, is compatible with
the past history of the area. It also would indicate the "weak points"
of understanding and assist inthe location and design of wells prior to
entering into an expensive drilling and testing program. This type of
model should not be confused with the thermal modeling mentioned
elsewhere in this report.
Future Drilling and Testing
It is anticipated that any subsequent drilling and testing program will
involve drilling at least one fully-penetrating production well and two
fully-penetrating observation wells, as well as the testing of the
production well for at least 7 to 10 days. Due to the difficult
drilling conditions encountered during this preliminary investigation,
it is recommended that reverse-circulation drilling methods be employed
in any future drilling. After completing this program, the computer
model should be updated to gain the fullest understanding of the system
and the impacts of future geothermal development.
The estimated costs of the additional work necessary for permitting of
the geothermal development by the State Engineer are described below:
1.

2.
3.
4.
5.
6.

Preliminary computer model of the system
Drilling and development of Rose Dome area well
Drilling of two observation wells
Test pumping
Detailed computer model of the system
Engineering
Subtotal
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$20,000.
120,000.
60,000.
40,000.
40,000.
50,000.

$330,000.

7. Legal services (estimated at 10 percent)
8. Contingencies (10 percent)
Total

$33,000.
33,000.

$396,000.

In the event that it is necessary to reinject spent geothermal water, a
drilling and testing program will probably also be required for this
aspect of the development. Since potential reinjection sites were not
specifically investigated during this preliminary investigation, it is
difficult to estimate a cost for drilling and testing. However, costs
would probably approach those outlined above for the production phase
but could be reduced if combined with the other program.
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CAPITAL COSTS
For purposes of developing capital costs, it was assumed that
geothermal development would be in the Rose Dome area and would be of
the magnitude to heat the entire town. It was assumed that the average
production well will produce approximately 750 gallons per minute
(GPM). The maximum peak demand from the well field during the coldest
weeks of winter will be 8,500 GPM with an average annual demand of
2,425 GPM or 3,912 acre-feet per year (Oral communication with Steve
Goering of Coury &Associates).
To provide for the maximum peak demand and three additional standby
wells, a total of 15 wells will be required. It is anticipated that
four monitor wells will be required along with the associated
monitoring equipment. The costs shown below do not contain any
telemetry equipment, piping, or other costs such as extending power
into the area, right of way aquisition, or lease agreements with the
property owners.
Summary of Capital Costs
1.
2.
3.
4.

15 Production wells @ $150,000 each
4 Monitor wells @ $30,000 each
Pumps, motors, and controls @ $75,000 each
Monitoring equipment @ $2,500 each

$2,250,000.
120,000.
1,125,000.
10,000.
$3,505,000.
350,500.
350,500.

Subtotal
Contingencies
Engineering

$4,206,000.

Total
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SUMMARY AND CONCLUSIONS
The highest temperatures in the Thermopolis hydrothermal system will be
found on the northwest end of the Thermopolis anticline in the Rose
Dome area. Temperatures in this area will be in the range of 160 to
170 0 F for the Tens1eep sandstone, Madison limestone and Bighorn
dolomite. The isothermal character of the temperature logs suggests
that once hot water is encountered, drilling deeper probably will not
result in higher temperatures within feasible drilling depths.
However, deeper drilling may result in increased water flow.
Testing of the three geothermal monitor wells showed that large
supplies of water can be obtained at any of the three sites
investigated. The development potential of the Cedar Ridge area, near
GTW No.1, may be limited due to possible effects on other
appropriators near Thermopolis. It may be possible to develop limited
supplies of hot water in the vicinity of GTW No.1 to heat only the
downtown area. However, withdrawing sufficient quantities of water to
heat the entire town probably would cause some minor adverse effects on
the other appropriators near Thermopolis.
The Rose Dome area, near GTW No.2, appears to be the only area
investigated that has the potential for being developed to heat the
entire Town of Thermopolis without a high risk of impacting the flow of
hot springs and wells near the town. This area shows more promise than
the other sites because of the greater distance from other
appropriators and the higher water temperature (162° F.) would result
in a lower production rate.
It is likely that any large scale development (more than a few hundred
gpm) in the Airport area, near GTW No.3, will impact the flow of the
wells north of Thermopolis as well as the springs in Hot Springs State
Park. The effects of a small scale development may not be perceptible,
but development of hot water in the magnitudes being considered for
heating purposes with this cooler water (withdrawal of 25,000 acre-feet
per year), would have a very noticeable effect on the flow from the
wells and springs.
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RECOMMENDATIONS
1.

Wells GTW Nos.l, 2, and 3 should be equipped with continuous
water level recording equipment to determine any existing
seasonal water level changes in the system.

2.

If full scale development is planned, a detailed drilling and
testing program should be conducted near GTW No.2. A
production well and at least two observation wells should be
drilled at this site. The well should be cased with
corrosion resistant casing because of poor water quality.
The test well should be pumped for a minimum of seven days
and preferrab1y longer.

3.

If the Wyoming Department of Environmental Quality will not
allow the discharge of the spent geothermal waters into the
Big Horn River, alternate methods of disposal must be
considered. Reinjection of the water may have to be
considered, if an agricultural or industrial user cannot be
found for the spent geothermal waters and discharge into the
Big Horn River is not allowed.

4.

The aquifer should be modeled mathematically after the
drilling and testing is complete to more clearly define the
potential effects of development might be on the system.

If geothermal heating does not prove to be economically feasible for
the Town, the three test wells drilled for this initial investigation
should be turned over to the State Engineer's Office, the U.S.
Geological Survey, or the Bureau of Land Management to be used as
observation wells. Monitoring of the system could continue, and
relieve the Town of Thermopolis of that responsibility.

15

APPENDICES

APPENDIX A
Data for Well 1

Table 1a
Sample Descriptions and Drilling Information for Well UWT-1
Well:

OWT-1

Location:

T.43N., R.95W., Sec. 18, NW/NE/SW

Elevation:

4645ft.

Total drilled depth:
Drilling dates:
Water level:

354ft.

5/25 to 5/26/82

251ft.

Bottom hole temperature:
Casing:

147.8oF (64.3 0 C)

8 5/8 inch cemented in from 0 to 30ft.
4~ inch hung with no perforations from 0 to 299ft.

Formation Tops:

25ft. - Park City Formation
158ft. - Tens1eep Sandstone

------------Depth
( ft. )
0-20

Alluvium: red silt
and sand

20-25

Weathered grey limestone
Top of Park City Fm.
bedrock: grey-brown,
med. grained, limestone 2mm brown and
dark gray banding

25
25-42

30
42-58
58-75

75-85
85-95
95-103
103-110

Drilling
Characteristics

Lithology

dense, dark grey,
med. grained
dolomite
light grey, fine
grained dolomite
with carbonaceous
specks and veins
light brown dolomite
with black staining
along fractures
(same)
shale
light grey, fine
grained limestone with
3-6mm carbonaceous
granules

Drilling
Rate

-----------------------

Sample
Interval

drilling with 8 5/8"
cone bit

set and cemented 30 1 of
8 5/8" 0.0. casing, 11/min
drilling with 5 5/8
harrmer bit
pumping 6 gpm water
11/min
and foam

~

and l' sections of
rapid drilling

42'
55'

11/min

65 1

21/min

85'

2'/min
5 1/min
11/min

96
105'
1

2
Table 1a continued
Depth
~ft.)

110-116
116-123
123-130

130-148
148-156
156-158
158'
158-175 1

175-185
185-195

195-205
205-286

Litholo9l
gray clay
white limestone with
abundant calcite
gray limey mudstone with
some dark grey,
dense, fine grained
limestone
grey, homogeneous
1imey mudstonesiltstone
same as above with
higher clay fraction
light brown limestone
with abundant chert
To~ of Tensleep
Sandstone
light grey-brown,
fine grained, well
cemented sandstone
becoming calcareous
at bottom of interval
light grey-white,
fine grained, slightly
calcareous
same as above with
scattered pyrite
crystals and pyrite
cemented aggregates
mottled grey, med.
grained, very porous
light grey, homogeneous,
med. grained, sugary
quartz sandstone

Drilling
Characterist i cs

drilling quite
consistantly

Drilling
Rate
6 1/min
l'/min

125'

l~'/min

138'
148'

rough drilling

l'/min

drilling slow,
steady

1'/min

158-162'
165-166'

l'/min

178'

1.5'/min

188'

1.7'/min

200'

..

l'/min

strong H2S smell,
1'/min
return is warm to
touch, samples smell
of H2S

281'

beginning to make
perceptible water
drilling becomes
.7'/min
abruptly harder,
cuttings hot,
making significant
water

same as above, but
more disaggreated

lIS'
117'

2'/min

251

286-295'

Sample
Interval

157-158'

208'
220 1
228'
240'
249-250'
260'
2711
281 1
242'

3

Table la continued

-------Depth
(ft.)

Lithology

295-323

1

fine-med quartz
sand, most cuttings
pass sieve

312

Drilling
Rate

drilling steadily,
making 30 gpm
hot water

II/min

Sample
Interval

hole caving on drill
stem, water production
increasing
hard, hammering, sand
packing in around bit

316
323-354
344-346
353
354

Drilling
Characteristics

no return

lost circulation
fast drilling
redrill 3 at
connection many
times

.ll/min

1

1

T.D.

notes:
Stuck 25 bailer near bottom of hole on 3rd run, left with cable
cut off and staked beside hole. 4~" casing run beside bailer cable.
Hole exhales strong H2S order at low pressure on some days, no gas
movement from hole on others. Annulus between 8 5/8 inch and 4
1/2 inch cemented off with 1 sack cement on 6/9/82. Well capped.
No more H2S odor.
1

302

1

312

1

Figure 1
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THERMOPOLIS
UWT-I
June 10, 1982
T.43 N., R. 95 W., Sec. 18, nw/ne/sw
Elevation 4645 ft.
West Long. 108 0 18.55'
North Lot. 430 41.62'
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Table 1b
Temperature-depth and thermal gradient data for well UWT-1
Depth
(Meters)

Temp
(OC)

9.28

33.580

19.28

40.280

29.28

45.670

39.28

50.740

49.28

54.920

59.28

58.346

69.28

60.167

79.28

63.156

89.28

63.963

97.84

64.315

Gradient
(OC/KM)

670.000
539.000
507.000
418.000
342.600
182.100
298.900
80.700

Interval for calculation
of thermal gradient
(meters (feet))

41.121

Thermal gradient
(OC/Km (OF/1000ft))

9.28 - 49.28 (30.4 - 161.7)

531.4 (291.5)

49.28 - 69.28 (161.7 - 227.3)

262.3 (143.9)

79.28 - 97.84 (260.1 - 321.0)

63.0 (34.6)

Table 1c
Thermal conductivities of drill cuttings from well UWT-1 for varying rock
porosities
Sample depth
lfeet(meters)

Thermal conductivities
(millicalories/cm sec OC) for porosities of:
0%

5%

10%

20%

30%

30 (9.1)

5.18

4.85

4.55

4.00

3.52

37 (11.3)

9.61

8.74

7.94

6.57

5.43

45 (13.7)

10.04

9.11

8.27

6.80

5.60

55 (16.8)

9.93

9.01

8.18

6.74

5.55

65 (19.8)

11.92

10.72

9.65

7.80

6.31

75 (22.9)

10.45

9.46

8.56

7.02

5.75

85 (25.9)

13.87

12.38

11.05

8.80

7.01

96 (29.3)

9.75

8.86

8.05

6.64

5.48

10.61

9.59

8.68

7.10

5.81

114 (34.7)

9.36

8.52

7.76

6.43

5.33

117 (35.7)

6.24

5.80

5.39

4.65

4.01

125-127 (38.1-38.7)

9.66

8.78

7.98

6.59

5.44

138-139 (42.1-42.4)

8.00

7.34

6.74

5.67

4.77

146-148 (44.5-45.1)

9.30

8.47

7.71

6.39

5.30

157-158 (47.9-48.2)

11.26

10.16

9.16

7.45

6.06

158-162 (48.2-49.4)

11.46

10.33

9.31

7.56

6.14

165-166 (50.3-50.6)

8.65

7.91

7.23

6.04

5.04

178 (54.3)

10.14

9.19

8.34

6.85

5.63

188 (57.3)

12.63

11.32

10.16

8.17

6.57

200 (61.0)

13.45

12.03

10.75

8.59

6.87

208 (63.4)

14.64

13.03

11.60

9.14

7.29

219-220 (66.7-67.1)

14.49

12.90

11.49

9.12

7.23

105-106 (32.0-32.3)

I

Table lc continued
Thermal conductivities of drill cuttings from wel UWT-1 for varying rock
porosities
Sample depth
{feet (meters))

Thermal conductivities
(millicalories/cm sec OC) for porosities of:
0%

5%

10%

20%

30%

228 (69.5)

16.05

14.22

12.60

9.90

7.77

240 (73.1)

15.22

13.52

12.01

9.48

7.49

249-250 (75.9-76.2)

11.69

10.52

9.47

7.68

6.22

260 (79.2)

14.67

13.06

11.62

9.21

7.30

271 (82.6)

12.35

11.08

9.95

8.02

6.47

281-288 (85.6-87.8)

14.52

12.93

11.52

9.13

7.29

292 (89.0)

18.42

16.21

14.27

11.05

8.56

All samples measured at 72 0 F (22 0 C).

WELL TEST
Da te ••• ~~!l~. ) ~'" ) ~~f..... ~ ....... .

Tested by ••• ~~~~?~.~~~)p~~rJp~ ..... ~

Well ... ~!~. PJ. J~~r!l:~. ~~))) ...... .

. d by ••••.••••
L. Wester
, •..•..•••••••
SuperVlse

Pumping Equipment .. 7.

)!f. ~~. ?~?~~r~J~]~.,. r~~p. ~~~. ~?~?

f~~~ ................. .

Airline 30 1b/6 inch
· ..............................................................................
.
. Devlce
. ............................................................
2" x 1 1/2" orifice
Measurlng
.

Time

Depth to Water

.1 !'rPP•••

· . ~Pf.· P~. .... .

.1.5~~..

. · . f.5f ...5P..••.•

.1.5.3~..

.

Inches on
Manometer
or Meter

Discharge
GPM

Remarks
?t?~)~.pr)9r.t?r~rr)r9 pump

p?~~~ ..' J?I. r)9r~r

252.62
· .............
.

..... .

J?.' ~~ ................. .
Start

•1.5ft.1.: PP
254.70
.1.5ft.1.: .1 P · ............
.

· ........ .

254.93
.
·1541
.....:25. · ..............

.16#
...................... .
)?:~!.r~~pj~~.~?~~~?!~.

Off
..........................
00..
·1545:
.. .. .. .. .

.. ....................... .

..1545:06
.. .. .. .. .. ..

259.32
.. .......................
.

..
..

............. .

Restart
14#

............. .

1545:12

263.25

1545: 20

265.10

11 .5#

II

II

II

1545 :45

264.40

11 .8#

II

II

II

12.2#

II

II

II

1546:00
......
" .. ..

.

263.48
.. .......................
.

· .............. ,

1545 :40

262.79

12.5#

II

II

II

1547:00

262.55

12.6#

II

II

II

1547: 15

262.55

12.6#

1548

274.13 ?

1549

254.01

............... ,
6"

24.75
• •• f , •••••

Sounder
.........................

GTW #1 (Bern's Well)
Page 2 of 4

WELL TEST

Time
Depth to Water
1549:30 .. .254.61
. . ... . ... .
254.24
1551
254.61
1552
254.47
1553
254.24
1553:
·.....30.
1555
254.41
1557
1557:30
254.40
·..... .
1559
254.24
1600
·. ... .. ...254.35
. . .. . . . . . ..
1602
· .. . . . . . . . . . . . . . . . . .
1603
254.34
1604
254.24
1606
1606:20
256.09
1606:40
256.55
· ..... .
1608: 15
265.55
1609:00 ..............
256.96
1611:40
257.10
·..... .
1612:30
257.01
1613
1615
257.11
1617
1618
256.98
1621
257.21
1622
257.01
1624
257. 19

Manometer
or Meter

.

.

1~~1...

. .. ?~? :?1 .....

1633
· .. . . . .
1634
· . .. . . .

............. .
. ............ .

Remarks

Discharge

Sounder
·16.2#
........................ .
Sounder
· ......................... .
·Sounder
........................ .
16.2#
· . . . . . ... . . . . . .. .. . ..... .
•

6"±

24.75

•••••••••••••••••

4

•••••••

.~2q .~1.~~r: ............... .

Sounder

'·6........................
6oC.(#2)'~ '1"4SoF ....... ..
Sounder
16.2#

. ....... .
. ....... .
6"±

'154:40F·(·#2)··············

· . . . . . . . . . . . . . . . .. . ..... .

24.75

Sounder
Checked discharge 24.63
GPM
·16.2#
........................
.
to 41
·Adjust
........................
.
15.4#
· ........................ .
15.2#
15.2#
·Sounder-adjust
........................ .
II

15.0#
39.95
Sounder
152.6 F (#2)
.
- adjust up
·Sounder
........................
.
•• • • • -d ••••••.••••.•••••••

II

15.0#
Sounder
.1. ~ •. Q#.••••••.•.•.•..••••••
.1.~~ •.~~~ .(#.2). ............ .

•• ~Q •• QQ ••
ANDERSON Be KELLY
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GTW #1 ( Be rn s We 11 )
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I

WELL TEST

Time

Depth to Water

] 63~ .. .

. .. ?~111~ .....

Manometer
or Meter
22"

J~19 .. .

258.63
.
·1642:
.....15. . ............
259.0
1643
·..... .
1647
·.. . .. . . . .259.0
...... . . ... . ....... .
1648
·...... ........... ... ........ .

1649
1656
·..... .
1656
1709
· ..... .
1709
1710
... . ..
1713
· . .. . ..
1724
· . . . .. .
1727
·. . . . .
1729
· . . .. . .
1730:40
· . . .. . .
1731
. . ..:20
..
1734
·.. . . . .
1735
· . .. . . .
·1739
... ... .
1758
·. . . . . .
1759
· .... . .
1800
1800

258.98
258.63
258.96
258.63
.............
.
258.84

JSJ 5.. .

. .. 255.85 .....

·

.

·

. . .. . . . . . . . . . .
. . .. . .. . . . . . . .
. .. . . . . . . .. . . .
...259.10
. . .. . . . . . . .
.. . . . . . . . . . . ..
. . .255.62
.. . .. . . .. . .
255.87
. . . . . .. . . . . . . .
... .255.62
. .. . . . . . . .
255.80
. . . . . .. . . .. . . .
.... .... .. . .. .
. ..255.62
. . . ... . . . . .
255.85
.. . .. .. .. . .. . .

22 1/4 .
. .......
........ .
. ....... .
........ .
11 .5" .
. .......
. ....... .
. ....... .
. ....... .
. ....... .
. ....... .
........ .
. ....... .
11.5

Discharge
GPM
47.25

47.25

.1~ .. lft

................... .

· ......................... .
·14.3#
........................... .
Sounder
· ........................ .
·Sounder
.. . . . . . . . . . . . . . .. ...... .
· ........................ .
Sounder
14.3#
Sounder
14.3#
Sounder

47.50
51 .7

31.0

33.11

31 .0
34.68

. .~ ~ .....

J~J ~ ...

Remarks

J~J~.:?P

... ??~:~1 .... .
J~J~ ...... ??~:99 .... .
J??P... . .. ??~:~1 .... .
J?? P. . . . .. ?? ~ : 9J.•.••

Discharge checked

·i52:6oF· (#2)··············
· ......................... .
checked
·Double
........................
.
Valved
back
to
34
GPM
· ........................ .
15.6#
Sounder
15.6#
·Sounder
........................ .
Discharge
checked
· ...............................
.
15.6#
Sounder
Discharge checked
.SQunder. ................. .
.~qj4~~ .~q .l.~ .. ~ .~~t1 ...... .
.1. ~ ~ ~~ •..•...•.....•..••.•

·~qy~q~r: ................. .
.1. ~ ~ ~~ ....•.••••....•....•

·~qy~q~r: ................. .
ANDERSON & KELLY
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GTW #1 (Bern's Well)
Page 4 of 4

WELL TEST

Time
De2th to Water
1822
·...... ·..........
1823:30
253.31
·.........
1824
·253.60
.......
1833
253.31
· ........
1833
· ...... ·253.57
.......
1834
·.......
1845
253.31
· ..........
253.59
1846
. .. .
1847
·...... · ........
1850
·...... · .......
1854
252.56

. .

Manometer
or Meter

......
· ........

Di scharge

17.61

·........
· ........

·........

17.86
· ........

· ........
. .. . . . .
· ........

·........

18.40
· ........
· ........

· ........

Remarks
checked
·Discharge
.........................
.
16.6#
Sounder
16.6#
·Sounder
. . . . . . . . .. . . . . ... . ..... .
Discharge
checked .
· .................
16.6#
·Sounder
. .. . . . . . ..... .

.~~~~~~~~~.~~~~~~~
Off
Sounder

ANDERSON Be KELLY
CONSULTANTS IN ENGINEERING AND GEOLOGY

CONSTANT DISCHARGE TEST
WELL TEST
Date. . . ~ ~ ~ ~. ) ?'. ) ~ ~?

...... .......
Well .... ~!~.!).~~~r~:~.~~])) ..... .

L. Wester
.
Superv i sed by ......................

Pumping Equipment.?)(?~~.~~?~~:~J~]~!.~~~P.~~~.~.?~~.f~~~ ................. .
Airline 30 lb/6 inch gage
...........................................................................
,.
. Devlce
. .................•......................................
2" x 1 1/2" orifice
Measurlng
~ ....

Time
0720

Depth to Water
252.85

Inches on
Manometer
or Meter

Discharge
GPM

Remarks
16.8#
Static
.....................
.

·......... .

Start test

·........ .

0725

·

0725:10

262.79

12.5# Sounder stuck

0725:18

265.79

11 .2#

0725:25

265.79

0725:40

265.10

11
.5#
, ..................... .

0725:50

264.86

11 .6#

0726:00

264.63

11 .7#

0726:20

264.40

11 .8#

0727:20

263.48

0728

260.94

12.2#
· . , ................... .
13.3# D~schar~e ~heck 54.6 GPM

Pl ~P. . .
0731

. . .. ... ..

· ........ .

·.. , .................. .

25.5"

50.8
·........
.

.. ~pD .. ~~ ..... .
25.5

·........ ,

260.01
.0737
... . .. .............
,

25.5

· ... , .....

0749

260.21

0750

.•... Qlred.Qlrl10e ....

13.6#

0732

260.01

~

13 •6# ...........•......

260.24

0742

11 .2#

25.5
.........

13.7# Airline steady
13.7#
Lifted pump-freed sounder

25.5"

50.8

13.7#

Constant Discharge Test
Page 2 of 2

WELL TEST

Time

Depth to Water

Manometer
or Meter

9??~ ..

. ... ?~Q:Ql .... .
9??~ .. . · •. ?~Q: 1~ .... .
9??~ .. .

Discharge
GPM

..?~.1~4.

.~q~~ ....

260.01
. .. ~~.1~1.
·0810
..... . · ............
0821
260.01
· ............
. .. ~~.1~1.

50.5
·50.5
....... .
50.5
50.5
50.5

0830
0839
0850
0851
0900
0910
0920
0930
0940
9~~9 ..

Remarks
13.7#
· ......................... .
Sounder
· ........................ .
•

•••••••••••••••••

&.

•••••••

13.7#
Sounder stuck
· ........................
.
13.7#
· . . . .. . . . . . . . . . . .. . ..... .
13.7#
· ................. '" ...... .
13.7#
· ........................ .
Second sounder
13.7#

260.01
260.01
254.99
260.01
259.78
259.78
259.78
259.78
259.78
· ............
.

.. ~~.1~1.
25 1/4 .
· .......
25 1/4 .
· .......
25 1/4
25 1/4
25 1/4
25 1/4

50.5
50.5
50.5
50.5
50.5

. ... ?9~:?~ .... .

· .~~.1.1.1.
..~~ 11.4.

•~Q •• ~ ••••

13.8#
254.91)
13.8#
· . . . . . . . .254.91)2nd
. . . . . . . .. .sounder
..... .
13.8#
254.91)
· ........................
.
13.8#
Removed
2nd
sounder-tip
off
• •••..•.•••• • .•..•. • . • •• - -1 .
13.8#
· ...... - ................. . 1 ne

· ~Q '. ~ ••••

1.~ ..~It

] 999 .. . . .. ?~9:?~ .... .
] 9] 9.. .
] 9?9 .. .
J9~9 .. .

•

II

•~Q •• ~ ••••
II

I

•••••••

••••••••••••

r

••••••••••••

.................... .

"
"

"
"
"

· .~~ .11.4.

•••••••••••••••••

13· .....•.•.
·s# ·~ired 'ai'rrfrie' ...... ·
2~Ll .•QQ~ •• • ••••••

II

JJ~? ..

]??? ..
J??~ ... ... ?9~:?~ .....

•

"
II

• •.••Qi. ~c.~a. r:ge..c.h.e.c.k...5.4...6.
1.~ ..~:( .................... .

1225
·..... .
1225:
· .....14.
1225:44
·..... .
1226:00
· ..... .

248.93
· ............
.
250.08
· ............ .
251.70
·............
.

1. ~ •• ~#••••.••.•.••••.•••••••

1??~:1?

... ???:~~ .....

1. ~ '. Q#•.•.•.•.•.••••.•.•.•••

1226.50
1227:30
· .. . ...
1228:03
·. . .. ..
1228:30
·......
1229:00

p.l!fI1p. .qt:t: ................. .
1.~ .. q:( .~o.u.n.d.~r..~u.n.g..u.p..... .
1.~ .. Q~ ••••••.•.•....••••.••

"

252.62

1.~ .. ~#•••••••.••••••••••••••

. . . . . . . . . .. . . . . ....... .
. . .251.93
.. . . . . .. . . . . ....... .
252.39
. . . . . . ... . . . . . . ....... .
252.39

q~~11 .~a.1.v.e................ .

17.2#
· ........................ .
17.0#
· ........................ .
17.0#

ANDERSON Be KELLY
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APPENDIX B
Data for Well 2

Table 2a
Sample Descriptions and Drilling Information for Well UWT-2
Well:

UWT-2

Location:

T.43N., R.96W., Sec 2, SW/SW/NE

Elevation:

4830ft.

Total drilled depth:
Drilling dates:
Water Level:

656ft.

5/27 to 6/3/82

426ft.

Bottom Hole Temperature:
Casing:

8 5/8 inch cemented in from 0 to 11 ft.
4 1/2 inch set on bottom from 0 to 652 ft.

Formation Tops: Oft. 275ft.
348ft.
600ft.

Depth
~ ft. )
0-6
6-11
11
11-30'
30-45'
45-60

60-80
80-105
105-150

162.5 0F (72.5 0C)

Chugwater Formation
- Dinwoody Formation
- Park City Formation
- Tensleep Sandstone

Lithol09~

unconsolidated silt
and sand
red siltstone

Drilling
Characteristics

Drilling
Rate

Sample
Interval

drilling with 8 5/8"
cone bit
begin 6 5/8" hamner bit
15'

red siltstone, mod.
indurated
red siltstone and
buff, fine sandstone
varicolored siltstone
and fine sandstone
in beds of less
then 3 inches
thick
red and green silstone
with gypsum crystals
red siltstone

drills steadily,
consistently

same as above with some
gypsum crystals

drills steadily,
consistently

l'/min

25'
35'

l'/min

46'
56'

l'/min

66'
76'
85'
96'
106'

l'/min

l'/min
l'/min

117'
127'
139'
146'

2

Table 2a continued

Depth
{ft.}
150-175
175-305

Litho109l

320-321
235-344
344-348
348-354

354-366

400-415

408-411

l'/min

red siltstone, most of
cuttings pass sieve

light colored mud and
siltstone
light grey limestone
with tiny pryite
crystals, most
cuttings pass sieve

light grey limestone
and red siltstone
cuttings, much of
cuttings pass sieve

grey-white limestone,
most of cuttings pass
sieve
grey limestone with
minor pyrite crystals,
most of cuttings pass
sieve

Sample
Interval
156'
166'

poor circulation

366
366-400

Dri 11 ing
Rate

red & green siltstone
with some gypsum
crystals
red siltstone with minor
gypsum, much of cuttings
pass sieve

278-288
305-344

Drilling
Characteristics

179'
188'

198'
206'
219'
l'/min
229'
234-241'
274'
260-262'
268'
.8'/min
280'
288-290'
300'
1'/min 309-310'
321

no circulation
circulation in surges
circulation very sporadic

1

very hard, rough
.3'/min 350-354'
drilling; poor,
sporadic circulation,
some caving on drill
stem; redril1 348-352'
twice
slightly easier
drilling; poor,
sporatic circulation

.5 /min 363-368'
1

very hard layer, leave
drill string here for
4 days with no cave in.
circulation restored
1.2'/min
with heavy foam

390'

drilling steady, good
circulation

l'/min 400-405'
405-409'

fast drilling, loss of
circulation

3'/min

3

Table 2a continued

Depth
(ft.)

._-------------------------------_.----.._--_.

__._--------

Drilling
Rate

Sample
Interval

Lithology

415-428
428-440
440-465
465-480
473
480-490
490-509
509-545

545-548 1
552-570
570-610

Drilling
Characteristics

---------------------------------

circulation varys zero
414-428 1
to poor, occasional
surges
very poor circulation
11/min 450-454 1
-no returnblack chert, white
poor circulation,
chert, and flint
drilling rough
with minor grey limestone
same as above with increasing
465 1
grey limestone fraction
4721
begin fair circulation
good circulation,
480-490 1
grey limestone with
minor chert, cuttings
samples warm to touch
mostly limestone sand
41/min 506-508 1
dark grey siltstone and faster drilling
mudstone with some
grey limestone
11/min
515 1
med. brown, fine-to med. making perceptible
grained, dirty,
water, good circu525-530 1
calcareous sandstone;
lation
much of sample passes
sieve
535 1
loose circulation,
-no returnrecover with heavy
556'
foam
black chert with grey
very rough drilling,
.8 1/min
good circulation
limestone sand
.41/min
572 1
grey and black limestone slight increase in
592'
water, still very low
and limestone sand
609
production
with minor black chert
618
grey and black sand, mud good circulation
and chips with minor
tar
l'/min
non-calcareous sand with
some tar
drilling faster,
21/min 648-652 1
smells of H2S
poor, sporadic circulation;
-no returnhard, rough drilling;
caving, redrill
interval many times
hard, dark brown, dirty,
calcareous sandstone

1

610-615
615-652
638-560
652-656 1

656 1

1

T.D.
notes:
Worked for 2 hours on last 4 ft., finally got great surge during
drilling of hot water containing Chugwater Fm. cuttings; conclude
finally expelled Chugwater partial plug on drill string. No
significant water production until this point.

Figure 2
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West Long. 108 0 20.55
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Table 2b.
Temperature-depth and thermal gradient data for well UWT-2

Depth
(Meters)

Temp
(OC)

Gradient
(OC/KM)
-----

9.05

22.110

19.05

23.040

29.05

25.060

39.05

27.830

49.05

31.160

59.05

34.830

69.05

38.530

79.05

42.910

89.05

46.090

99.05

50.130

109.05

55.160

119.05

60.630

129.05

67.700

131.05

71.650

139.05

72.137

159.05

72.257

169.05

72.347

189.05

72.478

198.75

72.497

93.000
202.000
277.000
333.000
367.000
370.000
438.000
318.000
404.000
503.000
547.000
707.000
1975.000
60.875
6.000
9.000
6.550
1.959

Table 2b continued

Interval for calculation
of thermal gradient
{meters (feet))

Thermal gradient
{OC/Km (OF/1000ft))

29.05 - 79.05 (95.3 - 259.4)

357.2 (196.0)

29.05 - 119.05 (95.3 - 390.6)

390.6 (214.3)

79.05 - 109.05 (259.4 - 357.8)

407.9 (223.8)

109.05 - 129.05 (357.8 - 423.4)

627.0 (344.0)

131.05 - 198.75 (430.0 - 652.1)

10.4 (5.7)

Table 2c
Thermal conductivities of drill cuttings from Well UWT-2 for varying
rock porosities
Sample depth
{feet (meters))

Thermal conductivities
(millicalories/cm sec 0C) for porosities of:
0%

5%

10%

20%

30%

15 (4.6)

7.47

6.88

6.33

5.37

4.55

25 (7.6)

9.92

9.01

8.18

6.74

5.55

46 (14.0)

9.00

8.21

7.49

6.23

5.18

66 (20.1)

8.89

8.12

7.41

6.17

5.14

76 (23.2)

11.05

9.98

9.01

7.34

5.98

85 (25.9)

9.02

8.22

7.50

6.24

5.19

96 (29.3)

7.61

7.00

6.44

5.45

4.61

106 (32.3)

8.96

8.17

7.46

6.21

5.17

117 (35.7)

8.64

7.90

7.22

6.03

5.04

127 (38.7)

8.19

7.50

6.87

5.77

4.85

139 (42.4)

9.76

8.86

8.05

6.65

5.48

146 (44.5)

8.23

7.54

6.91

5.80

4.87

156 (47.5)

8.95

8.17

7.45

6.20

5.16

166 (50.6)

10.04

9.11

8.26

6.80

5.60

179 (54.6)

7.66

7.04

6.48

5.48

4.63

188 (57.3)

6.81

6.30

5.83

4.99

4.26

198 (60.3)

6.98

6.45

5.96

5.08

4.34

206 (62.8)

8.17

7.49

6.86

5.76

4.84

219 (66.7)

8.60

7.86

7.19

6.01

5.02

229 (69.8)

8.97

8.18

7.47

6.21

5.17

239-241 (72.8-73.5)

7.59

6.98

6.42

5.43

4.60

Table 2c continued
Page 2
Sample depth
{feet {meters)~

Thermal conductivities
(millicalories/cm sec OC) for porosities of:
0%

5%

10%

20%

30%

247 (75.3)

8.18

7.50

6.87

5.77

4.85

260-262 (79.2-79.9)

8.23

7.54

6.91

5.80

4.87

265 (80.7)

15.56

13.81

12.26

9.66

7.61

268 (81.7)

9.02

8.23

7.50

6.24

5.19

280 (85.3)

8.58

7.85

7.18

6.00

5.01

288-290 (87.8-88.4)

8.76

8.00

7.31

6.10

5.09

300 (91.4)

8.06

7.40

6.78

5.71

4.80

300 (91.4)

8.98

8.19

7.47

6.22

5.17

309-310 (94.2-94.5)

9.43

8.58

7.81

6.47

5.36

321 (97.8)

8.96

8.17

7.46

6.21

5.17

354 (107.9)

12.43

11.16

10.01

8.07

6.50

363-365 (110.6-111.2)

12.13

10.90

9.80

7.91

6.39

390 (118.9)

12.48

11.20

10.05

8.09

6.52

400-405 (121.9-123.4)

11.38

10.26

9.25

7.52

6.11

405-409 (123.4-124.7)

11.14

10.05

9.07

7.39

6.02

414-428 (126.2-130.4)

13.59

12.15

10.85

8.67

6.92

450-454 (137.2-138.4)

10.96

9.90

8.94

7.29

5.95

472 (143.9)

14.93

13.28

11.81

9.34

7.39

480-490 (146.3-149.3)

9.49

8.63

7.85

6.50

5.38

506-508 (154.2-154.8)

9.72

8.83

8.03

6.63

5.47

515 (157.0)

13.33

11.92

10.66

8.53

6.82

525-530 (160.0-161.5)

11.36

10.24

9.23

7.51

6.10

535 (163.1)

10.47

9.48

8.58

7.03

5.76

Table 2c continued
Page 3
Sam ple depth
{meters}}

lie et

Thermal conductivities
lmillicalories/cm sec OC) for porosities of:
0%

5%

10%

20%

30%

556 (169.5)

14.45

12.87

11.47

9.10

7.22

572 (174.3)

11.67

10.51

9.46

7.67

6.22

592 (180.4)

12.88

11.54

10.34

8.30

6.66

609 (185.6)

7.61

7.00

6.44

5.45

4.61

618 (188.4)

9.22

8.40

7.65

6.35

5.27

14.92

13.27

11.80

9.33

7.38

655 (199.6)

7.76

7.13

6.55

5.53

4.67

656 (199.9)

14.90

13.25

11.79

9.32

7.38

648 -652 (197.5-198.7)

All samples measured at 72 0 F (22 0 C).

WELL TEST
June 15 & 16, 1982

Tested

GTW #2

. d by ..••..•.........•......
L. Wester
SuperVlse

Da te ...........................•..

Well .•••••.•••.•••••••••••.•••••••

Weston Engineering

by •..•....•..••.•..•...•..•.•

Pumping Equipment.l. .l/~.~P.~!JP!l1~r~)P.l~,P!J!l1P.~~~.~.~~~ .. ~~.f~~~ ............... .

• •••• fl..i.r.l.i .n.e..-..39. .l.b1.6. .i r~.h. 9f19~.••.•.•...••..•••..........•......•..........
Orifice - size = 2" x 1 1/4"
. D'
Measurlng
evlce ...................................
, ....................... .
Time

Depth to Water

1520

429.27

1657

429.27

Inches on
Manometer
or Meter

Discharge
GPM

II

1701

••••••••••••••••••••••

·........ .

·······'lD~~~h~~~~·····

·........ .

on in GPM)
·Pump
... , .........
, ....... .

24.8#

434.59
·1701:20
. . . . . . . ......
..... .

22.5#

435.51
·1701
. . . .:40
. . . ............
.

22.1 #

"

433.89
·1703:00
. . . . . . . ............
.
432.28
·;704:40
. . . . . . . ............
.

· ....... .
·.... , ...

•

• • • • • • • 4- •

22.8#

1706:46

431 .81

?~:~! .. ~J~~.?P~~ ...... .
23.7# 160°F

1712

432.04

·23.6#
..................... .
)??~f. J!?) ............ .

1713
1720

431 .81

1730

431.81

1846

431 .81

23.7#
41 .5"

·...39.33
, .....

23.7#

·23.7#
..................... .

1921

6/16

Remarks
Static

166°F (#2)

2145

431 .81

0333

432.28

0905

431 .81

23.7#

1230

431 .81

23.7#

23.7#

·....... .

· ........ .

23.5#
..................... .

"

Page 2 of 3
WELL TEST

Time
Depth to Water
1250
1254
·1259
. . . . . . . .431.81
.. .. .. . . . ..
1300
·. . . . . . . . . . . . . . . . . .
1302
· . .. . . . . . . . . . . . . . . .. .
1304
. . . . . .430.66
. . . .. . .. . . .
1305
·. . .. . . . .. . . . . .. . . . .
1306
430.66
1308
·. .. . . . . . .430.66
. . . . . .. ... .
1310
430.66
· .. . . . . .. . . . . . . . . . . . .
1311
·.... .. .. . . .. .. . . . . ...
1312
· . . .. . . . . .430.20
. . . . .. ... . .
1313
430.20
·. . . . .. . . . . . . . . . . .. .
1314
· .. . . . . . . . . . .. ......
1317
· . . . . . . . .. . . . ... ....
1318
. . . . . . . . .430.20
.. . . .......
1322
1323
·. . . . . . . .430.20
. . .. .. .. .. .
1323
· . . .. . . . . . . . . . . . . . . . .
1324
· . .... . . .429.27
. . . . . . . . ...
1326
1327
429.27

.

· .
.

.

..

·

1330
1331
1333
1333:30
· ... . . .
1335
1336
· .. . . ..
1337
1342
1344

Manometer
or Meter

39.3

. ....... .

........ .
. ....... .

30.7

. ....... .
. ....... .

· ........................ .
.1~Q,Z~~.(~~1 ............ .

160°F
·23.7#
.........................
.
back
·Valved
..........................
.
· . . . .. . . . . . . . .. . .. . ....... .
·24.2#
. .. . . . .. .. . . . . . .. .. ..... .

30.5

. ....... .

30.5

. ....... .
. ...... .
. .. . . .. .
. ....... .

·24.2#
......................... .
·24.2#
. . . . .. . . . . .. .... . ..... .
24.2#
· . . .. .. . . . . . . . . . .. . ..... .
·Valved
. . . . . . .back
. . . . . .. . . . . . .....
24.4#
· . . . . . .. . . . . . . . . .. . ..... .

25.7

115# Back pressure .
·24.4#
........................

. ....... .

. ....... .
. ....... .

25.8

·24.4#
. . ... .. . . ... .

. ....... .

25.8
24.4#
Valved back
24.8#

. . . . .. ..
. ....... .

........ .

12.7
24.8#

429.27

. . .429.97
. . . .. . . . . . .

Remarks

Discharge

.2.4...8.#..1.6.2.#..Bil.c.k. Ptf=?s.uTf=.•
.V.a.l.v.e~..uP. . . . . . . . . . . .. . ..
.2~: .5.#.................... .

. ...... .
~

22.8

.. .429.97
.. . . . . . . ..

·24.5+#
. . . . . . . .. . ............. .

. ....... .

135# Back.pr~~~~r~ ...... .
429.97

.2~: .5:-!. .1 '?7fr. ~?f:~. pr~??~r~.

22.6
ANDERSON 8: KELLY
CONSULTANTS IN ENGINEERING ANO GEOLOGY
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WELL TEST

Time

DeEth to Water

Manometer
or Meter

J~~?: 99

··· ·· · ··· ·· ··· · ··· · · ···
······ · · ··. · · ·· · · · · · · ·· ·· · · ·· ·
]~~~:~9
· · ··· · · · · ·· · ··
···1?9:~9
426.96
1346: 20
· ··· 17
· · · · · · · ·· ·· · · · · ·
· · · · ·427.
· · · ·19
·1347:
· ·· · · · . · · · · · · · · ·
·1348:
··· ··08· ·· ·427.
····19
· · ·· · · · · · ·428.
· · ·· · ·· · · · · · · · · ·
·· · · 12
1348:50
· ····· · · · ·428.25
· · · · · . · · ·· · · · · · · · · ·
1349: 03
·1349:
· · · · · · · · ·· · · · · · · · · ·
··· ··20· · ·428.58
· · ·· · · · · · ·428.81
· · · · · · · · · · · · · ·· · · ·
1349:48
·1350:40
· · · · · · · · · · · · · · ·· · · · ·
···· ·· · ··429.04
· . · · · · · ·· · · · · · · · · · · · · · · · · · · · · ·
1351 :30
429.27
· · · · · · · ·· · · · · · · · · · · · · · · · · · · · ·
· · · ·· · · · · · · · · · · · · · · · · · · · · · · · · ·
·· · · · · · · · · · · · · · · · · · · ·· · · · · · ·
· · · ·· · · · · · · · · · · · · · · · · · · · · · · · ·

· · ··· · ·
· ·· ·· · ·
·· · ·· ·
· · ··· · ·
·· ··· · ·
· · ·· · · ·
·· ··· · ·
· ·· · · · ·
·· · · · · ·
·. · · · · ·
· · ·· · · ·
· · · · · ··
· · · ·. · ·
· ·· ··· ·
· ·· · · · ·
·· · · · · ·

·· · ·· · · ··· ··
· · · · · ·· · ·· · .- ·
· · · · · · · · ·· ·
· ·· · · · · · · · ·
·· ·· · · · · · ··
·· ·· · ·· · ·· ····
· · · · · · · · · ·· · ·
·· ····· · ·· · · · ·
· · · ··· · · · · · · · ·
· · · · · · · · · · · ··
· · · · · · ·· · · · · · ·
·· · · · · · · · · · · ·
· ·· ·· · ··· ·· ·
· · · · · · ·· · · · · ·
······· ·· · ···
· · · · · · ·· · · · · · ·

Remarks

Discharge

·· · · ·· ·
······· ··
· ··· ···
· ·· · · · · ··
·· · · ·· ···
··· · · · · ·
· · · · · ·· ·
··· ······
· · · ·· · · ·
·· · ··· · · ·
·· · · · ·· .
· · ·· · · · ·
· · ·· · · · ·
· · · ·· · · · ·
·· · · · · · · ·
· · ·· · · · ·

.Qtt~P.r.essur.e.tncr.ease.due

to

.Wijter..dr.qtntng.tr.oro.dr.op.pipe
•~ ~ '\ ~1t ••••.••.•..•.•..••••
·25.8#
........................ .
·25.7#
. . . ... .. .. . . .. . .. . ..... .
25.7#
· ........................ .
dropping rapidly·25.3#(Started
..........................
.

.~~:~~(~~~~.~~ .~~~~~.~~~.~f drop pipe:
25.1 #
·25.0#
. . . . . . .. . . . . . .. .. . ..... .
24.9#
24.8#

• •••••••••••••••••
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WELL TEST
OBSERVATION WELL
June
15
&
16,
1982
Weston Engineering
Tested by .•••.•....•.•.•.•..•.••••.•
Date. . . . . . . . . . . . . . . • . . . . . . . . . . . . . .

~le 11 .•.•• ~~~:?:?

............. ,...

Superv i sed by •• ~: • ~~? ~~~ ........... .

Pumping Equipment ........•...............................•...................

· ............................................................
Sounder
Measuring Devlce
.

Time

DeEth to Water

J.6.3.0. · ·

· . ~?.6.•.3.9. · . ·
· · · · . · · . · ·. · .
· · ~.2p...3$3. · .. ·
· · • !1.2p.. !1.3· · ·· ·
· . fl.2.6•. fl.o· · · · .
· fl~p.·.3~, . · · ·
· · · fl~p.. •3~· · . · ·
·. fl~.6•••3~· · . ·.
· .. ~.2p••.3~· . · · ·
· .. fl~p.·.3~. · ..
· · ·. · ·. · ·. ·.
·. · . · · · ... · · . ·
· · · ... · . · · · · ·
· .. · . .. · · · . · . ·
· · . · .. · . · .. · · .
· . · · . . · · · .. · .
·. · ·. ·.· · · . · .
·. · ·. · · · ·.· · .

.1.7.0.1.

·

.1.7.1 .7. · ·
J.7~.5.

·

.1.8.0.3.

·

.1.8.4.6· .

6/16

·
.2.1 !1!1· .
·
.D.3.4.1. · .
.D.9.1.3· ..
.1.2.4.5 · .
·
.1.3.4.5 · ·
· . · .. · .
· · · . ·. ·
· · ... · .
· · .... ·
·. ·.·. ·
· . ·. · ·
· ·. · · .

Inches on
Manometer
or Meter

· . · · ·.. · .
· · . · ·· .·.
··. · · ·

·· · . · ·
· · . · · . · ··
···· ·
· .. ·. · · .
· ·. · · . · ·
· · · · · ....
· · . , .... ·
···· ... · ·
··.· ·.·.
· · . · .. · ·.
· .. · · . ·· .
· ... ·. - ·,
· . ·. · · · ·
· · . · ... · ·
· · .· ... ·

Discharge

Remarks

·. ·.. ·...
· ·· . ·....
· . · ·.· .. ·
· · ... · .
· .· · ·.. · .

·· .. · .. · ... . . · . · · · .

·.·
··

· ··

·

..

· ..

· ·· . · · . ·
· · .. · . ·
··.·. ·. · . ·

·. ·· · . · . ·
· · · . ·.
· .. · · · . · ..
· . , ..
• ·. · , · . · . ·
· .. ·. ·· · .
· . · · ·. ·
· , ... · .

StSirt. PlJ(l1P.

··. · ·
· . · . · . · ... · . · ·

checked ·severa; ·times'
~~P:?? · t9 · ~~P . ~?
· ·· · ·
· . · ·. · ·. ·. ·
· · ·. · ·· · · ·. · ·
· · .. ··· . · . · . . · . · ·.

· · .. · .. · · . · . · . · · ·
~J~~P~P t~r · fr91J1 pr9P~.

PytllP.9ff.

·.· · · ·
· ·· . · · · . · . · .. · ·
· . · .. · . · · ·· · · ·
· . · .· . · · . · · . · · · ·
·. · . ·· · · · · . · · · . · ·
·. · · . ·. · . · . · · . · . · ·
· . · . · . ·. · . ·
· .· . , . • · · · . ·
· ·

APPENDIX C
Data for Well 3

Table 3a
Sample Descriptions and Drilling Information for Well UWT-3

Well:

UWT-3

Location:

T.43N., R.95W., Sec. 25, SW/SE/SW

Elevation:

4500 ft.

Total drilled depth:
Drilling dates:
Water level:

228ft.

6/3 to 6/4/82

113 ft.

Bottom hole temperature:
Casing:

8 5/8 inch cemented in from 0 to 68ft.
4 1/2 inch hung with no perforations from

Formation Tops:

Depth
.lft. }
0-25

130.1 0 F (54.50 0 C)

Oft. -Dinwoody Formation
68ft.-Park City Formation

Litholog~

red and yellow clay
with silt

25-40

grey clay with some
red and yellow siltstone and gypsum
crystals

40-60

grey clay with minor
pyrite and gypsum
crystals
grey clay with gypsum
dark brown, dirty,
calcareous sandstone
with minor gypsum
crystals

60-68 1
68-90'
79 1
90-100
100-102
102-103
103-115

to 194ft.

Drilling
Characteristics

Drilling
Rate

drilling with 8 5/8"
core bit
drills very smooth
and consistent

34-36 1

1.41/min

drills hard, solid

begin 6~" hal1111er bit
dark brown-black limestone with dark brown
siltstone.
hard, rough drilling
same as above with
black chert
fast drilling, loose
-no returncirculation
dark brown limestone
good circulation,
with black chert
harder drilling

Sample
Interval

l'/min

l'/min

41-43 1
53-54 1
61-63'
68-69

84'
95'
100-101'

11/min

2

Table 3a continued

-----Depth
ill~·,--)

_

115-135
135-145

145-155
155-175

--------------------

Drilling
Characteristics
light grey, dense, well some difficulty lowering
indurated, med. grained drill string after
limestone
making connections
drilled 135-142 in 40
grey limestone with
some tar
seconds and began
large water production

115'

making 1040F water
grey limestone with
smells moderatley of H2S
large amount of tar
1150F water
dark grey limestone,
white sandstone, tar,
with minor pyrite,
tar in golf ball size drilling rate highly
variable over inches,
globs
hole caving on drill
stem

147'

122'
137

158-160'

redrill 162-166 many
times

175-182
182-186
186-193
193-200
200-228

228

1-2 ft. sections of fast
drilling
hard, rough drilling making
grey mudstone interbedded with hard grey
60gpm of 126 0 F water
1imestone.
tar; tar inpregrated
sandstone; dense,
fine grained limestone
sporadic, poor circulation,
tar with minor tar
impregnated sandstone
I-3ft. without circulation
-bit drop-nothingloose circulation
drills fast to 202'
4'/min
-no returnredrill 204-208 many
times, drill string
runs freely to 204'
T.D.

174-176'

184-186'

notes:
Casing went into hole with difficulty below 140', believe
hung up by tar. Circulated casing down below 140', had good
circulation until 190'. Succeeded in placing casing in
cavern at 192 to 200'. All drill rods below 134' came up
covered with tar.

189'

Figure 3

Temperature °C
30

35

40

45

50

55

60

o~----~------~----~------~----~----~

10

Din woody
Formation

THERMOPOLIS
UWT-3
June 7, 1982
T.43 N., R. 95 W., Sec. 25, sw/se/sw
Elevation 4500 ft.
1
West Long. 1080 12.52
1
0
North Lot. 43 39.53

0

40

20
80
Cf)

a:::
w 30
I-w

0
rr1

-u

-t

~

water level

120 ."

::r:

I--

a..

W

I

rr1

rn

40

C)

-t

Park City
Formation
160

50

60

200

70------------------~---------------------90
100
110
120
130
140

Temperature of

Table 3b
Temperature-depth and thermal gradient data for well UWT-1

Depth
(Meters)

Temp
(OC)

9.20

35.930

19.20

42.590

29.20

45.562

39.20

51.804

49.20

52.914

59.20

54.502

Gradient
(OC/KM)

566.000
397.200
624.200
111.000

Interval for calculation
of thermal gradient
(meters (feet))

158.800

Thermal gradient
{OC/Km (OF/1000ft))

------9.2 - 61.9 (30.2 - 203.1)

345.6 (189.6)

9.2 - 19.2 (30.2 - 63.0)

556.0 (305.0)

9.2 - 29.2 (30.2 - 95.8)

481.6 (264.2)

19.2 - 29.2 (63.0 - 95.8)

397.0 (217.8)

39.2 - 61.9 (128.6 - 203.1)

113.6 (62.3)

Table 3c
Thermal conductiviites of drill cuttings from well UWT-3 for varying
rock porosities
Sample depth
ifeet (meters})

Thermal conductivities
(millicalories/cm sec OC) for porosities of:
0%

5%

10%

20%

30%

34-36 (10.4-11.0)

7.56

6.95

6.40

5.42

4.59

41.43 (12.5-13.1)

9.52

8.66

7.88

6.52

5.39

53.45 (16.2-16.5)

9.89

8.98

8.15

6.72

5.54

68-69 (20.7-21.0)

8.82

8.05

7.35

6.13

5.11

76-72 (23.2-21.9)

7.83

7.19

6.60

5.57

4.70

84 (25.6)

8.25

7.56

6.93

5.81

4.88

95 (29.0)

7.13

6.58

6.07

5.17

4.40

100-101 (30.5-30.8)

8.61

7.87

7.19

6.01

5.02

115 (35.1)

9.49

8.63

7.85

6.50

5.38

122 (37.2)

8.63

7.89

7.21

6.03

5.03

137 {41.8}

8.55

7.82

7.15

5.98

5.00

147 {44.8}

5.51

5.15

4.81

4.21

3.68

158-160 (48.2-48.8)

5.09

4.78

4.49

3.95

3.48

174-176 (53.0-53.6)

5.66

5.28

4.93

4.30

3.75

184-186 {56.1-56.7}

5.75

5.36

5.00

4.35

3.79

.90

.92

.94

.98

1.04

tar sample

All samples measured at 72 0 F (Z2 0 C).

WELL TEST

Date ..• ~~P~.)7~.)~~~............. .

Tested by ... ~~~tp[1. F[19j!1~~rj[1g ••.•••

Well .. ~J;J. !.3. .({\.irppr~) ........... .

Supervised by ... ~:.~~~~~r .......... .

Pumping Equipment .. 7.)I?~P.~~P~~r~JPJ~ .. P~~P.~~~.~~.J97:~~.f~~t ............ .

· ........................................................ , .................. .
.
Measurlng

D·
2" x 1 ' ..................................................
5" orifice
evlce ..........
.

Time

Depth to Water

Pf3.2•O• ••

••• ))!>:Jf .••••

Inches on
Manometer
or Meter

Discharge
GPM

Remarks
~9~:<. ?9~r~~r .......... .

.0.9.3.0•.. ••• J)!>:).2 •••••

?9:~!.~~r:~.9~~.?9~r9~r down

.0.9.3.2...

·Start
. ................... .
]~: 9! ................. .
·14.0#
...................... .
~

.0.9.3.2.: .2.0 . . . .133.21
.. . . . . . . . .
.. ... . .. ..
·0932:40
..... . . . . .130.90

·........ .

·0932:50
..... .

130.44

0933: 10

129.06

· .. , ... , .

·0933:20
.... , .

129.06

45.5"

0934

129.06

14.2#

· ....... ,

0938

45.5"
128.36

0940:30

128.59

0942

.~,

Aired airline
·14.8#
.............
, ... , ... .
}~:~!.~?~~~~~~r.~~~?~¥.

·14.8#
..................... .

0937

0939

·........ .
68.0
.... , ..

}~9: )~ f. J!?) .......... .
68.0

· ..................... .
15.0#

45.5

68.0

0943

127.90

45.0

67.6

0944

128.13

45.5 , .
· ......

68.8

0946

128.36

45.0

0948

128.13

45.0

67.6
·........
.
67.6

15.3#

15.1# No gas like 1 & 2

······Manometer·steady·

~?:~~.9J].r~~J9~~.J~.~~ter

lAlrport)
Page 2 of 4

l:iIW 1/j

WELL TEST

Time

De2th to Water

·0951
...... ·.............
128. 13
· 0952 .. · .............
0954
·.............
·......
0955
127.90
·...... · .............
128. 13
· 1000
...... ·.............
1002
·......
·.............
1004
· ...... · .............
128. 13
·1005
...... ·.............
·1013
...... · .............
1014
128.83
· ...... ·.............
128.83
·1032
...... ·.............
128. 13
·1108
...... ·.............
128.36
·1205
...... · .............
1224

· ...... · .............
128.36
·1225
...... · ...................
128.36
·1300
....... · ................
1345
128.13
.........
· .............
127.67
·1430
........ · ...................
127.67
· 1545
....... · .......................

Manometer
or Meter

Discharge

Remarks

·........

·........

54.5 C (#2) -126°F ........... .
................................

· ........
44.75"
· ........
44.5"
· ........
44.5"
· ........
· ........
· ........
· ........
44.75
· ........
· ........
44.75
· ........
45.0
· ........
44.5
· ........
· ........

........
·67.4
.........
67.3
· ........
·67.3
........
· ........
· ........
· ........
·67.4
........
· ........
·67.4
........
67.6
· ........

. 15.2#
......................................... .

44.5"

44.4
...........
44.4
· ........
44.6
· .........
44.75
· ........
45.0
.. ............

..

·67.3

·67.3
........
· ........
·67.2
.........
67.2
· ........

·67.3
........

·67.4
...........
.

67.6

..............

· ] 9?~ ..

... 1?9:~~ .....

1706
...........

126.98
.. ...................

..44~Z~
44.5
· ...........

·67.3
..........

·1708
........
1709
.. . . . .. . .
·1711
.......
1711 : 1 5
·........
.. 1712
. .. . . .

· ..................

..

........

·76.9
..........

......................

.

.........

. 77.4
............

· ..................
120.74
· ...................
.. .. . . .. . .. . .. .. .. . . ..
.. .. . . .. .. .. .. .. .. .. . . ..

· .............

· ..........
1713

1714
...........

120.51
.. ........................

. ..

· .......................

1716: 30
.

.. .. ..

1717
.............
1720

.. .. .. .. .. ..

.

120.74
.......................
..........................
..

.~~·.1 ....

0

~

15.3#
..............................................

·15.2#
. .. .. .. .0. .. . .. . .. .. .. .. . ....

..

......... .

128.3 F (#2)

·;2S:SoF········ ......... .
..........................................
15.2#
14.9#
14.9#

·i~:~~·i~~6~·~·~~:~di·iiii

~1~~.>~~ >~~~~~ ~~ ~~~.~q~< ~(~~)~
·~~~i.~~~~ 1.~ .~~~~ .~i.1.. i.~ .~a.ter
15.1#
·1·5:1·#·

·1·2~c5F·············

·1'5:2#' ·1·26oF·············
·1·~:4#· ·1·26oF····· ' ...... .

....................................... .

..

15.4#

.1. ~ '. ~ II. ...••...•....•......
.1. ~'. ~~ .. 1.~~~~ ...........•.
.~i.~~~~r:~~ .c.~e.c:~ ......... .
"

II

Valve back

..

.............
.. ..........

..........
. ...........
49.5
.. ...........

·~i. ~~~a.r:g.e..c.~e.c.~ ......... .

· ..............

49.4
.............

·

·~~c. ~ .~r:~s.s.~r:e..-. .7.5.#..•.•.•

. ................

..

..............

18.5#

..............
· ...............

..

49.6
................

.~ i. s.c:~a. ~g.e..c.h.e.C:k.......... .

· .............

· ............

..

..

..

18.4#

18.4#

50.0
............

ANDERSON 8: KELLY
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ulW #3

WELL TEST

Time
1721 .
·.....

Depth to Water

Manometer
or Meter

·18.4#
......................... .

120.74

back
·Valved
........................
.

·1721:30
..... .

1723
1724
· 1725
..... .
1727
1730
1730:40
·1731
. .. . .:30
.
1732:30
· .. . . .
·.1733
.....
1735
·. . . . . .
·1736
. .. . . .
1737
·. . . . ..
· .1738
. .. . .
1739:40
·1740:30
. .. . . .

.

116.35
116.58
116.58
. ............
.
116.58
. . .116.58
. . . . . . . .. . .
118.66

. . . . . . . . .. . . . .
.. .118.66
. . .. .. ... . .
. . . . . . . . . . . .. .
. . .118.66
. . . . . . . . .. .
. . .. . ... . . . . . .
. . . . . . . .. . . . . .
. . .118.66
. . .... . . . . .

15.6
15.3

. ....... .
. ....... .
. . . .. . .
. ....... .
. . . . . .. .

. ....... .
. ...... .

·20.3#
......................... .
·20.2
........................ .
20.2#
· . . . . .. . . .. . . . . . .. . ..... .
20.2#
·20.2#
. . . . .. .Valved
. . . . ... up.. ......... .
19.3#

36.0
19.3#

.~~~~ .~~~~~~~~ .~~~
19.3#

...... .

36.6
37.7
19.3#
37.7
19.3#

...118.66
. . . . . . . . . . . . . .. . ...

· .1741
. . . . . . . . . . .. . . . . . .
·.1741
. . . .:20
. . . ..123.28
.........
1742
· 1743
. . . . ..
1744
1745
· .1746:30
.. . ..
1748
1749
1750
1751
1751:30
1752
1753

Remarks

Di scharge

. ....... .

~~1.~~~ .~~ ..•....•..••..•.

........ .

·17.3#
. . . . . . . . . . . . . . . . . . .. . ...
63.7

. ..123.51
. . . . . . . .. . .

·17.2#
. . . . . . . . . . . . . . . . .. . .....

. ....... .
63.7

123.74

. . .. . . . . . . . . . .

. ....... .

64. 1

123.74

17.1#
63.7

123.74

17 . 1

126.98
127 . 21
127 .21

.~~~~ .~~~~ ............. .
15.7#
15.6#
15.6# Off
ANDERSON & KELLY
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WELL TEST

Time
Depth to Water
1753: 40
1754:00
1754: 30
.......
1755
1756
1757

Manometer
or Meter

Remarks

Discharge
.~1... ~~,

............ .

20.7#
..........................
20.7#
20.6#
20.7#
20.7#

ANDERSON Be KELLY
CONSULTANTS IN ENGINEERING AND GEOLOGY

APPENDIX D
Data for the Abandoned Seaboard Oil Well

Table 4b
Temperature-depth and thermal gradient data for the Seaboard Oil Company's
Carter Government #1 well
Depth
(Meters)

Temp
(OC)

9.55

19.480

19.55

19.550

39.55

22.470

59.55

27.870

79.55

32.580

99.55

36.960

119.55

40.420

139.55

45.590

159.55

50.130

179.55

53.020

199.55

60.810

209.55

63.966

212.55

66.423

213.55

66.426

214.55

66.516

215.55

66.671

219.55

67.049

229.55

68.379

239.55

68.753

249.55

68.871

259.55

68.951

269.55

69.003

279.55

69.051

289.55

69.066

Gradient
(OC/KM)

7.000
146.000
270.000
235.500
219.000
173.000
258.500
227.000
144.500
389.500
315.600
819.000
3.000
90.000
155.000
94.500
133.000
37.400
11.800
8.000
5.200
4.800
1.500

Table 4b continued
Interval for calculation
of thermal gradient
(meters (feet»

Thermal gradient
(OC/Km (OF/1000ft»

19.55 - 209.55 (64.1 - 687.5)

229.6 (126.0)

19.55 - 99.55 (64.1 - 326.6)

224.7 (123.3)

99.55 - 179.55 (326.6 - 598.1)

209.2 (114.8

212.55 - 289.55 (697.4 - 950.0)

37.6 (20.6)

239.55 - 289.55 (786.0 - 950.0)

6.2 (3.4)

APPENDIX E
Potentiometric Map for the Thermopolis Area

SELECTED GROUNDWATER LEVEL ELEVATIONS IN THE VICINITY OF THERMOPOLIS, WYOMING
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APPENDIX F
Chemical Data for Wells 1, 2, 3, and Big Spring

Chemical Data
(Gathered by the Department of Geology and Geophysics, University of Wyoming
for the U.S. Department of Energy, Contract No. DE-FC07-79ID12026.)
C4

Cr

Ni

Fe

Cd

Zn

Mn

Pb

Ag

3.0 287 646

.05

.08

.1

1.3

.05

.04

.05

.2

.05

42.6 263 60.6

3.1 205 632

.05

.07

.1

1.4

.05

.03

.05

.2

.05

257

42.5 336 93.6

3.1 260 911

.05

.06

.1

.7

.05

.05

.05

.2

.05

233

42.5 320 68.5

3.7 239 631

.05

.05

.1

.05

.05

.03

.05

.2

.05

Sample

Date

pH

Na

Well 1

June 14,
1982

7.64

253

42.6 280 61.3

Well 2

June 16,
1982

7.67

212

Well 3

June 17,
1982

7.77

Big Spring

June 3,
1982

7.70

Note:

K

Ca

All values are in parts per million (ppm)

Mg

F

C1

S04

APPENDIX G

SLUG WELL TEST

...

.

.

Date .• .February
.. ....24,
.. .. .. 1982
... .. .. .. .. .

Wester
Tested by ••••••••••••••

We11 •.. ~~~~~.(~~~~~ .. , •.......••..

Supervised by.

................. .

Pumping Equipment ... !~~~S~~~~.~~.1~.~~1~.{~1qq:.1:~:I ....................... .
.. ..

... .. . .. .. .. .... . .. ... ..... .. .. .. .. .. " .............................................. .

Time
Q~~~ •••

DeEth to Water
278.74
· .............

0938
·....

· .......
0940:55
115' ·......
· , ..... ·......
0941:28

105
·.....

0941:45
·......

·85
.....

0942:22
· .........

50

·

30

0943:42
............
0943:02
·......
0943:17
·.......
0944:03
· ......
0944:50
·.... ..
'

0945:23

·......
0945:43
·... , ..
0946:06
·......
0946:30
·.......
0946:55
·......
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SYNOPSIS
Thermopolis is the site of Hot
Springs State Park, where numerous
hot springs produce nearly 3,000 gallons per minute (gpm) of 130°F (54°C)
water. The University of Wyoming Geothermal Resource Assessment Group has
studied a 1,700-square-mile area centered roughly on the State Park.
Available literature, bottom-hole temperatures from over 400 oil well logs,
62 oil field drill stem tests, the
Wyoming State Engineer's water well
files, 60 formation water analyses,
thermal logs of 19 holes, and field
investigations of geology and hydrology
form the basis of this report ..
The present springs, as well as indications of previous springs, are located at the crest of the Thermopolis
Anticline. This is an asymmetric fold,
much steeper to the south, which plunges
east and northwest from Thermopolis.
The anticline appears to be broken
along its axis by a major basement
fault and by smaller transverse faults.
From the crest of the anticline, where
p,ermian and Triassic formations are
xposed, strata up through Cretaceous
ip steeply southward into a sharp
syncline, then rise gently up the north
flank of the Precambrian-cored Owl
Creek Mountains.

~

Analysis of thermal data reveals that
temperatures of up to 161°F (72°C) occur
along the crest of the Thermopolis Anticline within 500 feet of the surface.
Thermal gradients along the anticline
range from 43 to 300°F/l,000 feet, in
contrast with gradients of around lSoF/
1,000 feet for areas to the north and
south. In addition to this low-temperature hydrothermal resource area
(approximately 30 square miles) along
the Thermopolis Anticline, there is a

marginal resource in the Red Spring
Anticline area 8 miles east of Thermopolis which shows gradients of up
to SloF/l,OOO feet. Thermal gradients
within the resource area increase with
proximity to the crest of the anticline.
The highest gradients and temperatures
are found near the northwest end of the
structure.
We have studied the hydrology and
heat flow of these geothermal anomalies.
Investigations indicate that waters
discharging at Hot Springs State Park
enter upper Paleozoic aquifers which
crop out in the mountains to the south
and west. These waters are confined by
relatively impermeable Triassic siltstones and mudstones, and they flow
under artesian pressure through the intervening syncline to surface along
faults breaking the crest of the Thermopolis Anticline. Although three heating mechanisms have been proposed, geological considerations and thermal modeling identify simple conductive heating in
the deep portions of the syncline as
most plausible. Furthermore, flow and
heating models indicate that the maximum temperatures likely to be produced
from the system at reasonable drilling
depths are 140°F (60°C) in the immediate
vicinity of Thermopolis and 170°F (77°C)
in an area 8 miles to the northwest. Artesian pressure is apparently sufficient
to ensure surface flow for wells in a
broad area along the Bighorn River south
and north of Thermopolis.
The major aquifers for the Thermopolis
geothermal system are the Permian Park
City Formation (mostly limestone), the
Pennsylvanian Tensleep Sandstone, and
the Mississippian Madison Limestone.
The Flathead Sandstone of Cambrian age
may also yield hot waters, though at far

greater depths. Chemical comparisons
between identified aquifer waters and
the Thermopolis hot springs suggest the
Madison Limestone as the major water
source, though contributions from overlying units are likely. Potential yield
generally increases from the Park City
Formation to the Tensleep Sandstone,
and again to the Madison Limestone.
Individual wells into the Madison Limestone in the southern Bighorn Basin
have produced nearly 3,000 gpm. Existing hot wells (less than 1,000 feet
deep) in the area just north of Thermopolis flow up to 1,000 gpm from the
Park City Formation.

composition to the existing springs:
calcium sulfate and bicarbonate waters
with total dissolved solids of around
2,300 milligrams per liter.

Geothermal waters have been used
for residential space heating on a
limited basis in Thermopolis for several
decades. These applications, using
surface, artesian discharge of hot well
water via subfloor piping, may provide useful, long-term data on possible
development problems. Drill-hole
casing corrosion and collapse or mineral
deposition may be responsible for declining flows in several wells; excessive calcium carbonate deposition is
known to be a problem in certain cases.
That geothermal waters are mixing beLegally, development of the Thermopolis
tween the upper Paleozoic formations
along the Thermopolis Anticline is demon- geothermal system must comply with Wyoming State Engineer regulations on
strated by isothermal conditions in
water appropriations and with various
drill holes, homogeneous chemistry, and
Federal and State agency procedures
similarity of hydraulic head. Thus,
for leasing and drilling. An addidrilling deeper than necessary to setional constraint specific to the Thercure adequate flow is unlikely to promopolis area is that the flow of the
duce significantly higher temperatures,
higher pressures, or superior chemical
springs of Hot Springs State Park is
explicitly protected by statute.
characteristics. Waters within this
geothermal reservoir are similar in

INTRODUCTION
expression of the Thermopolis hydrothermal system is a group of springs
represented locally as the "World's
Largest Mineral Hot Spring."
These
springs give the town of Thermopolis
its name and form the nucleus of the
640-acre Hot Springs State Park (Figure
2). The single largest vent in the
group, known as Big Spring, flows 2,419
gpm [Wyoming State Engineer's filesl on
average, at 132°F (56°C). Including
five hot water wells drilled just north
of the State Park, the system produces
4,861 gp~ at 124 to 132°F (51 to 56°C)
(see Table 1).

We have studied the Thermopolis
hydrothermal system as part of a statewide geothermal resource assessment
program. The Thermopolis system has
received special attention because of
the spectacular natural hydrothermal
features located over it and because
there is potential use for the geothermal resource in Thermopolis.
The study area for this report encompasses about 1,700 square miles in
the southern end of the Bighorn Basin
in northwest Wyoming. The Bighorn
Basin is the subject of a regional geothermal analysis (Hinckley and Heasler,
in preparation) and includes site-specific studies at Cody (Heasler, 1982)
and Thermopolis (this report) (Figure
1). The major surface expression

Cursory studies of the Thermopolis
system have been made by various workers, including Darton (1906), Woodruff
(1909), Bartlett (1926), Burke (1952),
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and Breckenridge and Hinckley (1978).
The present study is the first attempt
to synthesize thermal, geologic, hydrologic, and chemical data for the
system since extensive oil e~loration
and our own well logging have made
such data available. The first section of this report develops the structural and stratigraphic framework of
the Thermopolis area. Next, we present the results of our thermal and
hydrologic investigations, with discussions of heating mechanisms, water
chemistry and availability, and flow
patterns for the system. The final section is a summary of our conclusions on
the extent and functioning of the
hydrothermal system, a discussion of the
development implications of our findings" and a suggestion of productive
directions for further study. Compilations of all bottom-hole temperature,
water chemistry, and hydraulic head data

Table 1.

are available as Open File Report No.
82-3 from the Geological Survey of Wyoming, Box, 3008, University Station,
Laramie, Wyoming 82071.
Funding for this project was provided by the United States Department of
Energy under Cooperative Agreement
DE-Fl07-79ID12026 with the University
of Wyoming Department of Geology and
Geophysics. Co-principal investigator
at the inception of the project was
Edward Decker, whom we thank for his
critical review of the manuscript. We
wish to thank Coronado Oil Company and
the people in the Thermopolis area who
allowed thermal logging of drill holes
and gave ,us their observations: Tom
Anderson, Daune Bird, Lewis Freudenthal,
Alice Jones, Dave Jones, Anna Maret,
Clayton Merrit, Virgil Russel, Norman
Sanford, Tom Sanford, Tom Sullivan,
Scott Taylor, and Zola Van Norman.

Well and spring data for the Hot Springs State Park area.

Name

Surface
temperature

Average
flow, gpm

Depth,
feet

Van Norman Well

124 OF (5l 0C)1

Controlled

550 2

Quarry Well

115°F (46°C)

Maytag Well
Sacaj awea Well

128°F (53°C)
l2SoF (53°C)

736 2
1,000 2

McCarthy Well #1

129°F (54°C)

529 2

510 3

McCarthy Well #2

l28?F (53°C)
127°F (530C) 1

<1
21
163 2

450 3

Bathtub Spring
White Sulphur

~pring

Black Sulphur/Terrace Spring

127°F (530C) 1
-131°F (550C) 1

Railroad Spring
Piling Spring

>95°F (35°C)1

Big Spring

132°F (56°C)

TOTAL
Flow weighted average temperature

'U3

790 2
900 (?) 1
900 (?) 1

10 1
<3 1
<3 1
2,419 2
4,861

= 130°F

(54°C)

References: 1Breckenridge and Hinckley, 1978; 2Wyoming State Engineer;
3 Bart lett" 1925.
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GEOLOGY
Spring are now venting directly into
the river.

Within 10 miles north and south of
Thermopolis are outcrops of rocks spanning over 3 billion years of geologic
time. The names, general arrangement
and compositions, and ages of these
rock strata are presented in Figure 3
along with a brief statement on their
water-bearing properties. Surface exposure of the various units is controlled by how they have been folded,
faulted, and eroded. Plate 1 and Figure 4 display this information along
with the names of major folds, and of
9il and gas fields, in the study area.
All of the thermal springs in the
State Park presently flow from the
lower Chugwater Formation along the
Bighorn River. Extensive travertine,
sulphur, and gypsum deposits, mostly
west of the river (Figure 4), indicate
that hydrothermal activity has not always been confined to its present location. Commercial quantities of sulphur coincident with Park City Formation outcrops mark a major focus of
activity 4 miles west-northwest of town
(Major, 1946), and travertine caps on
Round Top and T Hill (Figure 2) mark
mineral springs activity up to 600
feet higher than at present. Logically,
such springs will seek the lowest available outlet, so the shifting pattern
of activity may, in part, reflect continued downcutting of the Bighorn-River.
The present location of the springs
and Bartlett's (1926) observation of
numerous small hot springs in the Bighorn River support the proposal of
topographic control. That all the hot
springs may one day abandon their present sites for topographically lower
vents is indicated by Breckenridge
and Hinckley's (1978) conclusion, based
on fluorimetric studies, that the waters
of recently declining Black Sulphur

6

The string of hydrothermal deposits shown in Figure 4 corresponds
closely with the axis of the Thermopolis Anticline, an asymmetric fold
trending and plunging roughly east and
west-northwest from Thermopolis. Five
domes occur along the anticline: from
west to east they are Rose Dome (Red
Rose Dome, Ottey Dome), Cedar Ridge
(Cedar Mountain Anticline, White Rose
Dome), Condit's Dome, West Warm Spring
Dome, and East Warm Spring Dome. The
southern flank of the anticline has
steeply dipping strata, ranging from
30° to vertical or slightly overturned.
The strata on the northern flank dip
at much gentler angles, 5 to 20°.
Dips on both limbs are less steep on
the portion of the anticline east of
the Bighorn River.
Just south of and parallel to the
Thermopolis Anticline is a strongly
asymmetric syncline, the north limb of
which has steeply south-dipping units
which bend sharply upward at the syncline axis. In the south limb, the
units rise gently (5-10° dips) toward
outcrops on the north flank of the Owl
Creek Mountains. Like the anticline,
the syncline plunges northwest. It is
truncated to the east by the Red Spring Wildhorse Butte Anticline. Its axis
is roughly parallel to and within one
mile or less of the anticline axis.
This tight, apparently similar folding is accompanied by thinning of
shaley units, fracturing, and faulting. Aerial photographs reveal thinning of the Chugwater Formation on the
steep south flank of the anticline
just north of Thermopolis, on the south-
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FEET

Highly variable water yields due to
heterogeneous lithology.

Clay sandstone, shale; some conglomerate.

Sume us above.

Thin-bedded sandstone and conglomerate, shale; some coal beds.

Water yields primarily a function of
sandstone content, which is highly
variable both vertically and laterally.
Secondary permeability less
deve loped than in lower rocks.

1600

Thick- bedded sands tone and shale.

SClnle

1300

Tuffaceous sandstone, shale; some
bentonite and coal beds.

3300

(5

~

WATER-BEARING CHARACTiRISTICS

Volcanics and pyroclastics, of
chiefly andesitic composition.

0-2400

u

PIIYSICAL DESCRIPTIO;';

Tertiary

Z
W
U
3300

above.
above.

650-1300

Interbedded sandstone and shale;
some coal beds.

SClnlC as above.

25002800

Shale; some thin sandstone beds.

Small quantities of water from sandy
and/or fractured zones.

610-950

Sandstone with interbedded shales;
some thin bentonite beds

Good water supply from sandstone
beds.

270- 300

Shale, commonly siliceous, numerous
thin ben toni te beds.

Little or no water supply

340-420

Shale, Huddy Sandstone near base.

Some water from Muddy Sandstone.

170-260

Sandstone, siltstone, shale, conglomerate at base.

Small quantities of water from sandstone beds.

190- 300

Claystone and sandstone.

Little or

water supply.

200-230

Shale, fine sandstone, some thin
limestone beds.

Little

water supply.

80-175

Shale, limestone, and gypsum.

May produce good yields locally due
to gypsum solution.

10001190

Siltstone, shale, and fine sandstone.

Fair water yields from sandstone
beds, little or no water supply
otherwise.

40-80

Siltstone, with some dolomitic beds.
Limestone and dolomite, with some
siltstone and shale.

Little or no water supply.
Good water supply from fractured zones.

Sandstone, with some dolomitic beds.

Good water supplies commonly under
artesian pressure.

Cretaceous

u

(5
N

oen
w

~

Jurassic

Triassic

Permian

200-280
280-390

Pennsylvanian
240-320

u(5

Mississippian

Shale, dolomite, local basal sandstone.
Limestone and dolomitic limestone.

Excellent water quantities locally
due to solution permeability, commonly under artesian pressure.

330-490

~

85-250

Hassive dolomite

Same as above.

~

440-470

Interbedded limestone, siltstone,
and silty shale.

Lithology suggests poor
water supply.

360-510

Shale with some sandstone and
limestone beds.

Lithology suggests poor
water supply.

190-250

Sands tone, conglomeratic arkose at
base.

Assumed to be good water
supply.

Granite, gneiss, and schist.

Water only from weathered and/or
fractured zones.

W
-.I

Figure 3. Geologic column for the Thermopolis study area. See page 43 for
credits. Column thicknesses are to scale 1:12,000 for Frontier and
below, 1:52,800 for Cody and above.

7

0

108 15' R95W

R96W

R94W

Tu

K

T8N

ltJ

RJ

T7N

R4E

N
SCALE
10 8
I

I

THOUSANDS of FEET
6 4 2 0
I

I

I

10

I

I

MILES

, ,
0
I

Figure 4.

2,

0,

2,

3I

KM
4,

3I
5
I

5,

4
I

6
I

7
I

8
I

9
I

Geologic and thermal data for the Thermopolis Anticline area.
8

R93W

EXPLANATION

108°00'

T44N

T9
262

43°45'

~go2

T 10

•

1450
14.9 •
103°

~

QUATERNARY DEPOSITS UNDIVIDED

~

TERTIARY ROCKS UNDIVIDED

0

LANCE, MEETEETSE AND MESAVERDE FMS.

~

CODY SHALE, FRONTIER FM., MOWRY
AND THERMOPOLIS SHALES

I~JI

CLOVERLY, MORRISON, SUNDANCE, GYPSUM SPRING,
CHUGWATER AND DINWOODY FMS.

~

PALEOZOIC ROCKS UNDIVIDED

--

Ks

~
~

CONTACT

FAULT

GENERALIZED AREAS
OF TRAVERTINE AND/OR
SULFUR DEPOSITS

T43N

-+-----+----

APPROXIMATE AXIS OF
THERMOPOLIS ANTICLINE

~

•
l XX
XXXX
XX.X
XXO

HOT SPRINGS

WELL LOCATION
WELL REFERENCE NO.
DEPTH (FEET)
GRADIENT (OF/IOOO FT)
BOTTOM-HOLE TEMPERATURE (OF)

I"~~l
,_/

OIL AND GAS FIELD LOCATION

T42N
FIELD NAME
XXXX-XXXX
XX.X-XX.X
NO. DATA POINTS

(X) XX.X
XXo-XXo

DEPTH RANGE (FEET)
GRADIENT RANGE (OF/IOOO FT)
AVE. GRADIENT (OF/IOOO FT)
TEMPERATURE RANGE (OF)

108° do'

GEOLOGY AFTER ~ LOVE, J.D., CHRISTIANSEN, A.C., SOWN, T.M., AND EARLE, J.L., 1979, PRELIMINARY
GEOLOGIC MAP OF THE THERMOPOLIS 1° x 2° QUAD., CENTRAL WYOMING: U.S. GEOL. SURVEY OPEN
FILE REPORT 79-962, SCALE 1:250,000. LOVE, J.D., CHRISTIANSEN, A.C., EARLE, J.L., AND JONES,
R.W., 1978, PRELIMINARY GEOLOGIC MAP OF THE ARMINTO lOx 2° QUAD., CENTRAL WYOMING: U.S.
GEOLOGICAL SURVEY OPEN FILE REPORT 78-1089, SCALE 1:250,000.

9

west side of Rose Dome, and possibly
(contacts are covered) on the northwest
end of Cedar Ridge; estimates of Chugwater thinning are 400, 500, and 200
feet, respectively. Thinning of the
Morrison Formation is reported at the
same location on Rose Dome (Lease and
PaIse, 1952), and thinning of the shales
in the Sundance and Cloverly Formations
on Rose Dome was observed by Summerford et ale (1947). There is photographic evidence for thinning of the
Cloverly Formation and Thermopolis
Shale on the steeply dipping flank of
the northwest end of Cedar Ridge.
There is also abundant evidence of
faulting along the Thermopolis Anticline. A pronounced reverse fault is
evident on aerial photographs of the
southern part of Rose Dome. Berry and
Littleton (1961) did not plot a fault
here, but they did indicate that the
Sundance, Morrison, and Cloverly Formations are not present in this area,
and plotted a locally wider outcrop
of the Chugwater Formation. They did
map a reverse fault on the south side
of Cedar Ridge, where we found evidence
of thinning of the Chugwater Formation.
Aerial photography suggests that this
fault could extend much further to the
east along the base of steep Phosphoria
and Dinwoody Formation outcrops. We
also see a fault, of undetermined motion, on the steep flank of the anticline just north of Thermopolis. The
eastward projection of this fault
trace is between travertine-capped
Monument Hill and Big Spring in Hot
Springs State Park.
Hoppin (1974) has proposed that a
lineament extends from the Bighorn
Mountains east of the study area,
along the Thermopolis Anticline, and
on west to Hamilton Dome, suggesting
that the anticline itself may be the
result of a basement fault. Hamilton
Dome is a structure very similar to the
Thermopolis Anticline. Located 8
miles to the west-northwest (Plate 1),
it appears as a down-plunge extension
of the Thermopolis structure. The
dome lacks surficial evidence of a major
reverse fault, but it does have thin-
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ning of shale units on the steep flank
(Krampert, 1947) and subsurface thinning of the Chugwater Formation (Berg,
1976). Berg concludes, from extensive
oil and gas well logs, that Hamilton
Dome results from a reverse fault cutting Paleozoic rocks and Precambrian
basement. The fault is thought to be
a zone of broken and sheared rock in
discontinuous wedges, dipping at an
angle of 60 0 or less north into the
Bighorn Basin (Berg, 1976). The similarity in structural form of the Thermopolis Anticline and Hamilton Dome,
shale thinning, adjacent location, and
location along the same lineament, as
well as the existence of reverse faults
at the surface of the Thermopolis Anticline, strongly suggest that the Thermopolis structure is over a basement
fault similar in structural style to
that proposed by Berg for Hamilton
Dome. Figure 5 incorporates this
hypothesis into a cross section perpendicular to the northwest end of
Cedar Ridge.
Yet another feature common to Hamilton Dome and the Thermopolis Anticline is small normal faults crudely
perpendicular to the main structural
axes. Krampert (1947) describes such
faults on Hamilton Dome; aerial photographs and our field examinations revealed numerous short faults perpendicular to, but not cross-cutting, the
Thermopolis Anticline axis. Differences in the positions and orientations
of the rock strata on opposite sides
of the Bighorn River indicate major
faulting there and suggest that subsurface faulting may affect the pattern
of domes and intervening saddles all
along the anticline. Surface mapping
to identify the nature of the apparent
structural discontinuity across Owl
Creek indicates that the Cedar Ridge
and Rose Dome folds may be two separate folds plunging past one another.
Structural relationships at depth may
change under the influence of more
presistent basement features. At
this particular site, several northtrending folds impinge on Rose Dome,
further complicating the subsurface
geometry.
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Generalized cross section of the Thermopolis Anticline at Cedar Ridge.

THERMAL INVESTIGATIONS
Thermal data for the Thermopolis
area have been collected from three
principal sources: (1) Bottom-hole
temperature and depth measurements
from over 400 well logs (available
through the Wyomi'ng Geological Survey and the Wyoming Oil and Gas Conservation Commission), (2) measurements from wells thermally logged
as part of the present study, and (3)
measurements of surface temperatures
of springs and wells.
BOTTOM-HOLE
TEMPERATURE DATA
Bottom-hole temperature (BHT) values

were used to compute thermal gradients
using the expression,
Gradient

=

(BHT - 46°F)/Depth

46° Fahrenheit (7.8°C) being the mean
annual air temperature of Thermopolis
(Lowers, 1960). This is used an an approximation of mean surface temperature
and is assumed not to vary significantly
across the study area. A complete listing of all oil-field bottom-hole temperature data used in this report is available separately as Geological Survey
of Wyoming Open File Report No. 82-3.
While various authors have used oil
well bottom-hole data to calculate
thermal gradients, the accuracy of such
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data is highly variable. Basically,
there are various drilling associated
complications inconsonant with the simple use of all available bottom-hole
temperatures. Heasler (1981) presents
a discussion of techniques (both qualitative and quantitative) through which
data can be filtered to arrive at a
reasonably accurate assessment of thermally anomalous areas.
Gradients for the study area are
plotted with generalized geology on
Plate 1 and Figure 4. The gradients
of Figure 4 are entirely derived from
oil-field bottom-hole temperature data;
Figure 5 includes thermally logged
holes (denoted T) for which gradients were determined by statistical
analysis of logged intervals. Since
bottom-hole temperature data are only
single, average, top-to-bottom gradients whereas thermal logs are measurements of many small gradient intervals, the two techniques may produce
different results. The importance
of gradient changes within a single
hole is well illustrated by the
temperature-depth plots in Figure 6.
Gradients derived from bottom-hole
temperatures range from 8.1 to 300°F/
1,000 feet in the study area, and highest gradients occur along the Thermopolis Anticline (43.1 to 300°F/l,000
feet), and the Red Spring Anticline
(15.5 to 5l.0°F/l,000 feet) (Figure
5). Along the Thermopolis structure,
measured temperatures within 1,800
feet of the surface reach a maximum of
161°F (7l.7°C). Data from Red Springs
include temperatures as high as 116°F
(47°C) at depths of less than 1,600
feet. It is difficult to pick out a
single value for a "normal" gradient,
but thermal data from throughout the
Bighorn Basin gives an average gradient
of lS.4°F/l,000 feet.
The high gradients observed on the
Thermopolis and Red Spring Anticlines,
if coupled with favorable geologic and
hydrologic conditions, could represent
viable geothermal resource areas. The
area of high gradients along the Ther-

mopolis Anticline, from the southeast
part of T.44N., R.96W. to the southwest part of T.43N., R.93W., identifies the "resource area" of this report. The Red Spring Anticline to the
east may be a marginal resource area.
The well data of Table 2 include both
Thermopolis and Red Spring areas.
Gradient and temperature distributions within and around the resource area provide evidence for two
additional features of this hydrothermal system: (1) There is a general decrease in maximum temperature
and gradient from west to east along
the anticline. The maximum bottomhole temperature for Rose Dome is 161°F
(72°C); for Cedar Ridge, 143°F (52°C);
for Condits Dome, 106°F (41°C); for
East Warm Spring, 101°F (38°C); and for
Red Spring, 116°F (.1,7°(:). (2) The
high temperatures and gradients are
closely confined to the crestal portion of the anticline. Five to six
miles northeast, along the Bighorn
River, gradients range only from 12
to 23°F/l,000 feet, and 5 to 10 miles
southwest, gradients have dropped to
12 to 2SoF/l,000 feet. The Red
Spring structure shows similar gradient
differences with gradients of 16 to
2SoF/l,000 feet less than 2 miles
northeast of the anticline axis.
As can be seen on Plate 1, we do
not have a continuous grid of gradient
data. Thus, our definition of high
and low gradient areas can only be as
fine as the local data spacing. The
structure of the Wildhorse Butte
Anticline, for example, suggests
that it may be an extension of the
identified marginal resource area at
Red Spring, but no temperature data
were found for Wildhorse Butte. Tom
Anderson and Norman and Tom Sanford
(personnal communication, 1979) have
mentioned "hot" water wells at Black
Mountain and Kirby Creek oil fields.
These areas may also be marginal resource areas, but here, again, insufficient data are available to
properly evaluate that possibility.
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Table 2.

Well dara for the Thermopolis Antic1ine. l

Well
No. 2

Bottomhole
temp. ,
OF (OC)

Depth,
feet

Formation

Well
No. 2

Bottomhole
temp. ,
°F(OC)

C122

122(50)

1,764

Tens1eep

T17

109(43)

207

Park City

C3

161 (72)

723

Park City

CIS

74(23)

370

Park City

T1

158 (70)

705

Tens1eep

T18

109(43)

455

Tens1eep

T2

131 (55)

372

Chugwater

T19

110 (43)

282

Park City

C4

150 (66)

1,798

Gallatin

C16

101(38)

1,166

T13

96 (36)

313

Tens1eep

C19

85 (29)

903

unknown

C5

145(63)

418

Tens1eep

C26

85(29)

1,056

unknown

T3

143 (62)

216

Park City

T8

80 (27)

1,280

Amsden

C6

116(47)

385

Tens1eep

C27

116(47)

1,373

Tens1eep

T4

60 (16)

110

Chugwater

C28

85 (29)

1,585

Park City

C7

126(52)

305

Park City

C33

94 (34)

1,425

unknown

TIS

115(46)

359

Chugwater

C34

84 (29)

2,543

Tens1eep

T14

98 (37)

105

Chugwater

C41

88(31)

2,673

Madison

T5

77(25)

141

Chugwater

T9

55 (13)

262

T6

128(54)

497

Chugwater

T10

103(40)

1,450

T7

127 (54)

607

Park City

TIl

56(14)

213

C14

106(41)

200

Park City

T12

77 (25)

1,044

T16

75 (24)

204

Chugwater

Depth,
feet

Formation

Tens1eep

Cody
Frontier
Cody
Frontier

lBottom-hole temperatures and depths are from oil and gas well logs (C) or thermal logging (T); formations are from well logs, Petroleum Information cards, or
extension from nearby wells. Temperature-depth plots for all wells thermally
logged are shown in Figure 6.
2See Figure 4, pages 8 and 9, for locations.
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THERMAL LOGGING DATA
Drill holes thermally logged by
University of Wyoming personnel,
although much less numerous than
oil well bottom-hole temperatures,
provide valuable, quantitative
checks on oil well data and allow
careful study of gradient variation
with depth. Nineteen holes, from 67
to 1,250 feet deep, have been logged in
the Thermopolis area. These logs are
presented in Figure 6, along with
annotations of stratigraphy and water
level (see Figure 4 for their locations). The four holes west of
the Zimmerman oil field (T9-T12) confirm the "normal" gradients found in
the bottom-hole temperature data for
that area. Their plots show a systematic temperature increase with depth
(except for the shallow, seasonal
thermal disturbances recorded near the
tops of the holes). Holes logged on
Rose Dome and Cedar Ridge (Tl-T3, T13TIS), on Condits Dome (T16-T19), and in
the Red Spring oil field (T8) , similarly substantiate the anomalous gradients cited above for these areas
(e.g., 158°F (70°C) was thermally
logged in well C3, while the reported
bottom-hole temperature was 161°F
(72°C)).
An important feature of holes in
the resource area can be seen in logs
Tl-T3 and T8: temperatures increase
rapidly with depth, as expected, but
abruptly cease to rise below a certain
depth. That critical depth closely
coincides with the water level in the
hole. This information clearly demonstrates the danger of simply extrapolating measured or calculated gradients downward to estimate deeper
temperatures. More important, the
isothermal character of tha water over
a range of depths strongly suggests
that water is circulating within the
aquifers, homogenizing temperatures
as heat is added from depth.
In contrast, the three holes near
the Zimmerman field, though full of
water, show steady temperature in-

crease with depth. The difference
is easily explained by differences
in lithology: the Zimmerman holes
were drilled almost entirely in
the Cody Shale, a relatively impermeable unit, cut off from much
deeper zones by a thick sequence of
low-permeability formations (see
Figure 3). The holes along the anticline, however, were drilled into
productive aquifers of the Paleozoic
section. (The hydrologic characteristics of these formations will be
discussed in a later section). An
exception to the isothermal pattern
once significant water is encountered
along the Thermopolis Anticline is
thermal log T17. In this case temperatures continue to increase down
a ISO-foot water column in the Park
City and uppermost Tensleep Formations.
The bottom-hole temperature in this well,
however, agrees with bottom-hole temperature in much shallower wells in
the area (logs T18, T19). Our interpretation is that well T17 penetrates
an unfractured zone of low permeability through which thermal waters
do not circulate. That heavy oil is
found in these strata and that this
oil has produced only very poorly even
under steam drive (Tom Sullivan, personnal communication, 1981) are evidence that this portion of Condits
Dome is an area of low permeability.
We were unable to log the springs of
Hot Springs State Park, but did thermally log two of the hot flowing wells
north of the springs: McCarthy #1 and
May tag (see Figure 2 and Table 1).
The flow of hot water in these wells
is from Paleozoic formations. Although there are many wells in the
immediate area [Wyoming State Engineer's files], only those penetrating
through the Chugwater Formation receive hot water flow. Since water
yield data are very sparse for Thermopolis area aquifers, identification
of the formation(s) supplying these
wells is important. Unfortunately,
reported depths for the hot, flowing
wells vary with author: those depths
we judged most reliable, including
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well logs and records made near the
time of drilling, place the McCarthy
wells at 510 and 450 feet in the Park
City Formation (Bartlett, 1925), and
the Van Norman well at 550 feet in the
Park City Formation [Wyoming State
Engineer, Permit #P470C].

THERMAL DATA FROM
SPRINGS AND WATER WELLS

The temperatures of the principal
springs of Hot Springs State Park are
127 to 133°F (53 to 56°C) and temperatures from the flowing wells north of
town are 124 to 128°F (51 to 54°C)
The 790-foot depth reported for the
(this study; Breckenridge and Hinckley,
Skidmore #3 well, next to the Van
1978). Since these wells all reach
Norman well, suggests a Tensleep comPaleozoic aquifers, and since simipletion, but well logs list "limestone"
larly hot waters are encountered in
(Park City?) as the water source [Wyothe Paleozoic section all along the
ming State Engineer files; Permit
Thermopolis Anticline, we infer that
#P47lC]. Breckenridge and Hinckley (1978) the springs also originate in formaquote local sources as remembering the
tions below the Chugwater Formation.
May tag and Sacajawea wells to be 900
The coincidence of the springs with
feet deep, which would place them into
the most steeply folded portion of
the Tensleep Sandstone. This agrees
the anticline, the proposed trace of a
with the report of Stearns et ale
major basement fault, and the possible
existence of a series of transverse,
(1937) of hot Tensleep wells "north of
Thermopolis," but conflicts with
normal faults (see Geology section)
Collier's (1920) description of the
suggest that a fracture-supplied conSacajawea(?) well as being only 498
duit for sub-Chugwater waters is most
feet deep, indicating production from
probable. If hot waters are circuthe lowermost Chugwater-Formation. We
lating in the upper Paleozoic strata,
were unable to lower a probe beyond
adjacent water-bearing beds in the
497 feet in the May tag well and found
Chugwater Formation off the anticline
the Sacajawea well to be obstructed
should be warm, but without hyby mineral deposits at 8 feet in Febdraulic communication. Evidence
ruary 1981 (see Figure 6 for temperature- supporting this contention is the
common occurrence of nonpressurized,
depth plots). Thus, the two most prowarm waters in the Chugwater Formation
ductive wells can only be designated
north of town (Van Norman, personas Park City or Tensleep producers.
nal communication, 1981), the high
Six additional, relatively shallow
thermal gradients (average l45°F/l,000
feet) logged in holes in the Chugholes further witness high temperawater Formation on the flanks of the
tures near the surface. A collapsed
sulphur exploration hole on the north
anticline (T4-T5, T14-T16), and a 70°F
(21°C) Chugwater water well temperature
side of Cedar Ridge has a measured
measured on the west end of town (T5).
temperature of 98°F (37°C) at a depth
of only 67 feet. Two wells logged in
There are also springs in the Therthe Chugwater Formation on the southmopolis area from Mesozoic formations.
west flank of Cedar Ridge (T4, T5)
We have measured temperatures, ranging
have temperatures of 60°F (18°C) and
from 50 to 53°F (4 to 12°C) in six of
70°F (25°C) at 150 feet and 141 feet,
these, which indicate only shallow
respectively. Wells TIS and T14 on
circulation of probably locally dethe north flank of Cedar Ridge and
rived groundwater.
T16 on the north flank of Condits
Dome have temperatures of 115°F, (46°C)
98°F (37°C), and 75°F (24°C) at 360,
HEATING MECHANISMS
204, and 104 feet, respectively (see
AND THERMAL MODELING
Figure 4 for locations).
Qualitative explanations of the tem-
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perature of the thermal springs of
Hot Springs State Park fall into
three general categories: (1) heating
by a young, buried igneous mass, (2)
heating by exothermic chemical reactions within the rocks, and (3) conductive heating of groundwater at
depth coupled with upward migration
due to artesian and convective forces.
(see Breckenridge and Hinckley, 1978,
for a historical summary).
We know of no evidence for igneous
activity in the area. The nearest volcanic rocks are 30 miles west of Thermopolis and the nearest known intrusive
rocks are 20 miles further west. By
calculating the heat loss over time for
a hypothetical intrusion beneath Thermopolis of the same age as the known
igneous activity to the west, (after
Carslaw and Jaeger, 1959 and Jaeger,
1964) we have concluded that such a
heat source would have thoroughly dissipated by the present even if it were
there. Laughlin and Aldrich (1981)
similarly conclude that igneous
rocks older than 3 million years have
probably lost their original heat.
Thus, the nearest known igenous rocks
young enough to support present thermal anomalies are in Yellowstone National
Park, over 100 miles to the northwest. (In this context, we note that
the heat diffusing from a deep igneous
mass would produce a much broader thermal anomaly than the narrow band seen
along the Thermopolis Anticline. To
generate the observed heat distribution magmatically would require a relatively shallow intrusion with an elongate geometry coincident with that of
the anticline and a temperature increasing to the northwest).
The idea of heating by chemical reaction has only been proposed in general
terms, e.g. by Bartlett (1926). But a
flow of over 2! billion gallons a year
has not significantly reduced temperatures in this century (Breckenridge and
Hinckley, 1978); no one has proposed
specific reactions capable of producing
the 200 million BTU/hour necessary to
warm the flow of existing wells and

springs; and, most important, water
from the same formation but different
structural settings varies significantly in temperature (e.g., Madison temperatures at Red Springs are 67°F (37°C)
cooler than at Rose Dome). These facts
all suggest that chemical heating is
at most of auxiliary importance.
In 1906, Darton proposed a simple
model of the Thermopolis spring system
consisting of: (1) surface water recharge of northward dipping Paleozoic
aquifers in the Owl Creek Mountains,
(2) confinement of this northward
flowing water by much less permeable
beds in the overlying Chugwater FOT"'i
mat ion , (3) heating of the water by
normal conductive gradients in the
deepest portions of the syncline, and
(4) rising of water by artesian pressure to flow at the surface where the
Chugwater Formation is breached by
fracturing along the crest of the
Thermopolis Anticline. Such a system
is illustrated diagrammatically in
Figure 7.
We were able to make a quantitative
evaluation of this model, based on
heat flow and rock conductivity measurements. For all calculations, the
heat flow was taken to be 1.75 ~cal/
cm 2 sec. This is the mean of values
obtained for the Owl Creek Mountains
by Decker et ale (1980) and for the
Gebo oil field by Blackwell (1969).
The ground surface temperature was
assumed to be 46°F (7.8°C). The
formation thicknesses and thermal conductivities used, along with the predicted temperature for each formation, are tabulated in Table 3.
The temperatures of Table 3 are
based on "steady-state" or equilibrium
conditions. Any process which, over
geologic time, changes the surface
temperature will also have affected
geothermal gradients. Evaluation of
conditions in the Bighorn Basin during the last 10 million years as reported by Mackin (1936,1937) and Ritter (1975) suggests that the most
thermally disruptive situation which
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Figure 7. Diagrammatic cross section of the simplest model for the Thermopolis hydrothermal system (temperatures and depths from the Rose Dome
thermal model).

is geologically reasonabl-e is approximately 6,000 feet of regional uplift
and 3,000 feet of erosion uniformly
distributed over the past 4 million
years. Using the commonly accepted
value of 32 km 2 /million-years for
the sediments' thermal diffusivity
and analytical expressions from
Benfield (1949), uplift and erosion would result in gradients at
depths greater than 2,600 feet no
more than 12.6 percent higher than
those based on equilibrium modeling. This same "maximum" deviation
translates into actual temperatures
S.6°F (3.l 0 C) and lS.8°F (8.8°C)
higher than those modeled at 2,600
and 7,800 feet, respectively.
Heasler (1978) has addressed the
effects of glaciation and of

3,000 feet of erosion distributed
over just the last 2 million years
for the Bighorn Basin and has ca]"·
culated deviations from equilibrium
smaller than those cited above. In
summary, we believe that the temperatures of Table 3 are geologically
reasonable estimates, and that
glaciation and erosion would have
raised temperatures only slightly
even in the extreme cases discussed.
The highest temperature measured
in the Cedar Ridge vicinity is
133°F (56°C) at Big Spring. In a
syncline-anticline flow system like
the one depicted in Figure 7, oriented
perpendicular to the Thermopolis Anticline at Cedar Rige, modeling predicts
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Table 3.

Thermal models at Thermopolis and Rose Dome.

Formation

Formation
thickness\
feet*
Rose TheI:'IDODome polis

Cody Shale

1,565

37.6(20.9)

83.7(28.7)

Frontier Fm.

850

18.5(10.3)

103.3(39.0)

Mowry Shale

280

250

109.0(42.8)

52.2 (11.2)

Thermopolis Shale

400

400

6.8 (3.8)
6.1 (3.4)
6.3 (3.5)

115.3(46.3)

58.5 (14.7)

Cloverly Fm.

240

240

2.7 (1.5)

118.0(47.8)

61.2 (16.2)

Morrison Fm.

230

230

3.4 (1.9)

121.5(49.7)

64.4 (18.1)

Sundance Fm.

250

250

3.2 (1.8)

124.7(51.5)

67.8 (19.9)

Gypsum Spring Fm.

ISS

ISS

6.1 (3.4)

130.8(54.9)

73.9 (23.3)

1,100

1,100

14.6 (8.1)

145.4(63.0)

88.5 (31.4)

Dinwoody Fm.

55

55

2.0 (1.1)

147.4(64.1)

90.5 (32.5)

Park City Fm.

260

260

2.7 (1.5)

150.1(65.6)

93.2 (34.0)

Tens1eep Sandstone

280

280

2.5 (1.4)

152.6(67.0)

95.7

Amsden Fm.

280

280

.4 (1.9)

150.0(68.9)

99.1 (37.3)

Madison Limestone

480

480

3.6 (2. 7)

160.9(71.6) 104.0 (40.0)

Bighorn Dolomite

130

130

1.1 (0.6)

162.0(72.2) 105.1 (40.6)

Gallatin Limestone

470

470

6.1 (3.4)

168.1(75.6) 111.2 (44.0)

Gros Ventre Shale

510

510

8.3 (4.6)

176.4(80.2) 119.5 (48.6)

Flathead Sandstone

ISO

ISO

1.6 (0.9)

178.0(81.1) 121.1 (49.5)

Granite and Gneiss
TOTAL

?

?

7,685

5,240

Chugwater Fm.

Thermal
Conductivity:
10- 3ca1
cmoCsec

7.2 2

Temperature
increase in Temperature at bottom
formation,
of formation, of (oC)7
of (oC)6
Thermopo1is
Rose Dome
-------

(3s~4)

lAfter well logs in Horn (1963), Ary (1959), Collier (1920), Fanshawe (1939), Maughan
(1972a, 1972b), She1mon (1959), Berry and Littleton (1961), Annonymous (1952), Mees
and Bowers (1952). 2Heas1er (1978). 3Gar1and and Lennox (1962). 4Sass and others
(1971). SEstimate based on composition of rock unit. 6 Us ing a heat flow of
1.7sx10- 6 ca1/cm 2 sec. 7Assuming a 46°F (7.8°C) ground surface temperature (Lowers,
1968).
*rounded to nearest 5 feet.
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that 133°F (56°C) would be reached in
the Precambrian basement rocks, and
that the temperature at the base of
the Madison would be 104°F (40°C).
As noted earlier, however, the syncline plunges northwest, providing
greater depths and higher temperatures
in that direction. A similar calculation for the syncline-anticline
system at Rose Dome, 8 miles northwest of Thermopolis, reveals that
temperatures in the Park City Formation should be greater than the observed spring temperatures, that the
161°F (72°C) temperatures reported
from nearby well C3 (Figure 5)
could be produced from the base of
the Madison, and that waters circulating to the bottom of the Paleozoic section should be 178°F (81°C).

indicate that gradients in the Thermopolis area may be equilibrated to a
surface temperature as much as 14°F
(7.8°C) warmer than the 46°F (7.8°C)
used in the preceding calculations;
increasing calculated temperatures
by a like amount may be appropriate.
We feel that, with the modifications
outlined above, the basic heating
model of Darton (1906) is substantially correct. While one cannot
absolutely exclude igneous and chemical
heat sources, the relative simplicity
of an artesian, syncline-anticline
system and it's agreement with the observed temperature and gradient distributions indicate this as the predominant heating mechanism.

To obtain a more accura~e idea of
actual temperatures within the Thermopolis hydrothermal system, several
adjustments may be made to the simplified model of Figure 7~ First,
as Figure 5 shows, the deepest part
of the syncline may be deeper than
has been modeled in Figure 7; temperatures would be correspondingly
higher than those calculated above.
Second, if there is a major, deep
fault as indicated, it may provide a means of much deeper circulation and higher temperatures than those
possible within the folded sedimentary
aquifer model. Fault-increased permeabilities have already been proposed as controlling the location of
thermal springs and spring deposits
in the Thermopolis area (p. 18, 19,
27); increased permeability may also
decrease cooling of ascending waters
by allowing rapid access to near-surface zones. Third, our thermal logs

Another model was calculated to estimate the necessary enthalpy transfer
for the Thermopolis system. In this
model the enthalpy of the volume of
water equal to the total surface discharge of the hydrothermal system
(4,681 gallons per minute), brought
from-32°F (O°C) to 167°F (80°C) (Kittel, 1969; Handbook of Chemistry and
Physics, 1968) was used to calculate
the area needed to supply the required
heat. Using a heat flow of 1.75
~cal/cm2sec, an area of 34 square
miles would be needed to heat the observed flow of water. This should
be considered a,minimum area since
it is unlikely that the existing
springs constitute the total output
of the hydrothermal system. The fact
that over 500 square miles are probably
contributing heat to waters enroute
to the Thermopolis anticline, however,
suggests that potential heating area
is not a limiting factor in this case.

HYDROLOGY AND WATER CHEMISTRY
Basically, groundwater flows from
areas of recharge to areas of discharge.
Flow patterns are primarily determined
by the ability of the subsurface ma-
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terials to transmit water (permeability) and by the forces "pushing" the
water, namely the confining effects
of surrounding water and rock and

the difference in hydrostatic head
between the recharge area and the
discharge area. As surface recharge
water moves into and through the
earth, it is modified by the minerals, temperatures, and pressures encountered. By considering the rock
units and structures through which
water passes, we can evaluate the
water yields and quality likely to be
developed from various sources; conversely, measured yields and chemistry
can be used to identify sources. Pressure and thermal data can be used to
evaluate water flow patterns and to
predict available temperatures and
pumping lifts.

a thorough hydrologic discussion for
the entire Bighorn Basin).
AQUIFER DESCRIPTIONS

The first viable aquifer beneath
the Chugwater Formation is the PARK
CITY FORMATION (Phosphoria, Embar) , a
thin- to thick-bedded sequence of
dolomitic limestone and dolomite
with some mudstone (Maughan, 1972a).
Whereas sandstone owes its ability to
transmit water to pathways around and
between the constituent mineral grains
(primary permeability), limestone and
dolomite develop secondary permeability
through fractures and solution openings.
Recharge for the Thermopolis hyFractures tend to develop in response to
drothermal system is generally berock stress, as do folds and faults.
lieved to occur on the north flank of
Solution features develop as rock is
the Owl Creek Mountains where precipidissolved away by flowing groundwater,
tation and surface water enter northcommonly along bedding planes and fracward-dipping strata. Surface discharge
ture zones. The result is a very hetoccurs at the springs in Hot Springs
erogeneous permeability distribution.
State Park (see e.g. Darton, ·1906;
This is reflected in 52 oil well drill
Berry and Littleton, 1961; Blackstem tests of the Park City Formation
stone, 1971; Bredehoeft and Bennett,
throughout the study area (Petroleum
1972). While there is considerable
Information, 1981) which recovered
room for discussion on water pathways
anywhere from 0 to 3,758 feet of water
within the Paleozoic rocks, there is con- in tests during flow periods generally
sensus that relatively little flow moves
between 60 and 120 minutes.
through the Chugwater Formation, and
that the Chugwater Formation "generally
Due to the high mineral content
limits upward movement of groundwater
of water from the Park City Formation,
from Paleozoic aquifers" (Cooley, 1981).
water supply wells into the formation
We do not have permeability data for
are not common. Flows from ten reportdirect comparison of Chugwater shales
ed flowing wells from the Park City
Formation vary from <lgpm to the 529
and Park City limestones, but pergpm flow of the McCarthy #1 hot well and
meabilities for similar rock types
(see, e.g., Freeze and Cherry, 1979,
687 gpm for an oil well reported by Crawp. 29) suggest that permeability difford (1940) three miles south of Therferences of many orders of magnitude
mopolis. A Park City spring at the
are possible. Breckenridge and
mouth of Wind River Canyon flows 989
Hinckley (1978) cite the importance of
gpm (Breckenridge and Hinckley, 1978).
the Triassic Chugwater Formation as a
"cap" on hydrothermal systems stateWater is being produced with oil
wide, and the limited drilling data for
from the Park City Formation at the
the Thermopolis area indicate a simiHamilton Dome, Kirby Creek, Lake Creek,
lar condition (see discussion, p. 19).
Gebo, Little Sand Draw, Warm Springs,
Therefore, we feel justified in restricWaugh Dome, and Zimmerman Butte oil
ting the Thermopolis discussion to Pafields in water to oil ratios of up to
leozoic strata. (Figure 3 presents
40:1 water:oil (Biggs and Espach,
general hydrologic data for all units in
1960). Oil production from the Park
the area. Libra et al. (1981) present
City Formation has also occurred from
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Table 4. Water chemistry for the Thermopolis study area: mean/coefficient-of-variation. Mean values in mg/1. n = number of samples. All data taken from Wyoming Geological Survey Open File Report No. 82-3.

Park City
Formation

Tens1eep
Sandstone

Madison
Limestone

Hot springs
and wells

n
Ca
Mg
Na+K

23
406/0.65
105/0.55
2,561/1.26

26
192/1.09
45/0.80
402/1.80

7
318/0.64
86/0.69
230/0.68

14
353/0.80
81/0.18
299/0.13

HC03
S04
C1
TDS

1,223/1.29
3,549/0.96
1,634/1.67
8,866/1.07

561/1.61
863/1.86
254/2.53
1,913/1.40

697/0.56
743/0.57
223/0.92
1,950/1.40

732/0.06
754/0.12
301/0.22
2,317/0.03

3 samples from
hot springs and wells

14 samples from
hot springs and wells
Na
K
C0 3

249/0.20
51/0.35
0

As
Ca
Mn

<.5
<.01
<.05

F
N0 3
Si 0 2

4.8/0.31
0.4
40/0.24

Zn
Ba
Cd

<.02
<.5
<.01

S
B
Fe

.001/1.30
54/0.37
.20/2.26

Cr
Pb
Se

<.1
<.1
<.001

pH
H2S

6.9/0.04
2.7/0.58

Ag
Hg
Ni

<.5
<.001
<.1
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the Wildhorse Butte structure and from
two small folds northeast of the
Murphy and Zimmerman fields (Horn,
1963). Reports describe heavy oil
saturation but no production from the
Park City Formation at Cedar Ridge
(Summerford et al., 1947) and Condits
Dome (Ary, 1959). Libra et ale (1981)
cite oil field determinations of
porosity (5-24 percent), permeability
(0.61-76 millidarcies), and transmissivity (0.9-40 gpd/foot) for the Park
City Formation in the Thermopolis
area.
Twenty three water chemistry
analyses for the Park City Formation
within the study area (Figure 4) are
on file [Geological Survey of Wyoming
Open File Report No. 82-3]. Major
cation and anion averages and coefficients of variation for these samples
are presented in Table 4, p. 26. As
the high coefficients of variation indicate, chemical concentrations for
analyzed Paleozoic formation-water
vary greatly since the chemical data
comes from a variety of structural and
hydrologic settings.
One finds generally less variation
when only the proportions of ions are
considered. Crawford (1963) identifies
a Ca:Mg ratio of around 4:1 and a S04:Cl
ratio greater than 1 a:s characteristic;
he remarks on the great range of total
solids contents and notes the frequent
occurrence of H2S gas in Park City
water in the Bighorn Basin. The H2S
is the result of bacterial sulphate
reduction and is associated with higher
C02 content as well (Crawford, 1963).
Below the Park City Formation is
the TENSLEEP SANDSTONE, fine- to
medium-grained, generally calcareous
sandstone with some dolomite and sandy
dolomite beds (Maughan, 1972a). Primary permeability in the Tensleep
Sandstone varies somewhat due to variation in cementation (Todd, 1963), and
is substantially added to by secondary permeability in zones of frac-

turing (Berry and Littleton, 1961).
One qualitative indication of the
generally greater permeabilities of
the Tensleep Sandstone than of the
Park City Formation is that in the 16
Tensleep drill stem tests examined, 12
recovered from 1,500 to 8,905 feet of
water in flow periods of from 15 to 160
minutes. Oil and water are produced
from the Tensleep Sandstone at the
Gebo, Little Sand Draw, Hamilton Dome,
Lake Creek, and Murphy Dome oil fields;
Kirby Creek and Waugh Dome report only
water in the Tensleep Sandstone (Biggs
and Espach, 1960). The Tensleep
Sandstone is the main oil producer in
the Black Mountain field and is reported to contain water in the
Warm Springs and Zimmerman fields, in
structures adjacent to the Murphy
and Zimmerman fields (Horn, 1963),
and in the Owl Creek Anticline, 15
miles west of Thermopolis (Lease and
PaIse, 1952). The only reports of
tests which found no water in the
Tensleep Sandstone are from the Wildhorse Butte Anticline (Horn, 1963)
and Cedar Ridge (Summerford et al.,
1947), though heavy oil saturation
was reported in the latter case.
It should be borne in mind that oil
field data for the study area is
confined to anticlines and domes, which
are especially likely to experience
fracture-increased permeability. Mees
and Bower (1952), for example, report the Tensleep Sandstone to be hard
and tight on the gentle north flank of
the Gebo Anticline but fractured on the
steep south limb.
The Tensleep Sandstone has not been
much developed for water supply in the
Thermopolis area. Of the 4 flowing
wells and springs reported, only two
flows are given: 20 gpm from a spring
in Wind River Canyon [Wyoming State
Engineer's files] and 5 gpm from a
1,135-foot hole 3 miles south of
town (Lowry et al., 1976) which was
found clogged with rocks in January
1981. If the Sacajawea Well north of
Thermopolis does indeed flow from the
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Tensleep Sandstone, its flow of 1,002
gpm [Wyoming State Engineer's files]
must be added. Cooley (1981) classes
the Tensleep as one of the "major"
aquifers of the southeastern Bighorn
Basin (as compared with "minor" status
for the Park City Formation), and
State Geologist John Marzel (1929) saw
the Tensleep Sandstone as such "an immense reservoir of water [that it] would
require more than thousands of years to
even appreciably diminish ... even though
this water were not replenished."
Marzel concluded that the Tensleep
Sandstone was the "obvious" source for
all the hot sprIngs and wells around
Thermopolis, apparently on the basis
only of his rhapsodic view of its waterbearing properties.
Flows for 17 identified Tensleep
wells in the Tensleep, Wyoming area
(see Figure 1) vary from 2 to 900 gpm
and average 203 gpm (Lowry, 1962).
Overall porosity values, which relate
closely to permeability values in this
case (Fox et al., 1975a), are 16-17
percent for the Tensleep area versus
14 percent for the Thermopolis area
according to Fox et al. (1975b), but
fracture-induced permeability is very
likely greater in the structurally more
complex Thermopolis area. Libra et al.
(1981) cite oil-field-derived values
of 10-14 percent for porosity, 0.8-99
millidarcies for permeability, and 10300 gpd/feet for transmissivity for the
Tensleep Formation in the Thermopolis
study area.

ber present only locally; both hydrologically and lithologically the distinguishing feature of the Amsden Formation is the shale member. Very low
permeability in the absence of significant folding and fracturing is
demonstrated in the Tensleep area
by the wellhead pressure differences
of 100 psi between the Tensleep
Sandstone and the Madison Limestone
reported by Cooley (1981). Burk
(1952) reported hot water in the Amsden Formation at Rose Dome; 125 feet of
water were recovered in a 30 minute
drill stem test on the Owl Creek Anticline (Petroleum Information, -1981);
and 10 gpm flow from a 3,469-foot Amsden(?) well in the Lake Creek Field
[Wyoming State Engineer's files]. Oil
is produced in limited quantities from
the Amsden Formation at Black Mountain (Horn, 1963).
No water chemistry data from the Amsden Formation in the study area are
available. Ten analyses from other parts
of the Bighorn Basin indicate that the
water-bearing zones of the Amsden Formation produce water similar to Madison
Limestone water (Hinckley and Heasler,
in preparation).

For the twenty-six Tensleep Sandstone water analyses on file, [Geological Survey of Wyoming Open File Report
No. 82-3], surrmary statistics are provided in Table 4. In the Bighorn Basin,
Tensleep water is generally more dilute
than Park City water, and "a definite
and unmistakable trend towards higher
concentrations and salinity basinward"
from outcrop area is noted (Crawford,
1963).
The AMSDEN FORMATION has been little
explored for either hydrocarbons or
water in the Thermopolis area. Maughan
(1972a) describes an upper sandy dolomite member and a lower sandstone mem28

The MADISON LIMESTONE, probably the
most famous aquifer in Wyoming, is noted
for producing large quantities of water.
The Madison in the Thermopolis area is
described as "limestone and dolomitic
limestone interstratified with dolomite"
(Maughan, 1972a). Permeability is
chiefly secondary, due to fracturing and
to solution features described as "cavernous" (Lowry et al., 1976). Fracture-induced permeability is likely confined to
deformed portions of the Madison.
Of the 6 Madison drill stem tests
examined (Petroleum Information, -1981),
all recovered significant quantities of
water, 560-6,428 feet during flow periods
averaging 80 minutes. Oil and water
are produced from the Madison Limestone
in the Hamilton Dome and Red Spring
fields (Biggs and Espach, 1960), and
Madison oil production occurs at Black
Mountain (Horn, 1963). Water is
found in the Madison Limestone at Wildhorse Butte, Kirby Creek, Lake Creek,

little information exists on the Bighorn Dolomite exclusively. The GALLATIN
and GROS VENTRE FORMATIONS generally do
not produce much water (Cooley, 1981),
consistent with the relatively low
permeabilities suggested by their shale
and siltstone lithologies. Berry and
Littleton (1961) report water of unknown
quantities in these formations on the
Owl Creek Anticline. We have only two
No Madison springs or flowing wells
water analyses from the preceding
have been located within the study area.
Lowry (1962) reports 6 Madison wells in
group of formations, a sample from
the Tensleep, Wyoming area, 3 flowing
the Bighorn Dolomite at Hamilton Dome
over 2,500 gpm and 3 flowing 84-380 gpm.
and a sample-from the Gros Ventre ForThis grouping of flows agrees with Lowry
mation at Red Spring [see Geological
et al. (1976), who conclude that the Madi- Survey of Wyoming Open File Report No.
son Limestone (considered together with
82-3].
the underlying Bighorn Dolomite) in the
Bighorn Basin will yield either more than
The lowest sedimentary unit above
the Precambrian basement rocks is the
1,000 gpm or less than 500 gpm to water
wells, the bimodal distribution resulting FLATHEAD SANDSTONE, described as a
"major" aquifer in the Tensleep area
from the irregular and cavernous nature
(Cooley, 1981). A report of Flathead
of the aquifer.
water at Rose Dome (Berry and Littleton,
1961) is the only datum available for
Libra et al. (1981) provide one oilthe Thermopolis area. In the Tensleep
field analysis for the Madison Limestone
area, the Flathead Sandstone produces
in the Thermopolis study area: poro500-800 gpm under artesian wellhead
sity = 16 percent, permeability = 25
pressure up to 400 psi (Cooley, 1981).
millidarcies, transmissivity = 70 gpd/
foot. Cooley (1981) tested water wells
Both the two Flathead samples on file
northeast of the study area, and de[Geological Survey of Wyoming Open File
termined Madison transmissivities of
Report No. 82-3] and Crawford's (1963)
3,846 to 14,615 gpd/foot. Differences
conclusions indicate particularly
in transmissivity estimates are parhigh Na values for the Flathead Sandstone water. Otherwise, it is modertially due to oil field calculations
ately dilute water with total solids
being based on only the petroleum pay
thickness and on rock permeabilities
averaging 343 mg/l.
to oil. Nonetheless, these estimates
The Precambrian rocks in this area
also reflect high variability of perare chiefly granitic and almost enmeability with this aquifer.
tirely dependent on weathering and
Seven Madison Limestone water analyfracturing for permeability (Berry and
ses, all from oil fields, are on file
Littleton, 1961). They may be impor[Geological Survey of Wyoming Open File
tant in fractured portions of the TherReport No. 82-3; also see Table 3].
mopolis Anticline. Lowry et al. (1976)
Crawford's (1963) Bighorn Basin analyestimate that waters from the Precamsis finds that Madison waters tend to
brian rocks likely contain less than
have more Ca and Mg than those from the
500 mg/l total solids.
Tensleep Sandstone, and generally lower
total solids.
WATER MOVEMENT
Cooley (1981) who worked northeast
of the Thermopolis area, agrees with
The general pattern of flow for the
Lowry et al. (1976) in grouping the
Thermopolis hydrothermal system (recharge
Madison Limestone and BIGHORN DOLOMITE
in Owl Creek Mountains, discharge under
as a single effective aquifer; very
artesian pressure at Thermopolis) is

Murphy Dome, Warm Springs, and Zimmerman Butte fields (Horn, 1963), Owl Creek
Anticline (Lease and PaIse, 1952), and
Rose Dome and Cedar Ridge (Berry and
Littleton, 1961). Burk (1952) describes
a well encountering 155°F (68°C) water
"rushing" into a cavernous zone in the
Madison Limestone on Rose Dome.
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outlined above (p. 21). The reader will
recall that flow directly perpendicular
to the anticline at Thermopolis appears
to be too shallow to produce the observed spring temperatures without
extensive circulation into basement
rock. The spring temperatures are
readily explained, however, by flow patterns more complex both vertically and
horizontally than the simple scheme of
Figure 7.
Interformational Flow
Interformational (vertical) water
movement can be examined on structural,
hydraulic, thermal, and chemical
grounds. In the Tensleep, Wyoming area,
Cooley (1981) found the Paleozoic strata
to be divisible into 3 distinct, major
aquifers: Tensleep, Madison/Bighorn,
and Flathead. Flow between these aquifers is small enough that well head pressure differences of up to 150 psi are
common. However, Cooley repeatedly
notes the importance of fracturing in
greatly increasing interformation permeabilities; for example, he explains
one area of abnormally high Tensleep
pressures by upward movement of Flathead water due to fracturing around a
small dome. The north flank of the Owl
Creek Mountains is analogous to the
Tensleep area; but once the sharp folding and faulting of the Thermopolis syncline/anticline are encountered, large
head differences may well be equalized
by interformational flow. Since stratigraphically lower units have higher recharge areas and hence higher heads, this
flow should be predominantly upward, into
shallower formations.
Big Spring's flow of 2,500 gpm from
the Chugwater Formation clearly demonstrates interformational flow, at
least for the spring site. Much wider
support is provided by drill stem test
dat"a (Petroleum Information, -1981).
Analysis of 100 tests of the Park City,
Tensleep, and Madison Formations within the study area shows no systematic
differences in hydraulic head between
formations. Test data from two or more
formations in the same hole commonly

differ by less than 50 feet (22 psi).
Although drill stem test data are insufficient to "prove" hydrologic intercommunication, the indication is
clearly towards some degree of interformational flow.
Thermal evidence for vertical mixing is provided by bottom-hole temperature data and our own thermal logs.
The isothermal character of the
Paleozoic wells logged was discussed
in an earlier section; of relevance
here is that temperatures do not vary
greatly for wells to differing depths
and formations in the same area. On
Rose dome, for example, temperatures
of 145 to 161°F (63 to 71°C). 145°F
(63°C) and 150°F (66°C) are reported
for the Tensleep, Amsden, and Madison
Formations respectively. On the
northeast limb of the structure
at Red Spring, temperatures of 85°F
(29°C), 84°F (29°C), and 88°F (31°C)
are reported for the Park City,
Tensleep, and Madison Formations,
respectively.
Chemical evidence for interformational water movem~nt stems primarily
from attempts to assign an aquifer
to the existing hot springs and wells.
Individual chemical analyses for the
waters of the Paleozoic formations
and of the Thermopolis hot springs
and wells, are on file [Geological
Survey of Wyoming Open File Report
No. 82-3] with a discussion of data
sources and reliability. Significantly, the chemistry of the various
wells and springs differs very little.
Thus, in spite of the fact that the
wells and springs actually flow variously from the Park City, Tensleep,
or Chugwater Formations, a single,
common reservoir is indicated.
The average of 13 hot springs and
well analyses (Breckenridge and Hinckley, 1978) are listed in Table 4 along
with averages for the Park City, Tensleep, and Madison Formations. The
hot springs and wells are very dif~
ferent from Park City or Tensleep
averages for the area, but are quite
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similar to the average Madison values.
Most values are within 10 percent for
these two data sets and, importantly,
the proportions of anions and cations
are nearly identical. The coefficients of variation suggest that this
"match" is in part a function of
averaging and that Madison water analyses are much less consistent than
are those for the springs. Nonetheless, of the 51 individual analyses
available for Park City, Tensleep, and
Madison water, those closest to hot
springs and well analyses in both ion
concentrations and proportions are from
Madison Limestone water. Analyses beyond the major ions are not available
for area Madison waters, so the possibility of discrepancies in the minor
constituents has not been assessed.
The general chemical similarity of
the hot springs and area Madison water
and their substantial dissimilarity with
area Park City and Tensleep water lead
us to a Madison assignment for the spring
waters, for the present. This is consistent with the hydrologic properties
of the Madison Limestone and agrees
with the conclusion of Berry and Littleton (1961) and Breckenridge and Hinckley (1978). Thus, upward movement of
large volumes of water from at least
as low as the Madison Limestone is
indicated for the crest 'of the Thermopolis Anticline.
If waters rise from the Madison
Limestone(?), their mixing with higher formation waters may cause chemical modification. (For example, the presence of
H2S gas, a typical Park City derivative,
is common in the spring waters.) Given
the formational chemistry variations
evident, it is difficult to "prove"
origin in a specific formation. In
contrast, the homogeneity of hot well
and spring chemistry allows an unambiguous statement of the water quality
likely to be encountered in development of this system.

A major zone of fracturing along
the Thermopolis Anticline is thus
indicated by water movement. Such
a zone of high permeability extending into basement rocks would provide for deep circulation, driven by
free conVection as cooler water descends and deep heated water rises within the fractured rock. Chemical comparisons indicate that a major contribution to the spring system of
sub-Madison Formation water would
generally shift composition away
from that observed, towards higher
Na, K, S04, Cl and TDS concentrations, and is therefore not indicated.
Given the highly productive character
of the Madison Limestone, however, Madison chemistry might dominate even
if other aquifers had free access
to the system. Circulation within
the Precambrian basement rocks
would be unlikely to alter water
chemistry significantly.
Hydraulic Heads and Flow Volumes
Horizontal water movement can be
evaluated through consideration of the
distribution of hydraulic head, the
levels to which water will rise in
tightly cased wells. The surface
represented by contouring these water
levels is termed a potentiometric
surface and, assuming all data are
from the same strictly confined
aquifer, predicts the direction of
water movement much as surface topography controls surface flow. Beyond
the qualitative evaluation of flow
directions, these values also provide empirical data on the distribution of artesian pressure. Available data on flowing wells, static water
levels in wells, and measured formation
fluid pressures have been compiled for
113 wells in the study area. These are
listed with location, formation, hydraulic head elevation, and datum source
in Geological Survey of Wyoming Open
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head elevations are higher west and
south of the Thermopolis Anticline and
east of the Red Spring - Wildhorse Butte
Anticline, indicating flow into the
Thermopolis and Red Spring areas from
those directions.

Recharge areas for the Paleozoic
rocks on the Owl Creek Mountains begin
at around 4,600 feet in elevation for
the Park City Formation and range up
to extensive Madison Limestone outcrops at around 7,000 feet. These,
then, are the maximum possible elevations for the potentiometric surface of these formations. Outcrop
elevations in the Wind River Canyon
(see Figure 4) begin at 4,360 feet
for the Park City Formation, 4,365
feet for the Tensleep Sandstone,
4,390 feet for the Madison Limestone,
and around 4,600 feet for the Flathead
Sandstone. Springs issuing from the
Park City (Breckenridge and Hinckley,
1978), Bighorn, and Gallatin Formations
(Lease and PaIse, 1952) and the Tensleep Sandstone* in the canyon identify
it as an area of discharge rather than
recharge (for these formations) and
show that potentiometric surfaces are
higher in areas away from the canyon.

Thus, waters will travel through
the syncline southwest and west of
Thermopolis and migrate along the anticline to discharge at the hot springs.
The depth of the adjacent syncline predicts the observed general temperature
increase along the anticline westward
of Thermopolis (see discussion, page
18), as does the hydrologic indication
of hot water influx from that direction. If hot waters are migrating
along the anticline, temperatures should
drop abruptly to the east of the present springs, reflecting only local
syncline depth since there is no
impetus for waters to move laterally
beyond the springs. Temperature
measurements for the east end of the
anticline do show this relationship
(see Figure 5).

Bredehoeft and Bennett (1972) provide a potentiometric surface map for
the Tensleep Sandstone in the Bighorn
Basin. From a 6,000-foot contour
along the crest of the Owl Creek Mountains, the surface mapped slopes downward to a 4,400-foot contour running
through the Hamilton Dome, Little Sand
Draw, and Gebo oil fields, looping
sharply back upstream to the mouth
of the Wind River Canyon, then back out
to pass north and west of the Zimmerman field and just north of Murphy
Dome. The data compiled in Geological
Survey of Wyoming Open File Report
No. 82-3 indicate a locally depressed
potentiometric surface around the hot
springs and a much less severe depression of the surface along the river,
but otherwise demonstrate the same general trends as the much sparser data
of Bredehoeft and Bennett (1972):
the springs of Hot Springs State Park
(4,310-4,370 feet in elevation, the
lowest natural surface discharge point
for Paleozoic waters within the study
area) occupy a large area of fairly
similar hydraulic head. Hydraulic

Additional suggestions of flow
parallel to the Thermopolis Anticline are the temperatures of a flowing
Tensleep well (67°F, 20°C) and a Park
City spring (72°F, 22°C), "Wind River
Canyon Spring" of Breckenridge and
Hinckley (1978), south of town. These
occur, not on the Thermopolis Anticline, but on the northward dipping
limb of the syncline where a simple
model of flow perpendicular to the
anticline, from the Owl Creek Mountains
to Thermopolis, would predict only cool,
descending flow. The relatively low
elevation of these features, only 10
fe~t higher than Big Spring, however,
requires that they be discharge points,
evidently drawing water from deeper
areas to the west-northwest.
East of Thermopolis, observed temperatures on the anticline agree with the
predicted flow and thermal conditions,
except for the 116°F (47°C) value from
the Red Spring field. Hydraulic head
data suggest that some water may also
be moving up the east flank of the

*Wyoming State Engineer files.
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Red Spring - Wildhorse Butte Anticline,
but the thermal implications of such
flow have not been determined. That
the temperatures from several neighboring holes are consistently lower (and in
agreement with temperatures predicted
for flow from the south and southwest)
suggests that the 116°F (47°C) report
may be in error. Examination of the
well log for this hole reveals no
obvious reason for suspecting the value,
however, so it remains problematic.
Calculated and measured hydraulic
head elevations for the Park City
Formation and the Tensleep Sandstone
in the Thermopolis Anticline area are
consistently around 4,400 feet. Hydraulic head elevations of 4,376,
4,406, 4,361 and 4,378 feet come from
Rose Dome, 4,392 and 4,450 feet from
Cedar Ridge; Big Spring flows at
4,370 feet, and the Red Spring area
has heads of 4,470 and 4,366 feet. A
north-south transect shows similar
values: 4,380 feet for a Park City
spring and a Tensleep well 4 and 3
miles, respectively, south of Thermopolis, and 4,340, 4,318, 4,400,
4,312, 4,361, and 4,340 feet along the
Bighorn River 1.3, 1.7, 1.7, 1.8,4.0,
and 5.5 miles north of town. Thus, it
appears as though flowing wells could
be developed in many ar~as along the
Bighorn River and that pumping lifts
elsewhere should be less than the
difference between surface elevation
and 4,300 feet.
The last aspect of water flow to
be considered is volume. The rate at
which water will flow to a well bore
is much harder to predict than either
pressure or temperature. As explained in the aquifer descriptions,
permeability is highly dependent on
fracturing and, in the carbonate rocks,
on solution features. The 500-1,000
gpm flows of the existing springs and
wells of the Thermopolis system demonstrate the possibilities. Two Wyoming
State Geologists (Barlett, 1925; Marzell, 1929) investigated the question
of the 2,270 gpm flow from the hot
wells decreasing the flow of the springs
of Hot Springs State Park and both con-

cluded that there had been no effect.
Stearns et ale (1937) state simply
that "large" artesian flows were obtained without "appreciably" affecting spring discharge. Flow data compiled by Breckenridge and Hinckley
(1978) similarly suggest that the flow
of Big Spring has not decreased significantly since 1909 (10 years before
the first wells).
Van Norman (personnel communication,
1981) claims that there have been at
least two more wells in the past than
at present in the area north of Thermopolis producing hot water from the
Park City Formation and Tensleep Sandstone. The Wyoming State Engineer's
files includes one of these wells,
listed as producing from "limestone"
at a depth of 560 feet. No temperature is provided. Van Norman (personnel communication, 1981) reports
that these wells slowly lost their flow
over time and that the present Van
Norman Well flows "much less" than when
it was first drilled. She also has
convincing photographic evidence that
the May tag Well produced considerably
more water in 1928 than at present.
These flows and flow differences had no
reported effect on the natural hot
springs. Possible explanations for
such decrease in flow include constriction of well bores by mineral deposition and casing deterioration to
the point of borehole collapse.
Apparently no special provisions have
been made to control either of these
problems commonly associated with production of geothermal waters.
It should be noted that flow data
for any component of the hydrothermal
system are sorely lacking. The 8 flow
measurements from which the Table 2
value for Big Spring is derived span
12 years and range from 2,212 to 2,908
gpm. Five measurements each for the
Sacajawea, May tag, and McCarthy Wells
over the same period are 879-1,539
gpm, 498-1,027 gpm, and 224-745 gpm,
respectively [Wyoming State Engineer's
files]. The dates of the extreme
measurements for the three wells do
not coincide, nor do they occur at the
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same time of the year. Thus, within
the resolution of stich sparse data,
we conclude that these variations are
not the result of overall changes of
the system nor of yearly cycles of
flow. The data suggest, instead,
complex variations in the system's
water yield in both space and time.
Although Bartlett (1925) concluded that
the hot springs had not been affected
by the wells, he was less sure of
future wells, and became the first of
many to suggest that systematic and
frequent monitoring be practiced. No
such program has been undertaken to
date.

Cooley concluded that though there
had been no apparent pressure reduction
in the Tensleep aquifer, the Madison/
Bighorn had experienced a pressure
decrease in "some" wells, and "most"
Flathead wells no longer produced completion-magnitude pressures.
One certainly should not assume that
there is a limitless supply of hot
water at Thermopolis. At the same
time, available evidence indicates that
substantial quantities of water could
be developed from the system without
deleterious effects, particularly if
reinjection of waste water is practiced. Given the importance of secondary permeability development in the
aquifers of the system, water yields
will likely vary from place to place.
The present hot well flow of 500-1,000
gpm represents "safe" yields of the
past. A well 20 miles north-northwest
of Tensleep which flows 2,880 gpm from
the Madison Limestone (Lowry et al.,
1976) reflects the magnitude of production possibilities, though the effect
of such production on the hot springs
cannot be predicted at this time.

There has been more careful monitoring of the Paleozoic aquifers in the
Tensleep area (see Figure 1). Development of the Tensleep, Madison/Bighorn,
and Flathead aquifers in that area
increased flow from an average of
1,900 gpm from wells in 8 townships
in 1953 (Lowry, 1962) to 8,372 gpm,
predominantly from Madison wells, in
1976 (Cooley, 1981). In 1962, Lowry
concluded there had been no perceptible overall loss of pressure from
these artesian systems; from 1978 data,

SUMMARY, IMPLICATIONS, AND RECOMMENDATIONS
Geologic and hydrologic conditions
in the Thermopolis study area indicate
water movement northeastward off the
flank of the Owl Creek Mountains,
through the intervening syncline, and
up the steep north flank of the Thermopolis Anticline. Largely confined by
the less permeable beds of the overlying
Chugwater Formation, water is under
artesian pressure in Paleozoic aquifers. Extensive fracturing along the
sharply folded anticline, and a probable basement fault beneath it, allow
upward flow and subsequent discharge
at the existing hot springs. Chemical
analyses, supported by observed high
discharge volumes, suggest that spring
water is predominantly of Madison
Limestone origin.
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Thermal modeling predicts Madison
temperatures of 160°F (71°C) in the
syncline opposite Rose Dome and 104°F
(40°C) in the immediate Thermopolis
area. Water migrating southeast from
the Rose Dome area to discharge at
the springs should elevate spring temperatures above those in the adjacent
syncline, whereas areas further east
should not receive this heating component. Observed temperatures agree
extremely well with this model of
water flow and temperature: 161°F
(71°C) was measured on Rose Dome,
the temperatures of the hot springs
are near 130°F (54°C), and maximum
temperatures drop abruptly to around
100°F (38°C) along the eastern end of
the anticline. Water from formations

below the Madison Limestone and deep
convective circulation in a fault zone
may contribute higher temperatures to
the system, but it appears unlikely
that significant volumes of water can
be developed at temperatures exceeding l70 0 p (77°C) at Rose Dome, lSO°F
(66°C) at Cedar Ridge, and 140°F (60°C)
in the vicinity of Thermopolis townsite.
These estimates result from measured and reported temperature and
gradient values, thermal modeling, and
consideration of temperature loss
as hot waters rise to the surface.
To evaluate this last point, the flow
of Big Spring was modeled as arriving through a (I-meter) 3.3-foot diameter conduit (following Truesdell et
al., 1977) extending either to the
base of the Madison or penetrating
1,300 feet of Precambrian rock. Using
a standard rock diffusivity value of
32 km 2 /million-years, both models indicate less than 9°F (SOC) temperature
drops even in the extreme case of reservoir temperatures as high as 194°F
(90°C). Logs of wells flowing from the
Thermopolis system support this conclusion empirically: measured temperature
losses for the May tag and McCarthy
wells were only 0.26°F (0.14°C) and
0.34°F (O.lO°C) per 1,000 feet, respectively, in well bores less than I
foor in diameter (see Figure 6, pages
12-16).
The marginal resource identified
in the Red Spring area has not been
thermally modeled. Flow into the area
from the south and southwest should
show temperatures similar to those projected for the east Thermopolis Anticline; the thermal implications of flow
from the east have not been studied.
The next step in the evaluation of this
area should be verification of reported
temperatures in excess of 100°F (38°C).
An important implication of the
model developed so far is that once
hot water is encountered, deeper drilling is not likely to result in significantly higher temperatures. Movement
between formations, at least from the
Park City Formation to the Madison
Limestone, appears to be sufficient

to homogenize temperatures, producing
isothermal conditions throughout this
section along the Thermopolis Anticline.
It is likely that aquifer water yield
increases from the Park City Formation to the Tensleep Sandstone and
possibly from the Tensleep Sandstone to the Madison Limestone,
so deeper drilling may result in greater flow; but we feel that the temperatures presented above are the maximums
likely to be encountered at feasible
drilling depths.
The importance of fracture-induced
permeability in the upper Paleozoic
aquifers generating great water yields
has been emphasized repeatedly above.
Such zones of fracture and faulting
occur along the crest of the Thermopolis Anticline and perhaps in areas
perpendicular to the anticline at
dome boundaries. Detailed mapping
in the area is necessary to precisely
delineate such zones. Lowry (1962)
advises that low-yield wells into these
upper Paleozoic aquifers may be significantly improved by well-stimulation
techniques aimed at increasing permeability.
Existing wells show that yields in
excess of SOO gpm can be developed
from high permeability zones. Details
of hydrologic characteristics of the
Thermopolis area aquifers are largely
unknown. We have located no pump
test determinations for the area, nor
even detailed records of well flows.
Given the number of wells which have
been drilled into this hydrothermal
reservoir, we feel that a carefully
implemented program of well testing
and monitoring would be very useful.
Hydraulic head data indicate that
thermal waters once encountered will
rise to an elevation of 4,320-4,380
feet or flow at the surface, whichever
comes first.
Although high water temperatures
may be found in Paleozoic rocks over
a large area north of the anticline,
the northern boundary of the viable
resource area is fixed by drilling
depths. At the prevailing dip of
around 9°, a given stratum is 836 feet
3S

deeper every mile north-northeast from
the crest of the anticline. While the
Park City Formation is 458 feet below
the surface at the McCarthy wells
(Bartlett, 1925), it should be 1,015
feet deep one-half mile north-northeast. Part of the depth in this case
is due to increased surface elevation.
Thus, it is necessary to integrate
surface elevation, depth to aquifer,
and hydraulic head data, as well as
to try to intersect a zone of high
permeability, in actually siting a
well.
An approximation of the depth to a
given formation can be obtained by
determining the surface formation
(Figure 3) and summing the thicknesses
of the intervening formations (Table
3, page 23). Depths will be greater
than the simple, summed thicknesses
as dip increases, but will be less
than 2 percent in error for dips less
than 10°. An additional caution on
depth is that the formations into
which the rocks are di.vided may be
no more uniform vertically than they
are horizontally; i.e., it may be necessary to drill well into a formation
to realize significant production.
For example, while the McCarthy well
flows nearly 1,000 gpm from the upper
10 feet of the Park City Formation,
a well just west of town was drilled
188 feet into the Park City Formation
before producing water, which then rose
to a depth of 55 feet in the well [Wyoming State Engineer's files].
On the south flank of the Thermopolis
Anticline, dips are very steep. The
thermal necessity to stay north of the
syncline to intercept the hottest flow
confines exploration to a very narrow,
geologically complex strip just off
the crest (see Figure 6). The scale
and detail of geologic investigations
needed to identify potential development sites in this area are beyond
the scope of this report. Such investigation should certainly precede any
development planning.
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One engineering and environmental
problem that may appear is the handling of large volumes of mineralized
water. The travertine terraces and
tipis of Hot Springs State Park testify to the depositional possibilities
of the waters. Norman Sanford, (personal communication, 1979) reports
such rapid travertine deposition that
a pump in well C3 (Rose Dome) was rendered inoperable in only 3 years.
During that same period, approximately
one inch of travertine had built up
on the well-fed stock tank. Cessation of flow from some wells north of
town (see page 33), and the declining
flow of the May tag well, may also
be due to mineral deposition. On
the other hand, Big Spring shows no
sign of declining flow, and, while the
Van Norman well flow has decreased
over time, their house has been geothermally heated for over 40 years
(Van Norman, personal communication,
1981) without excessive mineralization
problems. The Taylor house is similarly heated by the waters of the McCarthy well, and, though their system
is of more recent vintage than the
Van Norman system, it has experienced no
problems to date (Scott Taylor, personal communication, 1981). Mineral
deposition is likely a result of
changes in temperature and pressure.
Given the fairly constant chemistry of
the Thermopolis hydrothermal waters,
it should be possible to calculate
the magnitude of the potential mineral problem as a function of how the
waters are to be managed (see Anderson
and Lund, 1979).
The major legal obstacle to development of the Thermopolis resource
appears to be a possible conflict
with the flow of the springs in Hot
Springs State Park. Water rights within the State Park are controlled by
the Wyoming State Board of Charities
and Reform [Wyoming Statutes 1977,
section 36-8-305], and the Wyoming
State Enginner is specifically
charged with the protection of ther-

mal springs on State Lands [Wyoming
Statutes 1977, section 41-1-109].
The State Engineer's authorityextends to any drilling, private or public, in the Thermopolis area. In
our discussion of available flow
volumes on pages 33-34, we conclude
that it is possible that significant
nonconflicting development could
occur. Certainly, any such development
should be undertaken with caution,

within the framework of a program of
careful monitoring of existing wells
and springs, and with every consideration given to minimizing the possibility
of conflict. The aesthetic, recreational, and therapeutic value of Hot
Springs State Park should not be underestimated, nor should unfounded concern
over the flow of the springs preclude
responsible exploration and development
of this potentially valuable resource.
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Sources for Figure 3:
For thickness and physical description:
Thicknesses above the Cody from Pierce (1978); lithologies and subMesa Verde thicknesses compiled from Deiss (1951), Fanshawe (1939),
Jones (1939), Ary (1959), Shlemon (1959), Berg (1976), Berry and
Littleton (1961), Pierce (1978), Horn (1963), Collier (1920), Tourtelot and Thompson (1948), Maughan (1972a, 1972b), and examination
of area oil and gas well logs. See Table 3, page 23, for average
thicknesses adjacent to the Thermopolis Anticline.
For water-bearing characteristics:
Hydrologic properties from Berry and Littleton (1961) and Lowry et
ale (1976).
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Table 1
Measured Water Levels in Wells GTW Nos. 1, 2, and 3
(Measurements in feet from top of the casing)
Date

GTW 1

GTW 2

GTW 3

Feb. 24, 19821

Sanford Well
425.1

June 10, 19822

252.7

June 14, 19821

252.5

June 15, 1982 1

252.9

432.8

429.3

June 17, 19821

426.4
116.1

July 21, 19822

252.3

435.2

115.8

426.5

July 30, 19822

252.3

435.3

116.0

426.5

~ Water levels measured by L. Wester
Water levels measured by H. Heas1er

7

Chemical Data
(Gathered by the Department of Geology and Geophysics, University of Wyoming
for the U.S. Department of Energy, Contract No. DE-FC07-79IDI2026.)
Sample

Date

pH

Na

K

Ca

Mg

F

C1

S04

Cu

646

<.05

Cr

Cd

.08 <.1

1.3

<.05

.04 <.05 <.2 <.05

Zn

Mn

Ag

Fe

Ni

Pb

Well 1

June 14, 7.64 253 42.6 280 61.3 3.0 287
1982

Well 2

June 16, 7.67
1982

212 42.6 263 60.6 3.1 205 632

<.05

.07 <.1

1.4

<.05

.03 <.05 <.2 <.05

Well 3

June 17, 7.77
1982

257

42.5 336 93.6 3.1 260 911

<.05

.06 <.1

.7

<.05

.05 <.05 <.2 <.05

<.05

.05

<.05

<.05

.03 <.05 <.2 <.05

Big Spring June 3,
1982

Note:

7.70 233 42.5 320 68.5 3.7

All values are in parts per million (ppm)

239 631

<.1

