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DISCLAIMER

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor any agency thereof, nor any of their employees,
makes any warranty, expressed or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference to any
specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise, does not constitute or imply its endorsement, recommendation, or favoring by the
Utah Geological Survey, United States Government or any agency thereof. The views and
opinions of the author expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.



ABSTRACT

The Utah Geological Survey compiled a database with information on thermal wells and
springs in Utah that have temperatures of 20°C or greater. The database contains 964 records
on 792 locations of wells and springs. Each record has 35 data fields and includes the location
of the well or spring, its temperature, depth, flow-rate, and chemical constituents. The database
was developed for use on DOS-based personal computers, and will provide users with immediate
access to specific geothermal information in Utah. Resource maps of thermal wells and springs,
derived from the database, are included in the report. The new database and resource maps
could eventually include heat-flow information, bottom-hole temperatures from oil and gas wells,
traces of Quaternary faults, and locations of young volcanic centers.

Seven areas are recommended in order of priority for additional studies based on
development potential and the need for more resource information. Areas identified for likely
near-term expansion or development of direct-use applications include Newcastle, the Monroe-
Red Hill area, the Meadow-Hatton area, the Midway area, and Crystal (Bluffdale) Hot Springs.
Areas with potential for discovery of moderate-temperature resources for possible direct-use
applications and/or binary power potential include Newcastle, Thermo Hot Springs, and the
Wood's Ranch area.



INTRODUCTION
Background

The U.S. Geological Survey (USGS), in cooperation with the U.S. Department of Energy
(DOE), compiled the first comprehensive database of geothermal wells and springs in Utah in
support of two national geothermal assessinents (Muffler, 1979; and Reed, 1983). The data for
these assessments were incorporated into GEOTHERM (Bliss and Rapport, 1983), a main-frame
computer system of databases and software used to store, locate, and evaluate information on
geothermal systems. GEOTHERM received data until it was taken off-line in 1983. The USGS
preserved these data and made them available for public use through a series of Open-File
reports presenting information on source location, description, and water chemistry.

The Utah Geological Survey (formerly Utah Geological and Mineral Survey) helped with
data compilation for GEOTHERM, and eventually published a state geothermal resource map
in cooperation with DOE and the National Oceanic and Atmospheric Administration (Utah
Geological and Mineral Survey, 1980). Based primarily on the work of Goode (1978), the map
listed about 330 wells and springs included in GEOTHERM, showed heat-flow information from
the work of Chapman and others (1978, 1981) and Sass and others (1974), and outlined areas
of prospective value for geothermal exploration. Since the national geothermal assessments were
completed in the early 1980’s, no new resource data have been gathered at a regional scale. The
map also showed nine Known Geothermal Resource Areas (KGRAs), a classification for federal
leasing based on competitive interests and/or geologic criteria. Since 1980, only three of these
areas (Cove Fort-Sulphurdale, Roosevelt Hot Springs, and Crater Springs) still maintain the
classification of KGRA, The others (Meadow-Hatton, Monroe-Joseph, Thermo, Lund,
Newcastle, and Navajo Lake) were declassified because of either a lack of competitive interests
or, in the case of Navajo Lake, a lack of an indicated resource.

Current Program

The Geothermal Division of DOE initiated the Low-Temperature Geothermal Resources
and Technology Transfer Program, following a special appropriation by Congress in 1991, to
encourage wider use of lower-temperature geothermal resources through direct-use, geothermal
heat-pump, and binary-cycle power conversion technologies. The Oregon Institute of
Technology (OIT), the University of Utah Research Institute (UURI), and the Idaho Water
Resources Research Institute organized the federally-funded program and enlisted the help of ten
western states to carry out phase one. This first phase involves updating the inventory of
thermal wells and springs with the help of the participating state agencies. The state resource
teams inventory thermal wells and springs, and compile relevant information on each source.
OIT and UURI cooperatively administer the program. OIT provides overall contract
management while UURI provides technical direction to the state teams.

Phase one of the program focuses on replacing part of GEOTHERM by building a new
database of low- and moderate-temperature geothermal systems for use on personal computers.
For Utah, this involved (1) identifying sources of geothermal data, (2) designing a database
st;ucture, (3) entering the new data, (4) checking for errors, inconsistencies, and duplicate
records; (5) organizing the data into reporting formats; and (6) generating a map (1:750,000
scale) of Utah showing the locations and record identification numbers of thermal wells and



springs (figure 1; table 1; plate 1). A separate but related task involved gathering and analyzing

water samples from selected thermal springs and wells not adequately represented by existing
data.

DESCRIPTION OF GEOTHERMAL AREAS

Utah comprises parts of three major physiographic provinces, defined by Fenneman
(1931), each with characteristic landforms and geology. These include the Colorado Plateau,
the Middle Rocky Mountains, and the Basin and Range provinces (figure 1). The Transition
Zone extends through central and southwestern Utah, and contains physiographic and geologic
features of both the Basin and Range and Colorado Plateau provinces. The Middle Rocky
Mountains include the Wasatch Range and Uinta Mountains in the northeastern part of the state,
comprising mainly pre-Cenozoic sedimentary and silicic plutonic rocks. The Colorado Plateau
is a broad area of regional uplift in southeastern and south-central Utah characterized by
essentially flat-lying, Mesozoic and Paleozoic sedimentary rocks. Scattered Tertiary and
Quaternary volcanic rocks are present on the Colorado Plateau in south-central Utah, and some
Tertiary intrusive bodies are present in southeastern Utah.

The Basin and Range Province is characterized by numerous north-south oriented, fault-
tilted mountain ranges separated by intervening valleys. Typical basin-ranges are asymmetric
in cross section having a steep slope on one side and a gentle slope on the other. The steep
slope reflects an erosion modified fault scarp and the range a tilted fault block (Hintze, 1988).
Rocks within the Basin and Range vary widely in age and composition. Older rocks consist of
a variety of Mesozoic and Paleozoic sedimentary rocks and their metamorphic equivalents.
Cenozoic volcanic rocks and valley-fill units generally overlie the sedimentary and metamorphic
rocks. Valley-fill deposits consist mostly of late Cenozoic and Quaternary lake beds and
alluvium as much as 3,000 m (10,000 ft) thick.

Comprising essentially the western half of Utah, the Basin and Range is separated from
the Middle Rocky Mountains by the Wasatch Fault zone, and from the Colorado Plateau by the
Transition Zone. Within the Basin and Range and the Transition Zone, east-west structural
extension is thought to have taken place over the past 17 million vears (Hintze, 1988). Prior
to Basin and Range extension (during mid-Cenozoic time), voluminous, silicic volcanism with
associated hydrothermal mineralization took place within several east-west trending belts (Stewart
and others, 1977). After extension began, volcanism patterns changed to less-voluminous
rhyolite and basalt spatially controlled by north-south Basin and Range faults. The very young
volcanic rocks (less than 1 Ma), potentially related to geothermal resources, are found in a belt
extending from west-central Utah through northwestern Arizona.

The worldwide average conductive heat flow to the earth’s surface is about 61 milliwatts
per square meter (mW/m?) for the continents (Williams and Von Herzen, 1974). Typical values
for heat flow in the Basin and Range Province vary between 80 and 120 mW/m?”. The Colorado
Platcau and the Middle Rocky Mountains provinces have heat-flow values near the average for
the earth’s surface (Sass and others, 1976; Sass and Munroe, 1974).
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With few exceptions, the more important geothermal areas in Utah occur either in the
Basin and Range Province or within the Transition Zone (figure 1). The most significant known
occurrence of geothermal water in eastern Utah is from oil wells of the Ashley Valley oil field,
which yield large volumes of nearly fresh water at temperatures between 43°C and 55°C (109°F
and 131°F) as a byproduct of oil production. In 1981, the Ashley Valley field yielded 3,360
acre-feet (26.1 million barrels) of water (Goode, 1985).

In central and western Utah, most thermal areas are located in valleys near the margins
of mountain blocks, and are thought to be controlled by active Basin and Range faults. Others
occur in hydrologic discharge zones at the bottom of valleys. A few thermal areas are situated
in mountainous regions.

Wright and others (1990) presented data, including estimated reservoir temperatures, on
some Utah geothermal areas based on the work of Swanberg (1974), Cole (1983), and Rush
(1983). These data are shown in table 1 along with information from eight additional low-
temperature areas. These areas are identified on figure 1.

Using geothermometry and other information, Rush (1983) suggested that six areas in
Utah are probably high-temperature geothermal systems with reservoir temperatures above
150°C (302°F). He also suggested that ten other areas could be classified as moderate-
temperature geothermal systems with reservoir temperatures between 90°C and 150°C (194°F
and 302°F). Known high-temperature systems include the Roosevelt Hot Springs and Cove Fort
- Sulphurdale Known Geothermal Resource Areas (KGRA). Other potential high-temperature
systems are Thermo Hot Springs, Joseph Hot Springs, the Newcastle area, and the Monroe-Red
Hill area.

Wright and others (1990) summarized the present knowledge of Utah’s geothermal
resources, and discussed how factors such as regional low energy costs contribute to the relative
low growth of geothermal energy in the state. Presently, electric power is generated at the
Roosevelt Hot Springs and Cove Fort - Sulphurdale KGRAs. The installed gross capacity for
the two areas is about 33 MWe. Commercial greenhouses that use thermal water for space heat
operate at Newcastle in Iron County, and at Crystal Hot Springs near Bluffdale in Salt Lake
County. Ten resorts use geothermal water for the heating of swimming pools, for small space-
heating applications, and for therapeutic baths. One of the newer direct-use geothermatl
developments is a commercial SCUBA-diving and aquaculture facility near Grantsville in Tooele
County.

DATA SOURCES
Previous Geothermal Studies

DOE, the USGS, the National Science Foundation (NSF), and the UGS have either
funded or co-funded more than 40 geothermal-related projects in Utah over the past 20 years.
Budding and Bugden (1986) compiled an annotated bibliography of all published sources for
geothermal studies in Utah through 1984, in which they included a summary of the government-
funded projects. They categorized the government projects as cither statewide, regional, or
local. While many of these studies involved mainly surface geological and geophysical surveys,



a number of the projects included the gathering of geochemical and other data from wells and
springs.

Basic data on geothermal waters in Ulah are included in various government reports,
journal papers, water resource databases, and so forth. As part of DOE’s geothermal program,
the UGS gathered and published detailed information for low-temperature waters throughout
Utah. For northern Utah and the East Shore area of the Great Salt Lake, sources of data
included Murphy and Gwynn (1979), de Vries (1982), Cole (1581, 1983) and Davis and Kolesar
(1984). Well and spring data for the central Wasatch Front are included in Klauk and Davis
(1984), Klauk and Prawl (1984), and Kohler (1979). In southwestern Utah, information was
available for the Sevier thermal area (Mabey and Budding, 1987), the Escalante Desert (Klauk
and Gourley, 1983; Ross and others, 1991, 1993; Blackett and Shubat, 1992), and the St.
George Basin (Budding and Sommer, 1986).

The previous geothermal resource map of Utah (Utah Geological and Mineral Survey,
1980) lists general information (temperature, depth, flow rate, location, and TDS) on low-
temperature wells and springs. Many of the same sources used to compile the state resource
map were also used in compiling the Utah portion of the USGS’s file-GEOTHERM database.
Bliss (1983) presented the "hard copy" version of GEOTHERM for Utah that included 643
records on roughly 350 wells and springs.

Information on high-temperature geothermal exploration and production wells in the Cove
Fort - Sulphurdale and Roosevelt Hot Springs KGRAs was also documented in Union Oil
Company (1978), Ash and others (1979), Capuano and Cole (1982), and Ross and others (1982).

The USGS’s WATSTORE Database

An additional source of information was the USGS’s on-line water information system
known as the National Water Data Storage and Retrieval System, or WATSTORE.
WATSTORE is composed of various files and databases containing continually-updated records
on regularly monitored wells and springs in the United States. WATSTORE’s Ground-Water
Site Inventory Database includes site location, geohydrologic characteristics, well-construction
history, and various field measurements including water temperature. WATSTORE's Water
Quality File contains analyses of water samples describing chemical, physical, biological, and
radio-chemical characteristics (ReMillard and others, 1992).

DATABASE FORMAT

Data Entry and Record Checking

The principal steps involved in compiling the database and resource maps are illustrated
on figure 2. A database format was developed using commercial database-management software
so that information could be input manually from published sources. The format comprised
three general divisions including location information, descriptive information, and water
chemistry. Data from published sources on wells and springs with temperatures of 20°C or
greater were entered manually using the commercial software. These records were then checked
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against the original data for accuracy. Sorting routines were used to help identify duplicate
records. After manually entering about 380 records, all of the data were then exported to a
spreadsheet program for ease of editing and for combining with data from WATSTORE.

The regional office of the USGS Water Resources Division in Salt Lake City provided
about 1,100 records from WATSTORE on wells and springs in Utah with temperatures of 20°C
(68°F) or greater. The digital data came in two ASCII-file formats. One file format listed line-
by-line information from the Ground-Water Site Inventory Database, while the second file
included water chemistry from the Water Quality File in an irregular, tabular format. Because
neither file could be imported directly into a spreadsheet, they were modified using software for
text-editing and programs written specifically to reformat the data. Because the water chemistry
in WATSTORE often includes species not needed for geothermal studies (such as trace elements,
radioisotopes, amino acids, and so forth), the applications extracted only those species most
relevant. Subroutines in the applications checked for errors introduced during file editing and
flagged problem records when errors were encountered. After importing the reformatted
WATSTORE data into the main spreadsheet, redundant records were eliminated through various
sorting routines.

Complete records from the database are listed in Appendices A and B. Appendix A
contains location and descriptive information from the database organized by county. Appendix
B contains the water chemistry from the database also organized by county. County codes are
listed in table 2. The two listings are tied by the "Record ID" and "Map No." data fields.

Table 2: List of county codes used in map numbers.

BE Beaver PI Piute

BO Box Elder RI Rich

CA Cache SL Salt Lake
CR Carbon SJ San Juan
DG  Daggett SE Sevier
DA  Davis SA  Sanpete
DU  Duchesne Su Summit
EM  Emery TO  Tooele
GA  Garfield Ul Uintah
GR Grand uT Utah

IR Iron WS  Wasatch
Ju Juab WA  Washington
KA  Kane WY  Wayne
MI Millard WE  Weber
MO Morgan




Water Analyses Checking Procedure

In order to help identify errors in data entry or possible problem analyses, programs were
also written to calculate charge balance, compare measured TDS with calculated TDS, and check
on relative concentrations of various dissolved species. A hierarchy (using the relative
concentrations of dissolved species) suggested by M. J. Reed (U.S. Department of Energy,
written communication, 1993) and listed below was used for checking analyses:

Na > K > Li
Ca > Mg > Sr > Ba
Cl>F>Br>1

Re-checking of the original data for accuracy was necessary whenever an analysis in the database
failed to meet these conditions. Records that failed these checks for relative abundances of
dissolved species are marked with an asterisk in Appendix B.

Ion concentrations for strontium, barium, bromide, and icdide were not usually reported
in published sources, so they were not included in the database. Therefore, in the case of non-
WATSTORE records, the ratios in the hierarchy involving only the major ions (Na, K, Ca, Mg,
Cl, and F) were checked. In ten of these non-WATSTORE records at least one of the ratios
failed a condition of the hierarchy. Checking the original references against these data revealed
that the values were entered as reported.

WATSTORE records were checked separately from those from published sources because
the original data were digital, and because these data contained values for all of the species in
the hierarchy. Checking of ratios revealed that, in 52 of the WATSTORE records, one or more
ratios failed one of the conditions listed above. Re-checking of the data entries with the original
digital data files revealed that all of the entries were made correctly.

Descriptions of Final Products

The distribution of geothermal sources plotted from the new database is very similar to
that of the 1980 resource map (Utah Geological and Mineral Survey, 1980). The majority of
thermal wells and springs are located along the eastern margin of the Basin and Range province
or within the Transition Zone (figure 1, plates 1 and 2). Thermal wells and some springs occur
In eastern and southeastern Utah, often where deep oil and gas wells have been converted to
water supply sources. In general, however, temperature gradients in the Colorado Plateau and
lllgogg Mountain provinces are much less than those in the Basin and Range (Kron and Stix,

Because of the large number of records that needed to be presented, two resource maps
were compiled. Plate [ is a 1:750,000-scale map of the state showing the locations of all
records and the ID numbers for those records with temperatures of 25°C (77°F) or more. Plate
2 shows the locations and 1D numbers for those records with temperatures between 20°C and
25°C (68°F and 77°F).

The database is included with this report on DOS-formatted diskette under the file names
UTAH.WQI, UTLOC.DAT, and UTCHEM.DAT. Table 3 lists the data fields, descriptions

9




Table 3. Utah geothermal database, data field summary.

FIELD NAME FIELD CONTENTS UNITS

<« LOCATION DATA -ccmrmeommmmmceom o em o meam e cmms st e

RECORD ID

record 1D number NA
MAP NO. county code plus number NA
SOURCE NAME owner or well/spring name NA

LOCATION well and spring numbcring cadastral coords,
systemn for Utah
LATITUDE latitude north decimal degrees
LONGITUDE longitude west decimal degrees
UTM.NORTH UTM north coordinate for zone 12 meters
UTM.EAST UTM east coordinate for zone 12 1neters
e ae DESCRIPTION DATA --—--—----——--—-- et
DESIG designation fromn original reference NA
when applicable
TYPE well (W), spring (S), NA
mine (M), coltector (C)
TEMP measured temperature degrees Celsius
DEPTH depth of well meters
STA(TUS) pumped (P}, flowing (F) NA
FLOW flow rate liters per minute
LEVEL depth to water level melers
(negative if above ground)
REFERENCE short citation for source of data NA
------------------------ WATER CHEMISTRY DATA - e e et
DATE date of sample (if available)} mm/dd/yy
Conduct conductivity microseimens
pH pH pH units
Na sodium mg/L
K polassium mg/L
Ca calcium mg/L
Mg magnesium mg/L
Al aluminum mg/L
Fe iron mg/L
5102 silica mg/L
B boron mg/L
Li lithium mg/L
HCO3 bicarbonate mg/L
S04 sulfate mg/L
Cl chloride mg/L
F fluoride mg/L
TDSm tofal dissolved solids measured mg/L
TDSc 1otal dissolved solids calculated mi/L
ChgBal charge balance (cations/anions)} X 100
8D deuterium permil
5018 oxygen-18 permil

10




of field contents, and units for numeric values. The file UTAH.WQI was constructed using

Quattro™ Pro, a DOS-compatible spreadsheet software package, and contains the entire database

consisting of 964 records for 792 well and spring locations with temperatures of 20°C or more.

The UTAH.WQI file can be accessed through Quattro™ or similar spreadsheet software, such

as Lotus™ 1-2-3. The file UTLOC.DAT is a fixed-field ASCII file containing the record ID

numbers, source name, latitude, longitude, UTM coordinates, cadastral locations, descriptive
- information (such as temperature, well depths, and flow rates), and references. The file
UTCHEM.DAT is a fixed-field ASCII file containing the record ID numbers, source names, and
chemical analyses.

Figure 3 illustrates the distribution of the number of wells and springs contained in the
database for various temperature ranges. The general distribution exhibits an inverse exponential
form typical of that seen in other geothermal assessments. Systems in the lower temperature
ranges are much more abundant than those in the higher ranges.

FLUID CHEMISTRY

Samples from selected thermal springs and wells, not adequately represented by existing
data, were gathered for analysis as part of this study. Chemical analyses were completed by
UURI as part of the study. Geothermometer calculations, charge balances, and Piper plots were
included as part of the analytical report. These data were also entered into the Utah geothermal
database and are identified in the reference field of the database by the entry "This Study.” The

- complete analyses for these samples are listed on table 4. A description follows for each of the
seven selected thermal springs and well sites.
Abraham (Baker, Crater) Hot Springs, Juab County
LS

The Crater Springs geothermal area surrounds a Quaternary eruptive center in the
northern Sevier Desert known as Fumarole Buite. Early Pleistocene basalt flows (0.9 Ma)
erupted from the vent area and formed a broad volcanic apron now known as Crater Bench. The
Drum Mountains fault zone, a north-northeast trending zone of high-angle normal faults, offsets
basalt flows along the west-central side of Crater Bench at Fumarole Butte, Warm vapor rises
- from several fissures in the vicinity of Fumarole Butte. Abraham Hot Springs (JU-15), also

referred to in literature as "Crater Springs” or "Baker Hot Springs,” issues 8 km (5 mi) to the
east of Fumarole Butte along the east margin of the Crater Bench basalt flows. Mabey and
Budding (1987) postulated that the vapor venting from Fumarole Butte and the thermal waters
at Abraham Hot Springs are part of the same geothermal system.

- Temperatures at Abraham range up to 87°C (189°F). Rush (1983) estimated total flow
rates from about 40 spring orifices at between 90 and 140 liters per second (1,427 and 2,219
gallons per minute). The geologic structure controlling the system is unknown, and the reservoir
temperature is uncertain. Samples of cold springs issuing from the same site were collected for
analyses as part of this study in order to develop more accurate mixing models. Analyses of the

- colq water, however, revealed that this water is very similar in composition to that of the hot

springs. and suggesis that the cold springs are merely cooled hot water. (Analysis of the cold
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Table 4. Complete analyses

unitg
RECORD ID
MAP NO.
SOQURCE NAME
LOCATION
LATITUDE degrees N
LONGITUDE degreea W
UTHM . NORTH meters
UTM.BAST meters
TEMPERATURE °c
DATE dd-mmm-yy
Conductance microsiemens
pH PH units
Na mg/L
K mg/L
Ca mg/L
Mg mg/L
Al mg/L
Fe mg/L
Sio, mg/L
B mg /L
Li mg/L
Sr mg/L
Zn mg/L
Ha mg/L
Mn mg/L
5b mg /L
50, ma/L
Cl mg/L
F mg /L
TDSm mg/L
TDSc mg/L
ChgBal (c/a) x 100
3D permil
8018 pexrmil
uniecs
RECORD ID
MARP NUMBER
SOURCE NARME
LOCATION
LATITUDE degrees N
LONGITUDE degrees W
UTM. NORTH moters
UTM . EAST meters
TEMPERATURE ac
DATE dd-mmm -y
Conductance microsiemens
PH pPH units
Na mg /L
K mg/L
Ca mg/L
Mg mg/L
Al mg/L
Fe mg/L
SiQ, mg/L
B mg/L
Li mg/L
Sr wg/L
Zn mg/L
Ba ng/L
an mg/L
5L mg /L
50, mg /L
<l mg/L
F mg/L
TDSm mg/L,
TRSc mg/L
¢hgBal {c/a) x 100
$D permil
d01s permil
#D - Not Dotected
Ha - Not Analyzed

of water samples gathered as part of this study.

327
JU-15
Abraham
{C-14-08) 10dca
39.6133
112.7282
438648121
350811
a4 .0

26 -Jun-91
5800
7.3

740
€1.5
410.4
57.4

ND

WD

a8.6
l.41
1.17
7.92

ND

ND

Q.25

ND
710.0
1470
2.70
3670
3621
100

A

NA

726

TO-1C9

Wilson
{C-10-14)33cdc
39,9064
113.4303
4419986
292251

51.0

11-Jun-93

33200

7.3
7243
21l6.4
855.7
250.7
ND
0.1lac
5.3
1.66
1.14
14.56
ND
0.92
ND
1.5
138%9.0
12530
2,75
2274C
22647
100
Na
NA

Abraham {cold}
(C-14-08}10dca
39.6133
112.7283
4386483
350811
19.58
l18-Mar-93
6350

7.5

991

65,9
373.8
8.8

D

ND

67.2
1.22
1,09
8.17

ND

0.74

KD

ND

829
1681
2,78
4095
4146

102

NA

NA

461

UT-70

Third Water
{D-08-05)25dcd
40,0829
111.23177
4436800

472914

55.5

J0-Sep-93
1400

7.1

3cé

9.9

17.3

4.8

ND

0.080

43.1

.90
.21
.79
.19
.52
ND
ND
4€.0
153
2.a3
928
a8
96
NA
NA

QoD oo

433
MI-80
Meadow east
(C-22-06)26¢ccC
38.8647
112,5019
4302627
169694
41.0
28-Aug-92
7300

6.7

1csa
148.2
468.4
92.9

ND
0.050
56.7
5.48
3.56
6.1

ND

ND

ND

ND
1090.0
1803
9.60
41967
4875

100
-124.0
-17.2

870
WA-07
Dixie

(C-41-13) 25cac
37.1900
113.2717
4118163
298361

41.4
07-Feb-94
110c0

6.1

21130
167.8
760.1
156.1

ND
ND
27.0

4.80

2.39
10.12

0.11

0.36

VD
ND
1841.0

3195

3.00

ga07%s

4907

100

NA
Na

439
MI-B2
Meadow south
(C-22-06)34
18,8605
112.5098
4302175
169G00
34.0
14-Sep-92
7500

6.8

1054
149.1
467.8
92.1

ND

ND

S6.8
5.46
3.61
5.96

ND

ND

ND

NI
1090.0
1795
9.50
4913
4869

100
-122.0
~17.0

947
WS-02
ML, Spa
(D-03-04)26cca
40.5255
111.456480
4485592
460102
3g.0
21-May-93
_8CO0

6.7

1c7
23.6
284 .2
65.9

ND

ND

24.0
c.53
0.33
3.14

ND

ND

ND

ND
558.0
111
2.80
1525
1473
1c1

NA

NA

718
TO-103
Blue Lake
{(C-04-19)06dcd
40.5020
114.0380
4487701
242560
27.5
11-Jun-93
11000
8.0

1698
126.0
190.0
T72.6

ND

c.030
14.6
1.02
1.58
3.08

ND

0,42

ND

ND
278.0
10k3
Q.75
5693
S617

96

NA

NA




spring water is listed on table 4, however, it is not included in the Utah geothermal database.)
According to the classification of Back (1961), the thermal water is sodium calcium-chloride
type. Geothermometers suggest equilibration temperatures in the range 87°C to 116°C (189°F
to 241°F).

Meadow and Hatton Hot Springs, Millard County

Meadow and Hatton Hot Springs are located about 16 km (10 mi) southwest of Fillmore
in the eastern Black Rock Desert. Hatton Hot Spring issues from the south end of a large,
northeast-trending travertine mound at a temperature of 63°C (145°F). Meadow Hot Springs,
comprising several thermal springs in a northeast alignment and located in a marshy area about
2 km (1.25 mi) northwest of the Hatton travertine mound, issue at temperatures up to 41°C
(106°F).

Two fluid samples from the Meadow Hot Springs area (MI-80 and MI-82) were collected
for this study and described by Ross and others (1993) in conjunction with the results of self-
potential surveys completed in the area. The new chemical data show very different values for
potassium, silica, and fluoride concentrations compared to previous data, suggesting temporal
variations in spring chemistry. Standard geothermometers range between 205°C (Na-K-Ca) and
86°C (Na-K-Ca-Mg), with most likely equilibration temperatures around 108°C (quartz
conductive). Based on the results of the new chemical analyses, the fluids appear to be highly
evolved with a very complex thermal history (M.C. Adams, University of Utah Research
Institute, verbal communication, 1993).

The Mountain Spa Resort, Wasatch County

Thermal springs in and around the community of Midway in Wasatch County issue from
several widespread, coalescing travertine mounds covering an area of several square kilometers.
Temperatures in these springs range from 38°C to 46°C (100°F to 115°F). Kohler (1979)
suggested that thermal water at Midway is the result of deep circulation of meteoric water from
recharge zones located to the north near Park City. Geothermometry from water analyses
indicates that the maximum reservoir temperature is about 75°C (167°F). At the Mountain Spa
Resort thermal water is used for heating a swimming pool and for therapeutic baths. Since
Kohler’s (1979) study, spring flows, temperatures, and water levels in wells at the Mountain Spa
Resort have reportedly declined (Linda Pritchett, 1993, verbal communication). New analyses
of thermal water, performed as part of this study, represent the only complete set of chernical
data for the springs at the Mountain Spa (WS-02). The Homestead, a hotel and resort complex
near Midway, uses thermal water in a therapeutic (Jacuzzi) bath.

Blue Lake Spring and Bonneville Salt Flats, Tooele County

Low-temperature thermal waters are present in the western part of the Great Salt Lake
Desert as recorded in wells used for brine production and mineral extraction around the
Bonneville Salt Flats, and as thermal springs at Blue Lake and Salt Spring. Turk (1973) presents
data on 13 "deep brine wells" drilled to depths ranging from 326 m to 631 m (1,070 ft to 2,070
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ft). The highest temperature recorded was 88°C (190°F), measured in the drilling mud of one
well designated DBW-3 while circulating at a depth of 499 m (1,637 ft). The brine produced
from these deep wells contains from 120,000 to 130,000 mg/L total dissolved solids.

Blue Lake and Salt Spring, located in western Tooele County near the Utah-Nevada
border, are small lakes fed by thermal springs. Although the temperature of the spring vents
(located beneath Blue Lake) are not known, the temperature of Blue Lake is fairly constant at
about 29°C (84°F). The area, which is controlled by the U.S. Bureau of Land Management,
is valuable for the recreational opportunities offered in the form of year-round diving, and as
a wildlife habitat. Because previously reported analyses were incomplete, an analysis of water
from Blue lake (TO-103) was obtained as part of this study. Applicable geothermometer
temperatures range between 35°C and 88°C (95°F and 190°F).

Wilson Health Springs, Tooele County

Hot springs also issue in and along the margins of Snake Valley, Tule Valley, and Fish
Springs Flat of western Utah. Wilson Health Springs (TO-109), the site of an abandoned resort
of the same name at the north end of the Fish Springs Range, issues from small mounds at
temperatures approaching 60°C (140°F), with flow rates varying up to 380 L/min (100 gpm).
Thermal fluids at Wilson, analyzed as part of this study, are moderately saline with total
dissolved solids content slightly over 21,000 mg/L. Chemical geothermometers suggest
equilibration temperatures of less than 100°C (212°F). The Fish Springs National Wildlife
Refuge lies along the northeast flank of the Fish Springs Range. These broad wetlands are fed
by a number of springs with temperatures ranging between 20°C and 29°C (68°F and 84°F).
Wilson Health Springs is the northernmost, and hottest, of a series of north-trending, warm
Springs.

Dixie (La Verkin) Hot Springs, Washington County

At the Pah Tempe Hot Springs Resort (WA-07), springs flow from a number of vents
along the Virgin River, near where the river crosses the Hurricane fault at the mouth of
Timpoweap Canyon. The Virgin River has eroded Timpoweap Canyon into a thick sequence
of Permian carbonate rocks. The flows have been altered over the past decade possibly due to
a combination of man-made and natural causes. In the mid-1980s, construction of a water
pipeline for the Quail Creek (off-line storage) reservoir reportedly disrupted the discharge of
existing hot springs and new springs emerged at lower levels along the nearby Virgin River (Ben

‘Everitt, Utah Division of Water Resources, verbal communication, 1993). Flows to the original

springs were restored after installation of a clay and cement seal in the construction area. In
September of 1992, a 5.8 M,, earthquake evidently contributed to another disruption of spring
flows as discharge decreased and again new springs emerged at lower levels along the Virgin
River (Ken Anderson, Pah Tempe Resort, verbal communication). Available analyses for Dixie
Hot Springs, done prior to the earthquake, are variable and possibly reflect differences in sample
collection points. A sample collected as part of this study was taken from one of the new spring
orifices where the Quail Creek pipeline crosses the Virgin River. The new sample results show
similar variability compared with the previous analyses. The water is sodium calcium-chloride,
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sulfate, bicarbonate type. Geothermometers suggest equilibration temperatures between 75°C
and 80°C (167°F and 176°F).

Third Water Hot Springs, Utah County

Hot springs that are well known to hikers and mountain-bikers and referred to here as
"Third Water Hot Springs" (UT-70), are located in the Uinta National Forest of eastern Utah
County. Unusual because they occur at an elevation of 1,80 m (6,200 ft) in the Wasatch
Mountains, the springs were known only to recreational enthusiasts and were not reported in
~ previous geothermal or water-resource publications, Third Water Hot Springs issue from
multiple vents along Third Water Creek, about three miles east of Three Forks Campground in
Diamond Fork Canyon. Access to the springs is by hiking, mountain-biking, or on horseback.
The springs occur over a distance of about 0.5 kilometer (0.3 mi) in and along the stream
course, with many vents located below a 6 m (20 ft) waterfall. Abundant vertical fractures are
apparent with some evidence of offset. Bedrock consists mostly of pebble and cobble
conglomerate, probably of upper Cretaceous (Price River Formation) or lower Tertiary (North
Horn Formation) age.

Spring temperatures range from tepid to a maximum measured temperature of 55.5°C
(131.9°F) at a vent located just below the waterfall. The springs give off a pervasive sulfurous
odor, and deposit both white and black mineral coatings on the stream bottom. A field pH of
7.03 was measured at the sampled vent, and analyses of a water sample yielded a total dissolved
solids content of 932 mg/L.. Geothermometers suggest equilibration temperatures between 65°C
and 97°C (149°F and 207°F). Results of the laboratory analysis, included in the database,
indicate a sodium-bicarbonate, chloride, sulfate type water.

RECOMMENDED FUTURE STUDY AREAS

A list of geothermal areas in Utah recommended for additional resource investigations
was developed as part of this project and forwarded to the Oregon Institute of Technology as
recommended future study sites. The list, which includes seven areas, will be used in selecting
sites for additional work under possible future phases of DOE's Low-temperature Geothermal
Program. The list was developed on the basis of resource temperatures and flow rates; and on
resource locations with respect to transportation systems, population centers, and agricultural
regions.

Newcastle Area, Iron County

The Newcastle area, located near the south end of the Escalante Valley in Iron County,
is underlain by an aquifer containing low- and moderate-temperature geothermal fluid. The area
is experiencing expanded use of the geothermal aquifer with the construction of new commercial
greenhouse facilities. Milgro Nurseries, a California-based company, has completed a (first of
seven planned) four-acre greenhouse facility which houses 500,000 flowering plants for
distribution to customers throughout the U.S. Couple this expansion with two other established
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commercial greenhouse operations and significant fluid and thermal withdrawals from the aquifer
can be expected over the next several years. The UGS, UURI, and the University of Utah
performed analyses of 27 thermal-gradient drill holes, geophysical surveys, and geologic
mapping (Blackett and Shubat, 1992). Still lacking, however is a detailed hydrologic study, so
the resource potential of the system is presently undetermined. In order to adequately protect
the geothermal aquifer and ensure a continued supply of energy to commercial users,
geohydrologic studies and modelling of fluid flow and heat transfer is needed. Additional, slim-
hole drilling is also needed to evaluate the center of the geothermal system.

—- The unincorporated town of Newcastle lies just north of the center of the geothermal
system. An LDS chapel in the town is heated by the geothermal water. The system is located
near state highway 56 which connects Cedar City, 48 km (30 mi) to the east, to a number of
small communities in the Escalante Valley to the west. The Escalante Valley is an agricultural
region that produces potatoes, alfalfa, corn, and livestock. Cedar City is situated along
Interstate 15, and is served by a Union Pacific rail-line and a scheduled-service airport.

A maximum temperature of 130°C (266°F) was measured in a geotherinal exploration
well which penetrated the geothermal aquifer (outflow plume). Production wells at the
greenhouses generally produce fluids in the range of 75°C to 95°C (167°F to 203°F).
Geothermometers suggest maximum resource temperatures of up to 166°C (331°F), with more
likely temperatures of 140° to 150°C (284° to 302°F).

Geothermal production wells tap an unconfined, alluvial aquifer, which contains hot water
and covers an area of several square miles, Thermal water originates from a buried point-source
near a range-front fault, and spills into the aquifer. The fluids cool by conduction and probably
mix with shallow groundwater at the system margins.,

Land ownership is mostly private, although the subsurface source of the system projects
beneath federal land. Geothermal users obtain "non-consumptive use" permits from the Utah
Division of Water Rights (State Engineer) and return spent geothermal fluid to the aquifer via
either injection wells or settling ponds. Because resource temperatures likely exceed 120°C
(248°F) in at least part of the system, production of fluids could be regulated by both federal
and state agencies, and by private land-owners.

Meadow-Hatton Area, Millard County

The Meadow-Hatton geothermal area, described previously, consists of a large travertine
mound, marshland, and thermal springs located about 10 km (7 mi) southwest of the town of
Fillmore on the east side of the Black Rock Desert. The Black Rock Desert contains some of
the state’s youngest volcanic rocks -- some being only a few hundred years old. Virtually no
comprehensive geothermal assessment has been performed in the area. Recent self-potential
surveys performed by UURI and the UGS revealed a high-amplitude, negative anomaly beneath
the southern part of the travertine mound.

The Meadow-Hatton area is located less than 2 km (1.3 mi) west of Interstate 15 in
Millard County. Fillmore, the county seat with a population of 2,000 people, is located about
10 km (7 mi) to the northeast. The small community of Meadow (population 250) is situated
on Interstate 15, less than 2 km (1.3 mi) from the thermal area. The Pavant Valley and the



Black Rock Desert comprise mostly irrigated croplands. Land ownership in the Pavant Valley
and Black Rock Desert is a combination of private, state, and federal parcels.

Spring ternperatures range between 30° and 63°C (86° and 145°F). Geothermometers
suggest resource temperatures in the range 85° 1o 114°C (185° to 237°F). Flow rates from
the springs are low and reportedly vary from O to 4 liters/sec (O to 60 gallons/min). The spring
waters are probably coupled to the regional ground-water flow system of the Pavant Valley and
Black Rock Desert.

Midway Area, Wasatch County

Midway is a small farming and resort town located about 8 km (5 mi) west of Heber City
in Wasatch County. Thermal water here has been used in pools and spas for several decades.
Because the area is growing rapidly, many new residences are beginning to use the geothermal
water for space-heating. A DOE-funded study in 1979 showed that the geothermal system
extends for several square miles around Midway.

Midway’s population was 1,554 during the 1990 Census, an increase of 30 percent over
the 1980 Census. U.S. Highways 189 and 40 connect Midway with the larger, nearby
communities of Provo, Heber, and Park City., The Heber Valley is an agricultural area
producing alfalfa, corn, and cattle,

Maximum measured temperature is about 45°C (113°F). Geothermometers suggest
equilibration temperatures around 70°C (158°F). Thermal water is contained within fractured,
Paleozoic quartzite in a broad antiform structure. Leakage to the surface is expressed as
scattered thermal springs and widespread travertine deposits (Kohler, 1979).

Drawdown of the resource has been observed, and water rights of established users may
be compromised as development of the resource continues. Additional work is needed to define
the hydrologic controls on the system, and to provide a technical basis for addressing conflicts
regarding rights to the thermal water.

Wood’s Ranch, Iron County

Wood's Ranch, bearing the name of its owner, Mr. Lehi Wood, is located just south of
the Wah Wah Mountains in the northwest part of the Escalante Valley in Iron County. One of
the two thermal wells, a 61 m (200 ft) deep water well produces 36.5°C (97.7°F) water. No
hot springs are present. A self-potential survey performed by UURI and the UGS revealed a
broad, negative SP anomaly interpreted as thermal up-flow. Beyond the SP survey and water
analysis performed by UURI and the UGS, no exploration has been carried out on the property.

The area is somewhat remote with no incorporated communities nearby. The Union
Pacific rail line connecting Las Vegas with Salt Lake City, crosses the Escalante Valley within
1 mile of Wood’s Ranch. Access roads into the area are both improved county and BLM roads,
and jeep trails. Land ownership in the vicinity of the thermal wells is private. Surrounding
lands are federal and state owned.

Geothermometers suggest equilibration temperatures in the range of 100° to 115°C (212°
to 239°C). The warm water produced from the well may be a mixture of thermal water and
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normal ground-water from the Escalante Valley aquifer. Thermal gradient drilling and
hydrologic testing is needed to determine resource potential.

Thermo Hot Springs, Beaver County

The Thermo Hot Springs geothermal area is located in the northeastern extension of the
Escalante Valley in Beaver County. Surface expression consists of two large north-south
. oriented spring mounds. Companies in the past have performed geothermal exploration activities
including geophysics, geochemistry, and exploratory drilling. Geologic maps of the area are
available through the U.S. Geological Survey. Recent work by UURI and the UGS has revealed
a high-amplitude, self-potential anomaly southeast of the hot springs.

The area is somewhat remote with the nearest community (Minersville) situated about 24
km (15 mi) to the east. Improved BLM and rural county roads provide vehicle access. A Union
Pacific rail line, which crosses the Escalante Valley connecting Salt Lake City with Las Vegas,
is less than one mile to the west. Land in the northern Escalante Valley is primarily under
federal ownership with some large state-owned parcels. Large agricultural areas exist near
Minersville to the east, and around Milford to the north.

Spring discharge temperatures range upward to 89.5°C (193°F). Discharge from the
springs, observed in 1991, is small, varying from 0.5 to 2 L/s (8 to 32 gallons/min). The spring
system is probably coupled with the regional ground-water flow of the Escalante Valley. A deep
exploratory drill hole encountered a maximum temperature of 174°C (345°F) at 2,000 m (6,562
ft) (Republic Geothermal, unpublished data). Geothermometers suggest that the equilibration
temperatures of the spring waters range from 120°C to 140°C (248°F to 284°F).

Monroe Area, Sevier County

Monroe is a small community located about 5 km (3 mi) miles east of Interstate 70 in
Sevier County. It was the site of a number of studies that included geoscience and exploratory
drilling sponsored by the U.S. Department of Energy in the late 1970°s and early 1980's to
assess resource potential (Mabey and Budding, 1987). Although feasibility studies based upon
fluid temperatures and flow-rates from a DOE-sponsored production well showed that a district-
heating system was not economical, the area could be attractive for process or agricultural
direct-heat applications. A re-evaluation of the Monroe area focussing on the hydrology of the
system is needed.

Monroe Hot Springs and Red Hill Hot Springs are situated less than 0.5 mile east of the
town of Monroe, a community of about 1,470 people. Richfield (population - 5,590), the county
seat of Sevier County is located a few miles to the north along Interstate 70. The Sevier-Sanpete
Valley is an agricultural region extending for about 80 miles northeastward from the Monroe
area. Land ownership in the Sevier Valley is mostly private.

Geothermometers suggest equilibration temperatures of about 110°C (230°F). Maximum
measured temperature is 77°C (171°F) at Red Hill Hot Springs and 76°C (169°C) at Monroe
Hot Springs. Combined flows for the Monroe-Red Hill system have been estimated at about 20
liters/sec (317 gallons/min.).
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Crystal Hot Springs Area, Salt Lake County

Crystal Hot Springs is situated at the southern end of the Jordan Valley in Salt Lake
County. Utah Roses, Inc., a commercial greenhouse operator, and the Utah State Prison use
thermal water from wells for space-heating. The area is located just west of Interstate 15 near
the town of Bluffdale. Bluffdale, a town of 2,150 people, about 30 km (20 mi) south of Salt
Lake City, experienced a 65 percent increase in population during the 1980s. This trend
continues in the southern Jordan Valley, Rail lines of the Union Pacific Railroad and the Denver
and Rio Grande Western Railroad pass through Bluffdale. I.and ownership in the Jordan Valley
is mostly private.

Surface spring temperatures are about 62°C (144°F), and Utah Roses reports subsurface
temperatures of 88+ °C (190+ °F) in one of their 122 m (400 ft) deep production well. Quartz
geothermometers indicate reservoir temperatures possibly up to 115°C (239°F). The springs
issue from valley alluvium into several ponds. When one of Utah Roses’ production well is in
operation, the surface springs and ponds reportedly dry up. Wright and others (1990) also
report hydraulic interference between production wells of Utah Roses and the State Prison.

SUMMARY

The 1993 geothermal database for Utah contains data from most of the sources used in
the USGS’s File-GEOTHERM (Bliss, 1983) plus much new data from other sources that,
combined, more than doubles the number of wells and springs previously listed in GEOTHERM.,
The database is comprehensive and personal-computer oriented to provide users with ready
access to detailed geothermal information in Utah. Included in this report are both hard-copy
and digital versions of the data (964 records on 792 source locations).

The general goal, as outlined in the contract Statement of Work, was to provide digital
data in a spreadsheet format along with a final report and accoinpanying resource maps.
Precautions were taken to minimize errors due to data input or editing and to eliminate poor-
quality records. However, errors and erroneous data undoubtedly exist. The database should
include all non-proprietary geothermal information available through 1992, however, some
references may have been overlooked during the compilation.

By and large, geothermal sources in the database include only those that have in the past
or currently produce water. For instance, deep oil and gas wells, and thermal-gradient boreholes
do not appear in the database. One exception to this rule is the case of oil and gas wells, mostly
in Uinta Basin and southeastern Utah, that have been converted to water wells. Information
from deep exploratory wells and temperature-gradient holes will hopefully be included in later
versions of the database.
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WELL AND SPRING NUMBERING-SYSTEM
USED IN UTAH

The system of nuimmbering wells and springs in Utah is based on the cadastral land-survey
system of the U.S. Government. The number designates a location and describes its position
in the land net. The land-survey system divides the state into four quadrants by the Salt Lake
Base Line and Meridian, and these quadrants are designated by uppercase letters as follows: A,
northeast, B., northwest; C, southwest; and D, southeast. Numbers designating the township
and range (in that order) follow the quadrant letter, and all three are enclosed in parentheses.
The number after the parentheses indicates the section and is followed by the three letters
indicating the quarter section, the quarter-quarter section, and the quarter-quarter-quarter section
(generally 4 km? or 10 acres). The quarters of each subdivision are designated by lowercase
letters as follows: a, northeast; b, northwest: ¢, southwest; and d, southeast,
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APPENDIX A
LOCATION AND DESCRIPTION INFORMATION FOR GEOTHERMAL
WELLS AND SPRINGS IN UTAH
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APPENDIX B
WATER CHEMISTRY INFORMATION FOR GEOTHERMAL
WELLS AND SPRINGS IN UTAH

asterisk denotes chemical analysis NOT following the heierarchy:
Na > K > Li

Ca > Mg > Sr > Ba
Cl >F>DBr>1

B-1
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