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Prepared as part of a study of low- to -moderate temperature
geothermal resources of Nevada under the U.S. Department of
Energy Low-Temperature Geothermal Resources and Technology
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INTRODUCTION
Previous Geothermal Assessments

A statewide inventory of the geology and geochemistry of Nevada's
geothermal resources was begun at the Nevada Bureau of Mines and
Geology (NBMG) in the late 1970s. NBMG had previously published a
1:1,000,000-scale map of hot springs, sinters, and volcanic
cinder cones (Horton, 1964b) and several brief summaries of
Nevada's geothermal resources (Horton, 1964a; Garside and
Schilling, 1972; Garside, 1974). This inventory, published as
NBMG Bulletin 91 (Garside and Schilling, 1979), followed a format
used in a number of NBMG publications on mineral commodities of
Nevada. The bulletin contained descriptions, by county and hot
spring area, of the better known geothermal areas. These
descriptions included, where available, maps and other data on
the geology, and descriptions of historical and present use.
Temperature and water chemistry data were presented in an
appendix having about 1,400 individual entries (records). These
records commonly included multiple entries for the same or
adjacent springs as well as numerous well records from geothermal
areas which have a larger areal extent than individual spring
sites. A 1:1,000,000-scale map was included in the pocket of NBMG
Bulletin 91; nearly 400 geothermal sites (springs, spring groups,
well groups, etc.) were included on that map. The lower
temperature cut-off for inclusion of data in Bulletin 91 was 70°F
(21.1°C).

The location, chemical data, and references for the geothermal
springs and wells listed in Bulletin 91 were collected by an
extensive and relatively complete search of the available
literature. These data were entered by hand on data-collection
forms, and these forms were used to typeset the listing of data
in the bulletin (Appendix 1). A source of unpublished data was a
computer database of water-quality data maintained by the Desert
Research Institute at Reno.

GEOTHERM is an acronym for a U.S. Geological Survey (USGS)
computerized information system designed to maintain data on the
geology, geochemistry, and hydrology of geothermal sites
primarily within the United States (Teshin and others, 1979;
Bliss, 1983). The system was first proposed in 1974, and was
active until 1983. The system utilized a mainframe computer, and
most of the data were entered by use of key-punch cards. Key
punching was done from a rather extensive data-entry form. When
the GEOTHERM database was taken off line, a number of products
were published or made available to preserve the data. These
include basic data for thermal springs and wells on a state-by-
state basis (for Nevada, see Bliss, 1983a) and a listing of each
record on a state-by state basis, as microfiche (for Nevada, see
Bliss, 1983b). The GEOTHERM database was also filed with the
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National Technical Information Service (NTIS) as digital data. A
9-track one-half inch reel-to-reel tape in ASCII format of this
GEOTHERM database was provided to NBMG after the start of this
project by Howard Ross at the University of Utah Research
Institute (UURI). This tape, containing 8,082 records, was
originally from NTIS.

GEOTHERM contained 1367 records for Nevada when it was taken off
line in 1983; the is the number of Nevada records on the NTIS
tape as well. The great majority of these records are from the
published sources used to compile Appendix 1 of Bulletin 91.
Unpublished site data and analyses from the files of D.E. White
(USGS) make up a significant section of the database also. About
75% of this GEOTHERM data was added to the original database
during 1978 and 1979 by personnel at NBMG as part of the U.S.
Department of Energy State Coupled Program (see Trexler and
others, 1979a). In addition to the entry of new data and the
editing and verifying of existing data in GEOTHERM, the longitude
and latitude locations of springs and wells were determined by
plotting them on 1:250,000-scale maps and hand digitization
(Trexler and others, 1979a). New analyses were done during this
period, and these data were added to GEOTHERM.

The database available in GEOTHERM during the early 1980s was
used, along with other data developed from specific geothermal
site studies funded by the U.S. Department of Energy (see
numerous reports by Trexler and co-workers, 1980-83) to produce
two 1:500,000~-scale maps illustrating Nevada's geothermal
resources (Trexler and others, 1979, 1983). No statewide resource
studies were done after the publication of the 1938 NOAA map
(Trexler and others, 1983). A nationwide assessment of low-
temperature geothermal resources (USGS Circular 892) included
data for Nevada, and an open-file report (Reed and others, 1983)
included about 350 records for Nevada that were used in that
assessment. These records were selected from the GEOTHERM
database by use of charge balance determinations and other
screening methods (Marshall Reed, written commun., 1993). During
this period of time, an increase in exploration for geothermal
resources by private industry (mainly for electric-power
generation) resulted in the drilling of thousands of gradient and
slim holes, and several hundred larger diameter wells for
industrial and commercial use (space heating, electric power
generation, etc.). Developments in Nevada's geothermal industry
are documented in yearly summaries of the Nevada mineral
industry, published yearly by NBMG since 1979 (e.g, Hess, 1993).
Information that is available on geothermal drilling in Nevada
has been summarized by Barton and Purkey (1993).

Need for a New Assessment

Low- and moderate-temperature geothermal resources are widely
distributed in the western United States. Although there has been




a substantial increase over the last decade in utilization of
these resources in direct-heat applications, the large resource
base is greatly underutilized (Ross and others, 1994). Previous
studies have demonstrated that Nevada is well endowed with
geothermal resources, and much of the state must be considered as
having potential for direct use. As Ross and others (1994)
describe, the expanded use of low- and moderate-temperature
geothermal resources requires, as a start, a current inventory of
the resources. Such an inventory, combined with collocation
studies (the study of resource location near population centers
or areas of potential industrial users), will provide some of the
basic information that the potential developers of the geothermal
resources need to make sound economic decisions. Collocation
factors are of particular significance in Nevada, as well as a
number of other western states, because people and most
industries are concentrated in a few areas; geothermal resources,
on the other hand, are rather widely distributed.

There are many factors that can affect the viability of direct-
use geothermal applications. These include not only the
suitability of the fluid and the resource for the application
(water temperature, chemistry, amount of available heat, etc.)
but also the information available to the developer on the
technology of the proposed application, and contractual and other
economic factors less closely related to the geothermal resource.
The collection of data on these geothermal resources and their
present uses is only one factor in encouraging their increased
use. Other components of the 1992-1993 low-temperature program
include development of better techniques to discover and evaluate
the resources, and technical assistance to potential developers
(Ross and others, 1994).

Nevada Assessment Program

Data compilation for the low-temperature program is being done by
State Teams in ten western states. The Nevada program, under the
direction of Larry J. Garside at the Nevada Bureau of Mines and
Geology at the University of Nevada began data collection in
early 1993 (the contract for the research between the University
of Nevada and the Oregon Institute of Technology was signed on
March 23, 1993). The original contract was to end on December 31,
1993, but was later extended to June 30, 1994. The Technical
Project Managers for the agreement were Howard P. Ross
(University of Utah Research Institute) and Paul J. Lienau
(Oregon Institute of Technology - GeoHeat Center).

The final products of the study include the following: 1) a
geothermal database, in hardcopy and as digital data (diskette)
listing information on all known low- and moderate-temperature
springs and wells in Nevada; 2) a 1:1,000,000-scale map
displaying these geothermal localities, and; 3) a bibliography of
references on Nevada geothermal resources. The format for




presentation of these data was worked out through discussions
among State Teams and the Project Managers during the first half
of the contract period; the model for this database has been
described by Blackett (1993).

DATA SOURCES

Information on Nevada's geothermal resources is widely
distributed in published reports, in unpublished and limited-
distribution sources (commonly referred to as "gray literature"),
and as digital information in databases such as GEOTHERM and
WATSTORE. The sources of data and methods of data manipulation
are discussed below, followed by a description of the
bibliography.

Preliminary Data Compilation

The Nevada geothermal database (Appendices 1 and 2) includes
"records" (that is, single reports of chemistry, temperature,
location, etc. that are represented by a single spreadsheet row)
for all known (reported or suspected) geothermal sites in the
state. A number of preliminary databases and spreadsheets were
compiled before selection of records for the final listing
(Appendices to this report). To get the data from various sources
into a common format for comparison required months of work using
a variety of computer hardware and software available at NBMG. In
the following paragraphs I have summarized the major sources of
information, the techniques used to modify and utilize them
effectively, and some of the sources of error and other problems
that were encountered.

GEOTHERM

The history of the GEOTHERM database is summarized above under
the description of previous assessments. Because the database was
taken off line in 1983, it does not contain data collected after
that date. A tape GEOTHERM records that was obtained from UURI
was read on to a large magnetic disk at NBMG. Information
supplied by NTIS with this tape gave the field lengths of each
field in the database. With this information, computer database
specialists at NBMG were able to design a database having fixed-
length fields and read the GEOTHERM ASCII file into that
database. The database on tape contained over 8000 records, with
approximately 120 fields for each record. The database software
used for this database was INFO, a subset of the ARC/INFO
software utilized in many GIS (Geographic Information Systems)
applications; hardware was a UNIX-based SUN SPARC II workstaion.
The database in INFO was nearly 19 MB (megabytes). From this
database, the 1367 Nevada records could be exported, by use of PC



5

ARC/INFO, in a format compatible with modern database-management
software (such as dBASE). We used PC-File (a product of
ButtonWare, Inc.) as the PC-based database software. The Nevada
GEOTHERM database in PC-File is about 3.2 MB, and has a number of
problems that make it difficult to use. One of the most notable
problem is that in the PC-File format (essentially a dBASE
format), most of the numerical data (temperature, water
chemistry, etc.) are preceded by a five sided graphic figure
which resembles the outline of a small house (or a baseball field
"home plate"). This non-ASCII character was apparently a pad
character or "punch" symbol in the original database that acted
as a space. It can not be searched for, and was only eliminated
after a short version of the database was retrieved into
spreadsheet software (Quattro Pro, a product of Borland
International, Inc.). In addition, some records had data reported
in different units from other records (for example ppm or epm);
the units used were reported in a separate database field.
Fortunately, these problems were overcome in the shortened
(spreadsheet) version.

Additionally, a number of other operations were done on a short
database of GEOTHERM data that contained only the fields required
for this study (Appendix 1). These include: 1) replacing the
county name with a two-letter code (abbreviation) for each
county, 2) conversion of numerical data from labels to values and
insertion by hand of certain qualifiers on some analyses (N for
not detected, t for trace, < for less than), 3) addition of
calculated columns for ion balance, total calculated dissolved
solids, and a major constituents test (is Na>K and Ca>Mg and
C1>F?), 4) rearrangement of columns into final format. Before
final column rearrangement, formulas were converted to values,
and a fixed number of decimal places was selected for display.
About 455 records were finally selected from this spreadsheet to
be included in the final tables listed in the Appendix.

WATSTORE

The acronym WATSTORE stands for the National WATer Data STOrage
and REtrieval System, a large-scale computerized system developed
for the storage and retrieval of water data collected as part of
the activities of the USGS, particularly the Water Resources
Division (from a 1981 pamphlet, U.S. Government Printing Office:
1981 - 341-618:52). The system was begun in 1971, and contains a
very large set of data on surface and groundwater in the U.S. The
water—quality file alone is reported to have (in 1991) 34 million
observations from over 200,000 stations; 5,000 parameters (major
and trace elements, pesticides, organics, etc.) are included. The
database contains information on the analyzing and collecting
agency, but does not report whether the data has been published
or list references. The WATSTORE database can be searched through
arrangements with USGS Water Resources district offices or
through a national system of water data exchange (NAWDEX):




assistance centers for NAWDEX are also commonly located at USGS
Water Resources District Offices. The NAWDEX database also has
access to other Federal agency water data, for example the

Environmental Protection Agency (EPA), in addition to WATSTORE.

Water quality and other WATSTORE database file information is
also available through a commercial outlet, EarthInfo, Inc. of
Boulder, Colorado. EarthInfo makes certain data from WATSTORE
available on CD-ROMs along with a software retrieval system that
can be used by IBM-compatible personal computers. NBMG obtained a
CD~ROM that included all Nevada data (current to early 1993) from
EarthInfo. Personnel at NBMG (particularly Ron Hess) were able to
search the CD-ROM and extract the parameters required for this
study (water quality, location, site name, etc.) for all springs
and wells having a measured temperature of 18°C or greater. To
avoid the combination of parameters (e.g., water chemistry
analyses) from different collection dates for the same site, a
combination number was created (consisting of the site and
collection date numbers) so that a later relational combination
of the data would produce records that represent one site visit.
These geothermal data were converted to a dBASE format and PC-
File was used to eliminate records having temperatures less than
20°C for the area of Nevada south of 38° latitude. At this point,
the database consisted of 1,708 records. These records were
imported into a spreadsheet format using Quattro Pro software,
and a multitude of operations were performed on the data to make
it similar to the planned format for the final tables (Appendices
1 and 2). These operations include: 1) conversion of longitude
and latitude to decimal degrees, 2) addition of calculated fields
for ion balance, total calculated dissolved solids, major
constituents test (is Na>K and Ca>Mg and C1l>F?), 3) conversion of
depth in feet to meters and flow from cubic feet per second to
liters per minute, 4) addition of a reference column for listing
of WATSTORE as the reference, 5) convert GW (groundwater) to W
(well) and SP to S (spring), 6) conversion of the state-county
FIPS code to a two-letter abbreviation (see listing below), 7)
conversion of the collection date format to the year/month/ day
format, 8) re-arrangement of columns, and 9) a sort of rows
(records) by longitude and latitude.

A number of additional operations were later performed on about
140 WATSTORE records selected for the final tables. These
include: 1) conversion of Fe, and B from micrograms per liter to
milligrams per liter (essentially equivalent to parts per million
- ppm), and 2) separation of the site name column into two
columns (one for name and one for the legal land location, if
reported). Following this, Li, oxygen and hydrogen isotope data,
and HCO;-CO, concentrations were added to the short spreadsheet
of WATSTORE records. Li, and the %H and ®0 were inadvertently
left out of the first search of the EarthInfo CD-ROM. The search
for HCO;,-CO; data in WATSTORE presented a more complicated
problem, as these constituents are reported as several different




parameters (fields) in the database. A number of the records
generated by the first search were lacking data for these
constituents; a second search was done for data in all possible
related parameters (about eight of them, including bicarbonate
and carbonate field results, laboratory results, dissolved,
incremental titration, titration to pH 4.5 and pH 8.3, and
alkalinity (field and laboratory). The data were entered by hand
into the intermediate spreadsheet of WATSTORE records destined
for the final tables.

Table 1. County names for Nevada, FIPS (Federal Information
Processing Standard) code (32 is Nevada), and abbreviations used
in this report.

County Name FIPS Code Abbreviation
Churchill 32001 CH
Clark 32003 CL
Douglas 32005 DG
Elko 32007 EL
Esmeralda 32009 ES
Eureka 32011 EU
Humboldt 32013 Hu
Lander 32015 LA
Lincoln 32017 LI
Lyon 32019 LY
Mineral 32021 MN
Nye 32023 NY
Pershing 32027 PE
Story 32029 ST
Washoe - 32031 WA
White Pine 32033 WP
Carson City 32510 cc

Topographic Map Digital Data

A complete examination was made by David Davis at NBMG of the
approximately 1,900 7.5-minute topographic maps for Nevada. The
entire state has this coverage, and a visual examination was made
of each map for any mention of hot or warm springs, geothermal
wells, etc. In addition, a 1981 version of GEOTHERM was available
in paper copy (Jim Bliss, written commun., 1981) and this was
used to identify other geothermal spring and well locations on
these topographic maps. About 2700 individual points were marked
on the maps, and the locations were digitized in the NBMG GIS
laboratory using ARC/INFO software, a CalComp 9500 digitizer, and
digital map coordinate data (TIC file) from the USGS. A database
of the location and other data collected for this part of the
project was created, and about a dozen records in the final table
were from the spreadsheet equivalent of that database. In
general, the records from this database were for locations where




no data were available in other sources. The references are
usually the 7.5-minute quadrangle map that the spring or well
appears on. Additionally, when more precise longitude and/or
latitude locations were required for records taken from any of
the other sources used, the appropriate information from this
database was entered in intermediate spreadsheets of selected
records.

Other Data_ Sources

During the selection of records for the final database, if water
quality or other data in WATSTORE or GEOTHERM was lacking,
incomplete, or appeared to be of poor quality, other sources of
information were checked for possible inclusion in the database.
Some of these sources were originally cited in NBMG Bulletin 91,
but no record of a particular site was ever entered in GEOTHERM.
A number of such records refer to dubious thermal sprlng
locations, but must be included in any database that is purported
to be complete. Other sources used for one or two sites include
Hulen and others (1994), Trexler and others (1990), and Lawrence
Livermore Laboratory (1976). Unpublished information in NBMG
files and field notes of L. Garside for this and previous
geothermal studies was also used. In particular, a number of good
analyses and locations reported by Flynn and Buchannan (1990)
were used. Their Table 3.1 was scanned, imported into Quattro
Pro, and parsed into a spreadsheet of similar format to others
used during this study. Also available in spreadsheet format to
be checked during the data selection process were the analyses
reported by Reed and others (1983) from the GEOTHERM database,
and digital data on water analyses done in some areas of Nevada
for the NURE (National Uranium Resource Evaluation) program
(Hoffman and others, 1991).

Selection Criteria

In the early stages of this study, it became apparent that the
bulk of the data on Nevada's low- an moderate-temperature
geothermal resources was contained in two databases, GEOTHERM and
WATSTORE. Usually, for individual thermal springs and wells, the
best one or two records available from either WATSTORE or
GEOTHERM was selected. If the data in these databases were
incomplete or nonexistent, other known sources were checked.

The process of record selection for the final database began with
hardcopy printouts of the spreadsheets described above (e.g.,
GEOTHERM, WATSTORE, and the topographic maps). Digital files of
the longitude and latitude information for these three databases
were used to plot the geothermal localities on 1:1,000,000-scale
maps of Nevada in NBMG's GIS lab, using ARC/INFO software. Each
of the points or point groups on these maps was checked in a
regular fashion for possible errors of location. The 1:1,000,000-
scale maps were examined, on 1° by 1° blocks of latitude-
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longitude (about 34 partial or complete blocks for Nevada). Every
7.5-minute topographic map that was shown to have a geothermal
locality was re-examined, and the locations displayed on the
million-scale maps were compared to those on the 7.5-minute
quadrangles. From the available records for a particular spring,
the best one, or in a few cases, two records was selected. For
groups of springs that are found over several square kilometers,
several records were commonly selected to best represent the
geographic range and provide a more varied data set of water
chemistry. The records selected were numbered, notes were taken
on any problems recognized, and the number was written on a
million-scale map and on the hardcopy of the appropriate
database. This record selection process proceeded from west to
east across the state, beginning in northwest Nevada and ending
at its southern tip. The selection of the "best" records was
somewhat subjective, but generally proceeded as follows. If a
point on the maps was determined to be a valid geothermal site,
GEOTHERM and WATSTORE records of that site or site area were
examined. Selection from one of these databases was generally
based on having an ion balance between 0.90 and 1.10, and a check
to see if Na>K and Ca>Mg and Cl>F. The ion balance formula used
was
Na#*0.04350+K*0.02558+Ca*0.04990+Mg*0.08229/C1*0,02821+F*0.05264+H
Cco *0.01639+CO§*0.03333+804*0.02082; resulting in a value in
miiliequivalents per liter, cations/anions. For those records
that met these criteria, selection was based on completeness of
the other analytical data (temperature, pH, minor constituents.
etc.). .

During the record selection process, spring and well records that
did not meet certain minimum temperature criteria were eliminated
from further consideration. According to the statement of work
for this project, the minimum temperature for a low temperature
resource is defined to be 10°C above the mean annual air
temperature at the surface, and should increase by 25°C/km with
depth (for wells). The mean annual air temperature in Nevada
varies from somewhat less than 7°C to over 18°C (Houghton and
others, 1975, figure 17; see figure 1 below). This variation is
an effect of both latitude and elevation; southern Nevada's
higher mean annual temperature results from its lower latitude
and its lower average elevation (Houghton and others, 1975).
Based on this map of mean annual temperature, a lower spring and
well temperature limit was set for certain latitude ranges in the
state. For springs, the decision whether to include or not was
relatively simple - if the spring temperature was at or above the
set limit, it was included. For wells, only those were considered
for inclusion that fell above a gradient of 25°C per kilometer
with a beginning (surface) temperature at or above the minimum
selected for that latitude range. The total well depth provided
in the database was used to calculate this gradient. The
following temperature limits were applied during record
selection: 1) north of 39° latitude, 18°C or above; 2) 38° to 39°




10

latitude, 19°C and above (20°C was used for some sites, mostly
wells, in the 38°-38.5° range, 3) 37° to 38° latitude, 20°C or
above, and 35° to 37° latitude, 25°C and above. No upper
temperature limit was used to restrict inclusion in the final
data compilation. The statement of work for this project listed
an upper limit of 150°C for occurrences to be included in the
compilation. Seven occurrences with temperatures above 150°C were
included in the database; mainly for completeness. The only data
available for some geothermal occurrences was the analysis and
associated location information for the high-temperature fluid.
It is obvious that lower temperature geothermal fluids are
available at these sites (in peripheral areas or, in the case of
electric-power generation areas, as condensed steam or
reinjection fluids). Because analyses of these lower temperature
fluids were not often available, the high temperature fluid
analysis was listed as a substitute.

Figure 1. Map of

mean annual temperatures
in Nevada (from Houghton
and others, 1975).

mean
annual
temperature

below 45° F

45°t0 50° F

#+ 50°t060°F

above 60° F

A number of problems were noted for both the GEOTHERM and
WATSTORE databases as each plotted point on the million-scale
maps was checked to see if it matched a known geothermal site. In
quite a number of cases, certain geothermal locations were found
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to have an incorrect longitude or latitude or both. These were
commonly discovered when the 7.5-minute topographic map was
compared to the million-scale plot. In some cases, the legal
description (section-township-range) was correct, but the
longitude or latitude had an error of, for example, one whole
degree or one whole minute. These 1naccurate site locations were
noted, but not corrected in the individual databases unless the
record was needed for the final table.

DATA FORMAT

Data on Nevada's low- to moderate-temperature geothermal
resources are presented in Appendices 1 and 2. The data in these
tables are in spreadsheet format, and the digital data used to
produce them (and provided separately on diskette) can be
searched and otherwise manipulated in a great variety of ways
utilizing a number of commercially available spreadsheet and
database management software packages. Although there are two
Appendices, they were printed from a single spreadsheet. The
software and data manipulation methods used at NBMG during this
study are further described above, under data sources. The format
of the tables and, thus, the spreadsheets, in most respects
follows rather closely that of Blackett (1993).

The column headings and data in the columns are generally self-
explanatory, but a few comments should be made. Each column
heading is listed below, with a description of the data and a
discussion of format and problems.

# The site number is used to identify the site on the
1:1,000,000-scale map. It was added to the record when that
record was selected for inclusion in the final database. The
process of record selection was done in l1-degree blocks,
proceeding from west to east, beginning in northwestern Nevada.
Sites added later may not entlrely follow this numbering
progression, and to prevent renumbering of many of the sites,
some added sites use decimal tenths (e.g., 143.1 and 142.2).

NAME The site name is commonly that listed in the source
reference. In some cases, c¢orrections, additions, or
modifications were made to provide more information.

CO The two-letter abbreviation for one of Nevada's 17 counties
is listed here. These abbreviations are listed above, under the
Data Sources heading, with their FIPS code.

T, R, 8C The legal land description, Township, Range, and
Section are listed under these columns. These were commonly taken
from the cited source, but some additions and corrections were
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made during the data evaluation. Because some of these location
data were derived (in the original studies) from maps of varying
ages or scales, or by projecting section lines into unsurveyed
areas, there is a chance for error. Although some of these errors
were noted and corrected, there are certainly many that were not.
The best location data for the sites is generally the longitude
and latitude; however, if correct, the section-township-range
location can be used to confirm a site on topographic maps. Some
section locations were determined by use of 1:100,000-scale
topographic maps, on which the protracted sections are commonly
displayed.

QSEC The data in this column, if present, describe the portion
of the section in which the geothermal site is located. The
quarter-quarter-quarter system (for example: NE SE NW) indicates
an approximately 10 acre parcel in the 1 square mile section (640
acres) that is located in the northeast quarter of the southeast
quarter of the northwest quarter. For data from the WATSTORE
database, letters are used to indicate (from left to right) the
quarter ‘section, quarter-quarter section, and so on; the letters
A, B, C, and D designate the northeast, northwest, southwest, and
southeast quarters, respectively. Thus, for example, ABC would
represent the southeast(C) quarter of the northwest quarter(B) of
the northeast(A) quarter. The A-B-C-D system thus lists the
largest quarter first, followed by progressively smaller
quarters; the NE-NW-SW-SE system lists the smallest quarter
section first.

T This column lists the type of occurrence, either spring (S) or
well (W). In a few cases, the original listing did not fall into
these two categories, and it was modified. For example, a hot
pool was listed as a spring, and mine shafts or mineral
exploration drill holes were listed as wells.

TEMP The reported temperature of the well or spring is listed,
in degrees Celsius, in this column. Many of these reported
temperatures were measured and originally reported in degrees
Fahrenheit; those converted to °C were rounded to one decimal
place after conversion. If the only information reported on
temperature is "warm" or "hot" (for example, from a topographic
map), this is listed. The reported temperature is that of the
cited reference. It is not necessarily the highest temperature
reported in all of the available data for a particular spring or
well; a particular record may have been selected because of its
complete analysis, rather than because it had the highest
reported temperature.

FLOW The flow, in liters per minute (L/min) is shown in this
column. For wells, this value is commonly the discharge during
pumping. Values are reported to one decimal place.

DEPTH For wells, the depth in meters is listed, if available
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from the original source.

CDATE The date of collection is listed here, in the format:
year/month/day. For many records that list only the year of

collection, this was added during this study, based on other
information.

PH The reported pH is listed here.

Chemical constituents (Na, Cl, etc.) For most of the chemical
constituents, they are listed as reported in the original
references or databases. The reporting units are milligrams per
liter (mg/L); these are essentially equivalent to parts per
million at the concentration levels of the fluids listed in the
Appendix. For some analyses, constituent values originally
reported in pugm/L (micrograms per liter or parts per billion -
ppb) were converted to mg/L. If the original source listed a
particular constituent as less than a certain value, this was
reported using the symbol "<"., Similarly, "t" indicates that a
trace amount was detected, and "N" indicates the constituent was
analyzed for but not detected. The number of decimal places
displayed for each element is generally based on that reported in
the sources of data. For most of the reported analyses,
bicarbonate (HCO.;) and carbonate (COz) are listed as reported in
the sources. Carﬁonate values are usually only found in waters
with a pH of 8.2 or greater. A few sources (e.g., Lawrence
Livermore Laboratory, 1976) report total alkalinity:; these values
were recalculated and reported as bicarbonate, as were the values
reported in a HCO; + CO; column of Table 3.1 of Flynn and
Buchannan (1990). Some analyses are noted to be relatively
complete, but lack Na and K values. Commonly, the reason for this
absence is that the original analysis reported Na + K as a single
value, and thus, no data was entered in the Na and K fields in
databases such as GEOTHERM.

TDSm, TDS8c These columns present the total dissolved solids,
measured and calculated. The measured value, if present, is from
the original data source (presumed to be a residue on evaporation
at 105°C). The calculated value was determined by summing the
constituents reported. Thus, the TDSc value reported for
incomplete analyses only represents a partial sum. A few analyses
were summed before Li was added, and may be one to several ppm
low. The HCO; value was multiplied by 0.492 to make the
calculated TSDS values comparable with residue values.

ChgBal The electroneutrality of the analysis was evaluated using
a charge (ion) balance formula (described further in the section
on selection criteria). No value is reported for records which
have no or extremely limited analytical data, as such a
calculation would be meaningless. The most common reason for a
charge balance that varies considerably from 1.00 is a lack of
data for HCO;. Other missing major ions can also result in a
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"poor" charge balance.

delD, delO018 These columns contain isotopic compositions for the
stable isotopes '®0 and deuterium (°H). Data are reported to zero
or one decimal place for 0 and one or two decimal places for
deuterium.

REFERENCE The reference citation in this column is that for the
source of the data. The records that were taken from the
GEOTHERM database include the reference listed therein. The
WATSTORE citation is from the database search described above
under data sources. An asterisk (*) precedes some citations; this
was used in the GEOTHERM database to indicate unpublished data
from individuals or agencies (for example, *WHITE, D., USGS,
MENLO PARK or *DESERT RESEARCH INSTITUTE, 1973). The *NEVADA
BUREAU OF MINES AND GEOLOGY citation includes unpublished data
from that agency's files entered into the original GEOTHERM
database as well as some entries made during this study. The
*WATSTORE reference refers to data from GEOTHERM that originated
from a WATSTORE search, probably in the late 1970s.

USE This data category lists the geothermal application for
which the thermal water is presently used, or has been used for
in the recent past but is not presently (in parentheses). The
source of most of this data is Garside and Hess (1994), with some
later additions during the later part of this study. Garside and
Hess (1994) is reproduced as Appendix 3. No attempt was made to
list uses of only the water but not the contained heat (livestock
watering, for example). At least a dozen hot spring areas in
Nevada have had hotel spas at them; most were built in the late
19th and early 20th Centuries. These were not listed as a past
use, but present spas, swimming pools, etc., were reported.

FLUID CHEMISTRY

The geochemistry of thermal water in Nevada (and adjacent areas)
has been discussed by a number of authors (e.g., Mariner and
others, 1983; Flynn and Buchanan,1990; Welch and Preissler, 1990;
Young and Lewis, 1982). A simplification of the pattern of
chemistry exhibited by Nevada thermal water is that eastern
Nevada geothermal fluids are calcium bicarbonate dominated,
central and northern Nevada has mainly sodium bicarbonate type
fluids, and the western part of the state has mostly sodium
chloride and sodium sulfate types. The reasons for this pattern
are, no doubt, relatively complex; however, water-rock
interactions are certainly a significant factor. Thus, eastern
Nevada calcium bicarbonate geothermal fluids are strongly
influenced by the presence of a regional carbonate aquifer. At
least some of the sodium bicarbonate geothermal fluids of the
central and north-central parts of the state may result from the
exchange of sodium (possibly from volcanic rocks) for calcium in
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fluids that were originally calcium bicarbonate in character.
Western Nevada sodium chloride and sodium sulfate waters may
reflect increased water-rock interaction (and thus generally
higher temperatures) as well as possible evaporative
concentration of fluids prior to deep circulation and/or
extraction of salts from Quaternary playa lake deposits.

DISCUSSION

Nevada is well endowed with both high- and low-temperature
geothermal resources. Based on a generalized map of known and
potential geothermal resource areas of the United States (e.qg.,
Lienau, 1988) over 40% of the state is believed to have potential
for the discovery of high-temperature geothermal resources, and
another 50% has potential for low -to moderate-temperature
resources. This potential is well illustrated by the 1:1,000,000-
scale map of geothermal occurrences produced during this study
(Plate 1). The database for this study consists of 455 individual
records, representing more than 300 resource areas. The
geothermal springs and wells are distributed over the entire
state, with an increased concentration in the northwestern part
of the state (Figure 3). Maximum spring and well temperatures are
higher in the north and northwest parts of the state. Geothermal
occurrence temperatures greater than 75°C are confined to the
northwestern half of the state, a pattern that closely follows
that of heat flow (see Sass and others, 1981). The distribution
of reported temperature vs. number of occurrences is shown below
(Figure 2). About 400 springs and wells plot in 11 temperature
ranges; additionally 30 sites are listed as "warm" and 23 as

llhot 11} .

Figure 2. Bar graph
1601 of temperature vs.
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1404 occurrences.
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Geothermal reservoirs in the northwestern part of the state have
generally higher temperatures; these reservoirs are usually
interpreted as being related to circulation of ground water to
deep levels along faults in a region of higher-than-average heat
flow (the Battle Mountain heat flow high). In east-central and
southern Nevada, the low- to moderate-temperature geothermal
resources are generally believed to be related to regional
groundwater circulation in fractured carbonate-rock aquifers.
Discharge areas (like warm springs) may be up to several hundred
kilometers from the area of recharge, and the waters may have
circulated for hundreds to thousands of years to depths of
several kilometers. Maximum temperatures attained during this
journey could be 100°C or higher, but spring temperatures at
discharge points are generally less than 65°C.

The Eureka heat flow low, a region of less than 1.5 HFU (heat
flow units; 41.8 milliwatts per square meter, nWm?) located in
eastern Nye and northwestern Lincoln Counties, is centered on the
Nevada portion of a large area of Middle Cambrian to Lower
Triassic carbonate rocks (the carbonate rock province). This
carbonate rock province underlies southern and eastern Nevada and
northeastern Utah (Plume and Carlton, 1988). The Eureka Low is
most likely a regional-scale hydrologic feature, representing
colder groundwater recharge to regional aquifers.

SUMMARY

Nevada is a large state with sparse but locally concentrated
population. It has a wide range in average annual temperature,
and thus a wide range in the lower limit of temperatures
considered anomalous for geothermal fluids. The state's complex
pattern of geology and heat flow results in geothermal resource
areas of diverse character located throughout the state.

There have been many studies, both general and specific, on
Nevada's geothermal resources (see Bibliography). Considerable
data are available on specific geothermal spring and well sites
but some remote areas are still poorly understood and information
on their geothermal resources are incomplete or possibly
inaccurate. There are many accurate and complete water analyses
and associated location information for well-studied geothermal
areas. However, many remote individual springs and wells
throughout the state lack complete analyses, and some lack good
location information; in some cases, there is uncertainty about
the existence of certain springs. For example, Appendix 1 lists
over 50 sites for which the only temperature information is
Ilwarmll or llhot.lt

In Nevada, as in many arid areas of the west, most water (whether
thermal or nonthermal) has been put to use. Some nonthermal
applications actually require cooling before use. Present and
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recent past uses of the contained heat of Nevada thermal waters
are quite varied (see Appendix 3). However, more such use is
feasible if potential developers are well informed and encouraged
to be conservative in their use of fossil fuels.

RECOMMENDATIONS

There are many remote geothermal sites for which no complete data
set could be found in the sources examined. For completeness,
some of these should be visited and sampled but most of them are
unlikely to be put to any low-temperature use because of their
remoteness. Having a more complete data set would, however, be
useful in regional studies, and might result in the discovery of
previously unknown higher temperature resources.

No attempt was made during this study to combine trace-element
water chemistry data from more than one analysis into a single
record. For example, analyses of B, Li, and F may have been
reported in a analysis with poor ion balance while the best
analysis in terms of major constituents may have been lacking
some of the trace-element data. Some of this type of trace-
element data could be added to the final database, but it seemed
like a poor practice for this original compilation.

Some sources of information on geothermal springs and wells that
were not used during this study might be useful to pinpoint
previously unknown (especially low-temperature) geothermal sites.
However, the mass of data available and its concentration in
populated areas (where good information already exists), make
searching such data relatively unproductive. Some examples of
such available data include the water well records (submitted by
well drillers) for the state available from the Nevada Division
of Water Resources. These water well records have many errors
(especially in location); searching and confirming previously
unknown geothermal sites would take considerable effort. Other
sources of water data that are likely to have similar potential
errors include the analyses of agencies like the Nevada Division
of Health, the Nevada Division of Environmental Protection, and
the U.S. Environmental Protection Agency. One source of
information that might have a higher potential for adding to the
geothermal database is the largely confidential files of
geothermal exploration companies. Thousands of shallow to
moderately deep (100 to 1000 m) geothermal gradient and "slim
holes" were drilled in the search for high temperature geothermal
resources (for electric power generation) over the last 30 years.
This source of geothermal data was suggested by a number of
industry representatives at a March 1994 symposium sponsored by
the Geothermal Resources Council on the geothermal resources and
exploration of the Basin and Range Province. The extent of the
data is not presently known.
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Finally, increased future use of geothermal energy in low- to
moderate~temperature applications will require not only studies
that demonstrate the availability of the resource but also
dissemination of information (such as case histories) that
illustrate the details of these uses. Such case histories should
be understandable by the general public, but also make available
details of the technical data. Because some uses, such as
district heating systems, require considerable front-end
investment compared to individual fossil fuel heating units,
projects that can bring together several funding sources have a
better chance of success.

BIBLIOGRAPHY

One task of the study was the identification of geological,
geophysical, geochemical, and hydrologic studies that have been
done since the last resource assessment. The bibliography
(Appendix 4) is the result of that literature search. There are
907 citations listed in the bibliography:; of these, nearly one-
half are from the bibliography in Garside and Schilling (1979).
This bibliography was nearly exhaustive, at least for published
sources, through about 1978. That bibliography was scanned and
converted with text-recognition software to a format useable by
word-processing software. The references from this 1979 bulletin
included general references to the geology of geothermal areas as
well as references specific to geothermal resources. The
additional references in Appendix 4 were obtained from a variety
of sources; most were entered in the document by hand, rather
than taken directly from other digital data sources. Several
methods were used to find these additional references. The
bibliography for GEOTHERM (Bliss, 1983 a) was checked for
references not in Garside and Schilling (1979). Additionally, the
geothermal files in the Public Information Office of the Nevada
Bureau of Mines and Geology were a good source, especially for
unpublished reports. My own library of geothermal references was
searched, and the CD-ROM for GeoRef (the bibliographic database
of the American Geological Institute) was searched for any Nevada
geothermal references. A similar search was done of the WolfPAC
NALIS library information system (the Northern Nevada Academic
Libraries Information System). The Geothermal Resources Council
Bulletin and Transactions, and the GeoHeat Center Quarterly
Bulletin were also scanned for any Nevada references.
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Nevada Geothermal Resource
Use — 1993 Update

Larry J. Garside and Ronald H. Hess
Nevada Bureau of Mines and Geology
University of Nevada, Reno

Geology

Nevada is well-endowed with both high- and low-tem-
perature geothermal resources. Over 40 percent of the state
is believed to have potential for the discovery of high-tem-
perature (>90°C) geothermal resources, and another 50 per-
cent has potential for low- to moderate-temperature (<°90C)
resources (see Figure 1). Surface and subsurface indications
of these resources are the more than 1,000 thermal springs
and wells in the state. Realistically, this number of individ-
ual springs and wells represents several hundred resource
areas.

Geothermal reservoirs in the northwestern part of the
state have generally higher temperatures; these reservoirs
are usually interpreted as being related to circulation of
groundwater-along faults to deep levels in a region of high-
er-than-average heat flow. In east-central and southern Ne-
vada, the low- to moderate-temperature geothermal resour-
ces are generally believed to be related to regional ground-
water circulation in fractured carbonate-rock aquifers.
Discharge areas (for example, warm springs) may be up to
several hundred kilometers from the area of recharge, and
the waters may have circulated for dozens to hundreds of
years to depths of several kilometers. Maximum tempera-
tures attained during this journey could be 100°C or higher,
but spring temperatures at discharge points are generally
less than 65°C.

Exploration and Development

Two hundred and eighteen geothermal well permits were
issued from 1988 through 1993 by the Nevada Division of
Minerals. They include 58 industrial-class production wells,
30 domestic class, 88 observation or gradient wells, 10 com-
mercial-class, and 25 injection wells. During this same pe-
riod 109 geothermal wells are reported to have been drilled,
with a total amount drilled of approximately 86,500 m.
Forty-five of the wells drilled were production wells, with a
total amount drilled of approximately 44,800 m. Figure 2
and Table 1 illustrate the number of power generating wells
and pace of drilling since 1980.

From 1989 through 1992 noncompetitive and competitive
federal geothermal leases in Nevada generated $1,699,282 in
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® Geothermal
power plants

O Non-electric uses

Potential for resources
with temperature >90°C

Potential for resources
with temperature <90°C

D Very low potential

Figure 1. Generalized locations for Nevada’s geothermal resources.

rental fees, $849,641 of which was returned to the State of
Nevada. Federal production royalties during the same pe-
riod generated $7,485,000, of which $3,742,500 was returned
to the State. Geothermal lease returns ($849,641) and royalty
returns ($3,742,500) to Nevada totaled $4,592,141. By regula-
tion, half of all funds collected by the Bureau of Land Man-
agement from federal geothermal leases and production roy-
alties is returned to the state.

Geothermal Electric Power Generation

Electric power is generated using geothermal resources at
10 plants in northern Nevada (Table 2, Figure 1). The state’s
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Figure 2. Industrialclass (power generating) wells drilled in
Nevada, 1980-1993.

total installed geothermal generating capacity is second only
to California.

In 1993 the state-wide peak power demand was 3,755
MW; the total installed generating capacity of Nevada’s two
major utilities (which supply most of the state’s customers)
is nearly 2,600 MW (Public Service Commission of Nevada).
Thus, geothermal energy provides about 7 percent of the to-
tal electricity generated within Nevada (although only about
3 percent of the peak load). Over 40 percent of Nevada’s
geothermal electric power is exported to California.

From 1989 to 1992, total Nevada geothermal electrical
production was 4,076,616 megawatt-hours with an approxi-
mate sales value of $307,410,000. Production capacity in 1988
from eight geothermal power plants was 115.8 MW (gross)
while current power production from 10 existing geothermal
power plants in Nevada is 191.7 MW gross (Table 1). These
values represent a 17 percent increase in sales value of the
power sold from 1988 to 1992 and an increase in installed
gross power production capacity of 60 percent over 1988.

It is important to note that in 1988 Nevada had nearly a
threefold increase over 1987 in the amount of online geother-
mal generating capacity (Figure 3). The primary reason for
this increase was the Dixie Valley 60 MW Oxbow Geother-
mal plant being put online. The OESI plants at Empire (4.8
MW) and Soda Lake No. 1 (3.6 MW) were also brought on-
line during this period.

According to a 1991 Department of Energy estimate, un-
der stable market conditions and with continuing techno-
logic advancements in the geothermal industry, Nevada's
projected electrical production capacity from known geo-
thermal resources by the year 2010 should be at least 600
MW (Energy Information Administration, 1991). It is esti-
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30 Table 1. 1992 directory of Nevada geothermal power plants.

(2]

5 Total # Total  No.industrial  Total

£ Year driiled depth(m) wellsdrilled  depth(m)

=

5 1988 11 4,268 3 1,008

° 1989 15 14,817 6 7317

2 1990 12 11,280 5 6,707

= 1991 14 12,561 4 4,268

a 1992 36 17,988 17 8,841

3 1993 21 25,596 10 16,686

‘E TOTAL 109 86,510 45 44917

K]

o

= 15 mated that, for the Basin and Range province as a whole, ag-

S gressive exploration activity and continued rapid geother-

E 10 mal technologic advancements could add up to 2,000 MW of

E g production capacity from known resources and new discov-

= ; - E . eries over the next 10 to 20 years (Wright, 1992). These rela-

0 ialeadls 2 tively optimistic future scenarios should be tempered by to-

8 8 g a day’s reality of low-priced natural gas, increases in effi-
- - v - ciency of fossil fuel generating equipment, and anticipated

changes in power sales contracts. The future is bright for Ne-
vada’s high-temperature resources, but the pace of develop-
ment will depend on many factors not related to the viability
of the geothermal resource.

Beowawe

The Oxbow/Beowawe Geothermal Power Co., Beowawe
plant came online in 1988. It is a 16 MW (gross), dual-flash
plant, which uses geothermal fluids from three wells with a
resource temperature of 221°C.

Brady Hot Springs

The Brady Hot Springs geothermal power plant (Figure
4) came online in July 1992. Plant operation and mainte-
nance is being performed by Oxbow Power Services, Inc.

175 || Nevada /
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150 Power /_/
» 125
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Figure 3. Rated capacity and average net output of Nevada
geothermal plants, 1984-1992. Average net output is annual sales in
megawatt-hours divided by the number of hours in a year (8,760).
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Figure 4. Steam separators and power house at Brady Hot Springs plant (Brady Power Partners), Churchill County, NV.
Larry Green photo.

Table 2. Total number of all classes of geothermal wells drilled and number of industrial-class geothermal wells drilled by
year, 1988 through 1993. Source: Hess, 1993; Nevada Division of Minerals, 1993.

Plant name
(year on line)

Production

1992 Production (MWh)

capacity?
(MW) Gross

Net (sales)

Location

Operator

Beowawe (1985)

Bradys Hot Springs (1992)

Desert Peak (1985)

Dixie Valley? (1988)

Empire (1987)
Soda Lake No. 1 (1987) and

Soda Lake No. 2 (1991)

Steamboat |, I-A (1986) and
Steamboat Ii, Il (1992)
Stillwater (1989)

Wabuska (1984)

Yankee Calthness (1988)

TOTAL

16.0 138,196

211 69,999

87 85,364

66.0 535,220

3.6 17,783

16.6 107,315

311 104,574

13.0 72,707

1.2 6,262

14.4 82,280

191.7 1,219,700

104,415

54,563

76,906

483,307

12,752

84,419

79,790

59,692

3,860

76,096

1,035,800

S13,T3IN,R47E

$12,T22N,R26E

$21,T22N,R27E

§7,T24N,R37E
§33,T25N,R37E

S21,T289N,A23E

$33,T20N,R28E

$29,T18N,R20E

$1,T19N,RI0E

S6,T19N,R31E

$15,16,T15N,
R25E

$5,6,T17N,R20E

Oxbow/Beowawe
Geothermal Power Co.
P.0O.Box 6

Beowaws, NV 83821

Oxbow Power Services, Inc.
P.O. Box 649
Femlsy, NV 89408

Westem States
Geothermal Co.

P.0. Box 2627

Sparks, NV 89432-2627

Oxbow Geothermal Corp.
5250 South Virginia St.

Suite 304
Reno, NV 89502
OESVAMOR Il

P.0. Box 1650
Fallon, NV 89407

OESVAMOR Il
P.0. Box 1650
Fallon, NV 89407

S.B. Geo, Inc.
P.O. Box 18087
Reno, NV 89511

OESVAMOR IV
P.O. Box 1650
Falion, NV 89407

Tad's
10 Julian Lane
Yerington, NV 89447

Yankee Caithness
JV.LP.

P.0. Box 18160
Reno, NV 89511

1Production capacity from currently developed geothermal resources.
2Gross output of the Dixie Valley plant occasionally exceeds 66 MW.

Source: Hess (1993).
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The plant uses 5.4 million pounds of brine per hour pro-
duced from six of eight production wells. The production
zone is 300 to 425 m deep with a resource temperature of be-
tween 172 and 182°C. The wells supply two high pressure
turbines and one low pressure turbine in a two stage system
that produces 21.1 MW gross output. Geothermal fluids are
injected into three of five available injection wells (Ettinger
and Brugman, 1992; GRC BULLETIN, v. 21, no.1).

Desert Peak

The Western States Geothermal Co., Desert Peak plant
went online in 1985. It was designed by Phillips Petroleum
Co. and uses a biphase turbine built by TransAmerica Corp.
Production capacity from the currently developed resoyrce
is 8.7 MW. The resource temperature is approximately 205°C
and wellhead temperature is 165°C.

Dixie Valley

The largest single geothermal power plant in Nevada,
Oxbow Geothermal Corp. Dixie Valley plant, came online

in 1988 producing 55-59 MW (net). (Gross output sometimes

exceeds 66 MW, as listed on Table 2.) The power is produced
in a double-flash turbine generator and purchased by South-
ern California Edison Co. Oxbow estimates a geothermal en-
ergy reserve in Dixie Valley sufficient to supply 200 MW for
30 to 60 years (GRC BULLETIN, June 1987; Reno Gazette-
Journal, August 6, 1988).

Empire/San Emidio Desert

The OESVAMOR II Empire plant came online in 1987
and consists of four Ormat Energy Converter Modules with
a gross output of 3.6 MW from currently developed geother-
mal resources. Production is from a liquid-dominated geo-
thermal source at 129 to 137°C. San Emidio Resources con-
tinued their geothermal program in the San Emidio Desert
near Gerlach, Nevada. Early in 1991 San Emidio Resources
signed a 5 MW, 30-year geothermal power supply contract,
effective 1992, and a 20 MW, 30-year geothermal power sup-
ply contract, effective 1995, both with Sierra Pacific Power
Co. (GRC BULLETIN, February 1991). The initial price paid
for produced electricity under the long-term contracts is re-
ported to be approximately 5 cents per kWh. At that time
plans called for construction of a 6.5 MW binary plant to be
online by November 1992. Since then San Emidio Resources
requested and was granted a suspension of the 5 MW pro-
ject in order for Sierra Pacific Power Co. and San Emidio Re-
sources to determine the feasibility of combining the 5 and
20 MW projects into one project. In July 1993, Sierra Pacific
Power Co. executed an amendment to the long-term power
purchase agreement with San Emidio Resources. The agree-
ment now calls for a 30 MW geothermal power plant to be
online by November 1, 1995 (Public Service Commission of
Nevada).
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Fallon

In early 1992 the U.S. Navy issued a request for proposal
to construct an 80 to 90 MW geothermal power plant at the
Fallon Naval Air Station. If this plant is constructed, it will
be Phase I of the Navy’s geothermal program. Phase II will
consist of a second 80 to 90 MW facility to be constructed
within 10 years of completion of the Phase I project. The
Navy estimates that the potential geothermal resource in the
area will be able to produce 300 to 500 MW. The exploration
drilling and reservoir testing performed during the initial
phase of this project will be used to better define the geo-
thermal potential of this area. Based on previous exploration
information it is expected that the resource will be in the 175
to 205°C range.

Fish Lake Valley

Fish Lake Power Co. continued their extensive drilling
efforts to develop a geothermal resource in the Fish Lake
Valley area of Esmeralda County. If a geothermal generating
facility is built, the electricity would be delivered to Califor-
nia under a Standard Offer No. 4 Contract.

Hot Sulfur Springs

Earth Power Energy and Minerals has requested an
avoided-cost purchase contract agreement with Idaho Power
Co. If a contract were obtained, a 9.9 MW geothermal power
plant could be constructed at Hot Sulfur Springs, Elko
County, Nevada (Reno Gazette-Journal, October 10, 1993).

Rye Patch

The Rye Patch Limited Partnership (OESI) is currently
nearing completion of a 12.5 MW binary generating plant at
their site near Rye Patch reservoir. The company has a
signed purchase agreement with Sierra Pacific Power Com-
pany with an anticipated plant online date of November 30,
1993. This has been delayed while the company continues to
develop sufficient and continuous geothermal resources to
fuel the plant.

Soda Lake

On August 19, 1991, the 13 MW OESIVAMOR III Soda
Lake No. 2 geothermal power plant completed commercial
operations testing and went online. This plant is adjacent to
the 3.6 MW OESI Soda Lake No. 1 plant that came online
during 1987 (GRC BULLETIN, October 1991). Both plants
are producing from a liquid-dominated geothermal source
at 160°C.

Steamboat Springs

Two 12 MW, air-cooled, binary geothermal power plants,
Steamboat II and III, operated by S.B. Geo, Inc., were
brought online in December 1992, adding 24 MW of produc-
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tion to the existing 7.1 MW S.B. Geo Steamboat plant, for a
combined gross production capacity of 31.1 MW.

The geothermal fluid cycle at the new plants is com-
pletely contained and the fluids are injected back into the
ground (closed binary-cycle system). The existing resource is
expected to last 30 years or more and can support an addi-
tional 36 MW of production capacity. Based on this, plans
are currently being formulated to determine the feasibility of
installing an additional 24 MW facility in the near future. In
December 1993, S.B.Geo, Inc. received a $7.2 million grant
from the U.S. Department of Energy to develop a pilot pro-
ject known as the Kalina Pilot Plant. The purpose of the pro-
ject is to increase the efficiency of extracting heat from hot
geothermal fluids.

Yankee Caithness J.V.L.P. operates a 14.4 MW (gross)
flash turbine system producing from a 170°C resource. The
Yankee Caithness Steamboat plant came online in 1988, and
the produced power is purchased by Sierra Pacific Power
Co. on a 30 year contract.

Stillwater

OESI/AMOR IV, Stillwater Geothermal plant came on-
line in April 1989. Total project cost was $36 million. The air-
cooled plant consists of 14 Ormat Energy Converters that
have a combined gross generating capacity of 13 MW. The
plant uses a liquid-dominated geothermal source ranging in
temperature from 155 to 170°C. The plant operates on a
closed system; all geothermal liquids are injected (Ormat
Fact Sheet, 1989; Geo-Heat Center, Fall 1989).

Wabuska

Tad’s Wabuska plant came online in 1984. Current pro-
duction capacity is 1.2 MW produced from two Ormat En-
ergy Converter modules. The plant operates on fluids at
107°C. produced from a depth of 107 m (GRC BULLETIN,

July, 1987).

Non-Electric Low- and Moderate-Temperature
Applications

The majority of Nevada’s population is concentrated in
two areas, Reno-Carson City and Las Vegas. Many of the
state’s geothermal resources are remote from any population
centers, thus limiting some potential applications. Although
50 or more small-to-large communities are located within 8
km of geothermal resources, only 2 few of these areas have
been able to use these resources effectively. The reasons for
this under-utilization are varied. Although some reasons re-
late to technical and engineering problems (resource size
and temperature, heat loss during transport, etc), many
more are economic (high capital outlays, long payout, un-
der-capitalization of projects) and perceptual (unconven-
tional s. conventional technology, short vs. long-term cost
evaluations, uncertainties about long-term economic risks).
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There have been attempts to use Nevada’s low- and mod-
erate-temperature geothermal resources in more than 20 ar-
eas, mainly in the past 5-10 years. Additionally, economic
and/or technical appraisals of more areas have been con-
ducted, but for a variety of reasons projects were not com-
pleted.

Moana Geothermal Area

Moana Hot Springs, located in the southwestern part of
Reno, have not flowed at the surface for at least 15 years.
The springs were the discharge point for an area of thermal
groundwater that has been used for a spa, swimming pool,
and home heating for nearly 100 years. Recent use for home
space heating began in the 1960s. The area today is predomi-
nantly residential. We estimate that the area of thermal
groundwater encompasses at least 9 km?. In this area there
are more than 300 homes that use geothermal fluids for
space heating. One hundred and thirty of these homes are
part of a district heating system, while most of the rest use
downhole heat exchangers in individual wells. A smaller
district heating system has retrofitted 12 homes for geother-
mal heat, and plans to add another four in the spring of
1994. A large hotel, a motel, about three apartment or town-
house complexes, five churches, and a county swimming
pool also use the resource. The Veterans Administration
Hospital, located about 2 km northeast of the geothermal
area, drilled a deep well several years ago and encountered
approximately 43°C water. The well was plugged and aban-
doned.

Steamboat Hot Springs

The Steamboat geothermal area consists of a deep, high-
temperature (215 to 240°C) geothermal system, a shallower,
moderate-temperature (160 to180°C) system, and a number
of shallow, low-temperature (30 to 80°C) subsystems
(Goranson and others, 1991). The higher temperature sys-
tems are used for electric-power generation (see the preced-
ing section). A number of low-temperature thermal ground-
water anomalies are in an area of approximately 30 km? cen-
tered on the hot spring area (Goranson and others, 1991),
but these thermal areas are not well known and are little
used. A few homes in the Steamboat area have used low-
temperature fluids for over 40 years, and one or more spas
have been active in the springs area since the 1860s. Pres-
ently probably less than a dozen homes use the low-tem-
perature geothermal fluids for space heating or domestic hot
water (including swimming pools). About one domestic
geothermal well permit has been issued per year over the
last 5 to 7 years.

Bower’s Hot Springs

A large outdoor swimming pool and smaller children’s
pool at the Washoe County Park at Bower’s Mansion (lo-
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cated between Reno and Carson City), are supplied with
warm water from a geothermal well located near the spring.

Carson City Area

Water from a well at the site of Carson Hot Springs in
northern Carson City is used directly in a swimming pool.
In southeast Carson City, thermal groundwater is found in
the State Prison/Pinyon Hills area. In the past, there have
been a few attempts to use the thermal groundwater from
domestic wells in that area for space heating. Geothermal
space heating has been considered, but not implemented, for
at least two schools in the area.

Saratoga Hot Springs

A California company, Lobsters West, has proposed rais-
ing lobsters near the warm springs located about 15 km
southeast of Carson City. The geothermal fluids would be
used to heat tanks in which the lobsters would grow to full
size, The experimental study is proposed to last 4 years; live
lobsters would be shipped twice a month to local markets
(Reno Gazette-Journal, November 4, 1993).

Hobo Hot Springs

These hot springs, located about 15 km south of Carson
City, were used to raise tropical fish and Malaysian prawns
in the late 1980s. Lobster raising was also considered. The
water temperature is slightly over 40°C. The site is presently
inactive.

Walley’s Hot Springs

Walley’s Hot Springs, located near Genoa, about 20 km
south of Carson City, was the site of a large spa in the late
1800s and early 1900s (Garside and Schilling, 1979). A mod-
ern spa was built on the site in the early 1980s. In addition to
use of the geothermal. fluids for bathing and domestic hot
water, the buildings are heated with geothermal energy
(Lienau and others, 1988).

Gerlach

Hot springs located just west of the town of Gerlach
(Great Boiling Springs) have been used for bathing for many
years. The Gerlach General Improvement District built a
bath house using geothermal fluids in 1989. The facility was
planned for use by tourists and local residents. The facility
has been unable to obtain a perrait from the health depart-
ment because sediment from the well plugged water filters.
Future plans are for a geothermal heat exchanger system to
heat city water for the spa. Geothermal groundwater appar-
ently extends under at least part of the town, as at least two
Gerlach homes use geothermal wells for space heating. The
water in one well is reported to be 35 to 36°C (unpublished
data, Nevada Division of Minerals).
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San Emidio Desert

A vegetable dehydration plant is under construction in
the San Emidio Desert area southwest of Gerlach (Figure 5).
The plant is a few kilometers north of the Empire
(OESI/AMOR II) Electric-Power plant. Integrated Ingredi-
ents (Spice Islands, Fleischmann’s, and other brands), part of
international food manufacturer Burns Philp, is contracting
for the construction of the facility, which will employ about
25 persons when completed in early 1994. The number of
employees may increase to about 65 after 18 months. Onions
and garlic will be dehydrated and stored at the plant (Reno
Gazette-Journal, August 31 1993). The plant will use approxi-
mately 150°C geothermal fluid.

Brady Hot Springs

A geothermal vegetable dehydration plant has been oper-
ated at this site, about 80 km northeast of Reno, since 1978.
The facility uses a moderate-temperature (132°C) geother-
mal well on site. Since 1993, additional geothermal fluid has
been supplied by the nearby Brady Power Partners electric
power generation plant, operated by Oxbow Power Serv-
ices, Inc.

Wabuska Hot Springs

In addition to the rather low-temperature electric-power
generation plant operated at Wabuska by Tad’s Enterprises,
several non-electric applications have been located in the
area, but none are active today. A hydroponic geothermal
greenhouse operation (tomatoes, cucumbers, etc.) was built
on the site in the early 1970s, but few vegetables were
grown. Tad’s Enterprises has in the past operated a geother-
mal ethanol facility, a plant to grow algae (Spirulina) for hu-
man consumption, and facilities to raise Malaysian prawns,
catfish, and tropical aquarium fish. Some of these were pilot
facilities, rather than actual production facilities.

Rye Patch Geothermal Area

Florida Canyon Mining Co. operates a large open-pit
gold mine and heap-leach gold recovery facility about 50 km
northeast of Lovelock, and 7 km north of the area presently
under development by Rye Patch Limited Partnership for
geothermal electric power production. A 180 m well pro-
duces fluids at approximately 100°C; these fluids provide
makeup water for the cyanide extraction solutions. Heat
from heat exchangers is also extracted to heat the solutions.
The heating of cyanide solutions aids extraction during cold
weather, and may somewhat enhance total gold recovery.

Darrough’s Hot Springs Area

Round Mountain Gold Corp. operates a large open-pit
gold mine and heap-leach gold recovery facility near the
Darrough’s Hot Springs geothermal area in Nye County.
Geothermal fluids from shallow (approximately 300 m)
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Figure 5. Vegetable-dehydration plant under construction in the San Emidio Desert. Larry Green photo.

wells are used in a heat exchanger to transfer heat to cya-
nide heap-leach solutions (Trexler and others, 1990).

Carlin

Carlin Hot Springs, located near the Humboldt River
southwest of the town, have a reported temperature of 80°C
(Trexler and others, 1982). The Carlin High School used 31°C
geothermal fluid from 280 m well from 1986 to 1992 in a
closed-loop space heating system. The well was abandoned
in 1992, apparently in part because of scaling problems with
iron and manganese.

Elko Area

Hot springs south of the town of Elko were first used ina
bath house in the 1860s (Garside and Schilling, 1979). Ther-
mal groundwater was known to exist to the north of the
springs under a part of the town, but no use was made of it
until the Elko Heat Company began supplying geothermal
fluid for space heating to several downtown buildings in
1982 (Rafferty, 1988). The company has continued to grow;
in 1993 it served 16 commercial customers and two residen-
tial customers (Mike Lattin, oral commun., 1994).

The Elko County School District, in conjunction with the
Elko General Hospital, developed a district geothermal heat-
ing system in 1986. The system supplies heat to eight build-
ings (two schools, a municipal swimming pool complex, a
gym, a convention center, a hospital, a city hall, and a school
administration building). In 1988 the estimated combined
savings to all users was $300,000 per year (Rafferty, 1988;
Richard Harris, oral communication, 1994).

Jackpot Area

Two wells drilled in 1988 at the Y3 Ranch about 7 km
southeast of Jackpot, were used for raising catfish. The maxi-
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mum reported well temperature was 40°C (Lund and others,
1990). The catfish-raising operation was not active in late
1993, reportedly due to insufficient geothermal fluid.

Wells Area

Warm springs about 1.5 km north of the present town of
Wells were referred to by travelers on the emigrant trail in
the 1850s as Humboldt Wells (from which the town name is
derived). Thermal (32 to 34°C) groundwater is used by an
elementary school and the Wells Rural Electric Co. in heat
pump applications for space heating.

Duckwater (Big Warm) Springs

A geothermal catfish-growing facility has been operated
at this site since 1982. The facility was purchased in 1992 by
Robert and Jeff King (Valley Fish) of Preston, Idaho. The fa-
cility, located about 110 km west of Ely, produces over
300,000 pounds of prime 8-ounce catfish filets per year that
are shipped to Idaho for sale (Geo-Heat Center Quarterly Bul-
letin, December 1992).

Caliente Hot Springs

The town of Caliente in Lincoln County derives its name
from the local hot springs. A number of wells in the area
have reported temperatures from 40 to 80°C (Garside and
Schilling, 1979; Lienau and others, 1988). A motel supplies
geothermal well water to bathing pools and individual room
whirlpool baths, and a trailer park supplies hot water to in-
dividual mobile homes. The Lincoln County Hospital (20
beds) was heated using 39°C water from a well on the site,
but reduced temperatures (to 28°C) forced reliance on elec-
tric resistance heating. The hospital plans to use the lower-
temperature fluids from its well for heating and cooling us-
ing heat-pump technology. The city swimming pool used




geothermal heat in the past, but was damaged during the
winter of 1992 and will probably be replaced. The City of
Caliente has a grant from the Rural Development Admini-
stration to use the local geothermal resources. A nearby per-
lite processing plant may be the first user of plant process
heat. If more funding is found, the city plans to provide heat
to the hospital, swimming pool, and eventually an elemen-
tary school and youth training facility (Glen Van Roekel, oral
communication, 1994).

Ash Springs

Thermal waters (31 to 36°C) at Ash Springs, located about
10 km north of Alamo, in Lincoln County, have been used in
the past at a spa on the site. The facility is presently closed.
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