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ABSTRACT

Montana’s Geothermal Resources

The Montana Bureau of Mines and Geology has updated its inventory of low-
and moderate temperature resources for the state and has assisted the Oregon
Institute of Technology - GeoHeat Center and the University of Utah Research
Institute in prioritizing and collocating important gyeotherm'al resource areas.

The database compiled for this assessment contains _information on Iocétion,
| flow, water chemistry, and estimatéd reservoir femperatures for 267 geothermal
wells and springs in Montana. For this assessment, the minimum tempefature for.
low-temperature resource is defined as 10° C above the mean annual air
temperature at the surface. The maximum temperature for a moderate-temperature
resource is defined as greater than 50° C. Approximately 12% of the wells and
| springs in the database have temperatures above 50° C, 17% are between 30° and
50°C, 29% are between 20° and 30°C, and 42% are between 10° and 20° C.
Low- and moderate-temperature wells and springs can be found in nearly all areas
of Montana, but most are in the western third of the state. Information sources for
the current database include the MBMG Ground Water Information Center, the
USGS statewide database, the USGS GEOTHERM database, and new information
collected asA part of this program.

Five areas of Montané were identified for consideration in future
. investigations of geothermal development. The areas identified are those near
Bozeman, Ennis, Butte, Boulder, and Camas Prairie. These areas were chosen

based on the potential of the resource and its proximity to population centers.




1.0 INTRODUCTION
Previods ‘Geothermal ‘Aissessments ‘

~ Two state-wide geothermal assessments have been conducted in the past.
Allen (1980) collocated geothermal resources and cities for e‘ight western states
including Montana. Allen’s study focused on resource temperatures greater than
SO?C and did not include low-temperature resources. Sonderegger and others
(1981) produced a 1:1,000,000-scale map and aséociated table of geothermal
resource areas in Montana based on a compilation of various published reports and
theses. Although the compilation included temperatures below 50°C, these data
were not stored in a digital format because electronic databases were not available
then for retrieval or storage. These reports, however, provided a good basis for

updating information which has now been stored in a digital format.

Overview of Program

The Montana Bureau of Mines and Geology (MBMG) entered into a
cooperative agreement with the Oregon Institute of Technology GeoHeat Center
(OIT-GHC) and the University of Utah Research Institute (UURI) to conduct several

tasks related to Montana’s geothermal resources. These tasks included:

> preparation of a comprehensive digital geothermal-fesources database
containing temperature, location (latitude/longitude,
Township/Range/Section/tract, and county) and chemistry (pH, TDS, and
selected chemistry). The minimum temperature for a low-temperature
resource was defined to be 10°C above the meén annual air temperature at

the surface:

> preparation of a 1:1,000,000-scale map of occurrences within Montana.

The map was compiled in a digital format.
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> collecting samples from areas lacking information; analyses of the samples

were conducted by UURI Earth Science Laboratory.
> a final summary report describing all tasks and their results.

> assisting OIT-GHC and UURI to prioritize low- and moderate-temperature

resource areas.

Funding for this program was provided by the Department of Energy through
a task agreement with OIT GHC and UURI. The tasks performed under this
agreement may be considered Phase | of the Low-Temperature Geothermal

Resources and Technology Transfer Program. Phase Il, if funded, will include a

detailed study of priority sites.




2.0 DATA SOURCES
References Used and Selection Criteria
Ground Water Information Center

The criteria for selecting sites that were to be included in the database
dependéd on the source of the data. For the initial search of the Montana Bureau
of Mines Ground Water Information Center (GWIC) vdatabase', a minimum
temperature of 13° Celsius was used (10° degrees above the lowest mean annual
temperature officially reported anywhere in Montana) to ensure that all low-
temperature sites were included. This query produced approximately 600 records.
Each record included any information that was available on location , site name,
well depth, flow, température, and chen‘iistry. These records were then transferred
to a PARADOX database where more restrictive queries could be made that would
eliminate records while allowing for a review of the eliminated records. For
example, after sorting and separating the data into five geographic areas for which |
the mean annual air temperature was better defined and running a query based on
that temperature, approximately 250 sites were eliminated,' leaving apprbximately
350 sites to be considered further. Each of the remaining 350 siteé was assigned
a 3-digit identification number with a prefix of MGEOQOT. The rejected records were |
reviewed for other geothermal indicators such as high chloride, silica, and/or |

arsenic concentrations and close proximity to known geothermal areas.

GEOTHERM

A digital version of the GEOTHERM database was obtained from the
Department of Energy Geothermal Division. These data had been compiled in an
earlier, region-Wide inventory (Reed and others, 1983). Although no new records
were added to the MGEOT database, the GEOTHERM records were compared to
those in the MGEOT database for accuracy and comp!éteness. Since there were
- few changes, it was not necessary to merge the databases; any necessary changes

to the MGEOT database were made manually.




Published Data
The tables of geothermal wells and springs produced by Mariner and others

(1976), Leonard and others (1978), and Sonderegger and others (1981), were also
used to ensure the completeness and accuracy of the MGEOT database. Any
additional sites or vinformat'ion from these reports were entered manually into the
database. The same approach was taken with other published sources.

' Twelve Master’s theses were reviewed for additional information on
geothermal resource areas. Many of the invéstigations focused on the geologic or
geophysical aspects of a known geothermal area. Little chemistry data was
gleanedrfrom these reports; however, temperature and location of many sites were

verified as a result of the review.

Error and Duplicate Records

The most _common error encountered was high temperatures reported for
wells and springs in areas where geothermal sources are known not to exist. The
most probable céuse for the high temperature is "warm-day" sampling or improper
purginé of shallow wells. These sites were eliminated based.on the personal
knowledge of the investigators or on déta collected at that same site at another
time. Another common error was in the units used for concentration data. Trace-
metals such as boron, arsenic, and lithium were often in error as a result of
converting between parts-per-billion (ug/L) and parts-per-million (rhg/L). The
originél publication was'uséd, if possible, to correct these. In other cases, a

calculation of ionic balance was used to determine if a problem existed.

With some exceptions, duplicafe records in the form of data for two or more
samples from the same site were eliminated and the most recen—t; most complete
data were used. The exceptions were the site that had been re—éamp|ed as part of
this inventory (Symes Hotel, MGEOT352) and sites where samples had been

collected several years apart. The intent was to provide information on changes in

temperature and chemistry over time. The other exception were those sites where




information was limited with respect to chemistry. In these cases, two data sets

provided more useful information on the site. There is a total of 24 duplicate sites.

Reference/Bibliography

A reference is given for each record in the database. The reports published
by Mariner and others {1 976),‘Leonard and others (1978), and Sonderegger and
otheré (1981) provided most of the information for previously identified geothermal
areas. The GWIC database proyi-ded,more recent data for previously identified
sites. GWIC also provided information for areas near previously identified résource'
areas and for low-temperature sites in geothernial areas not previously identified.

The references/bibliography listed in Section 8.0 also includes the theses and
other publications that pertain to geothermal resource areas in Montana. As noted
in Section 2.0, some of these references provided confirmation of location and
temperature. Rautio and Sonderegger (1'980) also provided a bibliography of

geothermal resources in Montana. This is reproduced in this report as a useful

supplement to the bibliography.




3.0 DATA FORMAT
Organization of Tables"

The data fields used in the database were recommended by program leaders
at OIT-GHC and UURI, and agreed upon by state team mémbers. The final version
of the data was exported from the PARADOX database to a LOTUS-1 23 format.
The spreadsheet enabled an evaluation of the distribution of sites, the caléulation

of reservoir temperature, and provided a means of graphical output.

State Geothermal Resource Map

The location (latitude/longitude), temperature, resource type (well or spring),
and ID number of all sites in the database were imported from the spreadsheet to
an ARC/INFO based Geographical Information System. The data were then plotted
at 1:1,000,000 scale with county boundaries. Each data-point indicated the ID-
number, the temperature range (by color), and resource type {well or spring, by
symbol) as well as location. This initial plot was used to verify the accuracy of the
location, to give an indication of the density of sites in a given area, and to identify
any sites that were plotted in areas where geothermal- resources are known not to
exist. The final map uses the_same format and presents each of the individual sites
listed in the database. A listing of selected fields for all sites is presented in
Appendikl. The large number of sites in the Camas-Lonepine area made it
impractical to plot the ID number for each site; these are repeated in a separate

table in Appendix I.

Procedures for using the data

The database listing in Appendix | is sorted by location (ascending latitude).
This format is élso used in the listing of maximﬁm temperatures based on selected
geothermometers in Appendix ll. The information for each site is listed with
reference to the ID number on the 1:1,000,000-scale map.

In the repetitive process of adding and deleting sites based on a multitude of

criteria, it was found that maintaining the database in a PARADOX (or similar)
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format was best. This format enables searches using the an ID-number or location
from the map or general information, such as site name, and is contained in a

single database-table. This single table can be separated into several tables as the

need arises.




4.0 FLUID CHEMISTRY
Samples collected in this assessment

Eight water samples were collected from five areas in Mon{ané; seven of
these sample sites had not been sampled previously or had only limited information
prior tor this invéstigation. The eighth site was selected to provide a cbmparison of

data collected approximately 10 yeérs apart.

HOT SPRINGS_ -
3 sites),

3
GREEN SPRINGS

= (1site) ' %
BOULDER , :
’ ¢ HOT SPRINGS 'l' ‘

‘ ‘. | o
‘ BOULDER 3 Springs 1 Well  No previous chemistry

GREEN SPRINGS 1 Spring No Previous Chemistry
HOT SPRINGS 3 Wells 2 with no previous chemistry -

Figure 1 Eight samples were collected from three areas of Montana. Seven of the sites had little-
or no chemistry data. - : .

Boulder Hot Springs, south of Boulder, MT
The Boulder Hot Springs resort is approximately 3 miles south of the town of

Boulder within the Bouider Hot Springs KGRA. Previous owners of the resort

would not grant access for sample collection during previous investigations. The




current owners, however, kindly allowed access, and each of the three springs
n’ear the resort were sampled (MGEOT349, MGEOT350, and MGEOT351). A
fourth sanﬁple (MGEOT356) was collected from a well that had been intended as a
drinking-water supply for the hotel, but produced "hot Water" according to the

owner.

Symes Hotel, Hot Springs, MT

The Symes Hotel uses a well for domestic water use. This Well'had been
sampl‘éd in previous investigations, the sample date being 1980. The area has
since undergone a moderate amount of development, and several additional wells
have been completed in the area. Thus, this site (MGEOT352) was chosen to

provide a comparison.

Koepling Well (MGEOT355)-and Ostranger Well (MGEOT 354) , north of Hot
Springs, MT

These wells are in the Little Bitteroot Valley 3 to 5 miles north of the town of
Hot Springs. Although previously identified to be within a geothermal resource

area, these wells had not been sampled in previous investigations.

Green Springs Area (MGEOT353)_, southwest of Camas Prairie, MT
Local residents identified 3 to 4 "hot" springs in the area south of the town .
of Camas Prairie. Nearby, Green Springs had been identified by Sonderegger and

others (1981) as a geothermal area, but only limited data were available.

Sample collection/analytical methods

Water samples were collected from wells and springs in ‘accordance with the
Standard Operating Procedures provided by UURI (Kroneman, 1992). Each sample
consisted of a 60-ml bottle filtered and preserved with 20% HNO,, and 250-ml
bottle filtered and preserved with 1% HCL, and a 500-ml bottle filtered with no
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preservative. Upon collection of each sample, specific conductance, pH, water
temperature and air temperature were obtained at the sample source. Spring
samples were collected as close as possible to the source. Wells were sampled
after pumping or bailing a minimum of three casing volumes and after field- .
parameteré (pH, SC, Eh, and temperature) had stabilized to a range of less than
10%. |
Samples were shipped within 48-hours of collection, via overnight delivery,

to the UURI Analytical Laboratory in Salt Lake City, Utah. The samples were

analyzed for major cations, major anions, and selected trace-metals.

" Reservoir Temperatures

Several methods to estimate the reservoir temperature have been proposed}
the most widely used are those using dissolved concentrations of silica (as SiO,), .
-~ Na-K-Ca, Na-K-Ca with a correction for Mg, and Na-K and are summarized by'
Fournier {1981). These rﬁethods represent empirical, equilibrium equations for
which the water temperature at the reservoir is calculated. As noted by the

authors of the methods, these calculations should be interpreted in consideration of

the geologic and hydrogeologic setting.

Analytical Results
The analytical results for selected analytes are presented in Table 1. These
sites are also included in the listing in Appendix |, in the listing of temperatures

from geothermometers in Appendix Il, and in the MGEOT database.




TABLE 1

ANALYTICAL RESULTS

1993 SAMPLING

11

iD Site Name Temp Flow TDS pH Ci SO,

' (°C) (L/m) | (mg/L) (mg/L). | (mg/L)
MGEOT349 | BOULDER (UPPER) 54.0 340* 419.5 8.89 21.0 76.0
MGEOT351 | BOULDER {LOWER) 64.5 75.7* 401.4 8.80 22.0 73.0
MGEOT350 | BOULDER (MIDDLE) 74.0 75%* 421.1 8.89 22.0 80.0
MGEOT356 | BOULDER (WELL) - 34.5 373.1 8.46 16.0 54.0
MGEOT352 | SYMES HOTEL 33.3 - 297.2 9.66 11.0 30.0
MGEOT355 | WELL 138 - 26.5 275.0 '8.23 10.0 5.1
MGEOT354 | WELL 56 17.2 290.9 8.05 14.0 3.8
MGEOT353 | GREEN SPRINGS 23.7 1 2000** 208.4 | 9.86 12.0 17.0

* Flow measured with bucket/stopwatch * *Flow estimated '
1D Site Name F* Ca Mg Na K Fe**
{mg/L) {mg/L) {mg/L) (mg/L (mg/L) | (mg/L)

MGEOT349 | BOULDER (UPPER) 11.8 2.7 041 122.0 3.8 ND
MGEOT351 | BOULDER (LOWER) 11.0 3.2 ND 111.4 6.1 0.31
MGEOT350 | BOULDER (MIDDLE) 1.1 2.0 0.3 118.2 ND 0.08
MGEOT356 | BOULDER {(WELL) 5.7 -4.09 ND 108.2 3.7 0.09
MGEOT352 | SYMES HOTEL 5.6 0.6 0.7 89.4 2.2 ND
M.GEOT355 WELL 138 3.4 4.5 ND 95.6 2.9 0.06
MGEOT354 | WELL 56 5.4 5.6 2.5 109.3 ND 0.39
MGEOT353 | GREEN SPRINGS 2.1 0.8 1.2 57.1 2.1 0.27

* The drinking water standard (pn’mafy) for fluoride is 4mg/L. _ :
** The drinking water standard (secondary} for iron is 0.3 mg/L; the aquatic life standard (acute) is

Tmg/L.
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TABLE 1 - Continued

ID Site Name | sSio, As B Li
{mg/L) (mg/L} | {(mg/L) (mg/L)
MGEOT349 | BOULDER (UPPER) 93.2 0.7* 0.6 0.23
MGEOT351 | BOULDER (LOWER) 80.0 ND 0.5 0.22°
MGEOT350 | BOULDER (MIDDLE) 98.5 ND 0.5 0.23
MGEOT356 | BOULDER (WELL) 86.55 ND 0.49 0.21
MGEOT352 | SYMES HOTEL - 73.08 ND 0.2 0.04
MGEOT355 | WELL 138 36.64 ND 0.4 0.04
MGEOT354 | WELL 56 12.96 ND 0.3 ~ ND
MGEOT353 | GREEN SPRINGS 55.8 ND 0.1 ND
* Because of the high As concentration, this spring was re-sampled and analyzed by MBMG. The

second analysis indicated a concentration of 0.02ug/L As.
ND = Not Detected

Boulder Hot Springs

The Boulder Hot Springs area lies approximately 3 miles south of the town of
Boulder .near the Interstate 15 highway. The area lies within the Boulder Batholith
about 4 miles from its eastern ec_igé, Until this investigation, only limited chemistry
data and field parameters were publicly available for this area (Robertson and
others, 1976, published limited chemistry and a reservoir temperature, but the
location of the sample was not made clear). Other hot-springs and warm-water
wells are known to exist in the area around Boulder; however, access was not
gained either because the owner denied access or could not be contacted.

The sampleé were collected from three springs that. have been developed to
supply the Bouldér Hot Springs resort. At present, the primary use of the hot
water is a naturally heaféd swimming pool. As renovation of the hotel continues,
the water may also be used for space heating as was the case in the past.

Samples were collected at the supply pipe at'each spring-box. Water-flow, which

was difficult to measure because of the structures, was measured at two of the
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springs using a bucket and stopwatch; the flow of the middle springs could only be
estimated. The combined flow of all three springs is on the order of 490 L/min.
The field-temperatures of the springs vary by 20°C; the upper spring had the
lowest temperature (54°C) and the middle spring, which was not being used, had
the highest temperature {(74°C). The variance in temperature suggests that the
water supplying the springs is undergoing mixing. Converéely, the chemistry of the
waters from each of the t_hreebsprings is similar (all are strongly a sodium-
potassium type water) and the estimated reservoir temperature for each of the
springs tend to agree regardless of the geothermometer used (Table 2). Thus, the
' vériance in température may result from the way the spring was developed and fed

to the spring boxes.

TABLE 2
Selected Geothermometer Temperatures™
Boulder Hot Springs

1D Site Name Na-K-Ca Na-K-Ca Qtz . Qtz
(corrected} | {uncorr.) (no steam) | {steam)
MGEOT349 | BOULDER (UPPER) 110°C 134°C 133°C 129°C
MGEOT351 | BOULDER (LOWER) 158°C 131°C 128°C
MGEOT350 | BOULDER (MIDDLE) 120°C 141°C 136°C 132°C
MGEOT356 | BOULDER (WELL) 134°C 129°C 126°C

*Geothermometer temperatures for all sites are presented in Appendix Il.

The Wéll, with a depth of 37.5 meters and a static-water-level of 0.85
meters, is downhill from the resort and the springs. The chemiétry of its water
(Table 1) is similar to that of the springs; and the geothermométer.temperatures'
(Table 2) are in good agreement with those calculated for the springs. The water _
température (34.5°C) was 20°C lower than the spring with the lowest temperature.

A small pond near the well had a temperature of 21°C.
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Hot Springs Area

Three water samples were collected from the Hot Springs area: two from
wells north of Hot Springs and one from a well in Hot Springs. As noted
previduély, temperature and chemistry data were not available for three of these
sites( and the fourth, thé SYmes Hotel,had a sample collected in 1972 .

The Koepling well and the Ostranger well are completed in the Lonepine
aquifer approximately 1.5 miles apart and approximately 5 miles northeast of Hot
Springs. The Symes Hotel is located in Hot Springs.

Water temperature and the concentration of several of the dissolved
constituents varies between the tﬁree wells (Table 1). The geothermometer
temperatures (Table 3) also indicate a range of temperatures wider than would be
expected for a system with little or no mixing. Donovan (1985) suggested that the
chemistry (and éeothermometers) reflected the relative position of the well in a-

deep-circulating flow system.

TABLE 3
- Selected Geothermometer Temperatures™
Hot Springs Area

D Site Name Na-K-Ca Na-K-Ca Qtz Qtz
{corrected) | (uncorr.) {no steam) | {steam)
MGEOT352 | SYMES HOTEL 35°C 131°C 120°C 118°C
MGEOT355 | KOEPLING 48°C 55°C
{WELL 138)
MGEOT354 | OSTRANGER 126°C 88°C 90°C
(WELL 586)

*Geothermometer temperatures for all sites are presented in Appendix Il

A time-comparison of geothermometer temperatures for the Symes Hotel
well (Table 3) suggests a 3 to 5°C drop in temperature, perhaps the result of

continued development of ground-water resources in the area. None of this
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development, however, has been of the geothermal resources. This area could

easily provide for applications of heat-transfer technology.

Green Springs

Green Springs is approximately ‘1 2 miles south of Hot Springs and
approximately 2.5 miles southwest of Camas Prairie. Green Springs consists of 3
to 4.thermal springs feeding a wetlands/pond area. Elsewhere in the area, several
srhall springs have been described by local citizens. A sample was collected from
the largest of the springs at its source (Table 1). Although the site was _
‘documented by Sonderegger and others (1981), only a few chemical parameters
were measured. The new data enabled a calculation of geothermometer

temperatures (Table 4).

v TABLE 4 .
Selected Geothermometer Temperatures*
Green Springs Area

1D Site Name Na-K-Ca Na-K-Ca Qtzv Qtz
{corrected) | {uncorr.) {no steam) | (steam)
MGEQT353 | GREEN SPRINGS ) 140°C 107°C 107°C

*Geothermometer temperatures for all sites are presented in Appendix .

The differences between geotherrh_ometer temperatures suggests that mixing may
be occfurring and the difference in surface temperature and the geothermometer

temperatures suggests either a high heat transfer or a slow circulation rate for this

area.
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Observations From Other Database Entries
Incorporating low-temperature sites in the inventory proddced a new
perspective of geothermal resources in the state. Areas such as Butte became
more important with respect to potential development. The same may be true for
the area near the city of Great Falls in Cascade County where wells 128- to 366-
meters deep in the Madison Group produce water that ranges from 15 to 1_9°C; the
water is used for irrigation and public water supply. Wells 274- to 396-meters
"deep in soutvhern Treasure County and northern Big Horn County produce water
whose temperatures range from 16.5‘?C to nearly 20°C. |
The lower temperatures used in the selection criteria also had the effect of
enlarging some of the areas identified by Sonderegger and others (1981). An
example of this is in southern Broadwater County and northwestern Gallatin
County where wells and springs had been identified in previous investigations.

Updating the database provided additional information that may indicate a larger

area for potential development.




5.0 DISCUSSION
Resource Potential

There are 291 records in the current database; these represent 267
individual sites (wells and springs). Approximately 71% of these sites exhibit

water temperatures between 10 and 30° Celsius (Figure 2).

DISTRIBUTION OF SITES
STATEWIDE

(42%) 101020 ° C

(12%) > 50 ° C
(29%) 201030 ° C
(11%) 4010 50 ° C

(6%)30t040° C :

Figure 2 About 77% of the geothermal sites in Montana have water
temperatures less than 40° Celsius; 12% of the sites have temperatures greater
than 50° Celsius.

17
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Collocation of Resources and Users

Montana’s population centers are generally small (<50,000 people) and

DISTRIBUTION OF SITES
WEST OF 111 DEGREES LONGITUDE

70

50 —

3 —

Number of Sites

20 ~—

<10 10t0 20 . 201030. 30t040 40to 50 >50
Temperature Range (degrees Celsius)
Number of Sites = 153

Figure 3 The western third of the state has 153 sites. About a third of
those (approximately 100)have temperatures greater than 30°C.

widely distributed. The western third of the state has more of the larger population
centers and a slightly higher overall population than theveastern two-thirds.

The distribution of geothermal resources mimics, but does not correlate, to
that of the population; 152 of the 267 sites occur in the mountainous area of the
western third (generally west of 1110 longitude) whereas 115 sites are in the plains

area of the eastern two-thirds of the state. Similarly, the number of warm and hot

springs is much higher in the west.
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A comparison of the distribution within the western (Figure 3) and eastern
(Figure 4) parts of the state shows that the western third has a larger number of
sites with temperatures greater than 30°C.

Collocation of population centers, albeit small, and geothermal resources are
most likely to occur in the western third of the state. It should be noted, however,
that deep wells into the Madison Formation in the eastern part of Montana have
the potential to produce low- to moderate-temperature water as demonstratéd in

Treasure County and northern Big Horn County. :

DISTRIBUTION OF SITES
EAST OF 111 DEGREES LONGITUDE

70

50 —

30 —

Number of Sites

2 —

<10 ' 1010 20 - 20t030 301040 40 to 50 >50
) Temperature Range (degrees Celsius)
Number of Sites = 115

Figure 4 Most of the sites in the eastern third of the state. About 20 sites
have temperatures greater than 30°C.
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6.0 SUMMARY

Each of the tasks outlined in the agreement between the Montana Bureau of
Mines and Geology and the Oregon Institute of Technology / University of Utah
Research Institute have been completed. The database described here represents
the most current information on geothermal resourceé in the state of Montané. '

" The database also contains the information collected from eighi sites that lacked
information priqr to this inventory. A 1:1,000,000 scale map, which accompanies
this report, shows the location, temperature group, disiribu_tion, and type of
geothermal resources- in the state.

The distribution of geothermal resources and population in Montana suggests
- a géod potential for development of these resources. Although Montana has only a
few large population centers, smaller cities and towns near the resources could
benefit from development. Although the low temperature of the resources (most
are less than 50°C) restricts the type of development, small-scale direct-heat or
heat-pump applications, aquaculture, and other development may be economical in
some areas. '

Whereas the information presented in this report reflects the current
knowledge and information on geothermal resources across the 'state, funding and
time limitéti'c;ns would not permit an evaluation of each site. Individuals or groups
with the infention of developing any of the sites or areas identified in this

assessment should conduct a more thorough investigation and confirm the

temperatures, chemistry, and flows.
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7.0 RECOMMENDATIONS

Priority Areas for Ph.ase il Studies

‘The dominant consideration in selecting areas in Montana for future studies
is the proximity of the resource area to transportation and population centers.
Although there are several resource areas with a relatively high potential for
development, limited past and/or current use and low population in the area likely
prohibit development. The areas that have the highest potential and are nearest

population centers (Figure 5) and transportation routes are as follows:

Bozeman

The Gallatin vé!ley near Bozeman has experienced a‘steady population
growth over the last decade. Data for the Bozeman Hot Springs just west of the
city of Bozeman indicates a surface temperature of approximately 55°C and an
estimated reservoir temperature of 80°C. The springs are currently used to heat a
swimming pool at a commercial campground. Although little resource development .
has occurred in the area over the last ten years, the Gallatin valley was identiﬁed
by Sonderegger and others (1981) as an area expected to contain geothermal
resources suitable for development. Geophysical exploration and deep drilling -

would better define the source and extent of this resource area.

Butte
The Butte Mining District was extensively mined over a period of nearly 100

yeérs., At the cessation of underground mining in the early 1980’s, dewatering of
the bedrock was discontinued and water-levels were allowed to rise. Soon after the
mines were shut down, the area was listed in the -National Priorities List and is

- designated as a Superfund site. The rising water, which has a low pH and a high
dissolved-metals content, is of much to concern to local, state, and federal

agencies, and it has been recognized that water-levels will need to be controlled by

pumping to prevent discharge into the Clark Fork River drainage.
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With respect to geothermal development, the Butte area offers several
‘avenues for low-to-moderate temperature resources. The u'ndergroUnd workings
were notoriously hot areas to work in while operating and recent data collected
from the mines show water temperatures ranging from 13° to 33°C. Monitoring
wells completed in the bedrock aquifer at depths less than 183 meters indicate
temperatures of 10 to 18°C, and water quality is quite good (for example, see
MGEQOT341 and MGEOT342). Diamond drill holes with depfhs up to 610 meters
and open mine shafts may provide access to the deeper, warmer waters. An
evaluation of depth, temperature, and potential applications of heat-pump

technology is needed.

BOZEMAN.
[ )

S

Figure 5 Five areas have been selected as potential areas for additiocna
studies relating to application of direct-use technology. , -




23
Ennis
Several studies of the geothermal resources near Ennis have been conducted
in the past; however, a deep. drilling project is needed to fully understand the
nature of this resource area. Recently, one of the areas in which wells were
completed was offered for sale to the county government. Application of the
information derived from previous studies to an investigation of potential direct-

heat applications may also be warranted.

Boulder Hot Springs .

~ The Boulder Hot Springs is within a few miles of Interstate-highway 15 and
the town of Boulder is only 1/2 mile from it. Larger cities, Butte to the south and
Helena to the north, are within 30 miles. The surface tempefathres at the three
springs sampled range from 54 to 74°C, and flow is epproximately 340 L/fnin. at
the larger spring. The site is currently undergoing renovation. The likelihood of
other geothermal resources in the area is high. An inventory of springs and wells |
throughout the valley and a deep drilling project is needed to better define this

potential resource area.

Camas Prairie

There are several previously un-recorded springs in this area; one site was
sampled recently (MGEOT353). Although the area is not near any of the larger
- population centers, there are some recreational facilities in the area. This particular
area of Montana has been especially popular for cottage-industry development. A
more complete well and spring inventory, eoupled with a water-chemistry sampling

program is needed to better define the occurrence and potential development in

this area.
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- DATABASE LISTING :
GEOTHERMAL RESOURCES OF MONTANA

AND

SEPARATE LIST OF 33 SITES
IDENTIFIED ON MAP AS THE CAMAS-LONEPINE AREA
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APPENDIX I

GEOTHERMOMETER TEMPERATURES
FOR SELECTED SITES
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