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PREFACE

The continuing efforts of the seven Rocky Mountain Basin and Range
Commercialization teams in areas of public outreach, creative technical
applications, innovative institutional arrangements, and positive encourage-
ment in the use of geothermal energy is contributing to the awareness and
development of this valuable alternative energy source. This document
describes and attests to the accomplishments and findings of these seven

commercialization teams during the last half of Calendar year 1980.




SUMMARY OF DEPARTMENT OF ENERGY STATE GEOTHERMAL

COMMERCIALIZATION PROJECT IN THE ROCKY MOUNTAIN BASIN

AND RANGE REGION

1.0 INTRODUCTION

This report chapter contains three sections that describe the activi-
ties and findings of the seven state commercialization teams participating
in the Rocky Mountain Basin and Range commercialization program. The period
covered is July through December, 1980. Section 1.0 provides background
information, discusses program objectives and the technical approach that
is used, and describes the benefits of the program. The summary of findings
is found in Section 2.0. Prospect identification, area development plans,
site specific development analyses, time-phased project plans, the aggre-
gated prospective geothermal energy use, and institutional analyses are
discussed. Section 3.0 covers public outreach activities and summarizes

findings and recommendations.

Unless indicated otherwise, the information presented in this summary
originates with the State Commercialization Team reports that make up sub-
sequent chapters of the report. Those later chapters describe in similar
format the commercialization activities carried out by the respective state

teams.
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1.1 Background

The Rocky Mountain Basin and Range Regional Hydrothermal Commerciali-
zation Project was initiated in 1977 to stimulate geothermal commercializa-
tion throughout the region. This program is a cooperative effort involving
the U. S. Department of Energy (DOE) and seven states in the Rocky Mountain
region. The Department of Energy is cooperating with other groups of states
and local governments throughout the country in similar geothermal commer-
cialization programs to ensure that the program elements reflect state and

local as well as national goals.

DOE has provided support for state geothermal programs through cooper-
ative agreements with state agencies that were selected by the respective
governors' offices. The cooperative agreements support activities in plan-
ning, analysis, and marketing of geothermal energy and technical assistance
to prospective users and developers. The state commercialization program
is closely intertwined with the DOE-sponsored state-coupled geothermal
resource assessment programs, which provide inventories and reservoir data
about the geothermal resource areas in each state. Coordination of these
two closely-related programs of resource assessment and commercialization
helps assure that these efforts are all directed toward the single goal of
stimulating the uses of geothermal energy. Now that the state commerciali-
zation programs are well-established, state and local governments have the
expertise available to continue programs that provide both technical infor-

mation and assistance to prospective developers and users.




The Idaho Operations Office of the Department of Energy (DOE-ID) has
cooperative agreements with seven Rocky Mountain Basin and Range states
(Colorado, Montana, New Mexico, North Dakota, South Dakota, Utah, and
Wyoming) to conduct state geothermal commercialization programs. These
seven states provide a portion of the funding and thus share the cost of

this program with the Department of Energy.

The states are assisted in their efforts by additional contractors who
provide technical support: The University of Utah Research Institute (UURI)
provides resource assessment assistance; the New Mexico Energy Institute
(NMEI) provides preliminary economic analyses; and EG&G Idaho, Inc. (EG&G)
provides preliminary engineering assistance, coordination with other DOE

programs, and other support services.

During this reporting period, the coordination of the state team
efforts was turned over to EG&G Idaho, Inc. A new emphasis has been placed
on these efforts. Rather than directing their efforts toward achieving
long~range plans, the State teams have been solicited as to which efforts
would be the most productive. As a result, a variation will be seen in the
accomplishments of the various teams. In states where geothermal energy use
is not large, the emphasis remains on long-range planning. In other states
where geothermal resources are more pronounced and more available for imme-
diate use, the emphasis of the teams has shifted toward outreach in order
to allow interested parties access to data and information that is of more

immediate use.
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In order to assist in this latter effort, technical information and

technical assistance, which previously had been handled more or less inde-

pendently by the regional technical assistance center, EG&G Idaho, Inc., has *
been coordinating more closely with the state teams. Requesters of infor-

mation and assistance are referred back to the state teams for initial

assistance. Only when the state teams find their resources limited are

requests forwarded to EG&G Idaho. This results in closer coordination

between the state teams and the technical assistance center. As a result,

the state teams have become more involved generally in direct outereach

activities, thus reducing requests to EG&G Idaho. Conversely, the number

of reque§ts to the technical assistance center has been reduced markedly

from its rapid growth; however, the nature of the requests has required more

extensive involvement by EG&G engineering staff. This arrangement seems to

more effectively involve both the state team and technical assistance center ’

expertise in stimulating interest in geothermal energy use.

1.2 Objectives

Several major objectives are identified as means to effect the goal of
increased geothermal commercialization through the activities of the state

commercialization program. They include:

) Match geothermal sites with potential markets to identify and rank
"targets of opportunity" where state commercialization efforts

will be concentrated.




) Identify and describe the actions needed by both private and

public participants for geothermal commercialization.

0 Stimulate interest and cooperative action among participants in

geothermal commercialization.

0 Stimulate development of geothermal resources in the private
sector by providing technical information, including permit
requirements and financial, economic, engineering, and resource

information.
0 Help stimulate economic development through identification of
geothermal energy potential for industrial and utility use and

coordination with state economic development agencies.

0 Identify the constraints to geothermal commercialization, and

recommend ways to alleviate them where appropriate.

1.3 Technical Approach

The technical approach of the State Commercialfzation Projects has been
to use existing information and data from available sources whenever possible.
Interviews and discussions with a variety of state and local participants
contribute data, direction, and ideas. Both quantitative and qualitative
analyses are performed as necessary. Within these parameters and the objec-

tives indicated in Section 1.2, a number of specific tasks were defined and



performed. Although the specific tasks vary in scope ahd detail, all the

states incorporated ten tasks into their contracts with DOE. The nature of
each task is listed below; progress on each will be found in the respective v

State Sections.
1.3.1 Outreach

Outreach programs are conducted by each state to promote the use of
geothermal energy by industry, utilities, private citizens, business, agri-
culture, government, and communities. A technical assiﬁtance program pro-
vides prospective geothermal users and developers with information about
all aspects of development, including laws and regulatory processes, pre-~

Timinary economic and engineering feasibility, and the geothermal resource.

1.3.2 Prospect Identification

Data about geothermal resources and sites are documented in order to
identify the potential geothermal energy resources. These data include a
classification of the resources as either electrical power generation or
direct thermal application, and whether the resource is proven, potential,
or inferred, on the basis of definitions for those terms that were established

in previous studies (Meyer and Davidson, 1978).




1.3.3 Energy and Economic Analyses

Energy consumption and economic data are collected and analyzed to
provide a basis for calculating current and future energy demand. This in
turn is used to estimate the market demand for geothermal energy. Energy
consumption is described or estimated by type of use and by commercial,
residential, and industrial sectors. Industrial users are described by

four-digit standard industrial classification (SIC) codes.

1.3.4 Area Development Plans (ADPs)

This task provides an assessment of the possible geothermal supply and
demand over time. It covers a broad area, either a county or several
counties in most cases, and includes the known resource sites and the
identified prospective energy users within that area. It is a source of
energy and economic data for the New Mexico Energy Institute analyses as
well. The Area Development Plans generate the targets for the Site Specific

Development Analyses.

1.3.5 Site-Specific Development Analyses (SSDAs)

Using targets identified by ADPs or other selection processes, the
Site-Specific Development Analyses are written as tools for marketing geo-
thermal energy. They identify specific applications of the energy for
business, industry, government, and residential sectors. Analyses are pre-

pared for major geothermal resource prospects and uses or users. They
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include examination of a variety of issues, including the technological,
economic, environmental, institutional, developmental, and use considerations.
Communication with the prospective users and developers is established and

maintained to assure realism and implementation.

1.3.6 Time-Phased Commercialization Project Plan (TPPPs)

If additional detailed planning is required beyond the SSDA document,
detailed project management plans showing specific activities and deadlines
are prepared. These plans are completed for a limited number of sites that
are in advanced stages of deve1obment or commercialization. They reveal
actions by both private and government sectors needed to achieve commercial
operation, and they stimulate cooperative interactions to accomplish the
project milestones. Step-by-step procedures are described and shown on a
time-line chart. Direct communication between the geothermal developer and

the governmental entities is required and produced during the process.

1.3.7 Institutional Analyses and Handbooks

The local, state, and federal regulatory systems and practices for
geothermal activity are documented and analyzed to understand the effects

on the rate of commercialization




1.3.8 State and Regional Aggregations of Development Plans

The geothermal prospects included in all three types of plans are
aggregated to obtain estimates of the amount of geothermal energy that can

be developed and used between now and the year 2020.

1.3.9 Identification of Constraints and Recommended Actions

Technological, environmental, economic, and institutional constraints
that might delay or preclude the development of geothermal energy are
examined. Possible solutions are evaluated, leading to recommendations for
action, to be taken by local, state, and federal governments and by the

private sector.

1.3.10 Marketing

As this commercialization program progresses, the emphasis is changing
from a planning activity to outreach and finally to marketing geothermal

energy within the states.

1.4 Benefits

The benefits to be gained from geothermal commercialization projects

are numerous. The ultimate goal is the replacement of energy from fossil

fuels with energy from untapped domestic resources. Conserving natural gas
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and other fossil fuels can either directly or indirectly effect that goal.

The value of the conventional energy saved, less the total project costs to

put geothermal energy on line, gives a conservative estimate of benefits. .
However, when funds are spent within this country rather than being exported,

they have a multiplier effect that should be considered. Taxes paid by the

developer or user are an additional benefit to the governments.

For national planning, programming, and budgeting purposes, the infor-
mation produced by State Commercialization Projects is essential. The pro-
Jects provide realistic assessments of how much geothermal energy can and
is likely to be produced within a specific time frame and by what consuming
sectors. From this information, public and private expenditures congruent
with the amount of energy can be appropriately allocated to stimulate

geothermal production and use. . »

Indirect benefits include local values such as lower fuel bills for
users and economic development stimulated by the lower cost of energy.
Furthermore, the assurance that a supply of energy will be available at a
comparatively stable price can help both the private and public sectors to

plan for their futures.

During this report period, the actions of these State Geothermal Com-
mercialization Teams and various public and private resources have heightened
the awareness of officials and residents, and have stimulated many projects

that may have a significant effect on the energy uses within the region.
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2.0 SUMMARY OF ACCOMPLISHMENTS

Identification and stimulation of geothermal commercialization projects
requires the synthesis of three elements. The geothermal resource must be
of a suitable quality and magnitude. A user must be available who is either
already located at the resource site or willing to locate at or near it.

The site itself, including institutional, economic, demographic, environ-
mental, and other facets, must be suitable for the proposed use. The tasks
accomplished by the states were directed toward first revealing the oppor-
tunities to effect such three-way matches and then actively participating

in implementaion.

2.1 Resource Identification

The identification and categorization of geothermal resource prospects
is a continuing process in each state. The most current information
regarding the number of prospects in the seven states is summarized in
Table 1-1. This indicates that there are presently a total of 19 geothermal
sites in the region that have electrical power generation potential. Two
of these sites have been classified as proven, five as potential, and twelve
as inferred. These numbers will continue to change as exploration and
reservoir confirmation continues. On the basis of exploration results, some
areas are added and others are reclassified into another category. In some

states, little interest has been expressed in electrical power generation,
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TABLE 1-1. NUMBER OF GEOTHERMAL RESOURCE SITES

High-Temperature Electric Prospects Low-Temperature Direct Thermal Prospects

State Proven Potential Inferred Total Proven Potential Inferred Total $gg:?
Colorado? 0 0 2 ‘ 2 1 12 49 62 64
Montana 0 0 0 0 4 7 60 7 71
New Mexico 1 4 10 15 8 12 12 32 47
Morth Dakotab 0 0 0 0 0 7 0 n 7
South DakotaC 0 0 0 0 17 18 NA 35 35
Utah 1 1 0 2 6 8 35 49 51
Hyoming 0 0 0 0 5 7 | 2 14 14
Totals 2 5 12 19 a4 135 158 334 353

a. This includes only those sites that have been inventoried by the Colorado Geological Survey.

b. The Madison, Dakota, Fox Hills, Hell Creek, and other less extensive aquifers are currently being
surveyed for geothermal potential, and the list is continuously being revised.

¢c. The Madison Formation in the western part of South Dakota offers geothermal potential; this refers to
those sites where towns are located.




but federal lease applications have been submitted. As Table 1-2 shows, as
of October 1977, some 1402 federal geothermal lease applications had been
submitted. By 1979, only 1,058 federal leases had been issued. The lease
interest may indicate a large inferred potential for high-temperature
resources. In any case, detailed investigations of leasing activity have
indicated that the major part of that activity is directed toward the iden-
tification of sites for power generation. Too few leases have been issued
and too few sites have been explored to conjecture how many sites will

ultimately prove to be suitable for electrical power.

There are many locations where geothermal resources are a valuable
source of energy for space and water heating and for commercial, agricul-
tural, and industrial uses. Table 1-1 shows that as many as 272 sites are
suitable for these uses, not counting the large but undefined Dakota and

Madison aquifers that underlie much of the Northern Plains.
Additional details about the geothermal resource prospect development

are discussed in the individual state summary reports. Further definition

of resource prospects and leasing activity will be given in future reports.

2.2 Highlights of State Accomplishments

In the chapters that follow, each of the state teams has presented its

activities and accomplishments for this reporting period. To accentuate
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TABLE 1-2. GEOTHERMAL LEASING ON PUBLIC LANDS IN THE ROCKY MOUNTAIN BASIN AND RANGE REGION

Acres Leased Number of Leases Issued Number of

Federal Lease

State Federal Total State Federal Total Applications®
Colorado 16,728 34,926 51,654 8 25 33 48
Montana -0- 10,687 10,687 -0- 6 6 97
New Mexico 45,663 225,710 288,684 145 123 268 508
North Dakotab -0- -0- -0- -0- -0- -0- -0-
South Dakotal -0- -0- -0- -0- -0- -0- -0-
UtahC 234,268 459,138 693,406 238 275 513 657
Hyoming® 1,150 7,448 8,598 1 _4 _5 92
Totals 315,120 737,909 1,053,029 392 433 825 1,402

a. Noncompetitive and competitive Federal leases, as of October 1977 (Beeland, 1978), plus update report of
Colorado

b. Not yet available.
c. Same values reported in last semiannual report

SOURCES: Uses and State Geothermal Commercialization Teams.




these accomplishments, some of the more important achievements are high-
lighted below. Please refer to the appropriate state section for more

detail on these items.

2.2.1 Colorado

) A Site-Specific Development Analysis was completed for the Upper

Arkansas Valley area.

) An institutional problem as to which state agency has jurisdiction

over permitting ground water heat pump systems has been identified.
2.2.2 Montana
0 A test well drilled at Camp Aqua proved to be unsuccessful in
identifying a hot resource, but has proven a low-temperature
resource that may be used by an alcohol plant.
) A well at Bozeman Hot Springs is producing 120°F at 1000 gpm of

artesian flow. This appears to be the second best proven resource

in the state.
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2.2.3 New Mexico

) Carrie Tengley Hospital begins operation in September 1980. ‘
0 NMSO President's House completed in September 1980.
) Solar-assisted geothermal greenhouse in Taos dedicated in October.

) The State has made $600,000 available for geothermal drilling and

demonétration projects.
2.2.4 North Dakota

0 Site-specific development plans are being prepared for the L
Patterson Hotel in Bismarck, Maryvale Convent in Valley City, and
St. Mary's School in New England.

0 Ten percent income tax credit legislation is being drafted by the
state commercialization team in conjunction with the North Dakota
Legislative Council.

) A geothermal news]etter was published in September 1980.

o Billboards promoting geothermal energy were erected in Bismarck.
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2.2.5 South Dakota

0 The Geothermal Energy Handbook was released in November.

0 Geothermal Energy Day was held in Pierre on October 21 to dedicate

the St. Mary's, Philip, and Diamond Ring Ranch PON projects.

) Philip, S.D. is preparing a proposal in response to the HUD/DOE

request for district heating system projects.

2.2.6 Utah

) Phillips Petroleum and Utah Power and Light signed a contract for

the development of Roosevelt Hot Springs.

) A pump list was conducted on a well at Cove Fort and then signed

over to Forminco, Inc. for use in an ethanol plant.

0 Two exploratory wells were drilled at the Utah State Prison. Both

had artesian production of 180°F water.

2.2.7 Wyoming

0 A draft Site-Specific Development Analysis has been completed.
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3.0 OBSERVATIONS AND CONCLUSIONS

3.1 Outreach Mechanisms

Public awareness created by the varied outreach activities of the state
teams continues to increase favorably. The use of newsletters appears to
be generating the greatest response. Personal contacts with individuals
and groups is also contributing significantly to the interest in and the

development of geothermal energy.

The distribution of heat pump literature, coupled with personal con-
tacts, has caused a definite increase in the use of heat pumps, an area of
application that is promising to become a significant segment of geothermal

applications.

An upsurge in development is expected through technical assistance

efforts, and more activity of this kind is planned by the state teams.

State research and development programs, state geothermal demonstration
programs, and the Appropriate-Technology Small Grants program are continuing
to elicit positive responses. Assistance being provided in preparing geo-

thermal legislation will continue to encourage the use of geothermal energy.

Billboards promoting geothermal energy have generated a low response,

and 1imited application of this medium is expected in the future.
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3.2 Conclusions

Contacts with geothermal developers reveal that they are in much need
of help, including general information and technical assistance. The state
teams are shifting toward more technical assistance activities, and future

efforts should include more of this type of outreach.

Significant contributors to the development of geothermal energy are
the R&D program, and the demonstration program of New Mexico. Efforts
should be directed to obtaining funding to increase this type of outreach

activity.

The use of groundwater heat pumps is increasing, and this application
could become a most significant use of geothermal resources. Groundwater
heat pump literature that is now being used is proving to be very effective,

and its use should be continued on an increasing scale.

Personal contacts are continuing to reap copious rewards, and the need

for more interface is apparent.

The state team activities are gravitating to technical assistance
activities and away from planning. It is expected that this should now
produce greater results than heretofore experienced. This effort should be
increased, and the services of especially qualified geothermal persons
should be made available on a periodic basis, say 30 to 90 days, to the

state teams to strengthen their position.
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Interest is running high, but inadequate legislation, the risk

associated with "first holes," funding limitations, the lack of financial
incentives, and the need for technical assistance are limiting .
development. Therefore, removal or mitigation of these items should occur

to accelerate geothermal energy development and use.
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NOTICE

This report was prepared to document work sponsored by the United States
Government. Neither the United States nor its agent, the United States
Department of Energy, nor any Federal employee, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accu-
racy, completeness, or usefulness of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe

privately owned rights.

Reference to company or product name does not imply approval or recommenda-
tion of the product by the Colorado Geological Survey or the U.S. Department

of Energy to the exclusion of others that may be suitable.
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COLORADO GEOTHERMAL COMMERCIALIZATION PROJECT SEMIANNUAL

PROGRESS REPORT, JULY-DECEMBER 1980

1.0 INTRODUCTION

1.1 Purpose of Project

The Colorado State Geothermal Commercialization project exists to pro-

mote the development of geothermal energy in Colorado.

1.2 Objectives

To assist and educate potential users of geothermal energy through the

use of development analysis, outreach mechanisms, and technical assistance.

1.3 Team Members

Team members--Richard H. Pearl, Project Coordinator and Frank Healy,

geologist (terminated 9/80). The following persons worked on the project

part time: Ms. Becky Nelson, secretary and Mark Persichetti, draftsman.

1.4 Project Benefits to the State and DOE

Citizens of the State will become aware that the geothermal resources

of Colorado can be put to beneficial use, and that the industrial base of



State will increase due to new industries using geothermal energy. DOE

benefits: Geothermal energy use is increasing, which means that energy

dependence of the nation is decreasing.




2.0 SPECIFIC DESCRIPTIONS AND PROJECTS

2.1 Geothermal Prospect Identification

2.1.1 Electrical Generation (over 150°C)

No sites in Colorado have been proven yet for electrical generation.
At one of the three potential sites, Poncha Springs, the major energy com-
pany "farmed out" their lease to a geothermal direct applications developer,
Chaffee Geothermal. As a result, this area has been downgraded from elec-
trical potential to direct-use potential (Table 1). In Tables 1 through 4

the site numbers are used to refer to Figure 1.

TABLE 1. ELECTRICAL POWER GENERATION AREAS (>150°C)
(A11 areas classified as inferred)

Highest Estimated Estimated
Measured Probable Probable
Surface Subsurface Heat Content
Site Temp. (°C) Temp. (°C) (Btu's x 1015) Depth
21 Mount Princeton 84 200 0.486 ?
23 Poncha Hot Springs Down graded to direct applications
47 Cebolla Hot Springs 40 NA 0.48 ?

TABLE 2. INFERRED DIRECT-USE THERMAL AREAS (>150°C)

Highest Estimated Estimated
Measured Probable Probable
Surface Subsurface Heat Content
Site Temp. (°C) Temp. (°C) (Btu's x 1015) Depth
01 Juniper 38 50~75 0.016 ?
02 Craig 39 40-60 0.033-0.340 ?
03 Routt 64 125-175 0.111-0.166 ?



TABLE 2. INFERRED DIRECT-USE THERMAL AREAS (>150°C) (Continued)

Highest Estimated Estimated

Measured Probable Probable

Surface Subsurface Heat Content

Site Temp. (°C) Temp. (°C) (Btu's x 1015) Depth

04 Steamboat 39 125-130 0.049 ?
05 Brand's Ranch 42 42-55 0.004-0.016 ?
06 Hot Sulphur 44 75-150 0.070 ?
07 Haystack Butte 28 50 0.006-0.017 ?
08 Eldorado 26 26-40 0.015 ?
09 Idaho 46 NA 0.171 ?
10 Dotsero 32 32-45 0.005 ?
12 South Canyon 49 100-130 0.002 ?
13 Penny 56 60-90 0.166-0.486 ?
14 Col. Chinn 42 NA 0.018 ?
15 Conundrum 38 40-50 0.004 ?
16 Cement Creek 25 30-60 0.013-0.066 ?
17 Ranger 27 30-60 0.002-0.006 ?
18 Rhodes 24 25-35 0.043-0.200 ?
19 Hartsel 52 NA 0.047 ?
22 Brown's Canyon 25 50-100 0.226-0.486 ?
24 Wellsville 33 35-50 0.009-0.015 ?
25 Swissvale 28 35-50 ?
29 Don K Ranch 28 NA 0.035 ?
30 Clark 25 25-50 0.008 ?
31 Mineral 60 70-90 0.949 ?
32 Valley View 37 40-50 0.056 ?




TABLE 2. INFERRED DIRECT-USE THERMAL AREAS (>150°C) (Continued)

Highest Estimated Estimated

Measured Probable Probable

Surface Subsurface Heat Content

Site Temp. (°C) Temp. (°C) (Btu's x 1015) Depth

33 Shaws 30 30-60 0.015 ?
34 Sand Dunes 44 NA 0.155 ?
35 Splashland 40 40-100 0.155 ?
36 Dexter 20 20-50 0.034 ?
37 McIntyre | 14 20-50 ?
38 Dutch Crowley 70 70-80 0.026-0.062 ?
39 Stinking Springs 27 40-60 ? 2
40 Eoff 39 40-60 0.017 ?
42 Rainbow 40 40-50 0.047-0.094 ?
43 Wagon Wheel Gap 57 NA 0.063-1.429 ?
44 Antelope 32 35-52 0.011-0.088 ?
45 Birdsie 30 35-52 ?
46 Waunita 80 175-225 0.061 ?
47 Cebolla 40 NA 0.048 ?
48 Orvis 52 NA 0.028-0.131 ?
50 Lemon 33 NA 0.015 ?
51 Dunton 42 50-70 : 0.007 ?
52 Geyser ) 28 60-120 0.007 ?
53 Paradise 46 NA 0.023 ?
54 Rico 44 NA 0.174 ?
55 Pinkerton 33 75-125 0.010-0.021 ?
56 Tripp/Trimble 44 45-70 0.036 ?
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TABLE 2. INFERRED DIRECT-USE THERMAL AREAS (>150°C) (Continued)

Highest Estimated Estimated
Measured Probable Probable
Surface Subsurface Heat Content
Site Temp. (°C) Temp. (°C) (Btu's x 1015) Depth
57 Stratton ? ? ?
58 Piedra River ? ? ?

TABLE 3. POTENTIAL DIRECT-USE THERMAL AREAS(<150°C)

Highest Estimated Estimated
Measured Probable Probable
Surface Subsurface Heat Content
Site Temp. (°C) Temp. (°C) (Btu's x 1015) Depth
11 Glenwood 51 NA 0.38 - 0-610 m
20 Cottonwood 58 105-182 0.389-1.167 ?
21 Chalk Creek 150-200 1.062-3.810 ?
Mt. Princeton 56 150-200 ?
Wright 72 150-200 ?
Hortense 82 150-200 ?
Woolmington 39 150-200 ?
23 Poncha® 71 115-145 0.141-1.191 ?
26 Canon City 40 NA 0.003 305 -
27 Fremont 35 35-50 0.010 1,524 m
38 Florence 28 34-50 0.008-0.043
49 Quray 69 70-90 0.226 ?

a. Downgraded from an Electrical Power Generation area to a Potential
Direct-Use Area.




TABLE 4. PROVEN DIRECT-USE THERMAL AREAS (>150°C)

Highest Estimated Estimated
Measured Probable Probable
Surface Subsurface Heat Content
Site Temp. (°C) Temp. (°C) (Btu's x 1015) Depth
41 Pagosa Springs 58 80-150 0.023 90-200 m

Classification of the above systems is based on the following criteria:

o Inferred. Spring or thermal well has been located, field measure-
ments of a pH, temperature, or discharge made, and in most instances

geothermometer model analysis run.

0 Potential. Some type of resource assessment work has been done
by the Colorado Resource Assessment Team, or private companies
have released their exploration data to the general public. From
this information, an intelligent estimate can be made of the size

and magnitude of the resource.

o Proven. Test wells have been drilled, and the production well

may have been drilled.
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2.1.2 Leasing

Table 5 lists current noncompetitive leases on Federally owned lands,

Table 6 lists current competitive Federal leases [known geothermal resource

areas (KGRAs)], and Table 7 1ists current leases of Colorado State lands.

TABLE 5. FEDERAL NONCOMPETITIVE LEASES IN COLORADO, DECEMBER, 1980

Lessee

Phillips Petroleum Co.
Occidental Pet. Inc.

Petrol-Lewis Corp. 50%,
Petroleum Inc. 50%

Petrol-Lewis Corp. 50%,
Petroleum Inc. 50%

Petrol-Lewis Corp. 50%,
Petroleum Inc. 50%

Petrol-Lewis Corp. 50%,
Petroleum Inc. 50%

Chevron 0i1 Co.

Chevron 0i1 Co.
Chevron 011 Co.

Geothermal Kinetics

329.
80.

1,549.

1,280.

2,113.

1,286.
1,867.

2,127.
645.
1,795.

Acres

66

00

30

17
94

56
74
11

Township
And Range

49N, 11E
49N, 8E

49N, 9E

49N, 8E

49N, 7&8E

5IN, 8E

46&47N,
28&3W

46847N, 3W
47N, 3W

37N & 38N
128 & 13E

Date
County Issued
Fremont 11/75
Chaffee 11/75
Chaffee 71/75
Chaffee 11/75
Chaffee 11/75
Chaffee 7/75
Gunnison 1/75
Gunnison 1/77
Gunnison 1/77
Alamosa 11/75



TABLE 5. FEDERAL NONCOMPETITIVE LEASES IN COLORADO, DECEMBER, 1980

(Continued)
Township Date "
Lessee Acres And Range _County Issued
Geothermal Kinetics 1,203,15 295, 73w Alamosa 11/75
Geothermal Kinetics 320.00 38N, 12E Alamosa 8/79
Geothermal Kinetics 642.88 37N, 12E Alamosa 8/79
Geothermal Kinetics 827.31 38N &295 Alamosa 11/75
1E&73W
Geothermal Kinetics 1,335.99 295, 73W Alamosa 11/75
Utah International 2,326.89 40&41IN, 1E Mineral 8/79
Utah International 2,335.22 40&41N, 1E Mineral 8/79
Buttes Resource Co. 781.32 46N, 2W Gunnison 1/77
Buttes Resource Co. 2,226.88 46N, 132W Gunnison 1/77
Buttes Resource Co. 1,804.57 46N, Gunnison 1/77
1 to 1-1/2W
Buttes Resource Co. 1,040.04 46847, 2W Gunnison 1/77
Buttes Resource Co. 1,970.30 46447, 2W Gunnison 1/77
Total 29,889.53 acres

Source: U.S. Bureau of Land Management

TABLE 6. FEDERAL COMPETITIVE LEASES IN COLORADO, DECEMBER 1980

Township Date
Lessee Acres And Range County Issued
Occidental Geothermal
50%, Petro-Lewis
Corp. 50% 915.84 49N, 8E Chaffee 1976
Phillips Petroleum 2,484 .28 45N, OE Saguache 1975
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TABLE 6. FEDERAL COMPETITIVE LEASES IN

COLORADO, DECEMBER 1980 (Continued)

Township Date
Lessee Acres And Range County Issued
Phillips Petroleum 46N, O9E
Phillips Petroleum 1,636.42 45846N, 10E  Saguache 1975

Total

Source: U.S. Bureau of Land Management

5,036.54 acres

TABLE 7. COLORADO STATE GEOTHERMAL LEASES, DECEMBER, 1980

Township Date
Lessee Acres And Range County Issued

Petro-Lewis Corp.a 640.00 145, 79w Chaffee
Petro-Lewis Corp.? 2,004.85 14S, 78W Chaffee
Petro-Lewis Corp.a 4,332.31 155, 78w Chaffee
General Geothermal 2,840.00 41N, 10E Sauguache
Occidental Geothermal 360.00 49N, 8E Chaffee
Petro-Lewis Corp. 3,226.61 50N, 8E Chaffee
Petro-Lewis Corp. 1,560.00 49N, 7E Chaffee

50N, 8E

49N, 9E
Phillips Petroleum 1,764.40 49N, 4&5E Gunnison and

48N, 4&5E Sauguache

Total

1,6728.17 acres

Source: Colorado State Board of Land Commissioners

a. Acreage assigned from AMAX Exploration.
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2.2 Area Development Plans

2.2.1 State Geothermal Planning Areas

There are no Geothermal Planning Areas in Colorado

2.2.2 Specific ADPs Complieted or in Preparation

No ADPs were planned for 1980.

2.3 Site Specific Development Plans

2.3.1 Candidate Geothermal Sites/Applications

During CY-1980, site specific development analyses were to be made for

the following areas:

0 Upper Arkansas Valley
o Canon City-Pueblo Area
) Steamboat Springs

) Hot Sulphur Springs

2.3.2 Site~Specific Development Plans Completed or in Preparation

A Site-Specific Development Analysis was done for the Upper Arkansas

Valley Area (see F. C. Healy 1980). In May and later in June 1980, before
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work could either begin or be completed for the other areas, DOE-ID redi-~
rected our activities away from these analyses. Therefore, the reports for

the other three areas were not done.

2.4 Time-Phased Project Plans

No Time-phased projects plans were scheduled to be completed during

1980.

2.5 Site Aggregation of Prospective Geothermal Use

Table 8 1ists the current uses of geothermal resources in Colorado.

.TABLE 8. USES OF GEOTHERMAL ENERGY IN COLORADO

Use Area
Recreation Junipter Hot Springs
Swimming Steamboat Hot Springs

Hot Sulphur Springs
Eldorado Warm Springs
Idaho Hot Springs
Glenwood Hot Springs
Cement Creek Hot Springs
Mt. Princeton Hot Springs
Poncha Hot Springs

Valley View Hot Springs
Shaws Warm Spring
Splashland Hot Water Well
Pagosa Hot Springs

Wagon Wheel Gap Hot Springs
Waunita Hot Springs

Ouray Hot Springs
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TABLE 8. USES OF GEOTHERMAL ENERGY IN COLORADO (Continued)

Use Area

Baths Juniper Hot Springs
Hot Sulphur Springs
Idaho Hot Springs
Glenwood Hot Springs
Mt. Princeton Hot Springs
Valley View Hot Springs
Pagosa Hot Springs
Cebolla Hot Springs
Orvis Hot Springs
Ouray Hot Springs
Lemon Hot Springs
Dunton Hot Springs

Space Heating Cottonwood Creek Hot Springs

Mt. Princeton Hot Springs

Poncha Hot Springs

Sand Dunes Hot Water Well

Robert Owens Warm Water Well, south
side of Alamosa

Pagosa Springs

Ouray

Waunita Hot Springs

Other
Laundry Hot Sulphur Springs
Greenhouses Penny Hot Springs

Wright Hot Water Wells
Algae growing Wellsville

Irrigation Dutch Crowly

Bottled water Clark Artesian Well

Fish Farming Sand Dunes Hot Water Well
Wellsville Warm Spring

Pig farms Mineral Hot Springs

Warm water wells south of Alamosa

2.6 Institutional Analysis

An analysis of the Colorado institutional framework was made by Coe and
Forman (1980). Within the last year, an institutional problem regarding
development of geothermal resources in Colorado has developed. This problem ,

is related to the permitting of groundwater heat pump wells by the Colorado
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0il1 and Gas Conservatibn Commission and the Colorado Division of Water
Resources. In Colorado, all water developments are permitted and regulated
by the Colorado Divison of Water Resources. Geothermal development is per-
mitted and regulated by the 0il and Gas Conservation Commission. Since
there is no temperature definition in the Colorado Geothermal Act, it has
been decided by the staff of the 0il and Gas Commission that groundwater
heat pumps fall under their regulation. Therefore, a person wishing to
install a groundwater heat pump is forced to pay $75.00 application fee,
supply a performance bond, and meet other regulatory requirements. However,
this is not the major problem. When a permit application is received by the
0i1 and Gas Conservation Commission, before any action is taken, the appli-
cation is sent to the Division of Water Resources for review and comments.
The Division of Water Resources has not yet made an internal decision
regarding groundwater heat pump well applications; therefore the

applications are idle and not being acted upon.

It is recognized by staff personnel from the Division of Water
Resources, the 0il and Gas Commission, and the Colorado Geological Survey
that the geothermal act was not intended to regulate groundwater heat
pumps. However, the Commission staff is reluctant to initiate change in
the rules. This problem will have to be solved in the very near future if

groundwater heat pump applications in Colorado are to develop.



2.7 Public Outreach Program

2.7.1 Outreach Mechanisms

The outreach activities of the Colorado Commercialization Team during
the last 6 months of 1980 consisted of issuing a newsletter, holding meet-

ings with individuals, and answering letters and telephone calls of inquiry.

2.7.2 Summary of Contacts and Results

The following contacts were made during the period July through

December 1980.

July: Jack Green, Mayors Office, City of Denver
Walt Gorrod, City Councilman, Ouray
Ouray Plain Dealer, newspaper, Ouray

Con Cunningham, Center for Public Issues, consultant, from
Glenwood Springs

Colorado Highway Department Officials, regarding heating
of bridge structures in Glenwood Canyon

Denver Business World, newspaper

August: Russ Caldwell, Colorado Department of Commerce

Coury and Associates, consulting firm, Denver
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September: Dr. Jay F. Kunze, Energy Services, Inc. Rexburg, Idaho
Mr. Guy Miles, Alamosa, Colorado
Mr. Patrick 0'Boyle, Telluride Ski Corporation

Chaffee County Times, Buena Vista

October: Alamosa newspapers article
Alamosa City officials
James Dorsey, Sunbeit Realty Assoc., Lousiville, Colorado
George Gault, Delta Colorado, working for City of Ouray

James Heriout, Battle Mountain High School, Minturn,
Colorado,

U.S. Bureau of Reclamation officials, Grand Junction

November: Cap Allen, consulting engineer, Durango, Colorado

December: Ken Wright, Wright Water Engineers, Denver
Dick Johnson, Wright Water Engineers, Glenwood Springs

Ms. J. Andrikopoulos, Rocky Mountain High School,
Ft. Coliins

Paul Brown and Russell Kells, Mosca, Colorado

Green Mountain, Colorado Chapter of Kiwanis International

In addition to the above, contact was made almost daily with other

State agencies such as the 0i1 and Gas Conservation Commission and the

Division of Water Resources.
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2.7.3 OQverall Prospectus for Future Geothermal Commercialization

It is strongly believed by the Colorado Geothermal Commercialization
Team that geothermal development in Colorado is on the edge of a break-
through. Calls are being received frequently to request a wide range of
information or assistance concerning geothermal resources and how they can
be developed or used. In Colorado, there are several industries that have
been critically impacted by the increased cost of conventional forms of
energy. One of these is the greenhouse industry. This is an industry that
could benefit by relocating and using a thermal water source, provided the

location had good transportation and a labor force.

The State of Colorado has an economic development program to encourage
industrial development in economically deprived areas. Fortunately, most
of the thermal sources, especially the better ones, are located in or close
to these areas. Two of these areas are the San Luis Valley and Pagosa
Springs. In the San Luis Valley, especially in the Alamosa area, there is
a strong movement to develop geothermal energy for a wide variety of uses.
Pagosa Springs is developing their resource with a Department of Energy PON
grant. Officials of Pagosa Springs are hopeful that they will be able to
develop a geothermally heated industrial park in the near future. If these
two areas are successfu} in developing their geothermal resources as
planned, then the economic conditions of their areas will be greatly

improved.
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3.0 SUMMARY OF MAJOR FINDINGS AND RECOMMENDATIONS

Unfortunately, the Colorado Geothermal Commercialization Team was
shorthanded during most of this reporting period, and was not able to
accomplish everything that it desired. One of the major conclusions reached
during the period relates to how much help and assistance the average
developer of a geothermal resource needs. It is the feeling of the Colorado
Team that if the use of geothermal resources for direct use applications is
to develop, there will have to be direct governmental financial and techni-
cal assistance. This assistance will have to come in many forms. For
example, someone should be available locally on the State level to provide
general information and Timited technical assistance when needed. Financial
grant assistance should also be available. The two most useful grant pro-
grams are the Small Appropriate Technologies Program and the User Coupled
Drilling Program. Both of these programs are being used extensively in

Colorado

In Colorado, the direction the project took during the last part of
1980 away from planning work to more direct technical assistance work is
seen as a major step. This has brought greater contact with the potential
developers, and consequently we have been able to offer them a wide range
of advice and assistance. It thus appears to us that this direct technical
assistance effort will do more to bring geothermal energy online quickly
than anything else we can do. We would urge that this type of effort be

continued in the future.

2-19



Coe,

]

Coe,

BIBLIOGRAPHY OF REPORTS
PREPARED BY
COLORADO GEOTHERMAL COMMERCIALIZATION PROJECT

B.A., 1978, Geothermal Energy Development in Colorado: Processes,

Promises, and Problems, Colorado Geological Survey Information,

Series 9, and U.S. Dept. of Energy DOE/ID/12018-1, 51 p.

1979a, Colorado Geothermal Commercialization Planning, Semiannual

Progress Report, January 1, 1979-June 30, 1979, U.S. Dept. of Energy

DOE/1D12018~2

1980a, 1979 Year-End Report of the Colorado Geothermal

Commercialization Project, U.S. Dept. of Energy, Idaho Falls, ID

A1980b, Geothermal Enerqy Potential in the San Luis Valley, Colorado,
Colorado Geological Survey Open-File Report 80-13, and U.S. Dept. of
Energy DOE/ID/12018-4, 44 p.

1980c, Community Development of Geothermal Enerqgy in Pagosa Springs,

Colorado, Colorado Geological Survey Open-File Report 80-11, and
U.S. Dept. of Energy DOE/ID/12018-6, 58 p.

B.A. and Forman, N.A., 1980, Regulation of Geothermal Energy

Development in Colorado, Colorado Geological Survey Information

Series 15, and U.S. Dept. of Energy DOE/ID/12018-3, 27 p.

2-20 )




Coe, B.A. and Zimmerman, Judy, 1981, Geothermal Opportunities at Four

Colorado Towns, Colorado Geological Survey Open-File Report 81-1,

and U.S. Department of Energy DOE/ID/12018-8, 60 p.

Hanny, J.A. and Lunis, B.C., 1981, Hydrothermal Commercialization Baseline

for State of Colorado, EG&G Idaho, Inc., Idaho Falls, ID.

Healy, F.C., 1980, Geothermal Potential in Chaffee County, Colorado,

Colorado Geological Survey Open-File Report 80-10, and U.S. Dept. of

Energy
DOE/ID/12018-5, 47 p.

___, 1980b, Midterm Report of the Colorado Geothermal Commercialization

Project, U.S. Dept. of Energy DOE/ID/12018-7, 19 p.

Pearl, R.H. and Coe, B.A., 1979, "Geothermal Energy Development in

Colorado,” in Regional Operations Research Program for Development of

Geothermal Energy in the Southwest United States: Final Technical

Report, June 1977 to August 1978, Appendix 7, U.S. Dept. of Energy,
Idaho Falls, ID.

2-21



MONTANA GEOTHERMAL COMMERCIALIZATION PROJECT
SEMIANNUAL PROGRESS REPORT
September 1980-January 1981

Prepared by:
Michael Chapman
Jeff Birkby

Energy Division
Montana Department of Natural Resources and Conservation
32 South Ewing

Helena, Montana 59620

Work Performed under Contract No. DE-FC07-791D12014
U.S. Department of Energy
Idaho Operations Office



1.0
2.0

3.0

CONTENTS

Purpose of Project ..ottt ittt it it 3-1
Task Description and Products ........cciiiiiiiinineannenrnnnnnns 3-1
2.1 Geothermal Prospect Identification .................. .. ..., 3-2
Site-Specific Development Plans ...........cciieiiineiiiiuiennnn 3-8




MONTANA GEOTHERMAL COMMERCIALIZATION PROJECT

SEMIANNUAL PROGRESS REPORT, JULY-DECEMBER 1980

1.0 PURPOSE OF PROJECT

Montanans' interest in developing geothermal energy ranges from total
indifference and ignorance to rabid fanaticism. Unfortunately, there are
too many potential users of geothermal energy in Montana who are unaware of
geothermal's value in reducing heating costs. This lack of information is
slowly being remedied by those directly involved in marketing geothermal
products (heat pump dealers, well drillers, engineering firms), as well as
by those involved in governmental programs, such as the Montana Geothermal

Commercialization Project.

2.0 TASK DESCRIPTION AND PRODUCTS

This midterm report describes the activities of the Montana Geothermal
Office during the period from September 1980 to January 1981, and is one in
a series of midterm reports submitted to the Department of Energy over the
last two years. The project's direction has changed since its inception,
advancing from producing energy scenarios and development plans to its cur-
rent tasks: providing direct technical aid to geothermal developers and
increasing public awareness of the uses of geothermal energy. Most of our
time 1s now spent in making presentations at energy fairs and conferences,
matching geothermal developers with appropriate technical aid, and helping

geothermal enterpreneurs obtain financial assistance.



The U.S. Department of Energy supplies approximately 88% of funding for

the project, with the balance of funding coming from the Montana Department

of Natural Resources and Conservation.

Michael Chapman served as Program Engineer until October 1980, when
Jeff Birkby left the project to return to graduate school. At that time,
Michael became Program Manager, and Gary Lippert was hired to work on

financial problems.

2.1 Geothermal Prospect Identification

2.1.1 Resource Identification

Several new geothermal wells have been drilled since our last report--
most notably the Bozeman Hot Springs and the Camp Aqua test wells. These
new wells are described in the site-specific development section of this
report. An updated version of the complete 1ist of geothermal resources
will be given in the next semiannual report. The locations of the sites
mentioﬁed in this report are shown in Figure 1. The present and planned

uses of Montana's hydrothermal resources are listed in Table 1.
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TABLE 1. PRESENT AND PLANNED USES OF MONTANA HYDROTHERMAL RESOURCES

Springs

Alhambra

Anaconda
Anderson's/McLeod
Anderson's Pasture
Apex

Avon

Bear Creek
Bearmouth
Beaverhead Rock
Bedford

Blue Joint 1 and 2

Boulder

Bozeman

Bridger Canyon

Broadwater

Brooks
Brown's

Camas

Carter Bridge

Uses

Hydronic space heating of a nursing home--
gravity feed-piping in concrete slab

Unused

Pool and spa

Irrigation

Irrigation

Planned solar/geothermal greenhouse
Unused

Unused

Irrigation

Irrigation

Unused--elk wallow on Forest Service land
Resort, pools, and plunges; prototype
greenhouse; planned aquaculture facility

[have raised mosquito fish (gambuzzia)]

Resort, pool, space heat in campground
facility building, warehouse, shop

Fish hatchery

Athletic club--pool, water-to-air space
heating. One house on site heated, also
another about 1/4 mile away. Expansion is
planned.

Irrigation

Planned irrigation (information uncertain)

Pool and spa--planned space heating for
school

Informal recreational use
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TABLE 1. PRESENT AND PLANNED USES OF MONTANA HYDROTHERMAL RESOURCES

(Continued)

Springs

Uses

Chico

Deer Lodge Prison
Durfee Creek
Elkhorn

Ennis

Gallogly
Garrison
Granite

Green Springs
Gregson
Greyson
Halvorson
Hunsaker

Hunter's

Jackson
LaDuke

Landusky 1 and 2
and Plunge

Little Warm Springs 1, 2,
and 3

Lodgepotle 1, 2, and 3
Lolo

Resort, pool--planned use with water source
heat pump to heat lodge

Unused

Irrigation and stock watering

Pool and cabins

Small natural flow but large potential;
numerous hot water wells; planned space or
district heating in town; planned ethanol
facility

Pool

Unused

Hotel, small pool

Unused

Large resort, pools

Irrigation(?)--other agricultural uses
Unknown

Agricultural use(?)

Presently unused--old resort with great
potential

Pool--locally used for space heating

Unused

Domestic use and stock watering

Domestic use, stock watering, irrigation
Irrigation

Resort, pools--space heat in locker rooms
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TABLE 1. PRESENT AND PLANNED USES OF MONTANA HYDROTHERMAL RESOURCES

(Continued)

Springs

Lovell's
McMenomy Ranch
New Biltmore
Nimrod

Norris
Pipestone
Plunkett's
Potosi 1, 2, and 3
Puller's
Quinn's

Renova

Silver Star

Sleeping Child
Sloan Cow C;mp
Staudenmeyer Ranch
Sun River

Toston

Trudeau

Vigilante

Warm Springs

Warner

West Fork Swimming Hole

Uses

Irrigation

Some agricultural use
Resort; pool and plunge; house heating
Informal recreation
Pool

Unused

Irrigation

Space heating of house
Unknown

Pool, whiripool

Unused

01d resort--pool, water-to-air space heating,
now closed; planned ethanol plant

Resort, pools

Bathing, stock watering
Irrigation

Pool--hike in
Irrigation

Informal recreation
Unused

Newly drilled well--planned space heat,
domestic hot water

Irrigation

Informal recreation
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TABLE 1. PRESENT AND PLANNED USES OF MONTANA HYDROTHERMAL RESOURCES

(Continued)

Springs

Uses

While Sulphur Springs

Wells

Campaqua
Lucas
Marysville
Ringling
Symes

Saco

Others

Hardin

Baker

Poplar

Space heated bank; space heated motel; pool;
planned water preheat for hospital laundry;
planned four-building heating system for
public buildings

Uses

Pools, baths, spa; planned ethanol facility
Unknown

Exploration well--now plugged

Informal recreation

Showers and bath at hotel

Pool

Uses

Unused--one well plugged by gypsum, others
plugged by oil companies

Planned district heating

Planned district heating




3.0 SITE SPECIFIC DEVELOPMENT PLANS

3.1 Camp Aqua Test Well :

Using money provided by the Montana Renewable Energy Grant Program,
the Resource Assessment Team drilled a 4-in. test well in the Little
Bitterroot Valley during the months of December and January. The test well
was located near the Camp Aqua health resort about 6 miles from the town of
Hot Springs in Sanders County. The resort was built on the site of a run-
away well drilled in the 30's, one fed by an artesian geothermal aquifer
that extends up and down the valley, and which is about 240 ft deep at the
site. The aquifer is a gravel bed of tertiary age and of excellent permea-
bility. Numerous local farmers use it for irrigation without pumping, and
through their cooperative efforts guard it against depletion. The unique-

ness of the resource makes it a potentially touchy subject.

The Little Bitterroot Valley is located to the west of Flathead Lake
in Sanders County. Its population density is extremely low, even for
Montana, and the local economy is based almost entirely on agriculture.
The town of Hot Springs is the only population center within thirty miles
of the drill site and is largely a retirement community, with a moderate
component of tourism atpracted to Camas Hot Springs. The hot springs
resort, incidentally, was closed down by the Flathead Indian tribe on
December 31, 1980, due to the high cost of heating the building with fuel

oil. The heating bills in part reflected the rising cost of fuel, but also
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the dilapidated condition of the boiler and heating system at the resort.
This closure seriously imperils the tourist trade in the area; several of
the large businesses are now doubtful as to whether they can survive in the

town.

The test well was scheduled to be drilled to examine the temperature
characteristics of the bedrock system underlying the gravel bed. As it
happened, the timing of the drilling coincided with later-stage feasibility
studies being conducted by Energy Engineering of Kalispell, a corporation
of local businessmen and engineers intent on building an 8 million gpy
ethanol and food product processing plant in the same location. Thus the
drilling could serve two purposes: extending the knowledge of the valley
system and providing the ethanol people with information concerning the

feasibility of using geothermal energy for process heat.

It was hoped that drilling through the gravel bed and into bedrock
would reveal an increasing temperature that might indicate the presence of
a major fault acting as a deep~strata conduit for the water. If the fault
could be found, then a new resource might be developed that would number
among the best in the state. As a side benefit, the food processing plant
could then expect to derive most or all of its process heat from this
resource, without disturbing the gravel bed. A tentative grant for $100,000
was awarded to the corporation for the development of a production well, if
the test drilling should indicate a high likelihood of finding increased

flow and temperature.



Unfortunately, the test well did not reveal such a resource. The

gravel bed was penetrated and cased over, and drilling proceeded into bed-
rock. However, the temperature of the bedrock remained stable from its
point of entry to its total depth of 1000 feet. Water temperature decreased
from 120 degrees F. to 110 degrees F at the bottom of the hole, probably due
to mixing with water migrating along bedding planes. This indicates that
the well site was not close to the postulated fault, and also that drilling

deeper would be unlikely to increase the temperature.

The test well is presently capped, and may some day provide a good
source for a low-temperature direct-use facility, such as greenhouse heat-
ing. Meanwhile, Energy Engineering intends to make use of the gravel bed
water and then to reinject it into the same stratum, in order not to disturb

the artesian conditions that now exist. L

From its start, the geothermal commercialization team has been involved
in the Camp Aqua project on several levels. In October 1979, a meeting was
held in Butte involving DOE, the University of Utah Research Institute
(UURI), the Resource Assessment Team, and the Renewable Energy Bureau to
discuss funding for expanded geophysical studies in selected Montana val-
leys, one of which was to be the Little Bitterroot. To fund the studies,
the Resource AssessmentnTeam was awarded $30,000 from the state. This

amount was supplemented by $240,000 from DOE.

In September 1980, the geothermal team was contacted by the engineering

staff of Energy Engineering of Kalispell concerning their plans for building
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a food processing plant to provide ethanol, chemicals, and animal feed, and
using geothermal energy for process heat, as previously described. Pursuant
to the contact, the corporation drafted the grant proposal to provide funds

for production drilling.

Despite the failure to locate the hotter resource that had been hoped
for, the ethanol facility with reinjection, and with careful attention to
cascading energy flow and reclamation, will still be able to get from one-

third to one-half of its heat from the geothermal water.

3.2 Bozeman Hot Springs

Bozeman Hot Springs is located ten miles west of the city of Bozeman
on Highway 191, which Teads south to Yellowstone National Park. The hot
springs area has always been tourist oriented, although this may change in
the near future as the city continues to grow towards the resort. The
recent discovery of a large geothermal resource at the hot springs site may
also prove decisive in shifting the past economic base. Both of these fac-
tors (the growth of the city and the discovery of a new resource) must
therefore be considered in assessing the economic condition of the resort

area.

The economic situation of Bozeman Hot Springs is closely tied to the

city of Bozeman. The key attraction of the resort has always been the
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recreational use of the hot spring for both the city and the tourist trade.

To date, the geothermal water is used to heat a swimming pool, to provide

slab heating for two buildings and a warehouse, and to do laundry.

The economy of the city of Bozeman is heavily dependent on Montana
State University, on tourism, and, increasingly, on industries serving both
of these. Unlike much of the rest of Montana, agriculture in the area is
not a major source of income; but like many other areas of the state,
Bozeman, over the last few years, has seen considerable immigration of
people 1eaving.more heavily populated areas of the east and west for the
relatively free and open country of the northwest. Thus, a combination of
factors has led to a 16% growth rate in the Bozeman area over the last 10
years. A considerable portion of this growth has taken place at the west
of town, near Bozeman Hot Springs. Several new housing tracts have sprung L
up in the immediate vicinity over the past three or four years, and new
growth is continuing. Enrollment in Montana State University is also

increasing, and surpassed the 11,000 mark for the spring quarter of 1981.

The future of tourism is in question due to the rfse in gasoline prices
and to the increase in interest rates, which affects the purchase price of
recreation equipment. Whether this slump in tourism is temporary or perma-
nent is unknown. Even jf out-of-state tourism should decrease, however,
there is the possibility that in-state tourism will increase, because

Montanans travel within their own borders rather than going out of state.
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With the discovery of a new resource at the site of the resort, a new
factor has entered calculations regarding the local economy. While the old
spring could supply the resort with hot water sufficient for heating the
pool and buildings, this new resource is greater by a factor of ten, thus
opening up new possibilities for direct application of geothermal energy in

the area.

The well completed at Bozeman Hot Springs in October 1980 tapped water
in Precambrian bedrock. The water's temperature was 120°F, and the artesian
flow measured about 1000 gpm. This discovery advanced Bozeman hot springs
into second place for the highest flow and temperature in the state, just
behind Hunter's Hot Springs, which flows at about 1500 gpm at 140°F. The
report submitted to the Renewable Energy Bureau by the spring owner is full

of information on the project and its history.

The geothermal commercialization team has been involved in the drilling
at the hot springs site since 1978, when the owner received a grant from the
state Renewable Energy Grants program to drill a test well. The present
well was drilled with remaining money from the original grant. Future
involvement is planned in the analysis of appropriate end uses for the
resource. Following the discovery of the new resource, the geothermal com-
mercialization team made site visits and has put the owner in contact with

a potential developer interested in geothermally heated commercial greenhouses.

To date, no action has been taken on end uses for the hot springs, and
it is hoped that a statewide geothermal meeting planned for the fall of 1981
can clarify some of the considerations involved in decisions about end use,

especially pricing the resource.
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An awareness of the cost effectiveness of geothermal energy substan-
tia]ly increased the number of public contacts. Barriers to geothermal .
development still exist, however. The current staggering interest rates,
high construction and drilling costs, and impending cuts in federal programs
that aid in geothermal development have combined to slow the actual con-
struction of geothermal projects. In spite of this pessimistic picture, it
appears that geothermal energy will continue to be cost effective in selec-
ted Montana locations, and as coal, oil, and gas prices rocket, geothermal
energy will become more and more important in reducing our state's dependence

on fossil fuel.

A final report has been prepared for the prefeasibility drilling of the
Bozeman Hot Springs. It was prepared by Charles Page, 133 Lower Rainbow

Road, Bozeman, Montana 59715, telephone 406/587-3030.
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NEW MEXICO GEOTHERMAL COMMERCIALIZATION PLANNING

SEMIANNUAL PROGRESS REPORT, JULY-DECEMBER 1980

1.0 INTRODUCTION

1.1 Purpose of Project

This project was developed as a mission-oriented program aimed at acceler-
ating the commercial application of geothermal resources. It provides the
Department of Energy, the State of New Mexico, and the private sector with
a technical and economic guide for commercialization direction and actual
implementation of development proposals. This was accomplished through the
marketing strategies of public outreach, brokerage functions, and miniengi-
neering evaluations of specific resources and appropriate direct-heat

applications.

1.2 Objectives

In this market planning effort of the state geothermal energy commer-
cialization, critical evaluation is made of the potential geothermal energy
use, the availability of geothermal energy, and prospective user needs and

applications.

In order to explore and assess all marketing possibilities for geo-
thermal commercialization, the New Mexico state team, in conjunction with

the New Mexico Energy Institute (NMEI), is investigating both onsite and



offsite energy consumers, with special emphasis on colocated users and the

appropriate site-specific direct-heat applications. This projeét mode has
provided a basis for promotional marketing activities aimed at specific
resource sites and potential users of geothermal energy and for concurrently
supporting potential or current end-users of geothermal energy with technical
assistance. This effort has inevitably provided good experience and greater

insight into the marketing needs and demands of the end-users.

1.3 State Geothermal Commercialization Team Members

George Scudella, Principal Investigator and Project Manager; Resources

Bureau Chief, Energy and Minerals Department, Santa Fe, NM

Roy Cunniff, State Geothermal Program Coordinator; Chief Engineer, NMSU .

Campus Project, Physical Science Laboratory, NMSU, Las Cruces, NM

Dr. Larry Icerman, NMEI Coordinator; Director of New Mexico Energy

Institute, Las Cruces, NM

Dennis Fedor, EMD Coordinator; Energy Consultant, New Mexico Energy and
Minerals Department, Geothermal Commercialization Office, NMSU, Las

Cruces, NM

Kay Hatton, Mining and Minerals Division Coordinator; Geologist, M & M

Division, Energy and Minerals Department, Santa Fe, NM




2.0 SPECIFIC TASK DESCRIPTIONS AND PRODUCTS

2.1 Geothermal Prospect Identification

The compilation and charting was made of the estimated geothermal energy
potentially available from the prospect areas and sites as a function between

e

now and the year 2020.

Figure 1 is a map showing the approximate outline of the geothermal
resources of the state. Tables 1 through 3 1ist areas and sites of geother-
mal prospects for both electric and direct thermal uses in the state of New

Mexico, as identified by various criteria.

In the first 1ist, the prospective sites and areas are broken down to
those that are (1) proven, (2) potential, and (3) inferred. The definitions

used are those recommended by Meyer (December 1978):

) Proven sites are those (1) which are in an advanced stage of
development or commercialization by a private company or by
government for specific applications or demonstrations, or (2)
those on which favorable quantitative data on the measured sub-

surface temperatures, volume, and water flows are available.
) Potential sites are those (1) on which there is exploraion or

development activity, or (2) for which some favorable quantitative

subsurface data have been estimated or measured.
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TABLE 1. NEW MEXICO IDENTIFIED GEOTHERMAL PROSPECTS

Proven Potential Inferred
Electric (150°C)
Baca Location Animas Closson

Kilbourne Hole
Radium Springs

San Diego Mountain

Direct Thermal (20°C to 150°C)

Animas

Faywood

Gila Hot Spring
Jemez Springs
Los Alturas
Ponce De Leon

Truth or Consequences

Albuguerque

Black Mtn.-W. Mesa
Cliff Area

Derry H.S.
Mesquite-Berino
Mimbres H.S.

0jo Caliente

Columbus Area
Guadalupe Area
Jemez Reservoir
Lordsburg

Lower Frisco Hot Spring

" Prewitt Area

Socorro
Southern Tularosa Basin

White Sands (Town)

Closson

Crown Point

E. San Augustin Plain
Fort Wingate

Garton Well

Jicarilla Apache Res.

Little Blue Mesa



TABLE 1. NEW MEXICO IDENTIFIED GEOTHERMAL PROSPECTS (Continued)

Proven Potential Inferred

Direct Thermal (20°C to 150°C) (Continued)

Radium Springs San Diego Mtn. Mamby's H.S.
San Ysidro Mancisco Mesa
Socorro Montezuma H.S.
Turkey Creek H.S. Southern Tularosa Basin
Upper Frisco H.S. Tohatchi

Source: Swanburg, C., 1980
PSL/NMEI, 1980

) Inferred sites or areas are those identified by (1) surface mani-
festations such as wells or springs, (2) chemical thermometry, or

(3) proximity to potential or proven sites. i

2.2 Area Development Plans

2.2.1 State Geothermal Planning Areas

The New Mexico State Team has defined one substate geographical area
in which the development and use of gecthermal energy prospects are likely

between now and the year 2020.

The first-priority target areas for area development planning are
centered on the Rio Grande River Valley throughout its entire length within

the state.
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TABLE 2. STATE OF NEW MEXICO PROVEN AND POTENTIAL RESOURCES FOR DIRECT THERMAL APPLICATIONS

Estimated Power(MWe)

Latitude & Temperature (°C) Estimateg
Site Longitude Surface Subsurface Volume (km~)

Albuguerque 35° 05 27 30 3.0
106° 45'

Faywood H.S. 32° 33! 54 1.0
108° 00'

Gila H.S. 33° 12 68 125
108° 12!

Jemez Springs 35° 47! 73 103 3.0
106° 4!

Los Alturas 32° 16" 55 120 3.0
106° 42'

0jo Caliente 36° 18' 45 122-161 3.3
106° 58'

Radium Springs 32° 30 30-85 130-198 3.3
106° 58

San Diego 35° 37! 52

San Ysidro 35° 30 50 80 1.0
106° 40'

Socorro 34° 2! 33 35 3.0
106° 56'

Truth or 33° 9! 36-46 100 1.0

Consequences 107° 15*
Animas 32° 85' 102 144 3.0

Source: PSL/NMEI Data

File, 1980

Proven Potential
0.0206
0.0269
.0359
0 0.0834

Inferred

0.0449

0.6150

0.5635

0.0368
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TABLE 3. STATE OF NEW MEXICO PROVEN AND POTENTIAL ELECTRIC APPLICATIONS

Latitude & Temperature (°C) Estimated Estimated Power (MWe)

- Site - Long itude Surface Subsurface Volume (km3) Proven Potential Inferred
Animas 32° 85! 102 170 3.3 5 20
(Lightning Dock) 108° 50'

Baca Location 35° 54 260-315 125.00 50 350 1942
106° 32'

Kilbourne Hole 31° 57¢ 45-83 155 3.50 5 25
106° 58'

Radium Springs 32° 30 30-85 93-130 3.3 5 30
107° 58’

San Diego Mtn 125 1.00 . _5 20

50 370 2037

Source: PSL/NMEI Data File, 1980




2.2.2 Specific Area Development Plan: Dona Ana County

Dona Ana County (see Figure 1) is one of the fastest growing areas in
the state. The total county population is about 80,000, and the Las Cfuces
SMSA stands at about 51,000. Both the expanding industrial and governmental
sectors are contributing to a robust economy in the county. Dona Ana County
has the second largest geothermal heat potential in the state (the Baca
location is largest), and therefore it is emerging as the first area of
intense study and planning activity accomplished through private and govern-
ment entities. The strong local interest and community leadership shown for
the economic use of geothermal energy and the adjacent overflowing economic
growth pattern of E1 Paso, Texas provided the basis of selection for the
area development plan. A number of research investigations of the geother-
mal potential here have been conducted. There are two known geothermal
resource area's (KGRAs) in the county: Radium Springs and Kilbourne Hole.
The Kilbourne Hole KGRA, located next to the U.S.-Mexico border, has

potential electrical generation capacity.

The Dona Ana Area Development Plan involves first the investigation of
the area characteristics such as geography, population, economy, and the
attitudes of the residents. Second, the energy demands of the area, both
current and projected, are considered according to the Standard Industrial
Code and fuel types. Third, the current and future geothermal energy
development is described. A possible schedule of activites has been esti-
mated. It should be kept in mind, however, that actual development is

entirely dependent on the actions of the entrepreneurs.
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In addition to the two KGRAs, the county has numerous hot water wells

and hot springs. The geothermal potential, including all sites, is 0.9899

quad Btu's for 30 years for direct thermal use.
Most large-scale greenhouse operations can easily be converted to take
advantage of heat from geothermal water, depending on the resource and its

location.

2.3 Site-Specific Development Plans

2.3.1 Candidate Geothermal Sites

Y

The specific resource sites and energy applications (residential, com-
mercial, industrial, and agribusiness) that are candidates for site specific o)

development plans (SSDPs) are identified and briefly described below.

Animas/Lightning Dock

Current application: Space-heating of one house. Two geother-
mally heated greenhouses with a total of
130,000 ftz. Geothermal irrigation and

soil warming system for fruit orchard.
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Anticipated application:

Resource data:

Estimated reservoir size:

Los Alturas

Current applications:

Anticipated application:

Resource data:

Estimated reservoir size:

Additional 500,000 square feet area of
geothermally heated greenhouse. Site of
DOE's 1979 AET grant in Region 6 of
$20,000 to Tom McCants.

Surface temperature 102°C

Subsurface temperature  144°C

3.3 km

Space-heating of home for the President
of New Mexico State University (NMSU),
and source of domestic water supply for

Los Altras subdivision.

Space~heating: Sandyland greenhouse,
New Mexico State University campus, land

development subdivision district heating.

Surface temperature 48°C
Subsurface temperaute 120°C
6.0 k3

4-11



Truth or Consequences

Current applications:

Anticipated application:

Resource data:

Estimated reservoir size:

Albuquerque

Current applications:

Projected applications:

Several resort spas, bathhouses and
pools, spaceheating of Yucca Lodge.
Preheated boiler feedwater and hot water
supply for Carrie Tingley Hospital, plus

the geothermal therapeutic pools.

Spaceheating of senior citizens center,
Yucca Gardens condominium building

complex, and commercial buildings

Surface temperature 45°C

Subsurface temperature  100°C

1.0 km

Heat pump spaceheating of nine-story

office building (Sandia Savings)

Large user spaceheating: West Mesa Air-
port, West Mesa High School, University
of Albuguerque campus preheat boiler

system, district heating of future sub-

divisions on the West Mesa
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. Resource data: Surface temperature 27°C

Subsurface temperature N/A

Estimated reservoir size: 3.0 km3

Jemez Springs

Current application: Bathhouse, greenhouse spaceheating

Projected application: Spaceheating of village municipal
buildings

Resource data: Surface temperature 73°C

. Subsurface temperature  103°C

Estimated reservoir size: 3.3 km3

2.4 Time-Phased Project Plan

2.4.1 Active Demonstration/Commercialization Projects

There are nine geothermal developments in the state that are currently
active demonstration and commercialization projects. All of these projects

are considered to be candidates for the time-phased project plans.
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Of those projects, six are demonstration projects that were initiated ‘
by the New Mexico Energy and Minerals Department and cost-shared with federal
and private funding sources. These demonstration projects include the

following:

1. Carrie Tingley Hospital at the City of Truth or Consequences.

The geothermally preheated hot water system was designed and
installed and is operated by the BDM Corp. The project uses an
old active well system that provides natural hot water for the
hospital's two therapeutic pools. The project started on March 1,
1980 and began operations with a ribbon-cutting ceremony on
September 18, 1980. The system is being monitored and will be
evaluated until June 1981. The system is equipped to handle
170,350 liters of continuously pumped well water (43°C) that

contains a useful heat content of 12,000 Btu/min.

2. University President's House, University Center, NMSU, Las

Cruces. This is a space-heating project for the residence. A
well has been drilled into the Los Alturas Geothermal Anomaly,
which underlies the residence. The space-heating system uses
50°C water from a depth of 137 meters (450 ft) at a flow rate of
64.3 1/min. The project started June 28, 1979; construction was
completed in September 1980, and the residence was occupied in
December, 1980. The monitoring and reporting will continue until

June 1981.
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Solar-Assisted Geothermal Greenhouse, Faywood Hot Springs. The

resource is the Faywood Hot Springs, 48.3 km (30 miles) southeast
of Bayard, New Mexico, the springs flow at 132.51 1/min and

57°C (125°F). The objective is to construct and operate the geo-
thermal greenhouse using runoff water from the hot spring to pro-
duce native plants for waste tailings reclamation projects by
Kennecott Copper Corporation. This development is being con-
structed and operated by handicapped labor from the Southwest
Services for Handicapped Children and Adults. This service
organization owns the greenhouse. This project was started on

June 18, 1979 and is nearly completed (Summer 1981).

City of Truth or Consequences Senior Citizens Center. This is a

retrofit space-heating project that will tap the underlying arte-
sian thermal water basin under the city. The well water tempera-
ture in the area averages 43°C. The geothermal water will be
pumped from a 154 meter (or less) well which is being drilled on
city property. This well will be connected to the city's Senior
Citizens Center to supply up to 100,000 Btu/hr during peak demand
period. The complete design, installation, and monitoring of the
spaceheating system was completed by February 1981. The project

was started on June 28, 1979 and will terminate December 31, 1981.

Solar-Assisted Geothermal Greenhouse, Taos. The resource is the

Ponce de Leon Hot Springs near Ranchos de Taos. The springs dis-
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charge 1,305,977 1/day at 35°C at an elevation of about 2,256 m.
The project will analyze and determine the use of a geothermal
heat recovery system to provide thermal energy for greenhouse
spaceheating (for 5,574 m2) for growing cash crops and for other
commercial processes. This project uses technology transfer from
power plant waste heat recovery and is conducted by Solar America,
Inc. of Albuquerque. The project began May 22, 1979 and was dedi-

cated at a ribbon-cutting ceremony on October 28, 1980.

6. L'eggs Products, Inc., Mesilla Park. This project evaluated the

resource potential and the engineering required for bringing geo-

thermal energy on line for industrial process at the hosiery manu-

facturing plant. A 1,800 ft test well was drilled on the plant

site on May 12, 1980. No appropriate resource was found, but a .
warm bottom hole temperature of 32°C was encountered. It was

determined from a series of economic and engineering tests that

the development of a deep resource would not be economically

suitable for the company's requirement and needs.
With the exception of some aged hot spring resort spas, most private
business enterprises using geothermal energy in the state started in the

1960's. The most significant developments are listed here:

1. Baca Location Geothermal Power Plant Demonstration Program, Jemez

Mountains. The resources of the project area inside the Valles
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Caldera include both a 1iquid and a vapor-dominated reservoir.
The major, liquid-dominated reservoir is overpressured and con-

12 kg of fluid in place. The average

tains a calculated 1.8 x 10
reservoir fluid temperature is in excess of 260°C. The main pro-
duction and injection zone is the lower Bandelier Tuff; the upper
Bandelier forms the caprock. Since the first geothermal well was
acquired in 1963, Union Geothermal of New Mexico has drilled 23
wells, and probably 10 to 15 more wells may be needed for the
proposed 50 MWe plant. Final approval of the environmental impact
statement was made in May of 1980. Authorization for construction
is still pending from the Public Service Commission, and addi-

tional water rights need to be granted from the State Engineer's

Office before construction can begin.

The Animas Valley Geothermal Greenhouses. The operators are Tom

McCants and Dale Burgett. Two hothouse operations are described
together because of the same underlying resource and because of
identical characteristics, energy-use applications, and geothermal

energy-requirements.

The resource is the "Animas hotspot," a very shallow anomalous
aquifer, where abundant water of 102°C (215°F) is obtained at
depths of less than 29 meters. The thermal anomaly has no surface
manifestations and it is very geophysically conspicious in a

1 square mile section. This apparently is a fault-controlled

feature adjoining a sediment-filled basin.
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The two greenhouse operations overlying the thermal anomaly use
3600 Btu/min and 1700 Btu/min with no thermal drawdown. The
thermal capacity is used for the production of various high-priced

floral plants, particularly roses.

3. Geothermal Heat Pump System of Sandia Savings Building,

Albuquerque. Two aquifers, 90 ft and 270 ft deep, supply cool

and warm waters according to seasonal demand. Two wells are

involved in this operation: the shallow well supplies cool water

with a temperature range from 17°C to 21°C (60° to 70°F); the

deeper well supplies warm water at 26° to 27°C. The water is

withdrawn from either the cool or warm well, depending on the

season, and injected into the other well. A heat exchanger and

three 100 horsepower compressors are used to boost or lower the .
water temperatures for winter heating or summer cooling. Heating

requires 2,518,000 Btu/hr and cooling requires 3,467,182 Btu/hr.

2.5 State Aggregation of Prospective Geothermal Utilization

Table 4 shows the estimates of the total geothermal energy on-line for

the planning area as a function of time.
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TABLE 4. POSSIBLE ECONOMICAL GEOTHERMAL ENERGY ON LINE (1012 Btu)

Area
Dev.
Plan 1985 1990 2000 2020
#1 2.47 8.09 23.0 48.7
2 0 0 0.77 0.81
3 1.87 5.37 13.13 26.1
4 0.72 1.79 2.47 3.22
5 0 0.89 4.43 6.99
6 0 0 0 0
7 0.65 4.38 11.40 23.2
8 0 0 0 0
Area
Dev.
Plan Area
1. Dona Ana County
2. Albuguerque Area--Bernalillo, Torrance, and Cibola
3. Los Alamos, Rio Arriba, Sandoval, Santa Fe, and Taos
4. Sierra and Socorro
5. Catron, Grant, Hidalgo, and Luna
6. Chaves, Eddy, Lea, Lincoln, and Otero
7. McKinley, San Juan, and Valencia
8. A1l northeastern counties

Source: PSL/NMEI

4-19



2.6 Institutional Analysis

2.6.1 Overview of State Legislation

Legislation regarding regulatory conflicts, geothermal leasing, and
district heating authority was not feasible during the 1980 legislative
session due to the administration's reluctance to put substantive issues on

the call.

It is possible that some difficulties in the relationship between
appropriative rights and correlative rights for geothermal resources may

potentially be resolved through administrative action.

At any rate, district heating legislation and amendments to state geo- "
thermal leasing policies may not be examined any further until the 1982

session.

Through a review of state statutes, the assistance of the state engi-
neer's office and the NUSL, and extensive discussions and correspondence
with Steve Reynolds and D. E. Gray, who have been extremely receptive and

helpful, the following findings resulted.

0 In declared groundwater basins, conflicts between appropriative
rights and correlative rights for geothermal resources may poten-

tially be resolved administratively. In the State Engineer's
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view, this may be achieved through conditions placed on geothermal
fluid appropriations for which prior rights protection vis-a-vis

other geothermal appropriators is waived.

0 The State Engineer's jurisdiction does not extend outside of
declared groundwater basins. The appropriative rights/correlative
rights conflict therefore cannot be resolved in these areas by
means of conditions on geothermal appropriations. Legislation to

resolve the conflict in these areas may be warranted.

0 According to certain statutory provisions (72-12-25 NMSA (1978)),
"nonpotable" water at depths of 2500 feet or more is exempt from
declared basins. Although the State Engineer questions the force
of this provision, it may remove most hindrances to development
of deep sources. Geothermal development is clouded by this pro-

vision in the statute, and it deserves legislative review.

Only one legislative item was enacted in the 1981 session that is
important in promoting geothermal energy in New Mexico. An appropriation
called Chapter 134 of Laws 1980, Section 2, was enacted to provide $600,000
of state funds for the purpose of funding geothermal drilling and geothermal
demonstration projectstl The stipulation is made that awards be made only

on the basis of equally matching funds from private or federal sources.
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2.7 Public Outreach Program

The goal of this program is to increase awareness and acceptance of
geothermal energy and to promote the use of geothermal resources by indus-
try, commerce, agriculture, and government. This program is designed to
expedite the direct applications of geothermal energy by (1) identifying
geothermal application concepts; (2) identifying potential resource end-
users; (3) identifying potential funding for end-users serving a broker
function between end-users, government, and private developers; and (4) pro-

viding engineering and technical assistance to potential end-users.

2.7.1 OQOutreach Mechanisms

The New Mexico Outreach Program is oriented primarily to assisting
selected potential end-users who were identified either in the early plan-
ning work of the state's O/R geothermal energy development or through the
completed marketing analysis, referred to as the "New Mexico Assessment of
the market potential of Geothermal Energy." These potential end~users were
selected on the basis of their energy consumption, need for an alternative
source of energy supply, energy-use planning attitude, and enthusiasm. More
technical assistance requests were generated through this marketing survey
project than through all of the other outreach mechanisms combined. Each
case is handled with individual meetings to define the problems, goals, and
needs, and then the meetings are usually followed up with small economic and
engineering studies. A literature search of technical equipment is sometimes
made, or information of various types on consultants may be supplied according

to the requestor's needs.
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The other outreach mechanisms are:

(o]

State EMD Research and Development Program

0 DOE Region 6 Appropriate Energy Technology Small-Grants Program

) State Geothermal Demonstration Program

0 Energy Extension Service

) New Mexico Energy Institute

The New Mexico R&D program has spent approximately $1.17 million for
geothermal research and development. Geophysical and engineering projects
have been funded by R&D funds, and this source of funding has generated
numberous contacts and projects in New Mexico.

The geothermal team reviews geothermal proposals, makes staff recom-

mendations to the R&D Review Board, monitors funded projects, and transfers

the technology developed under R&D to the citizens of New Mexico.
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The appropriate energy technology small-grants program is another area
where the state team has provided help through information dissemination on
the program and its application procedures. Critical review and recommenda-
tions were provided to the NM Energy and Mineral Department--the participating

agency for DOE in this state.

In 1979, New Mexico awarded $200,000 to six contractors for geothermal
space heating demonstrations. These demonstration projects are New Mexico's
way of leading by example, and they are our announcement that New Mexico has

viable geothermal resources that can be developed now.

Demonstration monitoring is continuing on the construction, operation,
and evaluation of the six projects, and eventually the information and
experience will be transferred to the public and to potential developers.
The demonstrations also offer the monitor the opportunity to assist
developers in administrative and permit procedures, thereby gaining practi-

cal experience that will be useful to future developers.

The geothermal team has worked with the Energy Extension Service to
transfer to the public updated information and materials on goethermal
energy relating to resource availability, space heating, agricultural

applications, industrial uses, and commercial applications.
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2.7.2 Summary of Contact and Results

A1l of the contacts made this past year are summarized and briefly
described in Appendix A-5, "The Complete List of New Mexico Consultants,

Resource Developers, Private Users and Suppliers."

2.7.3 Overall Prospectus for Future Geothermal Activity

The New Mexico Geothermal Demonstration Program has successfully raised
the profile of the viability of geothermal energy as an alternative energy
resource. New Mexico now finds itself in a position of not only having six
active demonstrations but also having an intense interest in geothermal

energy shown by a broad spectrum of our community.

Greatest interest in geothermal development is being shown in Dona Ana
County in the southern part of the state. The county is the home of
New Mexico State University, which has been actively drilling for geothermal
energy on campus. The university has successfully completed several wells
and obtained state and DOE financial assistance for campus domestic hot

water heating.

EMD personnel havevbeen working with community leders in Dona Ana
County to identify potential users. Initial information has furnished
prospects in the areas of space heating for a retirement center and green-
house operations, process heat for a pet food processor, .and geothermal

application for a dairy.
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Finally, the West Mesa area, Albuquerque, has become the focal point
of geothermal exploration. The West Mesa area is the center of new growth
in Albuquerque, and geothermal applications may have a viable future. Plans

for further exploration in this area are being developed.

A1l in all, New Mexico's geothermal future continues to be bright and
its activity is increasing. The EMD is taking a very active role in geo-
thermal R&D, demonstration, outreach, and commercialization, and this effort

should expedite development.
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3.0 SUMMARY OF MAJOR FINDINGS AND RECOMMENDATIONS
The following are the State Team's findings and recommendations:

1. Outreach effort has increased substantially and has raised the

geothermal profile.

2. New Mexico's Research and Development fund has had a substantial

impact on geothermal development and outreach.

3. New Mexico's Geothermal Demonstration Program has provided the
biggest boost to geothermal development, and the $200,000 appro-
priation has been developed into six projects valued at more than
$500,000. The new $600,000 appropriation has generated one pro-

ject, and more are expected in the near future.

4. Specially trained and experienced geothermal peréonne] should be
made available to the states for 30 to 90 days to assist the
states in organizing and fine tuning their operations. Examples:
resource planning, well drilling, contracting, electrical

generation, and space heating engineering.

5. State and Federal agencies have to realize that loan guarantees

address a symptom, not the illness. Major technical efforts must
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be made to reduce geothermal risks by improving the technology,

especially technologies associated with exploration, well dril-
1ing, and reservoir identification. Prime emphasis must be placed
on reducing or eliminating the huge risk associated with "first
holes." This program must have provision for many initial wells,

and have maximum access by small- and medium-size energy users.
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TABLE A-1

TOTAL ACREAGES OF GEOTHERMAL LEASES - NEW MEXICO

Federal Leases

Total Acreages of Competitive Lease in KGRA's: 87,540
(51 Leases)

Total Acreages of Non-competitive Leases: 138,170

(72 Leases)

State Leases

Total Acreages of State Leases: 45,663
(111 Leases)

TOTAL OF ALL ACREAGES LEASED 271,373
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TABLE A-2

FEDERAL ACTIVE COMPETITIVE GEOTHERMAL LEASES - NEW MEXICO

e e e o e - = — I, [ e e [ .

SIZE, ACRES & DATE [SSUED & ’

COUNTY & LESSEE (NO. OF LEASES) KGRA/LOCATION (COST/ACRE)
DONA_ANA
Aminoil USA, 1,235.45 (1) Radium Springs, KGRA, 02/01/78 (58.29)
Inc. T21S, RIW
Anadarko Production 18,476.45 (9) Kilbourne Hole, KGRA, 07/01/75 ($10.06-
T27 & 285, RIW ($30.50 & $10.63)
Chevron USA 2,198.48 (3) Radium Springs, KGRA, 12/01/77 & 12/01/78
T21S, R1W ($30.50 & $10.63)
N.K. Hunt 360.00 (2) Radium Springs, KGRA, 12/01/78 (556.00)
T21S, RIW
HIDALGO
Amax Exploration 6,580.43 (3) Lightning Dock, KGRA, Various ($3.13, '
T25S, R19 & 20W $8.11 and $13.07)
Aninoil USA, Iuc. 1,271.64 (1) Lightning Dock, KGRA, 01/01/77 ($1.99) -
T25S, R19W
J.E. Blakenship 1,235.72 (3) Lightning Dock, KGRA, 01/01/77 ($1.99)
T25S, R19W
Earth Power Corp. 5,060.12  (2) Lightning Dock, KGRA 10/01/76 &
T24 & 25S, R19 & 20W 12/01/78
Phillips Petroleum 2,898.37 (2) Lightning Dock, KGRA 10/01/76 ($3.38
Co. T25S, R19W & $5.23)
RIO_ARRIBA
Amax Exploration 6,183.45 (4) Baca Location No. 1 08/01/77 & 12/01/77
KGRA, T21N, R3 & 4E (85.67 & $5.31)
SANDOVAL
Amax Exploration 3,870.84 (2) Baca Location No. 1 08/01/77 (585.67)
KGRA, T18N, R3 & 4E
e e e i e _—— - - ’
Sources: Bureau of Land Management Hatton, Kay, 1980 A
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TABLE A-3

FEDERAL ACTIVE NON-COMPETITIVE GROTHERMAL LEASES - NEW MEXICO

COUNTY & LESSEE

SIZE, ACRES &

(NO. OF LEASES)

LOCATION

DATE
ISSUED

DONA ANA

Mary Antweil
Chevron USA Inc.
J.F. Grimm

C.L. Hunt

Nancy B. Hunt
Nelson B. Hunt
N.K. Hunt
M.W. Sands

Ramona Sands

H.W. Schoellkopt, Jr.
Southland Royalty Co.

H1DALGO

Chevron USA, Inc.

Earth Power Corp.

1,365.44 (1)
2,522.17 (2)
9,568.61 (5)
13,730.68 (6)

1,280.00 (1)
15,536.00 (7)
8,306.94 (&)
2,440.00 (1)
4,307.79 (3)
9,636.92 (3)
14,263.29 (7)

5,814.13 (4)

533.68 (1)

T19S, R2W

T20 & 21S, RIE & 1W
T25 & 26S, RIE
T27S, R1 & 2W &
T20S & 21S, R1W

T28S, R2W
T26S, R1 & 2W
T29S, R1 & 2W

T20S R1W

T20 & 21S, RIW

T17 & 285, R2W
T19, 20 & 21S, RIE,

T26S, R20W

T26S, R19W

03/19/79
06/29/79
06/11/75
05/29/75 &
06/26/79 &
01/25/80
05/29/79
05/29/79
05/29/79
04/27/79
04/27/79
05/29/75
06/15/79

09/11/79 &
11/01/79
12/28/76
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TABLE A-3 (Cont'd)

FEDERAL ACTIVE NON-COMPETITIVE GEOTHERMAL LEASES - NEW MEXICO

SIZE, ACRES &

DATE

COUNTY & LESSEE (NO. OF LEASES) LOCATION ISSUED

HIDALGO (cont'd)

Sun 0il Company 1,280.00 (1) T255, R20W 10/24/79

Thermal Resources, Inc. 1,320.00 (2) T25S, R19W 07/07/77

U.S. Geothermal Corp. 2,954.57 (2) T25 & 265, R19 & 20W 05/29/75

SANDOVAL

Occidental Geothermal, 2,817.95 (4) T15N, R1 & 2E 07/07/77 &
Inc. 06/21/79

Sunoco Energy Dev. Co. 1,542.32 (2) TISN, R3 & 4W 08/19/77

S IERRA

Fluid Energy Corp. 12,182.93  (5)
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TABLE A-4

STATE LEASES - NEW MEXICO

COUNTY & LESSEE

SIZE, ACRES &
(NO. OF LEASES)

DONA ANA
Chevron

Energetic Corp.

GRANT

Aminoil USA

Supron Energy Corp.

Amax Exploration

Aminoil USA

SANDOVAL
Cherokee & Pittsburg Mining
E.E. Fogelson

SOCORRO
Arco

J.W. Covello °
J.M. Kelly

Gulf O1l Corp.

639.

640.

4,695.

3,868.

8,176.

11,078.

4,433,

1,280

5,437.

640.
2,624,
2,150.

36 (1)
00 (1)
63 (18)
90 (18)
00  (19)
55 (25)
19 (7)
.00 (2)
00 (10)
00 (1)
27 (5)
56 (4)

DATE
ISSUED

08/14/79

07/19/79

08/08/79 &
03/12/75

03/12/75

07/10/79 &
07/19/79

08/03/79 &
03/12/75

03/12/75
03/12/75

07/19/79
03/12/175
03/12/75
03/12/75

Source: New Mexico State‘tand Office
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(A-5)
THE COMPLETE NEW MEXICO LIST OF GEOTHERMAL ENERGY

CONSULTANTS, RESOURCE DEVELOPERS, PRIVATE
USERS AND SUPPLIERS

April, 1981

Prepared by:

Dennis Fedor

New Mexico Energy and Minerals Department

Santa Fe, NM

Geothermal Commercialization Office

Las Cruces, NM

Work performed under Contract No. DE-FC07-791D12017
Mod. No. AQ001

U.S. Department of Energy
Idaho Operations Office
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New Mexico Geothermal Commercialization Interest

CONSULTANTS/CONSULTING FIRMS

Name Phone Remarks/Expertise
Abernathy, George (505) 646-2021 ¢ Private Consultant
Director, Agricultural Engineering on geothermal greenhouses
Department, NMSU
P.0. Box 3268
Las Cruces, New Mexico 88003
American Ground-water Hydrolo (505) 345-9505 e Geothermal exploration
gists & geothermal resource
Contact: Dr. William Turner suitability surveys
2300 Candelaria Road, NW
Albuquerque, NM 87107
G.A. Baca and Assoc., Ltd. (505) 983-2594 e Complete system design
330 Garfield St.
Suite 207
Santa Fe, New Mexico 87501
BDM Corporation (505) 848-5302 e Project design engineer-
Contact: Mr. Arthur J. Mansure ing and management
1801 Randolph S.E. e Designed system for
Albuquerque, NM 87106 Carrie Tingley Hosp.
e Engineers & scientific
planning services.
Bridgers & Paxton Consulting (505) 265-8577 e Heat pump specialists
Engineers, Inc. e Designed systems for
Contact: Mr. Frank H. Bridges Albq. Sandia Savings
213 Truman Street, NE Bldg and Salt Lake City
Albuquerque, NM 87108 LDS Bldg
Campbell, Mr. Doc (505) 534~9340 e A private user with
Route 11 40 years experience
Gila Hot Springs in materials and sys-
Silver City, New Mexico 88061 tem use of hot springs
water at Gila H.S.
Chaturvedi, Dr. Lokesh (505) 646-3233 e Geothermal hydrologist
P.0. Box 3CE
NMSU
Las Cruces, New Mexico 88003
Chemical Engineer Associates (505) 526-3221

Contact: Mr. Harold M. Belkin
221 W. Griggs
Las Cruces, NM 88001
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CONSULTANTS/CONSULTING FIRMS (Cont'd.)

Name Phone Remarks/Expertise
CH2M Hill Engineers (303) 771-0900 e Engineers, planners,
o Mr. Bob Dart economists & scientists

P.0O. Box 22508
Denver, CO 80222

o Mr. John Austin (208) 345-5310 e Consultant on Boise
Box 8748 , Idaho District
Boise, Idaho 83707 Heating Project

o 3620 Wyoming Blvd NE (505) 292-1262

Albuquerque, New Mexico

Coonce, C. A. & Associates (505) 296-1089 e Water system engineers
Contact: Mr. Pat Coonce

12324 Pineridge, Ne

Albuquerque, NM 87112

Coupland and Moran Associates (505) 296-5573 e Electrical &

Contact: Mr. Dan Romero mechanical engineering
Electrical Engineer

200 Altez, SE

Albuquerque, MM 87123

Cunniff, Mr. Roy (505) 522-9349 e Private Consultant
State Geothermal Prog. Coordinator e PI on NMSU campus
Physical Science Laboratory space-heating project
Box 3-PSL e Technical Advisor for
NMSU all state demonstra-
Las Cruces, New Mexico 88003 tion projects

DuMars, Charles Dr. (505) 877-7444 e Law practice in
College of Law - UNM water and mineral
1117 Stanford, N.E. resources

Albuquerque, New Mexico 87131

EG & G, Inc. (505) 898-8000
9733 Coors Blvd, NW
Albuquerque, New Mexico

Energetics Corporation (214) 783-4731
Contact: Mr. L. Dale Clark, Pres.

833 E. Arapaho Road, Suite 202

Richardson, Texas 75081

Energy Resources Exploration, (505) 2966226 e Geologist
Incorporated

Contact: Mr. Bob Grant

9720 Candelaria, NE

Suite D

Albuquerque, NM 87112
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CONSULTANTS/CONSULTING FIRMS (Cont'd)

Name Phone Remarks/Expertise

Gebhard Thomas Mr. (512) 4535577 e Planning & feasibility
Private Consulting Engineer studies
5819 Westmont Drive
Austin, Texas 78731
GeoProducts Corporation (415) 893-8365 A resource developer
Contact: Mr. Kenneth Boren, Pres using hybrid concepts
Oakland, California 94612 with biomass.
GeoThermal Services, Inc, (714) 566-4520 Heatflow and pradient
Contact: Mr. Barry Williams, hole drilling

Project Supervisor High temperature geo-
10072 Willow Creek Road physical logging
San Diego, California 92131 Geothermal consulting
Goodrich, Mr. James L. (505) 522-7633 Long-range feasi-
Goodrich - Bartlett & Associates bility study
1105 Gardner Advanced Planning-
Las Cruces, New Mexico 88001 Feasibility~Coordi-

nation Consultant

Gruy Federal, Inc. (702) 892-2700 Project management of
Contact: Mr. Alan Lohse, Exec. VP drilling & testing of

Mr. Paul O'Conmor, wells.

Tech. Mktg. Rep.
2001 Jefferson Davis Hwy,
Suite 701
Arlington, Virginia 22202
Intermountain Sciences (505) 524-0363 Geothermal specialists
Contact: Mr. Keith E. Brown Complete system design
Rt. 2 Box 210
Las Cruces, New Mexico 88001
Richard L. Lohse (505) 646-1745 Private consultant
Geothermal Field Engineer Geophysicist specializing
New Mexico Energy Institute in geothermal exploration
P.0. Box 3EIL and reservoir assessment
Las Cruces, New Mexico 88003
Los Alamos Technical Assoc., Inc. (505) 662-9080

Contact: Mr. Phil Reinig

P.0. Box 410

1650 Trinity Drive

Los Alamos, New Mexico 87544
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CONSULTANTS/CONSULTING FIRMS (Cont'd)

Name

Phone

Remarks/Expertise

Mancini, Dr. Thomas
Mechanical Engr. Dept.

P.0. Box 3450

NMSU

Las Cruces, New Mexico 88003

R&D Associates

6400 Uptown Blvd., NE

Suite 398-W

Albuquerque, New Mexico 87110

Republic Geothermal, Inc.

~ Contact: Mr. Gerald Huttrer,

Mgr. Exploration
P.0. Box 3388
Santa Fe Springs, CA 90670

Shain, Joe Engineers
1519 Pacheco
Santa Fe, New Mexico 87501

Solar America, Inc.

Contact: Mr. David Chavez
2620 San Mateo, NE
Albuquerque, New Mexico 87110

Summers, W.K. & Associates, Inc.

Contact: Mr. W.K. Summers
President & Senior Geologist
P.0. Box 684, 904 Cuba SE
Socorro, New Mexico 87801

Swanberg, Dr. Chandler A.
Physics Department

P.0. Box 3D

New Mexico State University
Las Cruces, New Mexico 838003

Application Center

Contact: Mr. Jerry Yowell
2500 Central Avenue, SE
Albuquerque, New Mexico 87131
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(505)

(505)

(213)

(505)

(505)

(505)

(505)

(505)

646-2223

881~0991

945-3661

983-1297

883-0959

835-2095

646-1920

277-3622

e Principal investigator
for the T or C
Senior Citizens' Center

e Project design,
engineering and
management for
geothermal greenhouses

e Conducted study on
Gila geothermal
energy potential

e Hydrology & geology

e Conducted state energy
consumption study for
New Mexico




CONSULTANTS/CONSULTING FIRMS (Cont'd)

Name

Phone

Remarks/Exper tise

WESTEC Services, Inc.

Contact: Mr. Peter Sherwood,
Regional Manager

505 Marquette Avenue, NW

Suite 1500

Albuquerque, New Mexico 87102

Western Energy Planners, Ltd.
Contact: Mr. Jerry Tuttle

11000 Candelaria NE, Suite 112W

Albuquerque, New Mexico 87112
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(505) 296-4070

Contractor for Baca
Geothermal Demonstration
Project Data Management
Program management for
El Centro, CA. District
heating & cooling
demonstration.
Feasibility studies for
geothermal grain drying,
tungsten ore processing,
ethanol & ammonia
production.

Energy systems including
economic & engineering
systems
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New Mexico Geothermal Commercialization Interest

RESOURCE DEVELOPERS (EXPLORATION AND LEASE-HOLDERS)

Name Phone Arcas of Interest

AMAX (303) 420-8100 e Rio Grande Rift
Contact: Mr. Dean Pillsington or e Animas Valley

Mr. Harry Olson e Valles Caldera
7100 W. 44th Ave.
Wheat Ridge, Colorado 80033
American Drilling & Grouting Co. e Dona Ana County
Clinton, Mississippi
Aminoil USA, Inc. (207) 527-5332 e Dona Ana County
Contact: Mr. Claude Jenkins e Animas Valley
P.0. Box 11279
Santa Rosa, California 95406
Bailey, Harry N. (505) 526-1404 e Drilled wells on land
25256 Terreno Drive he owns at Radium Springs.
Mission Viejo, California 92576 Wants resource user,
Chaffee Geothermal, Ltd. (303) 692-9496 e Las Cruces/Las Alturas
Contact: Mr. Jay Dick, Mgr. anomaly
1776 S. Jackson, Suite 1000
Denver, Colorado 80210
Calvert Exploration Co. (405) 239-6251
1000 City Center Bldg.
Oklahoma City, OK 73102
Chevron Resources Co. (415) 894-2889 e Radium Springs
Contact: Mr. Eric Layman e Socorro
P.0. Box 3722, 595 Market St. e Lordsburg~Animas
San Francisco, California 94119
Farth Power Corp. (918) 587-9704 e Lightning Dock
P.0. Box 1566 KGRA
Tulsa, Oklahoma 74101
Exxon Company USA (303) 789-7792 e Hidalgo County
Contact: Mr. James H. Hafenbrack ¢ Animas Valley
Geological Advisor
P.0O. Box 120
Denver, Colorado 80201
Fluid Energy Corporation (303) 756-5266 e T or C
Contact: Mr. Hal Bemis e Las Cruces

Denver, Colorado 80210
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RESOURCE DEVELOPERS (EXPLORATION & LEASE-HOLDERS) (Cont'd.)

Name

Phone

Areas of Intercst

Geoproducts Corporation
Contact: Mr.
1330 Broadway
Oakland, Calif. 94612

Gulf Mineral Res. Co.
Contact: Mr. Glen Campbell
1720 South Bellaire

Denver, Colorado 80222

Hunt Energy Corporation
Geothermal Division
Contact: Mr. Roger Bowers
2500 lst Nat'l Bank Bldg.
1401 Elm Street.

Dallas, Texas 75202

McCulloch Geothermal Corp.
Contact: Mr. H. R. Chantler
10880 Wilshire Bivd.

Los Angeles, California 90024

Occidental Geothermal, Inc.
Contact: Dr. Robert Crewdson
5000 Stockdale Highway
RBakersfield, California 93309

Phillips Petroleum Co.
Contact: Mr.Richard Lenzer
P.0. Box 239

Salt Lake City, Utah 84110

Southland Royalty Co.
Contact: Jere Denton

1000 Ft. Worth Club Tower
Fort Worth, Texas 76102

Sunoco Energy Dev. Co.
Contact: Mr.John Knox
12700 Park Central,
P.0. Box 9, Suite 1500
Dallas, Texas 75251

Texaco, Inc.
Resources

Contact: Mr. Russ Criswell

P.0. Box 2100

Denver, Colorado 80201

Coal & Energy

Kenneth Boren, Pres.

(415)

893-8365

(303)758-1700

(214)

(213)

(805)

(801)

(817)

(214)

(303)
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879-5252

395-8000

364 2083
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