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PREFACE W 
Given the current scarcity of public and private funding for  evaluation, 
exploration, and development, GEOTHERMAL ENERGY may continue to  l ie  
dormant while U.S. reliance upon imported o i l  continues or grows. 

Continucd attention to  public outreach, and to tho variety of possible 
creative technical applications, innovative institutional arrangements, 
and emerging social and economic forces should result i n  significant 
beneficial results. 

The benefits t o  be gained from geothermal commercialization projects are 
numerous. 
o i l  w i t h  energy from untapped domestic resources. 
conventional energy saved, less the total  project costs t o  put geothermal 
energy on line, gives a conservative estimate of benefits. However, when 
funds are spent within t h i s  country rather than being exported, they have 
a multiplier effect that should be considered. 
or user are an additional benefit t o  the government. 

The ultimate goal is the replacement of energy from imported 
The value of the 

Taxes paid by the developer 

For national planning, programming and budgeting purposes, the infonuation 
produced by State Commercialization Projects is essential. The projects 
provide real is t ic  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 
w i t h  the amount of energy, can be appropriately allocated t o  stimulate 
geothermal production and utilization. 

Indirect benefits include local values such as lower fuel b i l l s  for users 
and economic development stimulated by the lower cost of energy. 
the assurance that a supply of energy w i l l  be available a t  a comparatively 
stable price can help both the private and public sectors t o  plan for their 
futures. 

Furthermore, 

During t h i s  report period, the general level of consciousness wi th in  the 
region, has been raised t o  understand more of these benefits through the 
action of these State Geothermal Commercialization Teams and various 
public and private resources. 

1 -v 
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1.0 INTRODUCTION 

.6r Since the last  report’, the geographic area and direction of emphasis 

of the commercialization projects  has been changed. 

individual as w e l l  as col lect ive State Commercialization Programs i n  

This includes the 

t h i s  region. 

coverage has reduced the number of states incorporated in  t h i s  docu- 

ment from ten  t o  seven. 

Organizational change i n  Department of Energy geographic 

Many State Commercialization Team e f fo r t s  

have moved from general area development plans t o  site specif ic  devel- 

opment plans. 

providing f o r  more affirmative procedures i n  accelerating the program. 

Some states have enacted o r  are entertaining legis la t ion 

New outreach emphasis includes some exploratory ideas i n  organization 

and market penetration, 

l ineating several  po ten t ia l  demonstration projects. 

S i te  specif ic  development plans are de- 

A point-by-point 

review follows. 

1.1 Purpose of Project 

The Rocky Mountain Basin and Range Regional Hydro-thermal Commer- 

c ia l iza t ion  Project w a s  i n i t i a t e d  i n  1977 t o  stimulate geothermal cosa- 

mercialization throughout the region. 

effort involving the U. S.  Department of Energy (DOE) and seven states 

i n  the Rocky Mountain region. The Department of Energy is cooperating 

with other  groups of states and local governments throughout the 

country in similar geothermal conrmercia,lization programs t o  ensure that 

This program is a cooperative 

-8 

the program elements reflect state and local  as w e l l  as national goals. 

Indeed, realistic planning and policy development requires the concur- 

rence of federal, state local  governments. ¶ 

lState Geothermal Commercialization Programs i n  the  Rocky Mountain 
Basin and Range Region, Semi-Annual Progress Report, July - December - 1979, U. S. Department of Energy, Idaho Operations Office, August 
1980, DOE/ID/12101-1. 

I- 1 



Furthermore, greater understanding and knowledge of events and 

conditions bearing upon geothermal energy development in each juris- 

diction have been developed within those State Commercialization Teams 

working most cbsely with each locale. Teams working in the field on 

geothermal projects can help expand the commercialization of geo- 

thermal energy through education, marketing and technical assistance 

activities. 

The U. S. Department of Energy has provided support for state 

geothermal programs through cooperative agreements with state agencies 

that -re selected by the respective governors' offices. The coopera- 

tive agreements support activities in planning, analysis, and market- 

ing of geothermal energy and technical assistance to prospective users 

and developers. The state commercialization program is closely inter- 

twined with the DOE-sponsored state-coupled geothermal resource assess- 

ment 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 appropriately using geothermal energy. 

ization programs are well-established, state and local governments will 

Once the state commercial- 

I 

have the expertise available to continue programs on their own to pro- 

vide both technical information and assistance to prospective developers 

and users. 

During CY 19798 the Idaho Operations Office of the Deparbnent of 

Energy (DOE-ID) signed cooperative agreements with seven Rocky 

Mountain Basin and Range states to conduct state geothermal commercial- 

ization programs. 

Colorado, Montana, New Mexico, North Dakota, South Dakota, Utah and 

The seven states discussed in this report - 

c 
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Wyoming - provided a portion of the funding t o  cost-share w i t h  the dd 
Department of Energy. 

e 
Each s ta te  has a State Commercialization Team consisting of the 

2 

Team Leader and those principal staff people that are considered by 

each s ta te  t o  incorporate the kinds of expertise essential t o  its 

unique situation. Western Energy Planners, Ltd. (WEPL), under con- 

t ract  t o  DOE-ID, provided technical and management assistance to  the 

state teams. 

cohcsion is advanced by t h i s  assistance. 

Although personnel of the s ta te  teams change, program 

The states are assisted i n  their  efforts by additional contrac- 

tors who provide technical support: The University of Utah Research 

I n s t i t u t e  (UURI) provides resource assessment assistancei the New 

Mexico Energy I n s t i t u t e  (NMEX) provides preliminary economic analyses, 

and EGLG, Idaho, Inc. (EGM;) provides preliminary engineering assistance 

and other support services. 

This report contains four sections which describe the activit ies 

and findings of the state teams participating in the RMBSIR Regional 

Hydrothermal Commercialization Program for the period of January 

through June of 1980. 

Section 2.0 is a suwnary of findings. 

and Section 4.0 provides a concise description of the major conclu- 

sions and recommendations. Unless otherwise indicated, the infonna- 

tion presented i n  this summary originates with the State ‘Comerciali- 

zation Team reports that make up subsequent sections of the report. 

Subsequent chapters describe the commercialization activities carried 

Section 1.0 is a sunanary of the state projects. 

Section 3.0 is public outreach, 

a .  

3 

ki 
out by the respective state teams using similar formats. 

1.2 Objectives 

Several major objectives are identified as means t o  effect the 



goal of increased geothermal commercialization through the activities 

of the state commercialization program. They include: 

a 

0 

a 

Match geothermal sites with a potential market 
to identify and rank "targets of opportunity" 
whcrc s t o t c  commarcialization offorts will bo 
concentrated. 

Identify and describe the actions needed by 
both private and public participants for geo- 
thermal comercialization. 

Stimulate interest and cooperative action among 
participants in geothermal commercialization. 

Stimulate development of geothermal resources 
by providing technical information including 
permit requirements and financial, economic, 
engineering and resource information. 

Help stimulate economic development through 
identification of geothermal energy potential 
for industrial and utility use and coordina- 
tion with state economic development agencies. 

Identify the constraints to geothermal commer- 
cialization and recommend ways to alleviate 
them where appropriate. 

1.3 Technical Approach 

The technical approach of the State Commercialization Projects 

has been to use existing information and data from available sources 

whenever possible. 

and local participants contribute data, direction and ideas. Both 

Interviews and discussions with a variety of state 

quantitative and qualitative analyses are performed as necessary. 

Within these parameters and objectives indicated in Section 1.2, a 

number of specific tasks were defined and performed. Although the 

specific tasks vary in scope and detail, all the states incorporated 

the following ten tasks into their contracts with DOE. 

General statements of progress and emphasis for this period are 

also included. 

1 4  



o Outreach 

Outreach programs are conducted by each state 
t o  promote the use of geothermal energy by in- 
dustry, u t i l i t i es ,  private citizens, business, 
agriculture, government and communities. A 
technical assistance program provides prospec- 
tive geothermal users and/or developers w i t h  in- 
formation about a l l  aspects of development includ- 
ing laws and regulatory processes, economic and 
engineering feasibility, and the geothermal resource. 

During t h i s  report period, considerable new effort  
has been directed i n  t h i s  area by a l l  state commer- 
cialization teams. 

e Prospect Identification 

Data about geothermal resources and si tes  are documented 
i n  order t o  identify the potential geothermal energy 
resources. These data include a classification of the 
resources as either electrical power generation or di- 
rect  thermal application, and whether the resource is 
proven, potential or inferred, based on definitions 
for those terms that were established i n  previous 
studies (Meyer and DaVidSOn, 1978). 

During this  report period, more activity has been associated 
with development than exploration. 

Energy and Economic Analyses 

Energy consumption and economic data are collected and 
analyzed t o  provide a basis for calculating current 
and future energy demand. This i n  tu rn  is used t o  es- 
timate the market demand for geothermal energy. 
consmption 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. 

During this report period, relevant data collection 
was still i n  evidence, but with greater application to  
specific site problems and not just  as general reference. 

Energy 

.a ' Area Development Plans (ADP's) 

This  task provides an assessment of the possible geo- 
thermal supply and demand over time. 
broad area, either a county or several counties i n  
most cases, and includes the known resource s i tes  and 
the identified prospective energy users within that 
area. It is a source of energy and e c o n d c  data for 

It covers a 
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the New Mexico Energy Institute analyses as well. 
Area Development P lans  generate the targets for the 
Site Specific Development Analyses. 

The 

During t h i s  report period, several states completed 
additional ADPs. 

e Site Specific Development Analyses (SSDA's) 

Using targets identified by ADP's or other selection 
processes, the S i t e  Specific Development Analyses 
are written as tools for marketing geothermal energy. 
They identify specific applications of the energy for ' 

business, industry,  government and residential sectors. 
Analyses are prepared for major geothermal resource 
prospects and uses or users. They include examination 
of a variety of issues including the technology, eco- 
nomics, environmental, institutional, developmental 
and utilization. 
users and/or developers is established and maintained 
to  assure realism and implementation. 

Communication with the prospective 

During t h i s  report period, SSDA's  were prepared and used 
i n  nearly every state. 

e Time-Phased Commercialization Project P lan  (TPPP' s) 

If additional detailed planning is required beyond 
the SSDA document, detailed project management plans 
shaving specific activit ies and deadlines are prepar- 
ed. These plans are ccmpleted for a limited number 
of s i tes  that are i n  advanced stages of development 
or commercialization. 
private and government sectors needed to  achieve corn- 
mercial operation, and they stimulate cooperative in- 
teractions to  accomplish the project milestones. 
Step-by-step procedures are described and shown on a 
the- l ine chart. Direct communication between the 
geothenual developer and the governmental enti t ies is 
required and produced during the process. 

They reveal actions by both 

During this report period, several of the seven states have 
prepared TPPP s . 

e Institutional Analyses and Handbooks 

The local, state and federal regulatory systems and 
practices for geothermal activity are documented and 
analyzed t o  understand the effects upon the rate of 
commercialization. 

. -- 

As of this report period, a regulatory handbook to  
guide geothermal development participants has been 
or is being prepared by each state. 



bi 

d 

bj 

e State and Regional Aggregations of Development Plans 

The geothermal prospects included i n  a l l  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. 

U n t i l  a l l  states have completed their  total  prospect 
identification and analyses, this  data w i l l  be in- 
complete. During this report period, however, con- 
tinued progress is evident i n  a l l  state teams. 

e Identification of Constraints and Recommended Actions 

Technological, environmental, economic and i n s t i t u -  
tional constraints that might delay or preclude the 
development of geothermal energy are examined. 
ble solutions are evaluated, leading to  recommenda- 
tions for action, t o  be taken by local, state and 
federal governments and by the private sector. 

Possi- 

Initiatives continue among a l l  team members to  address 
this issue. 

e Marketing 

As this  commercialization program progresses the em- 
phasis is changing from a planning activity t o  outreach 
and finally t o  marketing geothermal energy within 
the states. 

During the period covered by this report the market- 
ing activit ies were still i n  the formative period 
and w i l l  reflect many avenues of exploratory ideas 
being examined by each state team. 

1.4 Benefits 

The benefits t o  be gained from geothermal commercialization pro- 

jects are numerous. 

from imported o i l  w i t h  energy from untapped domestic resources. 

The ultimate goal is the replacement of energy 

Con- 

serving natural gas and other fossil  fuels can either directly or in- 

directly effect that  goal. 

less the to ta l  project costs t o  put  geothermal energy on line, gives 

a conservative estimate of  benefits. 

within this country rather than being exported, they have a multiplier 

The value of the conventional energy saved, 

However, when funds are spent 
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effect that should be considered. Taxes paid by the developer or user LJ 
t 

are an additional benefit t o  the governments. 

For national planning, programming and budgeting purposes, the 

information produced by State Commercialization Projects is essen- 

t i a l .  

energy can and is  likely t o  be produced wi th in  a specific time frame 

and by what consuming sectors. From this  information, public and 

private expenditures, congruent w i t h  the amount of energy, can be 

The projects provide realist ic assessments of how much geothermal 

appropriately allocated t o  stimulate geothermal production and uti l i -  

zation. 

Indirect benefits include local values such as lower fuel b i l l s  

for users and economic development stimulated by the lower cost of 

energy. Furthermore, the assurance that a supply of energy w i l l  be 

available a t  a comparatively stable price can help both the private 

and public sectors t o  plan for their futures. 

During t h i s  report period, the actions of these State Geothermal 

Commercialization Teams and various public and private resources have 

heightened the awareness of officials and residents wi th in  the region. 

1 



SUMMARY OF FINDINGS 

I n  review, identification and stimulation of geothennal commerciali- L 

z 

3 

zation projects requires the synthesis of three elements. 

resource must be of a suitable quality and magnitude. 

proximate user m u s t  be available, either already co-located w i t h  the re- 

source s i t e  or willing t o  locate a t  or near it. 

The geothennal 

A reasonably- 

The - s i t e  i t se l f ,  includ- 

ing institutional, economic, demographic, environmental and other facets 

aiust bo suitable for the proposed use. 

states were directed toward f i r s t  revealing the opportunities t o  effect 

The tasks accomplished by tho 

such three-way matches and then actively participating i n  implementation. 

The findings are reported below wi th in  the framework of those tasks. 

2 . 1  Prospect Identification 

The identification and categorization of geothermal prqspects is a 

continuing process i n  each state. 

the number of prospects i n  the seven states is summarized i n  T a b l e  1. 

T h i s  indicates that there are presently a total  of 20 geothermal s i tes  

The most current information regarding 

i n  the region that have electrical power generation potential. Two of 

these s i tes  have been classified as proven, eight as potential, t en  as 

inferred. These numbers w i l l  continue to  change as exploration and re- 

servoir confirmation continues. Based on the exploration results, some 

areas are added and others are reclassified into another category. In 

some states,  l i t t l e  interest has been expressed i n  electrical power gen- 

eration, but federal lease applications have been submitted. As Table  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 tem- 

perature resources. I n  any case, detailed investigations of leasing ac- 

t i v i t y  have indicated that the major part of that activity is directed 

1- 9 
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toward the identification of s i tes  for power generation. 

have been issued and too few s i tes  have been explored t o  conjecture how 

many sites w i l l  ultimately prove t o  be suitable for electrical power. 

Too f e w  leases 

There are many locations where geothermal resources are a valuable 

source of energy for space and water heating and for commercial, agri- 

cultural and industrial uses. Table 1 shows that as many as 272 si tes  

L4 

are suitable for these uses, not counting the large but undefined Dakota 

and Madison aquifers that underlie much of the Northern Plains.  

c 

1- 10 



Iv 'L 

I-J 
I 
P .  
P 

TABLE 1 

N u m b e r  of Geothermal Resource Sites 

b 

High Temperature Electric Prospects Low Temperature Direct Thermal Prospects 
Grand 

State Proven Potential Inferred Total Proven Potential Inferred Total Total - I 
Colorado 0 3 0 3 1 54 

Montana 0 0 0 0 4 7 

10 15 

North Dakota 0 0 0 0 0 71 
3 

New Mexico 1 4 
2 .  

7 13 

17 18 South Dakota 0 0 0 0 

Utah 1 1 0 2 6 7 

Wyoming 0 0 0 0 0 9 

.9 
Totals 2 10 20 35 108 

NA ' 55 

62 73 

1 2  32 

0 71 

NA 35 

35 40 

20 29 
- - 
129 272 

58 

73 

47 

35 

50 

29 

292 

1 

2 
This includes only those s i tes  that have been inventoried by the Colorado Geological Survey. 

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

The Madison Formation i n  the western part of South Dakota offers geothermal potential; this refers t o  
those s i tes  co-located with towns. 

3 
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TABLE 2 

Geothermal Leasing on Public Lands 
Rocky Mountain Basin and Range Region 

c -  

Number of No. of Federal 
Acres Leased Leases Issued Lease Applications1 

State Federal Total State Federal Total 

Colorado 16,728 34,926 51,654 8 25 33 48 

Montana -0- 10,687 10,687 -0- 6 6 97 

New Mexico 62,974 225,710 288 684 145 12 3 268 508 
!-J 
I 

North Dakota -0- - 0- -0- -0- - 0- - 0- -0- 2 G 
South Dakota2 -0- -0- -0- -0- -0- -0- -0- 

Utah 234 268 459,138 693,406 2 38 275 513 657 

Wyoming 1,150 7,448 8,598 1 4 5 92 
- - - - 

Totals 315,120 737,909 1,053,029 392 433 825 1402 

Non-competitive and competitive Federal leases, as of October 1977 (Beeland, 1978), plus update report 
of Colorado 

2 
Not yet available. 

SOURCES: EGCG, 1979, and State Geothermal Commercialization Teams. 
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Some generalizations can be made about each s ta te  and about the region 

concerning these geothermal prospects. 

Colorado 

I n  Colorado, 58 geothermal areas have been inventoried, for which g&- 

chemical subsurface temperature estimates have been made. 

have been considered by the energy industry t o  have potential for power 

generation. 

s i tes  has been stymied by the inab i l i t y  of industry t o  obtain a l l  

the necessary leases. 

Three of these 

Resevoir confirmation a t  the electrical power generation 

Most of Colorado's geothermal areas are classified as "potential" 

resources, w i t h  only one, Pagosa Springs, considered to  be "proven" 

for large scale d is t r ic t  heating system. 

prospects are located near large resorts and other commercial fac i l i t i es  

i n  recreation areas and i n  the San Luis Valley, a major target area 

for expansion of agriculture and agricultural processing activity. 

O t h e r  prime geothermal 

In  addition t o  these knm areas, several s i tes  have been reported 

but  have not yet been investigated. 

Montana 

Montana has identified 73 geothermal resource sites. Four are 

considered t o  be proven, 7 potential and 62 inferred. The entire 

Madison Aquifer underlying the eastern part of the state is a possible 

geothermal resource. O i l  test wells that  were unsuccessful or that are 

slated for abandonment could be significant geothermal prospects, 

as well. 

nearly 100 federal lease applications were f i l e d  and 6 were issued, 

leading t o  speculation about the reasons for those filings. 

Although the prospects for power generation seem doubtful, 

The 
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major prospects for geothermal development seem to be greenhouse W 

E heating, aquaculture, and district heating. 

New Mexico 

Most of New Mexico's geothermal resources are along the Rio 

Grande Valley and in the southwestern part of the state. 

as direct thermal applications are concerned, New Mexico has a 

fortunate coincidence of geothermal energy with the state's major 

population centers and economic activity. Sites are suitable for 

various industrial process uses and agriculture as well as space 

and water heating. 

generation potential, while 32 are considered suitable for direct 

thermal applications. There were 123 federal leases issued as of 

December, 1979, covering 225,710 acres of land. 

North Dakota 

c 

Insofar 

Fifteen areas are considered to have power 

The geothermal resource prospects in North Dakota were inventoried 

by the North Dakota Geological Survey. 

Commercialization Team has divided the state into eight substate regions for 

investigation of the possible development prospects. Three of these are 

being analyzed now. Like South Dakota, considerable areas of t h i s  state 

are underlain by the Madison and Dakota formations - a confirmed and 
extensive geothermal heat source. 

South Dakota 

The recently formed State 

e 
4 

In this report period, South Dakota has submitted a proposal to 
c 

DOE-ID and begun negotiations for a resource assessment team. 

budget is still in preparation. 

western South Dakota is a confirmed geothermal reservoir, with 

temperatures up to 90° C. 

The 

The Madison Formation underlying 

Because of these temperatures, it is not likely 
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t o  have power generation potential. 

economic base i n  South Dakota, many sites seem capable of furnishing 

heat for agricultural processing, as well as for space and water heating. 

However, w i t h  the agricultural 

Utah - 
A t  least  two geothermal prospects i n  U t a h  continue to  be directed 

Roosevelt Hot Springs and Thermo. toward electrical power generation: 

Intent of construction of a 20 MW plant a t  Roosevelt has been announced 

(May 1980) by Phillips Petroleum Company and U t a h  Power and Light Company. 

Thermo remains under study for a binary power system. 

Electrical power s i tes  are the largest of the geothermal projects 

i n  terms of both project size and energy use. More visible activity, 

however, has been directed toward the direct heat application of geo- 

thermal energy. The Cove Fort s i t e  is being developed for a cascaded 

alcohol and sulphur drying plant. Successful wells have recently been 

developed south of Salt Lake C i t y  for space heating and process appli- 

cations w i t h  on-line application i n  the near future. Many other s i tes  

offer industrial, commercial and residential direct thermal prospects, 

w i t h  new leasing activity pursued i n  t h i s  period. 

Wyominq 

Within this reporting period, Wyoming has published a preliminary 

document on "Hydrothermal Resources in Wyomingg9 (Decker 1980). Identified 

are five proven resource areas, seven potential s i tes ,  and two inferred 

anticlinal structures. 

Previously, ninety-two federal lease applications had been fi led and 

4 issued as of October, 19778 which might indicate some possibility of 

power generation capacity. 

agricultural, industrial processing or d i s t r ic t  heating. 

A l l  are considered low temperature sites. 

A number of prospects seem to be useful for 
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Region Wide 

Among the RMBOR states, there are many outstanding geothermal pros- 

pects. There are electrical power generation potential sites, with 

prime opportunities in New Mexico and Utah, prospective sites in Colorado, 

and possibly some sites in Montana and Wyoming. 

Some especially noteworthy direct application prospects are apparent. 

In New Mexico and Utah, the co-location of geothermal resources near 

major cities offers opportunities for a wide array of industrial as well 

as residential and commercial uses. 

cultural products and natural resources near the production sites may be 

the most economical approach. New Mexico's chili, cotton and cattle 

industries and Colorado's San Luis Valley agriculture are prime candidates 

for geothermalprocess heat applications. 

In some cases, processing of agri- 

Mining and mineral processing 

activities in Montana, New Mexico and Wyoming offer select opportunities 

for geothermal applications. Developments in district heating are being 

pursued throughout the region. 

will reveal themselves as the State Comnercialization Teams continue to 

investigate and stimulate such uses. 

1 .2  Area Development Plans 

Undoubtedly, many more such opportunities 

Most of the states have campiled Area Development Plans (ADPs) to 

assess the prospects for geothermal commercialization, as shown in Table 3. 

Colorado 

Since the last report, two Area Development Plans have been documented, 

assembled and forwarded to the Department of Energy with a third in pre- 

paration. The San Luis Valley, including six south central Colorado 

counties, could develop geothermal energy for agricultural processing 

and space heating estimated to be as much as 450 x lolo BTU's (Coe, 1980). 

f 

t 

i 
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TABU 3 

W 
Area Development Plans h 

c 

Completed or In  Preparation 

.& 
Location Possible Uses 

Colorado 

San Luis  Valley 

Chaffee County 

Steamboat Springs 

Agricultural processing, 
space heating 

Electric power and direct 
heat applications 

Town and district space 
heating 

Montana 

Area 1 - L e w i s  & Clark, 
Broadwater & Oefferson Counties space heating ’ 

Area 2 - Madison County Animal feed, space heat, 
aquaculture, greenhouses 

Industrial processing, 

Area 3 - Treasure, Rosebud, Not indicated 
Big Horn, Custer, Powder River, 
Fallon and Carter Counties 

A r e a  4 - Gallatin Park, Greenhouses, aquaculture, 
Meagher Counties space heating 

New Mexico 

Dona Ana County Agricultural processing 

Greater Albuquerque Industrial processing, 
Y space heating 

North Dakota 

i Roosevelt-Custer Region Various direct heat 
applications 

Lewis and Clark Region Space heating 

South Central Region Space heating 



Location 

TABU 3 (Continued) 

Summary 

Area Development P lans  

Completed or I n  Prepara t ion  

Utah 

1. Jordan Valley 

2. Southwest Utah 

3. Southwest Utah 

4. Sevier  Valley 

5. Northern Wasatch Front  

6. Utah Valley 

7 .  West Cen t ra l  Valley 

8 .  Northern Utah 

9. Great Salt Lake Desert 

Wyoming 

1. Big Horn Basin 

2. Fremont County 

3. Natrona-Converse 

1-18 

Poss ib le  U s e s  

Space hea t ing  & Indus t ry  

Space hea t ing  & Industry 

Space hea t ing  f Industry 

Space hea t ing  & Industry 

Space hea t ing  & Indus t ry  

Space hea t ing  & Industry 

Space hea t ing  & Indus t ry  

Space hea t ing  & Indus t ry  

Space hea t ing  & Indus t ry  

Ethanol p l a n t  

Agribusiness ,  o i l  & gas 
e x t r a c t i o n ,  dry ing  process 
lumber 

Space hea t ing ,  energy 
impact area 

W 

F 

,- 



Assessment of Chaffee County indicates present. resort uses could be ex- 

panded t o  include electric generation and heat applications t o  reach 

52.7 x 1O1O BTU's by the year 2020 (Healy 1980) . I n  the proposed Area 

Development Plan for Steamboat Springs, direct geothermal heating of the 

town could possibly be supplied a t  potential savings over currently priced 

natural gas. 

Montana 

Four Montana ADP's have been developea and were described i n  pre- 

I n  vious reports. Major emphasis is shifting t o  s i t e  specific plans. 

the fourth and most recent ADP, an agrarian area, the primary applica- 

tions for geothermal energy seem to  be greenhouses, aquaculture and 

space heating, w i t h  an estimated potential of about 34.0 x lo lo  Btu's 

by the year 2020. 

pecially high since development has taken place, and it is expected that 

a geothermal heating district w i l l  be developed i n  the near future. 

I n  the town of White Sulphur Springs interest is es- 

New Mexico 

Data are still evolving on the Dona Ana County Area Development 

Plan, and the greater Albuquerque area. 

North Dakota 

The Roosevelt-Custer Region of eight counties has an ADP prepared 

Which, as of t h i s  report, is currently being published. Considerable po- 

tent ia l  for residential, commercial and industrial space heating from 

the Madison, Dakota, Fox H i l l s ,  H e l l  Creek, and other less extensive 

aquifers, which underlie the region is  defined. 

tures from the Madison Fonnaaon vary from 155" F to  270° F w i t h  fluid 

Subsurface tempera- 

. under Arterian pressure. 

Two other ADP's are planned: one for L e w i s  and C l a r k  1805 Region 

and the other on the South Central Region. 
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Five other regions have been blocked out t o  complete the state 

coverage. 

South Dakota 

Area Development Plans have not progressed as well as expected, 

w i t h  data on units smaller than counties difficult  t o  obtain. The 

ADP effort w i l l  continue i n  future reporting periods. 

Utah 

General energy demand data have been projected for nine ADP's during this 

period. 

County, and the potential Mx missile system could drastically affect 

population and industry projections i n  several regions of this  state. 

Wyoming 

- 

A number of factors, including the IPP project i n  Millard 

Three ADP's show considerable potential. The B i g  Horn Basin Area 

Development P lan  includes an econumic evaluation of dis t r ic t  heating i n  

Cody and Thermopolis. The evaluation indicates that  geothermal energy 

would be competitive w i t h  other energy sources, i f  some interest-free 

grant funds were available to  offset a portion of the in i t i a l  system cost. 

The Area Development: Plan for Fremont County indicated that geothermal 

space heating could be competitive w i t h  alternatives. 

for existing geothermal energy i n  this area include space heating, low- 

temperature processing, agriculture and greenhouse heating. 

Uses identified 

The Natrona-Converse Counties Plan  is currently being published and 

indicates that geothermal space heating could greatly assist  energy 

!'boomtowns" i n  t h i s  area. 

2.3 Site Specific Development Analyses 

2.3.1 Completed Site Specific Development Analyses 

Several States have prepared Site Specific Development 

Analyses for one or more sites. 

i n  Table 4. 

They are summarized 
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TABLE 4 

S m i u v  

Completed Site Specific Development Analyses 

Potential Uses Constraints Incentives 

Colorado 

Idaho Springs Commercial & residential 
space and water heating 

Glenwood Springs Commercial & residential 
space and water heating 

Ouray Commercial & residential 
space and water heating 

Durango Commercial & residential 
space and water heating 

Montana 

Baker District-wide space and 
process heating (+irri- 
gation) 

Boulder Aquaculture 

-.East of Avon Solar-geothermal green- 
house 

Lack of feasibility 
study and financing 

Lack of front-end 
financing 

Lack of feasibility 
study and financing 

Lack of front-end 
financing 

Definition of po- 
tential and cost 

Threatened law suit 
by spring owner 

Grant approval 

Economically competitive 

Economically competitive 

Economically competitive 

Economically competitive 

Feasibility study, grants 
program, acquisition of 
well for testing 

Commitment of funds for 
drilling, need and inter- 
est of town 

Technical assistance of 
State, materials purchased 
by town and school 

State technical assistance White Sulphur 
Springs 

Public Buildings- 
space heating 

Further investiga- 
tions 



. . , . . . . .. . . . . . , . .. . . . . ,  
, , . _ "  . _ . _ _ _ _ . _ I  . . .  . , _-. . .... ...._ . . ... . .- . . - -  . .  , 

TABLE 4 (Continued) 

Summary 

Completed Si te  Spec i f i c  Development Analyses 

P o t e n t i a l  U s e s  Constraints  Incent ives  

North Dakota 

Pa t te rson  Hotel  Space hea t ing  and 
Bismark e l e c t r i c i t y  

Lack of front-end Economically feasible 
financing 

P 
I 
h, 
h) 

Eldryvale Convent Space heat Lack of f ront-end Under study 
Valley C i ty  financing 

St. Marys School Space hea t  Lack of front-end Under study 
New England financing 

Wyoming 

C d Y  

Thermopolis Res ident ia l  h Commercial Front end funds Community support  

Ethanol Resource l imi t a t ions  Developer/user f inanc ing  

c- 
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Colorado 

Four Site Specific Development Analyses are in final stages of 

publication for Glenwood Springs, m a y ,  Idaho Springs and Durango. 

A l l  four sites have active tourism and recreation industries with a 

high ratio of commercial to residential energy consumption. 

three cormunities are actively seeking funds for development of dis- 

The first 

trict heating systems. 

installed geothermal heat in a municipal garage. 

Without outside assistance, Ouray has already 

A boarding school 

north of Durango has obtained a DOE Region VI11 Appropriate 

Technology Grant to install geothermal heat. 

analyses show numerous uses to be competitive economically. Opportuni- 

ties for energy savings by private owners of major restaurants, lodging 

Preliminary economic 

and resort facilities could spur private investment in geothermal devel- 

opment. 

Wyominq 
\ 

A Site Specific Development Analysis was completed for the town of 

Cody in the Big Horn Basin. 

regarding a possible ethanol plant and it was hoped that geothermal fluid 

could fuel the plant. 

adequate for that use. 

Interest among people in the area was high 

However, it appears now that the resource is in- 

2.3.: 

for Site Specific Development Analyses; as shown 

in Table 5. * 

Montana 

Several candidate areas were identified for Montana's Site Specific 

Development Analyses. 

subsurface resource for residential space heat and'ethanol production. 

Ennis in Madison County has a large but unproven 
LJ 
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TABLE 5 

S-rY 

Sites __. 

Montana 

Candidate S i t -  Specific Deve-apment Ana 

E n n i s ,  Madison Co. 

Camp Aqua, Saunders Co. 

Silver Star, Madison 

N e w  Mexico 

Animas/Lighting Dock 

Los Alturas 

Truth or Consequences 

Albuquerque 

Jemez Springs 

North Dakota 

Linton 

Badlands 

Harvey 

Mindan 

South Dakota 

Lemmon 

Philip 

Midland 

Utah - 
Crystal Springs 

Crystal Springs 

Uddy H s t  Springs 

Cove Fort 

.yses 

Potential Uses 

Residential space 

Ethanol plant 

Ethanol plant 

Soil warming 

Industrial processing 

Space heat 

Space heat-heat pump 

District heat 

District Heat 

Residential space 

Residential & Commercial space 

Commercial & Residential space 

Agribusiness, space heating 

Space heating 

Space heating . 

Space heating 

Space heating 

District heating 

Alcohol plant 
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Sites 

TABLE 5 (Continued) 

S-rY 

Candidate Site Specific Development Analyses 

Utah - continued - 
Newcastle 

Abraham Hot Springs 

Wyoming 

The rmopolis 

East The rmopolis 

Midwestndgerton 

Fort Washakie 

Countyman Ranch 

Sara toga 

Astoria 

Demaris 

Potential Uses 

Greenhouses 

Recreation & Aquaculture 

Residential and Commercial 

Residential and Commercial 

Residential and Commercial 

Residential and Commercial 

Residential and Commercial 

Residential and Commercial 

Residential and Commercial 

AgrilumineS6 & Industrial 

Residential and Commercial 



I 

i I 
i 
i 
i 

I 

i 

I 

I 

.? 

1 

1 

i I 
! 
i 

! 

! 

Camp Agua i n  Sanders County is being considered for an ethanol plant. 

The owner of a hot springs i n  Silverstar i n  Madison County is inter- 

ested i n  developing ethanol. 

New Mexico 

Several sites are candidates for  Site Specific Development 

Analyses. 

greenhouses. 

an outdoor s o i l  warming system. Proposed uses i n  the Los Alturas area 

include process heat a t  the Hanes L’eggs hosiery plant,  heating of New 

Mexico State University buildings and other heating and processing. 

Animas/Lighting Dock currently has two geothermally-heated 

The operators would l i k e  t o  use geothermal energy for  
L 

Truth or Consequences is developing the geothermal energy f o r  heating 

the Senior Citizens Center  and the Carrie Tingley Hospital. Proponents 

would like t o  use it in additional buildings. The rapid growth of 

Albuquerque provides an excellent opportunity t o  use the warm water i n  

heat-pump assisted heating systems, especially f o r  large facilities. 

North Dakota 

In  this report  period, North Dakota has begun preparation for  a 

Site Specific Development Analysis of a downtown Bismarck heating dis- 

t r ic t ,  including renovation of housing fo r  the elderly. 

for  a school and slaughter house a t  New England, and a convent a t  

Valley City were ident i f ied during t h i s  reporting period. 

considerable praise.  

Two other sites 

A l l  show 

South Dakota 

Three  sites i n  South Dakota were chosen for preparation of Si t e  
c 

Specific Development Analyses. 

energy for agriculture and agricultural processing, as w e l l  as for  

Lenmron is planning t o  use geothermal 
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space heating, Data collection is proceeding well. 

cost-sharing contract t o  heat three school buildings with geothermal 

energy. 

cost-sharing project t o  provide space heating for the hospital and a 

Philip has a DOE -kd 
u. 

St. Mary's Hospital i n  Pierre recently completed a DOE 

b new annex building utilizing direct geothermal heating and a heat pump 

system. Midland is also a good candidate for space heating projects. 

Utah 
7 

Six areas have definitely been identified during this report per- 

iod as candidates for SSDA's. 

promising sites that appear t o  be good prospects but for which no 

Also being considered are eight other 

specific plans have been announced. BTHERM models have been designed 

i n  four locations, and a cooperative study undertaken on the use of 

heat pumps for a large redevelopment project, Block 53, i n  downtown 

Salt  Lake C i t y .  

Wyoming 

A s i t e  specific analysis  for the towns of Thermopolis and Cody, 

i n  the Big Horn Basin, has been completed and the Midwest/Edgerton 

analysis is i n  preparation as is one for East Thermopolis. 

2.4 Time Phased Project Plans 

2.4.1 Completed Plans 

Time-Phased Project Plans were prepared for 

selected sites that have geothermal develop- 

ment well underway. These are l isted i n  

s Table 6. 

Colorado 

A plan for Pagosa Springs, Colorado, described the i n i t i a l  acti- 
ccd 
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I 

I v i t i e s  leading t o  a PON-funded heating d i s t r i c t ,  It discussed possible LJ 
I 

I 

I 

I 
l 
~ 

subsequent development including a proposed city-wide heating district, 

a suburban heating d i s t r i c t ,  and a timber ki ln ,  greenhouse and agri- 

cul ture  . 

V 

i 

Montana 
i 
1 
i 
1 

For Montana, two Time-Phased Project Plans w e r e  prepared. 

plan f o r  White Sulphur Springs describes i n  detail the development of 

a w e l l  and heating system for a bank building, w i t h  the aid of State 

f inancial  assistance of $43,500, 

The 

1 
i The Warm Spring State Hospital is a 

r e t r o f i t  project ,  with a t  least two buildings planned for conversion 
1 
I 

I 

I 
, .  

t o  geothermal heat. 

i n  s l igh t ly  more than two years. 

The White Sulphur Springs project  w a s  completed 

Utah - 
A The-Phased Project Plan f o r  Roosevelt Hot Springs w a s  camplet- 

ed by the  Utah Geothermal Coamnercialization Team i n  July 1979. Devel- 
# 

I opment plans include a 20 MWe pilot plant ,  probably on-line about 
1 

1983. Proposals are going forward with potent ia l  plant  operators and 
j 

power customers a t  t h i s  time. 
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TABLE 6 LiJ 
Completed Time-Phased Project Plans  

Location I )  

Colorado 

Pagosa Springs 

Montana 

White Sulphur Springs 

Warm Springs State Hospital 

Potential Uses 

D i s t r i c t  heating 

Space heating 

Space heating and hot 
w a t e r  heating 

Utah - 
Rsosevelt H o t  Springs Power generation 



2.5 Aggregation of Prospective Geothennal Use LJ 
Although much is still unknown about the geothermal reservoirs 

in the RMB&R Region, as well as about the demand for the energy, the 
W 

1 

i 
i 

i 

prospective use of geothenaal energy has been estimated for the states 

by New Mexico Energy Institute. Table 8 shows the preliminary esti- 

mates of direct heat applications; about 467 x 10l2 Btu's could be on 

4 

I 

I line by year 2000, and 1371 x 10l2 Btu's could be on line by 2020. 

2.6 Institutional Analysis 

All seven states are at various stages of progress in their con- 

1 
tracted institutional analyses and publication of Institutional 

I I Handbooks. Legislative achievements were summarized in our Semi-Annual 

Progress Report of July-December, 1979, and will be summarized again, 

following the 1981 state legislative sessions. Handbooks, designed 

for step by step guidelines for prospective geothermal developers, 

have been issued by Colorado, Montana, New Mexico, South Dakota and 

Wyoming. North Dakota and Utah are expected to have theirs completed 

in the second half of CY 1980. 
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TABLE 8 

REGIONAL AGGREGATION OF sj 
i PROSPECTIVE GEOTHERMAL DIRECT HEAT USE Btu's)* 

A YEAR 
2000 2020 STATE 

COL0RAI)O 157.7 961 ;4 

MONTANA 

NEW MEXICO 

43.4 

66.5 

51.1 

90.8 

NORTH DAKOTA 40.7 51.0 

SOUTH DAKOTA 13.2 15.5 

UTAH 

WYOMING 

145.1 111.2 

34.2 55.7 

1370.6 Totals 466.9 

* Economically feasible (high range). 

Source: New Mexico Energy Institute,  1979, modified by current State  
Team reports. 
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3.0 PUBLIC OUTREACH hd 
3.1 New Emphasis 

1 

Public outreach activit ies received considerably more attention 

from the State Commercialization Teams during this period than in the 

past. 
% 

Armed w i t h  experience and materials derived from intensive area 

and s i t e  planning through project development, plus knowledge and di- 

rect access t o  various levels of public and private operations, the 

State Teams report of exploring many and various approaches t o  geo- 

thermal development. Consequently, both expressions of interest and 

proposals t o  develop geothermal energy have increased. 

3.2 Mechanisms 

I n  analyzing the current reports of the State Teams, some sug- 

These groupings can be use- gested activity groupings have emerged, 

f u l  for an organized presentation of this report segment as well as 

providing a possible frame for accelerating and evaluating future mar- 

keting efforts. 

For the present, these outreach activit ies can be grouped as 

follows : 

3.2.1 Effective Response t o  Specific Requests. 

3.2.2 

3.2.3 

and Specialists. 

3.2.4 Public Education. 

Targeted Marketing t o  Prospective Users. 

Technical Assistance for Prospective U s e r s  
i 

i 
* 3-2.5 Institutional System Development. 

Under each of these headings, the current activit ies reported by 

_-  

LiJ 
the State Teams have been summarized w i t h  whatever Team assessment of 

effect seems germane. 
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gd 3.2.1 Effective Response to  Specific Requests. 

i 
Personal meetings and prompt response to 

geothermal energy inquiries are acknowledged by 

a l l  teams as a highly effective outreach activity. 

Telephone interviews and conversations on a regu- 

lar  basis are also recommended. 

2 

Indeed, the Wyoming State Team has ac- 

quired a toll-free (Energy Hot-Line) telephone 

number for access by the general public from the 

entire state. This is a specific technique other 

State Teams might w a n t  to  consider. 

3.2.2 Targeted Marketing to  Prospective U s e r s .  

In  the process of data collection for Area 

Developnent Plans and Site Specific Analyses, most  

State Teams have made significant personal contacts 

and evolved useful ideas about particular needs and 

operating procedures of different types of energy 

users i n  various communities.  

Marketing techniques are being created for 

directly dealing with, or i n  cooperation w i t h  other 

agencies, for effectively meeting 'the needs of gen- 

eralized energy user prospects. For instance, some 

Teams have begun to focus on home builders and d l l  

$ 
ccxmercial developers as their most lucrative user 

clientele. O t h e r s ,  with the help of Chambers  of 

LJ Commerce, State and local Industrial Promotion 

Agencies, have concentrated on industry and comer- 
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cia1 needs. 

Publ ic  school, County, state and c i t y  offi- 

cials are emerging i n  other states as leaders in 

promoting geothermal and other energy al ternat ives  

i n  attempting t o  set examples fo r  community study 

and standards. Agricultural users i n  nearly a l l  

states are examining geothermal energy i n  home 

space heating, farm buildings, agriculture, green- 

houses, alcohol production, and for  s o i l  warming 

f o r  outdoor extension of growing environment and 

reduced f r o s t  damage i n  the northern states. 

3.2.3 Technical Assistance f o r  Prospective Users 

and Specialists.  

Many State Teams have become involved w i t h  

direct engineering and technical assistance t o  geo- 

thermal developers, feeling t h i s  to be one of the 

most effect ive means of get t ing geothermal energy 

ofi-line. S i t e  specif ic  analyses, assistance with 

design criteria, and f a c i l i t y  construction h in ts  axe 

often provided. 

Additionally, locating funding sources, con- 

tact ing and coordinating multiple loan-grant agencies, 

f i l l i n g  out application forms, and providing lette'rs 

of support for  applications have been a c t i v i t i e s  re- 

corded by different  State Teams for various users. 

Certainly the Department of Energy's Appropriate 
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-u Technology S m a l l  Grants Program, User-Coupled Reser- 

voir Confirmation Drilling Program, Geothermal Loan 

Guaranty Program, resource, engineering and economic 

3 
feasibility studies (PRDA's) and the cost-shared 

demonstration projects (PON's) provide Cncentives 

that should enhance the pace of geothermal develop- 

ment, The DOE programs have been much enhanced with 

s ta te  geothermal demonstration programs and energy 

grant programs i n  certain states. 

these sources, forms and procedures should be updated 

Knowledge of 

frofa time t o  time. 

Technical assistance has also been called for 

by a few State Teams to  help organize and fine-tune 

some of their own internal operations. 

3 2.4 Public Education. 

The public is becoming nore aware of the po- 

tent ia l  for geothermal energy in these seven Rocky 

Mountain Basin and Range States. T h i s  is not only 

through the actions of the State Cosnmercialization 

Teams, but also i n  consort with various formal and in- 

formal services, public news media, and recently, 

churches and social action groups as well. 

Initiatives of the State Teams are paying off 
h 

i n  various ways. In New Mexico, a ' ser ies  of geothermal 

market research discussion meetings i n  several communities 

produced considerable interest among potential users and, accord- cci 
, 
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I 
i i t  

i 

ing t o  the New Mexico Team, generated more requests 

from them f o r  technical assistance than a l l  the other 

mechanisms they had tried to date. 

as: Information Sheets on heat pmtp68 geothermal 

uses, etc.; Pamphlets on various geothermal subjects; 

the issuance of Ins t i tu t iona l  Handbooks that are 

Publications such 

emerging; and Monthly Newsletters t o  interested par- 

t ies ,  covering leg is la t ive  concerns, funding sources, 

applications, etc. are becoming more popular among 

a l l  reports. Billboards are being used in North 

Dakota. Semi-permanent Booth Displays are reported 

by U t a h ,  w i t h  variations of slide-show presentations 

and free-standing information racks a l so  by various 

other teams i n  connection with such scheduled State 

- Fair o r  E n e m  Fair events as are appropriate. 

Organized Pub l i c  Service Announcements and prepared 

- Press Releases to  public television, commercial radio 

and general newspapers are useful i n  South Dakota and 

elsewhere, and provide more frequent and mutually re- 

inforcing information t o  the general public. Articles 

t o  professional journals and business news publications 

are a l so  effect ive aids i n  selected areas. 

. Input t o  Extension Services, Adult, Community 

and Continuing Education Proerrams should also be cu l t i -  

vated. Indeed, these educational e n t i t i e s  are currently 

expanding their ro les  and offerings t o  meet more public 
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needs for organized infomation. 

- Talks, professional presentations, conferences 

and workshops are most  valuable f o r  dissemination of in- 

formation. 

ing, ear th  science, political science, current  affairs 

classes, etc., found by same teams t o  be v i t a l l y  i n t e r  

ested in having t a lks  on relevant state ac t iv i t ies .  

Universities and high schools have engineer- 

Professional societ ies  as the American Publ ic  

Works Association, Civi l  Engineers, etc., look for cur- 

ren t  input relevant t o  t h e i r  f ie ld .  

thermal conference, discussing exploration, development 

and l a w s  (as held i n  May in Montana), can include major 

opinion leaders from a l l  fields, receive major news 

media coverage, and obtain strong public a t tent ion t o  

current issues. Workshops (as being planned i n  South 

Dakota) can t a rge t  specif ic  markets like business 

A statewide geo- 

leaders of a loca l  area, and provide intensive exchanges 

and closer opportunities for accelerated cooperative 

ventures. 
I 
i 

Also, publicized special  events as October 
I 

Energy Month and'Open House and ribbon-cutting cere- 

monies can bring s ignif icant  public and m e d i a  atten- 

t i on  t o  successful operations and new directions. ' 

See South Dakota report  for details. 

Community and regional OEDP planning councils, 

Comnunity Ackion Program Agencies, VISTA workers, many 
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church groups, and Consumer Advocacy Programs are  now 

rapidly emerging as  ins t i tu t iona l  and social  forces 
i 

seeking knowledge about the planning and development 

of alternative energy sources fo r  the poor, elderly, 

handicapped and general public welfare interests .  

3.2.5 Inst i tut ional  System Development. 

Although Inst i tut ional  Analyses have long been 

a par t  of the early e f for t s  i n  orderly geothermal devel- 

opment, continued attention is reported by a l l  State 

Teams as par t  of accelerating development and i n  out- 

reach programs. 

c i a l s ,  with private developers, and new ad hoc o r  per- 

Appropriate linkages with public off i -  

manent inst i tut ions remain 

current a f f a i r s  w i t h  geothermal commercialization. 

a v i t a l  growth pattern i n  

Regular contacts with State and Federal law- 

makers, agency heads, county planners and o f f i c i a l s ,  

c i ty  administrators are ongoing processes i n  a l l  s t a t e  

reports. Membership i n ,  access t o ,  or  promotion of 

Renewable Energy Advisory Councils and State Energy 

Development Committees aye emerging i n  some areas. 

Attention t o  financial problems and the lack of geo- 

thermal awareness among money lenders and other finan- 

c i a l  inst i tut ions are tirL+Ang a t  least one - s t a t e  team, 

Montana, into replacing s t a f f  with expertise t o  cover 

th i s  area. Where useful projects cannot be made 

feasible for  one participant,  jo in t  ventures (as  w i t h  bd 
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state, c i t y  and school combinations) are emerging. 

Considered a l so  are j o i n t  developments of solar/wind 

and geothermal t o  get  a more comprehensive alterna- 

t ive energy cost  reduction. 

Preparation of proposed legis la t ion is st i l l  

required not only i n  properly defining and u t i l i z ing  

geothermal energy but a l so  i n  continuing t o  eliminate 

the  constraints for f u l l  public access t o  t h i s  viable 

source of energy. 

Further, assessment of building codes, con- 

t r ac to r  t ra ining,  licensing and other regulatory acti- 

v i t i e s  (not par t icular ly  defined i n  the l a w s  but part 

of the fabric of dai ly  construction and technical 

u t i l i za t ion  practices) should be the subject of analy- 

sis, State Team input, and improvement. 

3.3 Geothermal Projects Stimulated/Assisted by State 
Commercialization Teams. 

The S ta t e  Geothermal Commercialization Teams have been a 

vigorous and stimulating force i n  both i n i t i a t i n g  and ass i s t ing  the 

development of geothermal projects i n  their states. The sheer num- 

ber of projects  t h a t  can bea t t r ibu ted  t o  some measure of support 

f r o m  the State Teams has increased each year since 1977. Table  9 

is  a f a i r l y  comprehensive compilation of geothermal projects t h a t  

currently are i n  various stages of conceptual planning, preliminary 

design, f eas ib i l i t y  study, design, demonstration or construction 

within each of the seven states. The compilation is confined to 
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direct heat applications since the electric projects are few and 

have been documented elsewhere in this report. 
I 

These projects are physical developments and do not reflect 

the equally important results of the State Teams in other areas, 

such as legislative reform, policy development, and informational 

services. 
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TABLE 9 
COLORADO 

PROPONFN" OR 

LOCATION DEVEIDPER (S) TYPE OF PROJECT CURRENT STATUS COPIMENTS 

Alamosa Owner of store b e h g  Geothermal space heat- Construction was pre- Water w i l l  also be used 

redeveloped in to  ing for small shopping dicted t o  be completed as domestic water by a 

shopping center center. by lQ/l/00. 75-unit mobile home park, 

and for irrigation. 

Alamosa c i t y  Bailey malting plant Recently awarded a 

and inchstrial  plant User Coupled D r i l l -  

ing Program Contract 

P 
I 
& 

Alamosa Baca Grande Corp. Space heating for 

residential and 

commercial. 

A geothermal loan I n  early sumner of 1980 

guaranty application commercial water source 

Boulder County - George Vranesh . Geothermal heating 

Haystack B u t t e  of 20 acre green- 

house complex. is being prepared. heat pump costs were 

investigated for heating 

greenhouse. 



COLORADO (CONT'D) 

PROPONENT OR 

COMMENTS -TIOM DEVELOPER (SI TYPE OF PRafEcT CURRENT STATUS 

canon Ci ty  State of Colorado Space, water and process 

heating for peni ten t ia ry  

and pr i son  indus t r i e s . ,  

Chef f ee County Chaffee Geothenuai Possible use for pota to  

processing, bar ley  m a l t -  

ing,  and mushroom grow- 

c A 4 

Being evaluated 

In 1980, leases on 

na t iona l  forest lands 

i n  the  Chalk Creek area 

were awarded t o  Amax 

Exploration. 

U.S. DOE awarded cost- 

sha re  contract  for 

$73,000 to Chaff ee Geo- 

thermal which w i l l  study 

f e a s i b i l i t y  of geothermal 

processing of zinc and 

other uses i n  Poncha 

Springs area. 

New Mexico Energy I n s t i -  

t u t e  evaluated feasi- 

b i l i t y .  Colorado Geolo- 

g i c a l  Survey aided i n  re- 

source assessment. 

In  May 1980, State Com- 

merc ia l iza t ion  Team pre- 

pared an A r e a  Development 

Plan on Chaffee County. 

It  has several thermal hot 

springs,  w e l l s  and a KGRA. 
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COLORADO (CONT'D) 

PROPONENT OR 

' LOCATION DEVELOPER (9) TYPE: OF PROJECT CURRENT STATUS COMMENTS 

Durango 

Eldorado H o t  
Springe 

Slenwood Springs 

Glenwood Springs 

Timberline Academy 

Resort m e r  

City of Glenwood 

Springs 

Colorado Depart- 

ment of Highways 

Geothermal space haat- 

i ng  f o r  school. 

Water heating for 

hea l th  5pa. 

Space heating of  muni- 

cipal bui lding and 

sewage treatment 

Geothermal heating of 

ammania With 6 8 9  water 

to melt snow and ice on 

bridge. 

Geothermal heating 

system planned. 

Denver Research In- 

s t i t u t e  was t o  have 

completed f e a s i b i l i t y  

study by end of 

September 1980, 

CDH is  t ry ing  t o  ac- 

qu i r e  r igh t s  t o  ade- 

quate  geothermal re- 

sources t o  support 

They received technical  

ass is tance from S ta t e  

Team, EG&G, m 1 ,  and 

CGS. A small grant w a s  

received from DOE. 

Purchased f o r  heal th  spa 

development 

PRDA awarded i n  November 

1979. 

Colorado Highway Depart- 

ment has a bridge model 

in Glenwood. They a re  

in t e re s t ed  i n  snow and 



COLORADO (CONT'D) 

PROPONENT OR 

-TION DEVEUlPER (S) TYPE OF PRWECT CURRENT STATUS COMMENTS 

Glenwoad Springs 

Gunnieon County 

(Haunita Hot 
Springs) 

7 
cp 

this type of project 

U.S. Water & Puwer Desalinieation 

Resources Service. , 

Gunnison County Space heating of new 

tcmnz caclcaded enexgy 

applications. 

Idaho Springs Ci ty  of Idaho Springs Space heating. 
an8 fndian 
Springs Resort 

Considering submittal 

of a grant proposal. 

ice mel t ing  on structure 

t o  be constructed as part  

of 1-70 through Glenwood 

Canyon 

Planning is being done by 

local planners. A $44,000 

grant proposal has been 

submitted for planning for 

a new t w n  t o  be heated 

w i t h  geothermal energy. 

C i t y  Council voted t o  

seek funds for detailed 

evaluation of econantcs. 

I n  Ju ly  1980, State Team 

met w i t h  city off ic ia ls  



$+ *t e L c w 

COUlRADO (CONT'D) 

PIWPONENT OR 

LOCATION DEVELoPER(S) TYPE OF PROJECT CURRENT STATUS COMMENTS 

to  t e l l  them about User- 

Coupled D r i l l i n g  Program. 

Ouray c i t y  of Ouray Space heating. A geothermal heating 

system has been installed 

i n  a municipal garage, 

Grant proposal for $72,000 

P for a feasibil i ty s tudy 

v) was submitted t o  DOE. 
I 
& 

Pagosa Springe City of Pagosa Space heating. ' As of 9/80, data being A $1 million DOE P.O.N. 

Springs. analyzed by Hydro- contract was awarded. 

Triad Resource appears 

sufficient . Final de- 

sign for heating system 

completed and being re- 

viewed by DOE. 



PFtOPONENT OR 

-TION DEVELOPER (S ) TYPE OF PROJECT CURRENT STATUS COMMENTS 

Penny Hot Springs Owners 

Pueblo * Larry Homer 

Space heating for home 

and clinic. 

Direct geothermal appli- 

cation for alcohol 

production. plant. 

hian Luis Valley Alamosa Mushroom Direct geothermal appli- 

{Northeast of Fa-, Inca cation for mushroom 
Alamosa) 

plant. 

.. 

State Buildings State 

around 

Colorado 

C '  h 4 

Space heating. 

Project is not active- 

ly being pursued. 

A 2000' well w i l l  be 

dril led.  FCRC w i l l  

Supply about $40,000 

of to ta l  d r i l l i n g  

cost of $127,000. 

Western Energy 

Planners, Ltd. is 

studying feasibil i ty 

of geothermal space 

Funding i s  private. 

Willard Owen Co. is 

conducting geothermal 

investigations i n  area. 

An alcohol production 

plant using geothermal 

energy is being considered. 

A study of San Luis 

Valley is being done for 

South Central Economic 

Development District. 
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COLORADO (CONT'D) 

PROPONENT OR. 

CURRENT STATUS COMMENT LOCATION DEVELOPER (S 1 TYPE OF PRWECL! 

heating i n  selected 
* 

s ta te  buildings. 

Telluride 

&r 

3 T r h b l e  Hot 

Springs 

b u t t  Hot 'Springs 

Rudy Baer 

Space heating. The town has asked the 

State Team for help i n  

locating and developing 

a geothermal resource. 

Space and water heat- 

ing for  resort. way. 

Design of resort under- 

Space heating for  

school. 

Charles Underwood Space heating for Sand Dunes 

greenhouse. 

Resource data is being 

evaluated. 

Refining loan guaranty Leases have been acquired; 

application preliminary assessment has 

been done; a loan guaranty 

application has been pre- 

pared. 



MONTAN A 

PROPONENT OR 

COMMENTS 
% 

LOCATION DEVELOPER (S) TYPE OF PROJECT CURRENT STATUS 

Avon 

Baker 

Earth Energy I n s t i t u t e  Space heat ing for a corn- Completion is expected The townspeople w i l l  be 

from four  90° F hot 

springs w i l l  provide 

400,000 BTU/hr . 
Montana Department of 

Natural Resources and 

Town of Baker 

CI 4 

munity greenhouse. by Ju ly ,  1981. promoting self-rel iance 

i n  t h i s  demonstration 

project. Gravity flow 

Conservation is providing 

user ass i s tance  and hopes 

t o  help with funding. 

Direct geothermal appli- 

ca t ions  such as space 

and water heat ing for 

A f e a s i b i l i t y  study is 

being undertaken by. 

Hengel, Berg Associates. 

Natural gas and o i l  f i e l d s  

are p l e n t i f u l  now b u t  are 

expected to be exhausted 

a town of 38000 popu- i n  10 years.  Baker needs 

l a t  ion. . an a l t e r n a t i v e  energy 

supply. Perhaps 1000 

* c  
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MONTANA (CONT'D) 

PROPONENT OF 

CURRENT STATUS COMMENTS SACATION DEVELOPER (6 1 TYPE OF PROJECT 

buildings could be heat- 

ed geothermally. 

Springs Owner 

P' 
I 

$ Boulder  TOW^ of Boulder 

Geothermal energy for 

ethanol production; 

greenhousing and aqua- 

culture. 

Space heating for a pro- 

posed l i g h t  Sndus t r i a l  

park; greenhouse, aqua- . 
culture.  

Broadwater Hot Frank Gruber, 

Springs Owner 

Space and water' heat- 

i ng  for a large h e a l t h  

spa. 

Funds from the User- 

Coupled Dr i l l i ng  Pro- 

gram have been sought. 

A greenhouse is i n  op- 

e ra t ion  and an aqua- 

c u l t u r e  f a c i l i t y  i s  

i n  advanced planning 

stages. 

Operational 

A temperature of 250°F 

is estimated t o  e x i s t  a t  

depths of 100-300 feet. 

The spr ings  have a surface 

temperature of more than 

160° F and a fluw of 500 

The i n d u s t r i a l  park pro- 

ject has been cancelled. 

The ho t  spr ings  owner 

threatened a lawsuit i f  



P' 
I 
lJl 
0 Chi- H o t  

Springs 

Deer Laage 

County 

c 

Mike U t  Space and water heat- 

ing using a hydxo- inadequate. 

electric water-to- 

water h e a t  pump. 

Funding is  thus far 

Montana Energy Space and water heat- The w e l l  is not  p e r  

Research & Develop- i n g  for Warm Springs forming as antici- 

ment I n s t i t u t e  Hospital. pated. The project 

is s t a l l e d .  

the spr ings  were damaged, 

although the  ta rge ted  s i te  

was not  on h i s  land. 

The Owner has s i n c e  pro- 

posed a geothermally heat-  

ed canaunity for commuters 

to  Helena & Butte.  
* 

The state has  approved a 

$10,000 grant.  Estimated 

energy use would be 

400,000 BTU/hr . 

A PON for $685,000 has 

provided the  primary -fund- 

ing. 

EG&G and MERDI have work- 

ed on system design. 
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MONTANA (CONT'D) 

PROPOtEN!l! OR 

CURRENT STATUS COMMENTS UXATION DEvEIx)pER (S) TYPE OF PROJECT 

Fort Peck 

Reaervation 

Helena Valley 

w 
t 

F 

Hot Springs 

Fort Peck Tr ibe  Space heating of green- 

houses and homes: 

ethanol production. 

State of Montana; 

City of Helena 

Assessment of the geo- 

thermal resource i n  

area; identification of 

production d r i l l  sites. 

Energy Engineerling Process heat fo r  an 

ethanol plant. 

Feasibility s tudies  are 

being conducted and 

insti tutional barriers 

are being analyzed. 

Gravity data are cur- 

r e n t l y  being analyzed. 

Advanced desi'gn s tage . 
Tes t  d r i l l ing  is 

Huntere H o t  

Springs 

underway. 

Private developer Space heating for a 

greenhouse 

A PRDA of $124,995 has 

been awarded. P a r t  of 

a $24 million CERT grant 

w i l l  be available. 

The Department of Natural 

Resources and Conserva- 

tion is cost-sharing the 

project . 

The geothermal resources 

appear t o  be excellent. 

The town has expressed in- 

terest i n  a district heat- 

ing system. A high school 

has dr i l led a test w e l l .  

The developer has private 

funding and has contacted 
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MONTANA (CONT'D) 

PROPONENT OR 

COMMENTS tOCATfON DEVELOPER (S ) TYPE OF PROJECT CURRENT STATUS 

Lost Trail 

H o t  Springs 

c1 
I cn 
N Norris Hot 

Springs 

Spring Creek 

(new town) 

WE-SAN about loan guai 

t y  program. 

Space and w ? t e r  heat- 

ing for recreational- 

spa complex. 

Private developer Space heating for a 

greenhouse. 

Heat pump system for 

space and water heat- 

ing for a new town. 

A meeting w a s  held i n  1 

spring of ' 8 0  with res4 

owners and prospective 

developers. 

The Owners are investic 

ing bedding plant prod1 

Preliminary indication 

that ground water heat 

pump systems can compe 

with comparable space 

ditioning systems when 

t r i c i ty  costs 2Ofiwh o 

C '  c 
1 c 
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MONTANA (COW ' D) 

PROPONENT OR 

DEVEL~PER(S) TYPE OF PR(xfEcT CURRENT STATUS COMMENTS XOCATION 

White Sulphur Town of White Space heating for  a bank 

Springe Sulphur Springe building; waste water 

w i l l  be cascaded to  a 

motel for swimming pool 

and space heating. 

Space heating for Eft. 

'i' 
VI w 

White Sulphur Town of mite 
Springe Sulphur Springs View Hospital, Court 

fIouse , grade school, 

and high school. 

Operational The system is expected 

t o  meet 80% of bank's 

heating demand. Techni- 

ca l  assistance has been 

provided by EG6iG. 

A State Renewable Energy 

Grant for  $43,500 was 

received. 

I n i t i a l  feasibi l i ty  Funds fo r  feasibil i ty 

stage. s tud ie s  were awarded 

i n  March 1980. A new 

test w e l l  was dr i l led 

for the hospital, al- 

though an existing well 

may be used. 



PROPONENT OR 

LOCATXON DEVELOPER (S) TYPE OF PROJECT CURRENT STATUS COMMENTS 

C O l ~ U S  State of New Mexico Direct geothermal appli- A s  of Oct. ' 8 0  the A ceremony was held i n  

cations for an i n d u s t r i a l  test w e l l  had reached Columbus i n  August ' 80  

park. 

Dona Ana County American D r i l l i n g  Direct geothermal 

and Grouting, Xnc. appl ica t ion  for 

ethanol plant .  

a depth of 1500', and inaugurating New Mexico's 

seemed to have usable geothermal exploration 

resource f o r  an in- program. Th i s  is part 

d u s t r i a l  park. of an effort t o  develop 

the In t e rna t iona l  Indus- 

t r ia l  Park which hopefully 

w i l l  a i d  the  economic de- 

velopment of northern 

Mexico and southern New 

Nexico . State Funding : 

$75,000. 

Preliminary €easibil- 

i t y  criteria for es- 

t ab l i sh ing  a 100,000 gal/ 

day ethanol p l a n t  was 

inves t iga ted  during the 

. ". .. 

c Y 
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PROPONENT OR 

MEW MEXICO 

4 

CURRENT STATUS COMMENTS LOCATION DEVELOPER (6 )  TYPE OF PFOhCCT 

summer of ' 8 0  by a pri- 

vate firm. 

Dona Ana County Dona Ana County Geo- Comprehensive planning 

thermal Task Force for geothermal energy 

development. 

Dona Ana County NMSU, La8 Crucesl Space and water heat- 

i n g  for 12 N e w  Mexico New Mexico 

State Universi ty  

campus buildings.  

The f i n a l  report w a s  

completed i n  O c t .  ' 80 .  

Recanmendations from 

t h e  geothermal task 

force are included. 

The report has been 

approved by Las Cruces  

City Council and Dona 

Ana County Commission. 

Heating and cooling 

f e a s i b i l i t y  studies 

were to  have been com- 

pleted i n  September, 

I n  November '79 the EMD 

authorized funding for 

a comprehensive planning 

study for geothermal de- 

velopment i n  Las Cruces 

and Dona Ana County. 

The state appropriated 

$lO,OOO for t h e  study. 

I n i t i a t e d  by Dona Co.8 

local gov't e n t i t i e s .  

The project envisions 

heating a major port ion 

of the University campus. 

A r e t r o f i t  p lan has  been 
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PROPONENT OR - 
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LOCATION DESELOPERtS) TYPE OF PROJECT CURRENT STATUS COMMENTS 

, 1980. Bid openings for  

dr i l l ing a second geo- 

thermal production well 

on canpus were schedul- 

ed for  October 30, 

1980. 

Second production w e l l  

w i l l  be dril led before 

end of year and tes t -  

ing w i l l  begin. 

Drilling activity CM- 

pleted for observation 

G i l a  Hot Sprhga Dac  Campbell 

w e l l  and two temp gradient 

w e l l s .  

Space and water heat- Operational 

ing for  15 buildings 

and two greenhouses. 

under review. Natural 

gas displacement w i l l  be 

about 400 x 109 B t u  

annually. 

Doc Campbel l  has discuss- 

ed expansion plans with 

the Energy 6, Minerals 

Department. Funding is 

C' b Y * c  
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NEW MEXICO (CONT'D) 

MEATION DEVELOPER(S) TYPE OF PRaTECT CURRENT STATUS COMMENTS 

being sought. %bo new 

w e l l s  have been dug. 

G i l a  Hot Springs Doc Campbell Law temperature elec- A $32,000 grant  has  been 

trical generation ut- received through the 

i l i a i n g  a Rankine Appropriate Technology 

cycle engine. Small Grants Program. 

Additional research and 

environmental assessment 

funds are being sought. 

7 
v, 
4 

8 

Jemez Springs Municipality ' Space and water heat- An R & D study is being Funding for this project 

is from the State of New i n g  for municipal 

facilities, including gineer from New Mexico. 

undertaken by an en- 

police 8 fire depart- 

ments. 

Mexico State University. 



UlCATION DEVELOPER (6) TYPE OF PRQJECT CURRENT STATUS COMMENTS 

La8 Cruces 

Las Cruces 

AMDEC Corp. Space and water heating 

for 1500 homes i n  t h e  

Funding is being sought. 

Approximately $1.2 

Candlelight Shadows 

subdivision ad. The project ap- 

mil l ion w i l l  be requir-  

pears  to be techni- 

c a l l y  feasible ,  and 

the  necessary zoning 

permits a re  being 

acquired. 

L'eggs Products Inc. Direct geothermal ap- Energetics Corp. cm- 

p l i c a t i o n s  at L'eggs 

hosiery p lan t .  

p le ted  t h e i r  study of 

the  L'eggs p l an t  and 

concluded t h a t  t he  pro- 

ject is not economi- 

c a l l y  feasible .  

A site s p e c i f i c  analysis  

was completed i n  ea r ly  

summer 1980 by the State 

Team and t h e  NMSU Phy- 

sical Science Lab. The 

subdivision s i te  seem 

to  ove r l i e  a geothermal 

resource 

Funding: DOE PRDA contract .  

The f i n a l  phase of the  

study, which began i n  July 

'80, involved the N.M.S.U. 

w e l l ,  4.25 m i l e s  of piping 

from the  w e l l  to  L'eggs, 

and t h e  r e t r o f i t t i n g  of 

the p l an t  to  u t i l i z e  

geothermal water. 

C '  b Y 
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PROPONENT OR 

TYPE OF PROJECT CURRENT STATUS COMMENTS LOCATION DEVELOPER(S) 

Mesilla Park 
. .  

Sandyland, Inc. 

Taoa (Ponce de 

Leon Hot 

Solar America, Inc. 

Springs 1 

Space and water heating 

for a .major greenhouse 

a t  Sandyland Nursery 

Space hea t ing  for a 7500 

eq. ft. thermal/eolar 

greenhouse project. 

W e l l  d r i l l i n g  has begun, 

Ribbon cu t t i ng  cere- 

mony for t h i s  project 

was on Oc t .  318 1980. 

Nursery owners have m e t  

with t h e  EMD t o  discuss 

funding and technical 

assistance.  Annual 

f o s s i l  f u e l  savings w i l l  

approximate 30 x lo9 Btu. 

Sandyland, Inc. is t h e  

world's l a r g e s t  

chrysanthemum grower. 

The geothermal f l u i d  also 

serves as a hydroponic 

medium for tomato crops. 

This project is part of 

the State Demonstration 

Program. Funding is h a l f  

State,  ha l f  federal .  A 

water r i g h t s  problem was 



Space heating f o r  a pro- 

Truth or C a r r i e  Tingley 

7 Consequences Hospital 
d\ 
0 

Truth or ' 

Coneeqwnces 

posed 80-unit condomin- 

ium complex. 

Space and water heating 

of cr ippled chi ldren 's  

hospi ta l .  

Space and water heating 

of Senior Ci t izen '  s 

Cmplex. 

Planning Stage 

The hospi ta l ' s  geo- 

thermal hot water 

pre-heat system is 

now operational. 

A dedication cere- 

mony was held on Sept. 

18, 1900. 

D r i l l i n g  was t o  begin 

t h e  l a s t  week of O c t .  

' 8 0  on a 250' pro- 

negotiated i n  the spring 

of ' 8 0 .  

Natural gas displacement 

w i l l  be approximately 

1 2  x 109 BTU/yr. 

This projec t  is p a r t  of 

the S t a t e  Demonstration 

Program. 

This pro jec t  is p a r t  of 

t he  S t a t e  Demonstration 

Program. Some funding 

a l s o  comes from t he  FCRC. 
* 

duction w e l l .  

4 



NEW MEXICO (COWT'D) 

PROPONENT OF 

CURRENT STATUS COMMENTS fxlcATION DEVELOPER (S) TYPE OF PROJECT 

Truth of Space and water. heating Construction i s  under- 2 x lo9 BTUJyr. of natural 

Consequences for  a 29-unit condomin- way. 

ium complex. 

University of University of New Space and water heating Engineering and geo- DOE awarded a $125,000 

Mexico Interdis-L on University of New logical studies have PRDA contract for the ini- 

ciplinary team. Mexico campus. 

New Mexico 

been completed by a 

gas would be displaced. 

t i a l  study. A huge water 

of New Mexico. 

The report w i l l  be pre- 

may be approximately 8500 

feet  below the university. 

Y 
I 

sented t o  University of I f  t h i s  resource could be 

New Mexico administra- 

tors,  regents, and leg- 

islators,  who w i l l  de- geothermally. Given the 

cide the fu ture  of gee- 

thermal energy a t  the 

University . relative t o  inflation, 

UNM may t ry  to get DOE 

tapped, 90% of the build- 

ings a t  UNM could be heat- 

cost of natural gas and 

backup f u e l  o i l  supplies 

geothermal energy is 

assistance i f  the pro- competitive r ight  now. 

ject is cleared for con- 

struction. 



PROPONENT OR 
NORTH DAKOTA 

IDCATION DEVEUlPER (S) TYPE OF PROJECT CURRENT STATUS COMMEESTS 

Bismarck !Porn of Bismarck Space heat ing of CBD 

Downtown Merchants buildings. 

Association. 

. 

Bismarck 

P 
I 
a, 
h) 

Carlson Homes, Inc. One year demonstration Demonstration project is 

and ana lys i s  of ground plannea f o r  1980 and 

water hea t  pumps used i n  e a r l y  1981. 

connection w i t h  a shallow 

. .  aqui fer  system. 

c 4 

The Downtown Merchants 

Association investigated 

the poten t ia l  for a cen t r a l  

business district geothermal 

heating system, e i t h e r  w i t h  

or without a hea t  pump. 

Carlson Homes  planned to 

i n s t a l l  and demonstrate 

ground water heat pumps i n  

two of f o u r  models homes w i t h  

reports and technical  assist- 

ance from UND Experiment 

Stat ion.  They w i l l  supply 

$353,424. An amount of 

$9,650 has been requested 

from O l d  West Regional 

Commission. The geothermal 

port ion of projec t  was 

pending act ion by them. 

Y, 



NORTH DAKOTA (CONT'D.) 
PROPONENT OR 

LOCATION DEVEI[X)PER (S) M E  OF PROJECT CURReNT STATUS COMMENTS 

Clinic Private developer. Space cooling by an 

experimental geothermal 

air conditioning system 

operating in a clinic. 

Dickensan Carlson Homes, Xnc. Potential space heating 

using heat pumps in 

private homes. 

1 w 

H a m y  Roger Rueeel Space heating using ' 

heat pumps for a ware- 

* house, office space; 

and possibly a residence. 

A large energy savings is 

anticipated from the , 

experimental system. 

Carlson Homes, who are 

building 200 homes per year 

in Dickenson, have been 

considered a prospect for 

geothermal energy utilization. 

Favorable bottom hole tem- 

peratures have been indicated 

by oil wells. 

Mr. Russlitl, who initiated 

this commercial heat pump 

project, said in the summer 

of 1980 that he would drill 

a well to obtain 85-90% 

water to use in conjunction 

with a heat pump. 



LOCATION DEVEIDPER (S) TYPE OF PROJECT CURRENT STATUS COMMENTS 

Jameatawn Trout Wells . Geothermal hea t  pump 

demonstration project 

in comnercial building. 

New England St. Maw's School Space heating. 

Pat terson . 

note1 

Space and water heating I n  October 1980, devel- 

using h e a t  pumps for a opers were assured of 

This demonstration project 

opened i n  ear ly  1980. 

An engineer was hired i n  

summer of 1980 to conduct 

an energy aud i t  to qua l i fk ;  

t h e m  for t h e  Schools and 

Hospitals program. Because 

the school has been given 

a geothermal w e l l  by the 

State Water Conmrission, 

school officials and aup- 

portera are expecially 

in t e re s t ed  i n  a geothermal 

heating system for both t h e  

school and a slaughter house. 

The engineering feasibility 

study w a s  completed i n  

c c' I 45 
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NORTH DAKOTA (CONT'D.) 
PROPONENT OR 

IDCATION DEVELOPER (S) TYPE OF PROJECT CURRENT STATUS COMMENTS 

hotel which is being re- funding for renovation August 1980. A permit has 

novated as housing for from HUD's r e n t  subsidy been granted to allow dis- 

the e lder lyr  project may program.. charge i n t o  t h e  Missouri 

u l t imate ly  expand to  River. Fossil f u e l  dis- 

include nearby commercial 

and prof ess iona l  buildings. 

placement from use of heat 

pump system and shallow 

w e l l s  w i l l  amount to about 

1 2  x 10 9 BTU annually. 

P 
I 

The geothermal heat pump 
G 

Pr iva te  Pr iva te  developer. Space and w a t e r  heating 

Residence replaces a propane system. of private residence, 

including hot tub (water 

to a$r hea t  pumps). 

Twil ight  €Iil;ls Group of business Space heat ing with I n  the f a l l  of 1979, a group 

S k i  Bowl peopl33 from hea t  pump ass i s tance ;  of business people planned 

Bismarck water m y  then be used 

f o r  snowmaking. 

to re-open and expand th i s  

ski area. 



NORTH DAKOTA (CONT'D. 
PROPONENT OR 

LOCATION DEVELOPER (S) .TYPE OF PROJECT CURRENT STATUS COMMENTS 

Valley City Maryvale Convent Space heating 'using Conversion of the convent to 

and School ground water h e a t  pumps a geothermal heating system 

for a convent and w i l l  r e s u l t  i n  annual savings 

school. 

c 4 

of  40,000 gallons of f u e l  

oil.  The system w i l l  be 

constructed without DOE 

assistance. Design work is 

finished b u t  an in jec t ion  

w e l l  needs to be developed. 

If the system is not oper- 

a t i o n a l  by winter 1980-1981, 

f u e l  o i l  w i l l  cost about 

$60,000. Capital cost is 

expected to be about $60,000, 

with a payback period of 

about 4-5 years €or total 

sys tern. 
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PROPONENET OR 
SOUTH DAKOTA 

CURRENT STATUS COMMENTS -TION DEVELOPER (S) TYPE OF PROJECT 

Edgembnt Town of Edgemont 
. .  

. Space and water heat ing Preliminary design and 

for school, etc. planning is underway. 

b 
4 

Haakon County - 
Diamond Ring 

Ranch 

Ranch owners Space heating, gra in  Construction of geo- 

drying, stock water thermal system is com- 

warming, irr igation plete. operat ional  . 

on Diamond Ring Ranch. monitoring is i n  pro- 

gress u n t i l  June 1981. 

There are seven geothen 

wells i n  the  area. The 

S t a t e  Team held a publi 

meeting there  i n  Ju ly  1 

to  discuss  geothermal e 

and spec i f i c  project i n  

mation. Technical assi 

w a s  requested from EGhG 

A proposal to DOE for f 

is  being prepared. 

The w e l l  being used is 

years old and has  a w a t  

temperature of lS@P. 

Pr iva te  consul tants  ass  

with economic and engin 

analyses. A DOE-PON PI 

62 percent of t he  total 

$403,098 expenditure. 



7 SOUTH DAKOTA (CONT'D.) 
PROPONENT OR 

IOCATION DEV&ljOPER (S) TYPE OF PROJECT CURRENT STATUS COMMENTS 

tlaakon County - Town of P h i l i p  Space heating for 

P h i l i p  several schools and 

businesses 

Lemon 

. .  
s t ruc t ion  of the busi- 

ness district system is 

in progress. 

Ci ty  of Lemon . Space and water heat ing 

for homes, businesses, 

R e t r o f i t  of the schools 

for geothermal heat ing 

has  been completed. An 

open house w a s  scheduled 

for October 1980. Con- 

greenhouses and aqua- ' 

cul ture ;  i n d u s t r i a l  
* .  

process hea t  for grain 

drying and ethanol  pro- 

duction. . 

Cornunity leaders  are 

preparing a proposal for 

DOE for funding. Ex- 

plora t ion  w e l l s  were 

d r i l l e d .  A proposal 

for demonstration w a s  

completed i n  August 1980 

The project has a DOE cost- 

share contract .  NMEI pre- 

pared an economic ana lys i s  

f o r  Phi l ip .  Developers 

experimented with barium 

chlor ide  to el iminate  

radium from the water. 

Total project cost is 

$1 14 million. 

Energy yield of 1 x 10 1 2  

BTU/yr. was  ant ic ipated.  

The system cost w a s  e s t i m t e d  

to  be $6,204,000 with 

$4,844,000 DOE funding and 

$1,360,000 c i t y  funding. 

Anticipated geothermal cost 

by Dunham and Associates. was estimated at $5.50/6.00 

e: 4 

per MMBTU, with savings. of 

$3.00-6.00 per NMBTU. 



Lyrein County 

Pierre 

c.' 
I 
rn 
u) 

' Pierre  

Pierre 

SOUTH DAKOTA (CONT'D) 
PROPONENT OR 

IDCATION DEVELDPER (S) TYPE OF PROJECT CURRENT STATUS COMMENTS 

State of South Space heating of Vivian 

Dakota highway rest area/visit- 

The f ina l  design is due 

April 1, 1981. 

or's center. 

State of South Space heating for * 

Dakota capitol Mall. 

Ray Shields, Space and water heating 

housing developer for 200 homes. 

An economic analysis 

indicated a 16-year 

payback period. The 

project has been defer- 

red u n t i l  state funds 

are available. 

A funding source has 

not yet  been found. 

St. Mary's Hospital Spaca and water heating Operational 

The South Dakota Dept. of 

Energy and the U.S. Dept. 

of Energy have participated. 

A w e l l  i n  the capitol 

grounds would be'used. An 

estimated 1458000 gallons 

of fuel o i l  would be saved 

annaully. NMEI provided 

technical assistance. 

A $718,000 DOE-PON provided 

for  a new wing of St.  

Mary's Hospital. 

75% of the project funds. 

A nine-year payback period 

is anticlpated 
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SOUTH DAKOTA (CONT'D) 
PROPONENT OR 

LOCATION DEVELOPER (S) TYPE OF PROJECT CURRENT STATUS , COMMENTS 

Po& 

Sioux Falls 

John Biegler, Space and water heating Sources of funding are 

Polo School District assisted by heat pump being investigated, and 

for a high school. an economic analysis is 

being performed. 

Groundwater heat pump 

at the Misaouri Basin 

Power building. 

Early planning stage. 

School district official 

hope to heat the school 

a 78OF artesian well abo 

200 yards f r o m  the build 

Q 4 ' C  



PROPONENT OR 

Y 

COMMENTS LOCATION DEVELOPER (S) TYPE OF PROJECT CURRENT STATUS 

Cove For t  . F o d n c o ,  Inc. I n d u s t r i a l  applications: R&R Energies has begun This w i l l  be the f i r s t  

R&R Energies ethanol production and permitting processes alcohol production u n i t  

s u l f u r  drying; cascading with t he  USFS and the  i n  the  state, and is ex- 

possible for greenhous- USGS. A revised sche- , I *  I 

pected to  produce 7 

ing and aquaculture dule Indicates  a May 

1981 production start hol  per year. The w e l l  

mill ion gallons of alco- 

up a t  the earliest. has been pump tested and c-l 
!I w system design has been 

completed. The develop- 

ers hope to  use the Geo- 

thermal Loan Guaranty 

Program. Some technical 

ass is tance has been pro- 

vided by UURI, as w e l l  as 

the  State RA Team and t h e  

State Commercialization 

Team. 
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,WAH (CONT'D. ) 

. 
PROPONENT OR 

CURRENT STATUS COMMENTS LOCATION DEVELOPER (S) TYPE OF PROJECT 

Draper State of Utah Space and water heat ing 

(Crystal  H o t  

Springs) 

of Utah State Prison. 

P 
I 

.. 

.- 

Plymouth Belmont H o t  Springs Space and water heat ing 
Corp. 

(BBlmont H o t  . for a resort and a hous- 

Springs) i n g  development. 

Two :xploratory w e l l s  

have been d r i l l ed .  

Tests are planned for 

late 1980. Indicat ions 

are t h a t  t he  geothermal 

reservoir is adequate 

for t h e  project and is 

accessible on pr ison 

property. 

Flows of up t o  1000 

gpm a t  180 + OF were 

encountered i n  t h e  

1000 f t .  exploratory 

hole. 

The resort is operation- 

al. The housing devel- 

opment is i n  t h e  i n i t i a l  

s t ages  of negot ia t ion 

and construction. 

This is a DOE-PON project, 

but  the  State has  also 

provided some funding. 

The o r ig ina l  proposal call- 

ed for $1598457 of State 

funds and $3798150 of DOE 

funds . 
TERRA-TEK and EGfiG are pro- 

viding technica l  ass is tance.  

I n i t i a l  heat ing design de- 

mand is estimated to  be 

3.68 x lo6 s t u b .  

This project for a small 

district system (35 houses) 

is i n  t he  planning and 

development s tages .  Plans 

are t o  u t i l i z e  a 140° F 

resource. Funding is pri- 

' c 
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UTAH . (CONT' D. ) 

PROPONENT OR 

DEVELOPER(S) TYPE OF PROJECT CURRE3JT STATUS COMMENTS LOCATION -- 
vate. Resource has been 

Crystal Hot Crystal Hot Springs 

investigated, the State 

RA team a t  the UGMS. 

This geothermal project Space and water heating The resort is i n  oper- 

for  spa fac i l i ty  includ- ation a f te r  extensive was evaluated early i n  
I. 

Springs 

(Honeyvi lle 1 ing a lodge; greenhouse renovation. 1980 by EG&G Idaho. The 

heating also evaluated. resource was investigated 

by the State RA team. 

Funding is private. 

Dallas Elder Space and water heating, S t i l l  i n  planning Early i n  1900 the State 

for  housing, possibly stage. Engineer's O f f i c e  approved 

cascaded to aqugculture. the dr i l l ing of two shallow 

direct  use geothermal' w e l l s  

i n  the northern par t  of 

the town of Logan. 

City of Logan Si te  specific analysis for  Under consideration. The s ta te  team performed 

potential  d i rec t  geother- 

mal applications. 

the si te specific analysis 

early i n  1900. 
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UTAH (CONT'D) 

PROPONENT OR 

EATION DEVELOPER (S) TYPE OF PROJECT CURRENT STATUS COMMENTS 

h n r o e  C i t y  C i ty  of Monroe Space and water heating. Pro jec t  is being re- This is a DOE-PON project. 

. .  scoped. Reinjection Monroe City is  also pro- 

r e s t r i c t i o n s  could viding funding. Several 

have major impact on 

t h e  economics of t h e  

project. technical  design phase 

b 

wells have been d r i l l e d  

and t h e  engineering and 

is  s t i l l  underway. 

TERRA-TEK, EG&G# and UURI 

have provided technical  

ass is tance.  

Newcastle Stephen Christensen Space heat ing for 

greenhouses. 
. .  

2m°F water from the w e l l  

has  replaced a propane 

heating system and ended 

a $2,500 monthly heating 

bi l l .  The project is 

p r iva t e ly  funded. 

A production w e l l  

drilled in 1979 sup- 

plies hea t  t o  a set 

of greenhouses. 

Hill A i r  Force U.S. A i r  Force Space and water heating. I n  planning stage. The USAF indicated an in- 

Base  Disappointing ex- , terest i n  geothermal 

p lora t ion  resu l t s .  hea t ing  a t  H i l l  AFB as  a 

r e s u l t  of UURI resource 

I 



UTAH (COMT'D) . 

PROPONENT OR 

CURRENT STATUS COMMENTS -TION DEVELOPER (S) TYPE OF PROJECT 

assessment work on the 

base and a prelhinary 

economic analysis L by 

E G f G ,  which showed pay- 

back times of 4 to 6 years. 
Newcastle Hygroponics Space heating for hydrrr The Florida-based The well purchased by 

Pensamla, Florida 
ponic greenhouses. greenhouse company Hygroponica is one of two 

u 
'I 
4 
UI 

t 

has purchased a hot 

well and a parcel of Bros. Plans call for a 

drilled by Christensen 

land from Christensen 

Bros . 
large greenhouse project 

which would raise toma- 

toes and cucumbers for 

distribution in the 

Southwest. Funding will 

be private. 

Salt Lake City Salt Lake City Ground water heat pumps The 28-story LDS The State Team's prelirn- 

Corpora tion. for heating and cooling. Church Office build- inary economic assessment 

ing and a number of 

schools and other 

of the use of ground 

water heat pumps for the 

buildings along the downtown redevelopment 



______-_ - - . - - __ __ - _I _ _  .. . _. -~ - " "  II - i -  

UTAH (CONT ' D . ) 
PROPONENT OR 

LOCATION DEVELOPER (S TYPE OF PROJECT CURREXJT STATUS COMMENTS 

Wasatch Front are cur- 

r e n t l y  heated & cooled 

by means of ground 

water hea t  pumps. 

The State Team conduct- 

ed a preliminary analy- 

sis of a hea t  pump 

system for a large 

State is Municipal re- 

development project; 

Western Energy 

Planners of Denver has 

suggested more de ta i l -  

ed  engineering and eco- 

nomic f e a s i b i l i t y  

s tud ie s  t o  determine 

t h e  advantages and dis- 

advantages of hea t  pump 

systems. Phase I of the  

redevelopment project is  

project indicated t h a t  

heat  pumps were margin- 

a l l y  competitive with 

na tura l  gas systems. 

This is due t o  l o w  nat- 

u r a l  gas costs and high 

e l e c t r i c i t y  costs i n  

Utah. 

A l o w  temperature geo- 

thermal resource is 

common i n  heavi ly  popu- 

lated north central .  

Utah. Ground water hea t  

pumps have the po ten t i a l  

of allowing u t i l i z a t i o n  

of t h i s  resource. Fund- 

ing  would be through 

municipal bonds. 

4 c: 4 $ 6 '  



PROPONENT OR 
DEVELOPER (S ) TYPE OF PROJECT CURRENT STATUS COMMENTS 

LOCATION 

Sandy 

P 
I 
4 
J 

Uhh Roses, Inc. Space heating for  Utah 

Roses greenhouse 

operation. 

Bluffdale . Utah Roses, Inc. Space heating for Utah 
(Crystal Hot 
Springs) Roses greenhouse 

. 
- 

too fa r  along t o  re- 

design for heat pumps, but 

subsequent phase8 may be 

designed to  include heat 

P W S  

Well dr i l l ing has been 

completed t o  5009 f t ;  

flow testing and de- 

sign are i n  progress. 

The production w e l l  is 

operational and the re- 

injection well is com- 

pleted. The injection 

well does produce geo- 

thermal fluids, but no 

problems are anticipat- 

ed i n  using it for re- 

.- 
WE-PON Project; DOE 

share (proposed) 

$495,000, Utah Roses 

share $416,700. The 

geothermal energy could 

replace as  much as 

7 5 ~ 1 0 ~  Btu/Yr- 

This project is privately 

funded, and is adjacent 

t o  Utah State Prison where 

geothermal space condition- 

ing is being investigated. 

A 70,000 sq. f t .  building 

has already been planted 

with roses, and the geo- 



UTAH (CONT'D.1 

PROPONENT OR 

LOCATION DEVELOPER (S) TYPE OF PROJECT CURRENT STATUS COMMENTS 

injection. thermal system is opera- 

tional, supplying up to an 

estimated 16.25 x lo9 Btu/Yr 

Eventually as  much as 

700,000 sq. f t .  of green- 

house may be heated geo- 

thermally, replacing natur- 

a l  gas and propane. 
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PROPONENT OR 
WYOMING 

. 
DEVELOPER (S) TYPE OF PROJECT CURRENT STATUS COMMENTS LOCATION 

Casper 

'r' 
4) 
(b 

W Y  Martin Nielson 

m b  See 

Space heating of new 

homes. 

Industrial applica- 

tion of geothermal 

heat for $50 million 

gasohol plant. 

During the falls of 1979, 

the transport of geothermal 

water 40 miles, from the 

Salt Creek oil fields to 

Casper, was examined. If 

this project materializes, 

the Wyo. Dept. of Economic 

Planning and Development 

expects that Amoco and' 

Marathon Oil will build a 

pipeline to transport hot 

water. 

A preliminary engineering 

feasibility study has been 

conducted, and a site speci- 

fic development analysis 

was completed. Field data 

for the Cody geothermal re- 

source indicates water 

temperatures of 170-20@F. 
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PROPONENT OR 
WYOMING (CONT'D. I 

TYPE OF PROJECT CURRENT STATUS COMMENTS IDCATION DEVELOPER (SI ' 

Big Horn Basin 

in Clark Co. 

w 

0 
&Laramie 

Geothermal energy to 

work in conjunction 

with solar for ethanol 

production. 

The developers, who are al- 

ready utilizing solar energy 

in their ethanol production, 

have requested technical 

assistance to incorporate the 

use of geothermal energy into 

their solar still operation. 

Geothermal energy for 

melting snow and ice 

on bridges. 

C '  E r: 

Heat pipes were in- 

stalled in a bridge on 

1-80 in Laramie. Sixty 

pipes, 100' in depth, 

will use freon as a .  

heat transfer f lu id .  

This demonstration project 

was funded by the Wyoming 

Highway Department and by 

a grant received by the 

University of Wyoming. The 

consultant who built this 

bridge also has worked for 

the Colo. Highway Dept. on 

the Glenwood Canyon rbadway 

structures. 

2, * c  



C '  t 

WYOMING (CONT'D) 
PROPONENT OR 

MCATION DEVELOPER (S) TYPE OF PROJECT CURRENT STATUS COMMENTS 

Midwest-Bdgerton Town fo Midwest Space and water heating These projects are The State Team has worked 

(Salt Creek and Edgerton for homes, greenhouses, still in the planning with Amoco and Arm to evalu- 

oil fields) Private developers and in aquaculture fa- and development stages. ate potential use of hot 

water wells for district 

heating in Midwest and 

cilityr space heating 

and industrial process 

heat for an industrial Edgerton. In the spring of 

park. '80 the two towns exercised 

a Joint Powers Act Agreement 

to develop a district heating 

system to include an indus- 

trial park. The industrial 

park will utilize an existing 

city-owned well (16OoP, 

500 GPM) 

Powell 

. 
Space heating of 3 

greenhouses. 

This project, which is past 

the initial feasibility 

state, will utilize geofluids 

from the nearby Texaco oil 

field for heating three 

large greenhouses. 
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,PROPONENT OR 
"XYOHING (COK ' D) 

UXATION DEVELOPER (S) TYPS OF PROJECT CURRENT STATUS COK!*rEhi 3 
.. 

Thermopolis Town of Thennopolis District  heating ar.d 

. .  

. .  

. 'e 
I 
m 
N -  

. .  

. .  

. .  

. , ._ 

.- . Pr iva te  developers . space heating f o r  

greenhouses; space and 

water heating for exis t -  
. .  

ing spa resorts. 
. * .  

' .  . .  

The S i t e  Spec i f ic  De- 

velopment Analysis has spe r e s o r t  business. There 

Thenno-=lis has a . thr iving 

been canpleted. The appears to be s ign i f i can t  

State Team will pre- po ten t ia l  for :tothermal 

s en t  the  analysis  to 

t he  T h e m p o l i s  Chamber 

of Commerce i n  Novenlber . 

energy use.  

1980. 

c A J. 
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4 .0  FINDINGS AND RECaMMENDATIONS 

Significant progress is being reported i n  many areas of geothermal u. 
canrmercialization from each of the seven state teams. Definitive ex- 

a 
ploration continues t o  uncover interest ing potent ia l  i n  the nature, 

extent and var ie ty  of heat pockets and broad s t ra t igraphic  zones i n  

t h i s  Rocky Mountain Basin and Range region. Innovative applications 

and demonstrated r e su l t s  are accelerating the uses being developed fo r  

t h i s  resource. 

thermal application can have on the use of f o s s i l  fuels ,  the reduced 

Public awareness is awakening t o  the impact that geo- 

dependence upon foreignoi ' l  control ,  .and the s igni f icant  promotion of em- 

. nomic development of the region. 

However, major concerns and obstacles hinder f u l l  u t i l i z a t i o n  of 

! 

this major energy resource. Action is needed to: 

0 Remove l ega l  and i n s t i t u t i o n a l  barriers. The 

d i f f i c u l t y  of obtaining leases and permits on 
I 

'Federa l  lands is a p r inc ipa l  barrier t o  geo- 

thermal development. It remains a s igni f icant  

barrier for sites w i t h  power generation poten-) 

. tial. Further, some state$ have state legisla- ' 

t ive  and regulatory barriers tha t  impede, confuse 

and l i m i t  both s m a l l  and la rge  scale development, 

including problems i n  def in i t ion ,  taxation and 

authorized users. 

of State Legislatures provides s ign i f i can t  assist- 

ance . to  states, a responsive and aggressive 

' P  
While the National Conference 

national policy can help significantly. 

* .  
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bj w Expand technical and administrative communication 

and assistance. 

tance is needed for the geothermal developers and 

Improved communication and assis- 
I 

users, the State Commercialization Teams, and 

Department of Energy. (1) For the clients, the 

difficulty in obtaining a thorough engineering and 

economic assessment of a prospective project slows 

commercialization. State Teams need encouragement 

in developing state and regionkl lists of consult- 

ants, developers, and equipment vendors. Further, 

the concept of "Clearing House" services, also provid- 

ing information on other alternative energy re- 

sources can expand joint-use developme&t with 

solar/wind/biomass sources. (2) For the State 

Teams, organization of workshops, technical reviews 

and even short-term assignments of experienced geothermal 

personnel are being proposed. (3)  DOE is being 

asked to provide greater input from State Teams 

in determining the direction of federal funding 

assistance for geothermal projects. Appropriate 

matching of ideas w i t h  local funding opportunities 

can enlarge the mutual effectiveness. (4) State 

agencies need to be made the focal pobts for all 

resource assessment, commercialization and technical 

assistance within each state; this urangement has 

been put in place in New Mexico. 
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Expand reservoir confirmation and u t i l i z a t i o n  work. 

S t i l l  one of the most pervasive l imitat ions is lack 

of s u f f i c i e n t  geothermal reservoir information. 

vances i n  s c i e n t i f i c  research and developer ac t iv i -  

ties need continued encouragement. Expansion of both 

the State Coupled ltesource Assessment Program and the 

Uwc-cuuplecl lmuervoir Coniirmation D r i l l i n g  Program 

ut? desired. Close coordination w i t h  the  state corn- 

mcrciirlization projects are.necessary to optimize the 

vctlucro oP a l l  proyrislus; Colorado provides an excel- 

Ad- 

l o r r l ;  uxiurtplu 01 L h i s  coordination ePEort. I Vurther, 

caroful  oxporimonb mil clevoloplueh~ of guidelines 

should be advanced f o r  disposal of spent f lu ids ,  both 

by surfaco dischargo and by reinjection. 

Support.and expand funding for'geothermal dovelopmcht. 

Both public and pr iva te  funding sources need to be 

cultivntod, incroasod and mado m r o  availablo. Foiloral 

funds are needed, not only to assist the xnaintonanco of S t a t e  

Teams, to  increase their effectiveness and v i s i b i l i t y ,  

bu t  also to  advance demonstration projects and loan 

guaranty programs as w e l l .  

and development should be established and/or increased. 

State funds in research 

Signi f icant  e f f o r t s  need to be advanced w i t h  the pr i -  

vate lending i n s t i t u t i o n s  to  inform them of t i e  eco- 

nomic and 'community advantages of promoting and financ- 

ing geothermal developme& and of the various state 

. .  
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and federal technical and funding programs available 
i 
1 to reduce the risks in these ventures. 
! 

0 Enlaice public acceptance and understanding of geo- 

tlwruul conunercialization activities and potential . I 
i 

Grcdcr ~WLUBIACYS ot the variety of tools, tcclmiques , 
wid strategies of formal.and informal educational 

rusourcuu srvililablcr in I;he. coinnrunities are needed at 

u l l  lu vcl M . Sly  id L'icurr I: pro j ect acco~iiplish~ient s I 

rrlrould Lc rccoyuizud iuid considered as models, case 

studies, or replicable process activities transfcr- 

crllu b o k l r u r  uruau. hlor~ LnlSoriairtiorr sharing bu- 

twouir ULJLULI, plus pULlic i~y  from tire nal;ioml l u v e l  

would broaden the coverage and acceptance. 

1 

Techniques 

'for targeting major prospective'users, as public 

IkciliLiuzi, lroluo owwrs irr~d developers, industries, 

agriculturalists, ctc., can be systematically developed 

and sharcd. Promotion of  ycothermal energy is an ele- 

ment of national energy conservation and as a prime 

rcncwablc oncrgy rcsourco nocds to be popularized and 

advanced among stato anorgy offices, energy extension 

services, and citizen advocacy organizations. 

0 Establish an organized and targeted market development 

program. 

will be largely dependent upon the transfer of the 

The commercialization of geothermal energy 

technology, the economics, the inves-nt opportunities, 

and the social and environmental values to the comnunity 

of investors, developers, and users in an organized and 
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and systematic manner. 

any eiueryhg technology l i k e  any new consumer pro- 

duct will only be successful if a sophisticated 

The commercialization of 
1 

mnrkcting effort is designed and implemented. 

The principal components of a comprehensive mar- 

keting program are woll known in industry and in 

commerce and have begun to appear in certain energy 

technology transfer opcrations, with solar energy 

being a prime examplc. 

education, persuasion, and adoption. 

investor, developer or user of gcothersnal energy 

Those key dements are 

A prospective 

b o  to be first educated hi tho technological appli- 

catioria, then poruuaclcil OP tho technological, cco- 

nomic, environmental and social values, and finally 

encouraged in to  an action or adoption d e .  

arc well proven phases of involvement that almost 

all decis ion makers rcquiro and/or engage in. 

geothermal energy to compete with the othcr alterno- 

tivc technologios and for the reqyisito invastment 

dollars, the program must establish an organized 

and targeted market development activity as an 

integral part of  tho overall national geothermal 

Thcsc 

For 

program goal. 

: By removing legal and institutional barriers, by improving technical 

and administrative communication and assistance, by enhancing the 
I 
l 

! cd knowledge and availability of the physical and financial resources, 

and by an organized and targeted marketing program, geothermal com- 

mercialization could indeed be accelerated. However, given the 
I 
i 
I 
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current scarcity of.public and private funding for evaluation, explora- 

tion and development, geothermal energy may continue to lie dormant 

while U.S. reliance upon imported oil continues or grows. 
bi 
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1.0 INTRODUCTION *u 
The Colorado Sta te  Geothermal Commercial izat ion P r o j e c t  e x i s t s  t o  promote t h e  
devel opment and u t i  1 i z a t i  on o f  geothermal energy. The s t a t e  has s i g n i f i c a n t  
geothermal p o t e n t i a l ,  most o f  which i s  no t  be ing u t i l i z e d  a t  t h e  present t ime. 

This  p r o j e c t  i s  designed t o  a s s i s t  and educate p o t e n t i a l  users o f  t h e  energy 
present through t h e  use o f  development analyses, outreach mechanisms and 
techn ica l  assistance. 

1 

* 
I 

The p r o j e c t  i s  supported by fund ing  f r o m  t h e  U.S. Department o f  Energy. Team 

members a r e  Richard H. Pear l ,  Chief, Groundwater I n v e s t i g a t i o n s  Section, 
P r i n c i p a l  I n v e s t i g a t o r ,  and Frank C. Healy, P r o j e c t  Chief. 

2.0 TASK DESCRIPTION AND PRODUCTS 

The a c t i v i t i e s  and analyses conducted by t h e  Colorado Commercial izat ion Team 
dur ing  t h e  f i r s t  h a l f  o f  calendar y e a r  1980 are summarized i n  t h e  f o l l o w i n g  
sect  i ons . 
2.1 Geothermal Prospect I d e n t i f i c a t i o n  

2.1.1 Resource I d e n t i f i c a t i o n  

F i f t y - e i g h t  thermal w e l l s  and spr ings  have been i d e n t i f i e d  i n  t h e  s tate.  
Colorado's resources, due t o  low and moderate temperatures present, are main ly  
developable f o r  d i r e c t  heat app l i ca t ions .  S i t e  l o c a t i o n s  are shown on F igure  
1. Table 1 l i s t s  thermal s i t e  c h a r a c t e r i s t i c s ,  i n c l u d i n g  measured sur face 
temperatures and range o f  est imated heat content.  The t o t a l  energy contained 

* i n  these geothermal r e s e r v o i r s  i s  est imated t o  be between 4.890 and 12.326 
quads (BTU's  x 1015) (Pear l ,  1979). It should be noted t h a t  these est imates 
may be conservat ive,  and con t inu ing  e x p l o r a t i o n  e f f o r t s  throughout t h e  s t a t e  
may show t h e  resource i s  much g rea te r  than p rev ious l y  est imated. 

Many o f  t he  t h e r m a l  a reas  o f  Colorado are i n  o r  near community centers, making 
them r e l a t i v e l y  s imple t o  e x p l o i t .  Twenty-three communities are w i t h i n  10 m i l e s  
o f  i n v e n t o r i e d  geothermal s i t e s  and 16 are v i r t u a l l y  on s i t e  (Coe, 1978). 
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V 

TABLE 1 

CHARACTERISTICS OF HYDROTHERMAL RESERVOIRS I N  COLORADO 

HIGHEST ESTIMATED 
MEASURED , PROBABLE ESTIMATED 
SURFACE SUBSURFACE PROBABLE 
TEMPERATURE TEMPERATURE HEAT CONTENT 

( " C )  ( " C )  (BTU's x 1015) 
S i t e  - 

01 J u n i p e r  
02 C r a i g  
03 R o u t t  
04 Steamboat 
05 Brand's  Ranch 
06 Hot Sulphur  
07 Haystack B u t t e  
08 Eldorado 
09 Idaho 
10 Dotsero 
11 Glenwood 
12 South Canyon 
13 Penny 
14 Col. Chinn 
15 Conundrum 
16 Cement Creek 
17 Ranger 
18 Rhodes 
19 H a r t s e l  
20 Cottonwood 
21 *Chalk Creek 

M t  . P r i n c e t o n  
Wr ight  
Hortense 
Wool m i  ng ton  

22 Brown's Canyon 
23 *Poncha 
24 We1 1 s v i  1 l e  
25 Swissvale 
26 Canon C i ty  
27 Fremont 
28 F lo rence  
29 Don K Ranch 
30 C l a r k  
31 M i n e r a l  
32 V a l l e y  View 
33 Shaws 
34 Sand Dunes 
35 Spl ash1 and 

38 50-75 
39 40-60 
64 125-175 
39 125-130 
42 42-55 
44 75-150 

26 26-40 

32 32-45 

49 100-130 
56 60-90 

38 40-50 
25 30-60 
27 30-60 
24 25-35 

58 105-182 
150-200 

56 150-200 
72 150-200 
82 150-200 
39 150-200 
25 50-100 
71 115-145 
33 35-50 
28 35-50 

35 35-50 
28 34-50 

25 25-50 
60 70-90 
37 40-50 
30 30-60 

40 40-100 

28 50 

46 NA 

51 NA 

42 NA 

52 NA 

40 NA 

28 NA 

44 NA 

0.016 
0.033-0.340 
0.111-0.166 

0.004-0.016 

0.006-0.017 

0 -049 

0.070 

0.015 
0.171 
0.005 
0.038 
0 . 002 

0.166-0.486 
0.018 
0.004 

0.013-0.066 
0.002-0.006 
0.043-0.200 

0.389-1.167 
1.062-3.810 

0.047 

0.226-0.486 
0.141-1.191 
0.009-0.015 

0 . 003 
0.010 

0.008-0.043 
0.035 
0.008 
0.949 
0.056 
0.015 
0.155 
0.155 



36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

S i t e  

Dexter  
M c I n t y r e  
Dutch Crow1 ey 
S t i n k i n g  Spr ings  
E o f f  
Pagosa 
Rainbow 40 
Wagon Wheel Gap 
Ante1 ope 
B i  r d s i  e 
Wauni t a  

*Cebol 1 a 
O r v i  s 
Ouray 
Lemon 
Dunton 
Geyser 
Paradi  se 
R i  c o  
P i  n k e r t o n  
T r i  p p / T r i  mbl e 

- 

TABLE 1 CONTINUED 

HIGHEST 
MEASURED 
SURFACE 
TEMPERATURE 

( " C )  

20 
14 
70 
27 
39 
58 
40 
57 
32 
30 
80 
40 
52 
69 
33 
42 
28 
46 
44 
33 
44 

EST1 MATED 
PROBABLE 
SUBSURFACE 
TEMPERATURE 

("C) 

20-50 
20-50 
70-80 
40-60 
40-60 
80-150 
40-50 

35-52 
35-52 
175-225 

NA 

NA 
NA 

NA 
70-90 

50-70 
60-120 

NA 
NA 

75-125 
45-70 

" P o t e n t i a l  E l e c t r i c  Power Genera t i on  S i t e s  

SOURCE: Pear l ,  1979 

2 - 4  

ESTIMATED 
PROBABLE 
HEAT CONTENT 
( B T U ' S  x 1015)~ 

0.034 

0.026-0.062 

0.017 
0 . 023 

0.047-0.094 
0.063-1.429 
0.011-0.088 

0.061 
0.048 

0.226 
0.015 
0.007 
0.007 
0.023 
0.174 

0.010-0.021 
0.036 

0.028-0.131 



E l e c t r i c a l  power g e n e r a t i o n  p o t e n t i a l  may e x i s t  a t  3 s i t e s  w i t h i n  t h e  s t a t e .  
Poncha Spr ings ,  Cha lk  Creek, M t .  P r i n c e t o n  and C e b o l l a  a r e  c u r r e n t l y  i n  
d i f f e r e n t  s tages  o f  e x p l o r a t i o n  b y  energy  companies. 

More e x t e n s i v e  i n f o r m a t i o n  c o n c e r n i n g  t h e  h y d r o t h e r m a l  we1 1 s and s p r i n g s  i n  t h e  
s t a t e  i s  a v a i l a b l e  f r o m  v a r i o u s  p u b l i c a t i o n s  ' i n c l u d i n g  B a r r e t t  and P e a r l ,  1976, 
B a r r e t t  and P e a r l ,  1978, Coe, 1978 and P e a r l ,  1979. I n  a d d i t i o n ,  s e v e r a l  a reas  

have been r e p o r t e d  b u t  have n o t  y e t  been i n v e s t i g a t e d .  

2.2.1 L e a s i n g  A c t i v i t y  

Leases and l e a s e  a p p l i c a t i o n s  a r e  i n d i c a t i v e  o f  development  i n t e r e s t  and 
a c t i v i t y  i n  a p o t e n t i a l  geothermal  area. W i t h  a l a r g e  p o r t i o n  o f  t h e  
geothermal  s i t e s  i n  Co lo rado  on o r  nea r  p u b l i c  l ands ,  t h i s  l e a s i n g  i n f o r m a t i o n  
becomes i n c r e a s i n g l y  i m p o r t a n t .  Tab le  2 l i s t s  c u r r e n t  non c o m p e t i t i v e  l e a s e s  
on F e d e r a l l y  owned land ,  Tab le  3 l i s t s  c u r r e n t  c o m p e t i t i v e  F e d e r a l  l e a s e s  
(Known Geothermal  Resource Areas -KGRA's) , T a b l e  4 1 i s t s  c u r r e n t  Co lo rado  S t a t e  
leases .  I n  a d d i t i o n ,  l e a s e  a p p l i c a t i o n s  f o r  F e d e r a l  l a n d s  a w a i t i n g  approva l  o r  
d i s a p p r o v a l  a r e  shown on T a b l e  5. Many o f  t h e s e  l e a s e  a p p l i c a t i o n s  were made 
as e a r l y  as 1974 and a r e  s t i l l  a w a i t i n g  a c t i o n  by  t h e  U.S. F o r e s t  Se rv i ce .  
Chalk  Creek, M t .  P r i n c e t o n  and Poncha S p r i n g s  a r e  p o t e n t i a l  e l e c t r i c a l  power 
g e n e r a t i o n  s i t e s  where e x p l o r a t i o n  a c t i v i t i e s  have been de layed  due t o  w a i t i n g  
f o r  f e d e r a l  a c t i o n .  A lso ,  t h e  l a r g e  p r o p o r t i o n  o f  l e a s e  a p p l i c a t i o n s  compared 
t o  c u r r e n t  f e d e r a l  l e a s e s  i s  an i n d i c a t i o n  o f  t h e  l e v e l  o f  i n t e r e s t  i n  
geothermal  development i n  t h e  s t a t e .  It s h o u l d  be n o t e d  t h a t  A t l a n t i c  
R i c h f i e l d  Co. has r e c e n t l y  a p p l i e d  f o r  l a r g e  acreage o f  f e d e r a l  l e a s e s  i n  
D o l o r e s  and San Juan c o u n t i e s  i n  sou thwes te rn  Colorado.  



, 

w 
* 

TABLE 2 

FEDERAL GEOTHERMAL LEASES IN COLORADO 

MARCH,  1980 

DATE 
ISSUED 

TOWNSH I P 
AND RANGE COUNTY ACRES LESSEE 

11-75 
11-75 

Phi 11 i p s  Pe t ro l  eum Co. 
Occidental Petroleum, Inc. 
Petro-Lewis Corp. - 50% 

Petroleum, Inc. - 50% 
I 

ll 

II 

Chevron Oil Co. 

329.50 
80 . 00 

49N,llE 
49N ,8E 

F rem0 n t  
Chaffee 

7-75 
11-75 
11-75 

7-75 
1-77 

1549 . 66 
1280.00 
2113.30 
1286 . 1 7  
1867.94 

49N , 9E 
49N ,8E 
49N ,7&8E 
51NY8E 
46&47N, 
2&3W 
46847N ,3W 
47NY3W 
37838N , 
12&13E 
29SY73W 
38NY12E 
37NY12E 
38N&29S 
1 eE &73W 
29s ,73W 
40&41N,lE 
40&41 , 1 E 
46N ,2W 
46N , 1&2W 

46&47 N , 2W 
46&47NY2W 

46NY1-1/2W 

Chaffee 
Chaffee 
Chaffee 
Chaff ee 
G u n n i  son 

1-77 
1-77 

11-75 

II 

II 

Geothermal Kinetics, Inc. 

2127 -56 
645 . 74 

1795.11 

G u n n i  son 
G u n n i  son 
A1 amosa 

11-75 
8-79 
8-79 

11-75 

I: 

II 

I1 

II 

II 

Utah In t e rna t iona l  , Inc. 

Buttes Resource Co. 
II 

It 

II 

1203.15 
320.00 
642.88 
827 . 31 

A1 amosa 
A1 amosa 
A1 amosa 
A1 amosa 

11-75 
8-79 
8-79 

A1 amosa 
Mineral 
Mineral 
Gunni son 
G u n n i  son 
Gunni son 
G u n n i  son 
G u n n i  son 

1335 . 99 
2326.89 
2335 -22 

781 . 32 
2226.88 
1804.57 
1040.04 
1970 . 30 

29889 . 53 

1-77 
1-77 
1-77 
1-77  
1-77 

II 

II 

TOTAL A C R E S  

Source: Bureau of Land Management 
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TABLE 3 

FEDERAL COMPETITIVE GEOTHERMAL LEASES I N  COLORADO -KGRA’ S 

MARCH, 1980 

LESSEE 
TOWNSHIP 

ACRES AND RANGE 

O c c i d e n t a l  

Petro-Lewis Corp. - 50% 915.84 49N ,8E 
Phi 11 i ps Pe t ro leum Co. 2484.28 45N ,9E 

46N, 9E 

Geothermal, I nc .  - 50% 

Phi 11 i ps Pe t ro leum Co. 1636 -42 45N, 10E 
46N,10E 

TOTAL 5036.54 ACRES 

Source: Bureau o f  Land Management 

TABLE 4 

COLORADO STATE GEOTHERMAL LEASES 

MARCH, 1980 

TOWNSHIP 
LESSEE ACRES AND RANGE 

AMAX Expl  o r a t  i on 640 . 00 
II 2004.85 

4332 . 31  
General Geothermal, I n c .  2840 -00 
O c c i d e n t a l  Geothermal, Inc.  360 . 00 
P e t r o  Lewis Corp. 

II 

II 
3226.61 
1560.00 

P h i l l i p s  Pe t ro leum Co. 1764.40 
II 

14s ,79W 
14s ,78W 
15s ,78W 

,41N, 10E 
49N, 8E 
50N, 8E 

,49N ,7E 
50N ,8E 
49N ,9E 
49N ,4E 
49N, 5E 
48N, 5E 
48N ,4E 

’c 

COUNTY 

Chaf fee 
Saguache 

Saguache 

COUNTY 

C h a f f  ee 
C h a f f  ee 
Cha f fee  
Saguache 
Cha f fee  
Cha f fee  
C h a f f  ee 

Gunnison and 
Saguache 

TOTAL 16728.17 ACRES 

Source: Colorado S t a t e  Board o f  Land Commi s s i  oners 

DATE 
ISSUED 

1976 
1975 

1975 
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TABLE 5 

FEDERAL GEOTHERMAL LEASE APPLICATIONS I N  COLORADO 

LESSEE 

AMAX Expl  o r a t  i on, I nc . 
II 

II 

II 

II 

I1 

II 

A t l a n t i c  R i c h f i e l d  Co. 
II 

II 

I1 

II 

II 

II 

I1  

II 

II 

II 

II 

A u s t r a l  O i l  Co., I nc .  

B u t t e s  Resources Co. 
E a r t h  Power Corp. 
F l u i d  Energy Corp. 

II 

II 

II 

MAY, 1980 

ACRES 

5420 . 00 
3473.98 
1478.62 

2456 . 70 
2300.00 

2180 -00 
2202.20 

5119 . 53 

2560 -00 

5154.02 

5130.52 
2562 . 88 
8636 . 57 

20267 . 57 
9600 . 70 
4049 . 95 

17696.16 
5120.00 
2675.36 

2531.02 
3102 . 57 
120 . 00 
2568 . 50 
1599 . 99 

1719.05 
243 . 99 

2 - 8  

TOW NSH I P 
AND RANGE 

14s ,79W 
15s ,78W 
51N,7E 
15S,79W 
51N,7E 
15S,79W 
15s ,78W 
15S,79W 
14s ,79W 
15s ,79W 
39N, 1OW 

40N,10W 

39N,llW 
40N,llW 
39N,llW 
39N, 1OW 
40N,10W 
40N,llW 
40N, 12W 
41N,10W 
41N, 11W 
41N ,12W 
41N,12W 
40N, 12W 
50N ,4E 
49N ,4E 

7N ,84W 
45N ,8WE 
44N ,8W 
45N ,8W 
44N ,8W 

46N ,2W 

COUNTY 

Cha f fee  
C h a f f  ee 
Chaf fee 

Cha f fee  
C h a f f  ee 

Cha f fee  
Cha f fee  

Do lo res -  
San Juan 
Dol ores-  
San Juan 
Do l  o res  

Dol  o r e s  
Dol  o res  
Dol  o res  
Dol  o res  
Dol  o r e s  
Dol  o res  
Dol  o r e s  
Dol  o r e s  
Dol  o r e s  
Dol  o r e s  
Gunni son 
Gunni son 
Gunni son 
R o u t t  
Ouray 

Ouray 
Ouray 

.L DATE 
OF 

APPLICATION 

1974 U 

1974 
1974 

1974 
1974 

1974 
1974 

1980 

1980 

1980 

1980 
1980 
1980 
1980 
1980 
1980 
1980 
1980 
1980 
1980 
1974 
1974 
1975 
1975 
1975 

1975 
1975 

t 



TABLE 5 CONTINUED 

TO WNSH I P 
ACRES AND RANGE LESSEE 

James E. F r a n k l i n  
II 

II 

II 

It 

Occi d e n t a l  
Geot hermal , I nc . 

11 

I1 

Geothermal K i n e t i c s ,  I nc .  1120.00 
827.31 

1203.15 

4677.93 
640.00 

2400 . 00 

II 

II 

II 

P h i l  1 i p s  Pe t ro leum Co. 
II 

II 

II 

D. L. P e r c e l l  

Thermal Resources 
I1 

George M. W i  1 k i  nson 
II 

TOTAL 

860 . 00 
2518.00 

2528.00 
1298 . 97 
2311 . 18  

2089 . 91  
1849.44 
3200 . 00 
1039 . 34 
2542.80 

2480 . 00 45N ,9E 
46N ,9E 

2480 . 00 46N,10E 
1200 . 00 45N, 10E 

38N, 12E 
38N,13E 
29s ,73W 

49N ,10E 
51N,8E 
49N ,9E 

49N ,9E 
50N ,8E 
50N, 9E 
50N ,9E 
40N,llW 
7N ,84W 
7N ,85W 
49N ,4E 
41N , 11W 
15s ,79W 
14s ,79W 
46N,9E 
46N ,10E 
6s  ,9OW 
37N ,9W 

60.00 
127 .OO 

157,422.91 ACRES 

Source: Bureau o f  Land Management 
Pe t ro leum I n f o r m a t i o n  Corp. 

2 - '? 

DATE 
OF 

COUNTY APPLICATION 

Saguache 1979 

Saguache 1979 
Saguache 1979 
A1 amosa 1974 
A1 amosa 1974 
A1 amosa 1974 

F r emont 1979 
C h a f f  ee 1979 
Chaf fee & 1979 
F remon t 
F r emon t 1979 
C h a f f  ee 1979 

Chaf fee 1979 
Dol o res  1974 
R o u t t  1974 

Gunni son 1974 
Dol o r e s  1974 
C h a f f  ee 1974 
Chaf fee 1974 
Saguache 1974 

G a r f e i l d  1979 
La P l a t a  1980 



, 
2.2 

F i n a l  e d i t i n g  and document assembly f o r  t h e  San L u i s  V a l l e y  Region a n a l y s i s  was 
completed and forwarded t o  t h e  Department o f  Energy. The s tudy  determined t h a t  
i f  funds were a v a i l a b l e  and sav ings i n  energy c o s t s  demonstrated, communit ies 
i n  t h e  San L u i s  V a l l e y  c o u l d  develop geothermal energy e s t i m a t e d  t o  be as much 

as 450 X 10" BTU's (Coe, 1980). 

Area Development P l a n  and S i t e  S p e c i f i c  Development A n a l y s i s  
I G 

s 

i 

An assessment of Chaffee County i n  c e n t r a l  Colorado was completed and forwarded 
t o  t h e  Department o f  Energy. Cur ren t  geothermal use i n  t h e  area i s  l i m i t e d  t o  
m a i n l y  r e s o r t  a p p l i c a t i o n s  (swimming pools ,  space hea t ing ,  etc.) and smal l  
greenhouse heat ing.  C o n d i t i o n s  f o r  1 a rge r  s c a l e  geothermal development a r e  
f a v o r a b l e  f o r  t h e  area w i t h  abundant resources present ,  es t ima ted  between 0.1 
and 0.4 quads f rom t h e  Cottonwood Creek, Chalk Creek, Poncha Spr ings  and 
Brown's Canyon thermal  resource  areas (Pear l ,  1979). Est imates o f  energy 
consumption f o r  1980 a r e  33.9 x l o l o  BTU's f o r  r e s i d e n t i a l  and commercial use 
and 9.0 x lolo BTU's f o r  i n d u s t r i a l  use. 

The main p o s s i b i l i t i e s  f o r  development a re  i n  t h e  f i e l d  o f  e l e c t r i c  power 
g e n e r a t i o n  and d i r e c t  heat  a p p l i c a t i o n s  f o r  r e s i d e n t i  a1 and commercial 
consumers. Energy e x p l o r a t i o n  f i r m s  a re  a c t i v e  i n  t h e  Chalk Creek and Poncha 
Spr ings  area w i th  i n t e r e s t  p r i m a r i l y  i n  e l e c t r i c a l  power generat ion.  Geothermal 
l e a s i n g  a c t i v i t y  i n  t h e  county  i n c l u d e s  s t a t e  l e a s i n g  (12,124 ac res ) ,  f e d e r a l  
non-competi t i  ve l e a s i n g  (6,309 acres)  and one f e d e r a l  Known Geothermal Resource 
Area (KGRA) i n  t h e  Poncha Spr ings  area (916 ac res )  . P o t e n t i  a1 development f o r  
e l e c t r i c  power g e n e r a t i o n  i s  es t ima ted  a t  200 MWe. 

I n  a d d i t i o n ,  d i r e c t  heat  a p p l i c a t i o n s  a r e  f a v o r a b l e  f o r  development, 

d i r e c t  thermal  energy on l i n e  before t h e  y e a r  2020 f r o m  t h e  a r e a ' s  resources  i s  
e s t i m a t e d  t o  be a t  l e a s t  52.7 x l o l o  BTU's, adequate t o  serve much of t h e  

a n t i c i p a t i n g  u t i 1  i z a t i o n  o f  wastewater f rom t h e  power p l a n t s .  The p o t e n t i a l  t 

energy demand o f  t h e  county. * 

As w i t h  many o t h e r  p o t e n t i a l  developments, f u n d i n g  and l e a s i n g  de lays  a r e  t h e  
main c o n s t r a i  n t s  de l  a y i  ng 1 arge s c a l e  geothermal devel  opment i n  t h e  county. 

id 
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An Area Development P l a n  i s  c u r r e n t l y  b e i n g  prepared f o r  t h e  Steamboat Sp r ings  

area. The town i s  i d e a l  f o r  t h e  development o f  geothermal f o r  d i r e c t  h e a t i n g  
purposes, i n c l u d i n g  resource  v i r t u a l l y  o n s i t e ,  a growing economy and major  

f o r  Steamboat Sp r ings  has been es t ima ted  t o  be approx ima te l y  0.049 quads w i t h  
subsur face temperatures between 125OC and 130°C (Pear l ,  1979). The annual hea t  
demand f o r  Steamboat S p r i n g s  i s  e s t i m a t e d  a t  53.3 x 109 BTU (NMEI,  1980). 
P r e l i m i n a r y  economic analyses by t h e  New Mexico Energy I n s t i t u t e  i n d i c a t e s  t h a t  
geothermal energy c o u l d  be s u p p l i e d  t o  t h e  town f o r  $2.04 t o  $2.45 p e r  MMBTU, 
w h i l e  t h e  p r i c e  o f  n a t u r a l  gas i s  c u r r e n t l y  h i g h e r  ($3.78 p e r  MMBTU). 

* highways, r a i l  roads and a i r p o r t s  i n  t h e  immediate area. The geothermal resource 

f 

2.3 S t a t e  Aggregates o f  P r o s p e c t i v e  Geothermal U t i l i z a t i o n  

The e s t i m a t e d  geothermal energy developable by t h e  y e a r  2020 i s  shown on Table 
6. Rev is ions  have been made f rom p r e v i o u s  es t ima tes  and w i l l  be updated as 
d a t a  i s  c o l l e c t e d .  



TABLE 6 

POTENTIAL ENERGY ON L I N E  BY THE YEAR 2020 

ELECTRIC POWER GENERATION SITES 
t Es t ima ted  MWe S i t e  - 

Chalk Creek #21 
Poncha Spr ings  #23 
Cebo l la  #47 

TOTAL 

DIRECT THERMAL S I T E S  

San L u i  s Val 1 ey #31,32,33,34,35,36,37,43,44,45 
Pagosa Spr ings  #41 
G1 enwood Spr ings  #11 
H a r t s e l  #19 
Waunita #46 
Routt/Steamboat #3,4 
Hot Sulpher #6 
Haystack B u t t e  #7 
Eldorado #8 
Idaho #9 
Ouray #49 
Dunton/Geyser/Paradise #51,52,53 
J u n i  p e r / C r a i  g #1,2 
Brand's  Ranch #5 
South Canyon #12 
Penny #13 
Colonel  Chinn #14 
Cement Creek/Ranger #16,17 
We1 1 s v i  11 e/Swi ssva l  e #24,25 
Canon City, Fremont #26,27 
Don K. Ranch, F lo rence  #28,29 
C l a r k  #30 
Wagon Wheel Gap #43 
O r v i s  #48 
Rico  #54 
Pinkerton/Mound #55 
T r i  p p / T r i  mbl e #56 
Cottonwood #20 
Poncha Spr ings  #23 

100 
100 
200 

400 

- 

E s t  i mated 
lolo BTU's 

422.0 
189.0 
129.0 
4.0 
12.0 
25.0 
14.0 
3.0 
2.0 
8.0 
15.0 
5.0 
12.0 
0.7 
2.0 
10.0 
4.0 
3.0 
2.0 
3.0 
19.0 
2.0 
4.0 
6 .O 
4.0 
2.0 
7 .O 
18.0 
34.7 

TOTAL 961.4 

* 

t 
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2.4 I n s t i t u t i o n a l  A n a l y s i s  

1 %  

I 

1 
i 

Fina l  e d i t i n g  and document assembly was comple ted  f o r  the Colorado  
i n s t i t u t i o n a l  handbook, The  Regul a t i  on of Geothermal Energy i n  Colorado  (Coe 
and Forman, 1 9 8 0 ) ,  and was forwarded  t o  the Pepar tment  of Energy. The handbook 
i s  a l s o  a v a i l a b l e  from the  Colorado  Geo log ica l  Survey  ( I n f o r m a t i o n  Series 15, 
R e g u l a t i o n  of  Geothermal Energy Devel opment i n  Col o r a d o ,  Coe and Forman, 1980)  . 
2.5 P u b l i c  Out reach  Program 

2.5.1 Out reach  Mechanisms 
E x i s t i n g  Mechanisms 

I n f o r m a t i o n  c o l l e c t e d  and p repa red  i n  b rochure  form by t h e  Colorado  Geo log ica l  
Survey  and Department  of Energy i s  d i s t r i b u t e d  t o  interested p a r t i e s .  A 
d i s p l a y  describing geothermal  ene rgy  i n  t h e  s t a t e  was shown a t  ene rgy  and 
science f a i r s .  

Lectures were presented i n  Glenwood S p r i n g s  and Ri f le  a t  t he  Colorado  Mountain 
C o l l e g e  campuses i n  these c i t ies .  

i 
i 
i 

Geothermal a c t  i v i  t i es and p o t e n t i  a1 a r e  represented i n the  news medi a ,  
i ncl u d i  ng cove rage  by t e l  evi si on ,  r a d i  0 ,  1 oca1 and r e g i o n a l  newspapers  and 

I bu s i  ness news pub1 i c a t  i ons  . 
! 

i 
Persona l  meetings a r e  conducted  on a r e g u l a r  b a s i s .  C o n t a c t s  w i t h  government ,  
business, i n d u s t r y  and i n d i v i d u a l s  a r e  h e l d  a s  p a r t  o f  the  e d u c a t i o n a l  p r o c e s s  3 
of geothermal  development and d u r i n g  d a t a  c o l l e c t i o n  f o r  a r e a  p l a n s  and 

I 1 r e s o u r c e  i d e n t i f i c a t i o n .  T h i s  o u t r e a c h  method i s  p robab ly  the most 
I g i v e n  t h e  r u r a l  c h a r a c t e r  of  most of t h e  geothermal  r e s o u r c e s  1 effective, 

found i n  the  s t a t e .  Te lephone  interviews and c o n v e r s a t i o n s  a r e  a l s o  an i 

1 

1 
~ 

! 

I 

‘ b  ef fec t i  ve o u t r e a c h  mechani sm conducted  on a r e g u l a r  b a s i s .  
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Recommended Mechanisms 

A n e w s l e t t e r  o f  geothermal news c o u l d  be d i s t r i b u t e d  t o  geo the rma l l y  i n t e r e s t e d  
developers,  c o n s u l t a n t s ,  1 oca1 and r e g i o n a l  governments , c i t i z e n s  and o t h e r  

A h e w s l e t t e r ,  i f  undertaken, would be more e f f e c t i v e  i f  con t inued  on a l o n g  
t e r m  basis .  I f  t e r m i n a t e d  a f t e r  a s h o r t  p e r i o d  o f  t ime,  many p a r t i e s  on t h e  

s h o r t  1 i ved news1 e t t e r  . 

i n t e r e s t e d  p a r t i e s .  Coverage on a q u a r t e r l y  o r  month ly  b a s i s  would be adequate. c 

d i s t r i b u t i o n  l i s t  may be dismayed a t  t h e  a c t u a l  geothermal p o t e n t i a l  w i th  a - 
More e f f e c t i v e  means o f  d i s t r i b u t i n g  t o  t h e  p u b l i c  geothermal p u b l i c a t i o n s  
p u b l i s h e d  w i t h  p u b l i c  funds should be u t i l i z e d .  A l l  t o o  o f ten ,  a r e p o r t  w i l l  
never make i t  t o  t h e  people t o  whom i t  w i l l  do t h e  most good, 1.e.; l o c a l  
p lanners,  developers,  resource  owners, e tc .  

2.5.2 Summary o f  Contacts  and R e s u l t s  

TABLE 7 

Contact  Comments 

INDUSTRY, CONSULTANTS, ETC. 

AMAX Expl  o r a t  i on , I nc. 

W i l l a r d  Owens Assoc., Inc.  

Chaffee Geothermal 

Montrose Press 

Fox & ASSOC., Inc.  

American Thermal Resources 

Mahoney & Co. 

Petro leum I n f o r m a t i o n  Corp. 

Ethanol  I n t e r n a t i o n a l ,  Inc.  

Basi  1 Engi  n e e r i  ng 

Denver Business World 

BDM Corp. 

Energy Systems Management 

e l  e c t r i  c power generat  i on 

d i s t r i c t  h e a t i n g  -heat pump 
appl  i c a t  i ons 

i n d u s t r i  a1 park 

news a r t i c l e  

d i s t r i c t  h e a t i n g  

e l e c t r i c  power g e n e r a t i  on 

d i s t r i c t  h e a t i n g  - s k i  r e s o r t s  

1 e a s i  ng 

a g r i b u s i n e s s  

d i s t r i c t  h e a t i n g  

news a r t i c l e  

genera 1 

hea t  pumps 

2 - 14 
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Denver Research Ins t i t u t e  

ComFurT Gas Co. 

Gree ley  Gas Co. 

P u b l i c  S e r v i c e  Co. -qd 

(I Chaf fee  County Times 

O c c i d e n t a l  O i l ,  Inc. 

Petro-Lewis Corp. i 

McGrath and Co. 

Leonard 

David V 

C a s s a r a  

nce 

Rober t  Owens 

L a r r y  Howser 

Norma Swanson 

Yvonne Reid 

George Vrani sh 

Bill Fowler 

ene rgy  f a c t  book 

ene rgy  consumption 

ene rgy  consumpt i on 

~ ene rgy  consumpti  on 

news a r t i c l e  

e l ec t r i c  power g e n e r a t i o n  

e l e c t r i c  power g e n e r a t i o n  

h e a t  pump a p p l i c a t i o n s  

INDIVIDUALS 

h e a t  pump appl  i c a t i  ons  

a g r i  b u s i  ness 

s h o p p i  ng center h e a t  i ng 

a1 coho1 p r o d u c t i  on 

r e a l  e s t a t e  and geothermal  
development  

h o t  s p r i n g s  owner 

d i  rec t  h e a t  app l  i c a t  ions 

ho t  springs r e s o r t  owner 

LOCAL GOVERNMENT 

Ouray C i t y  Council - Walt Garrod d i s t r i c t  h e a t i n g  

Ouray C i t y  Eng inee r  - J e r r y  Morris d i  s t r i c t  h e a t i  ng 

S a l i d a  Mayor - Ed Touber  d i s t r i c t  h e a t i n g  - i n d u s t r i a l  
appl  i c a t  i ons  

S a l i d a  Chamber of  Commerce g e n e r a l  

It Four Corners Regional  Commission g e n e r a l  

Chaffee County geothermal  e x h i b i t  

Idaho S p r i n g s  Mayor d i s t r i c t  h e a t i n g  

Idaho  S p r i n g s  C i t y  Admini s t r a t o r  d i s t r i c t  h e a t i n g  

* Dorothy Kyl er  

T.G. Johnson 

V 
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I 

Buena V i s t a  Chamber o f  Commerce 

Upper Arkansas Counci l  o f  Governments genera l  

Chaffee County P lann ing  O f f i c e  d i  s t  r i  c t  h e a t i  ng 

Buena V i s t a  Ci ty Manager d i s t r i c t  h e a t i n g  

Mayor 's O f f i c e  - Denver general  

a1 t e r n a t i  ve energy systems 
Margery Dorfmei s t e r  

Bob S t a e d l e r  

J u s t i n  H a m m i l  

COLORADO STATE GOVERNMENT 

Colorado S t a t e  Science F a i  r geothermal e x h i b i t  

Colorado Energy Conservat ion O f f i c e  genera l  

O i  1 and Gas Conservat ion Commission genera l  

Board o f  Land Commissioners genera 1 

P u b l i c  U t i l i t i e s  Commission energy consumption 

demography 

Development genera 1 

D i  v i  s i  on o f  P l  anni  ng 

D i v i s i o n  o f  Commerce and 

D i v i s i o n  o f  Energy and M 

Department o f  C o r r e c t i o n s  

Department o f  H i  ghways 

D i  v i  s i  on o f  Empl oyment 
and T r a i n i n g  

n e r a l  Impact genera l  

s t a t e  p r i s o n  h e a t i n g  p o t e n t i a l  
a t  Canon Ci ty  and R i f l e  
f a c i  1 i t  i es 

i n t e r s t a t e  highway d e i c i n g  

employment s t a t i s t i c s  

D i v i s i o n  o f  S t a t e  B u i l d i n g s  hea t  s t a t e  b u i l d i n g s  

NOAA 

U.S. F o r e s t  S e r v i c e  

Bureau o f  Power and Water 
Resources 

Bureau o f  Land Management 

S o l a r  Energy Research I n s t i t u t e  

FEDERAL GOVERNMENT 

Col orado geothermal map 
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1 eas i  ng 

desal  i n a t i o n  - G1 enwood 
Spr ings  and Do tse ro  Hot 
S p r i  ngs 

1 e a s i  ng 

energy r e q u i  rements 
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2.5.3 Overa l l  Prospectus f o r  Future Geothermal A c t i v i t y  

E l e c t r i c  power generat ion p o t e n t i a l  has d e f i n i t e l y  been slowed by l e a s i n g  
delays on federa l  lands. A t  t h e  present t i m e ,  e x p l o r a t i o n  f i r m s  i n t e r e s t e d  i n  
t h e  Chalk Creek, Poncha Springs and Cebol la resource areas are awa i t ing  fede ra l  
a c t i o n  be fore  con t inu ing  e x p l o r a t i o n  and poss ib le  development a c t i v i t y .  I f  t h e  
c o n s t r a i n t s  i n h i b i t i n g  these developments were 1 i f t e d ,  power generat ion may be 
a r e a l i t y .  

Funding, o r  l a c k  o f  developer expendi ture,  both i n  t h e  p r i v a t e  and p u b l i c  

sec tor  cont inues t o  plague t h e  geothermal indus t ry .  I f  h igh  f r o n t  end costs  and 
r e s e r v o i r  unce r ta i  n t  i es were overcome, more development i n t h e  d i  r e c t  heat 
a p p l i c a t i o n  area would c e r t a i n l y  occur. Agr ibusiness a p p l i c a t i o n s  i n  t h e  San 
L u i s  Va l l ey  and commercial and i n d u s t r i a l  uses i n  Chaffee County might be 
expanded. 

I n  add i t i on ,  c e r t a i n  l a r g e r  o rgan iza t ions  such as t h e  City and County o f  
Denver, Colorado S ta te  Department of Cor rec t ions  and o the r  s t a t e  owned 
bu i  1 d i  ngs a r e  i nteres ted  i n  developing geothermal (heat pumps o r  d i r e c t  
thermal)  f o r  space and w a t e r  heat ing  munic ipa l  and i n s t i t u t i o n a l  s t ruc tu res .  

Munic ipa l  o rgan iza t ions  a r e  i n  d i f f e r e n t  stages o f  development. The Pagosa 
Springs heat ing  d i s t r i c t  and w e l l s  are a n t i c i p a t i n g  complet ion w i t h i n  one year. 
Ouray and G1 enwood Spr i  ngs are both conduct i ng f easi  b i  1 i t y  s t u d i  es and 
i n v e s t i g a t i n g  fund ing  p o s s i b i l i t i e s .  

Based upon t h e  l a r g e  increases i n  t h e  p r i c i n g  o f  f o s s i l  f u e l s  i n  recent  months, 
a l t e r n a t i v e  energy sources such as geothermal should become i n c r e a s i n g l y  
f avorabl e t o  po ten t  i a1 devel opers o r  e x i  s t i  ng i n s t a l  1 a t  i ons. 

3.0 SUMMARY OF MAJOR FINDINGS AND RECOMMENDATIONS 

The m a j o r  e f f o r t s  o f  t h e  Colorado Geothermal P r o j e c t  du r ing  t h e  f i r s t  h a l f  of 
1980 were concentrated on t h e  Chaffee County repo r t ,  geothermal l e a s i n g  
progress, outreach a c t i v i t i e s  and updat ing resource in format ion.  I t i s  ev ident  

t h a t  Colorado has d e f i n i t e  geothermal p o t e n t i a l .  While t h e  h i g h  temperature 
resources o f  t h e  s ta te ,  i f  any, remain t o  be proven, t h e  l o w  and moderate 
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temperature po ten t  i a1 i s  r e 1  a t i  v e l y  abundant i n  t h e  mountai nous p o r t i o n s  of t h e  

s t a t e  ( F i g u r e  1). C u r r e n t l y ,  t h e  s t a t e ' s  resources a r e  es t ima ted  t o  c o n t a i n  
between 5 and 12 quads of energy (Pear l ,  1979). As p o p u l a t i o n  i nc reases  and 
r e s u l t a n t  growth i n  t h e  s t a t e  con t inue ,  i t  i s  a n t i c i p a t e d  t h a t  geothermal hj 

energy p l a y  a more i m p o r t a n t  r o l e  i n  energy requirements.  
Q 

Recommendati ons : The f o l  1 owi ng recommendat i ons a re  suggested i n o rde r  t o  

promote t h e  u t i l i z a t i o n  o f  geothermal energy i n  Colorado. 

- C o n t i n u a t i o n  o f  f e d e r a l  f u n d i n g  f o r  t h e  s t a t e  c o m m e r c i a l i z a t i o n  
and resource assessment programs t o  p r o v i d e  an i n f o r m a t i o n  source f o r  

i n t e r e s t e d  users and developers w i t h i n  t h e  i n d i v i d u a l  s t a t e s .  

- Issuance o f  f e d e r a l  l eases  t o  enable energy f i r m s  t o  conduct f u r t h e r  

e x p l o r a t i o n  f o r  p o t e n t i a l  h i g h  temperature e l e c t r i c a l  power 
genera t i on  s i t e s .  

- Prov ide  a d d i t i o n a l  f r o n t  end f u n d i n g  f o r  f e a s i b i l i t y  and 
e x p l o r a t i o n  s t u d i e s  f o r  p o t e n t i a l  development f o r  p r i m a r i l y  

i n d u s t r i a l  and munic i  pa l  users. 

- A d d i t i o n a l  emphasis should be p laced  on t h e  hea t  pump 
a p p l i c a t i o n  p o s s i b i l i t i e s  f o r  i n d i v i d u a l  r e s i d e n t i a l ,  commercial 
and i n d u s t r i a l  a p p l i c a t i o n s .  

- Department o f  Energy geothermal p u b l i c a t i o n s  comp 

and DOE s u b c o n t r a c t o r s  should be d i s t r i b u t e d  on a 
developers and c o n s u l t a n t s  may b e t t e r  u t i l i z e  t h e  

t h e y  con ta in .  

l e d  by s t a t e  teams 
1 oca1 bas i s ,  where 

i n f  ormat i on 

- C o n t i n u a t i o n  o f  e x i s t i n g  Department o f  Energy f u n d i n g  f o r  

p r o s p e c t i v e  geothermal developments (User Coupled D r i l l i n g  
Program, Geothermal Loan Guaranty Program, etc.).  
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INTRODUCTION 

Geothermal energy has the po ten t i a l  of supplying a s i g n i f i c a n t  

p o r t i o n  o f  Montana's energy needs. To promote the development o f  t h i s  

resource, a geothermal commercialization program was establ ished i n  1978. 

This program, j o i n t l y  funded by the U.S. Department of Energy and the Montana 

Department o f  Natural Resources and Conservation, has evolved considerably 

since i t s  inception. Mid-term reports have been prepared approximately every 

s i x  months t o  monitor t h i s  evolut ion.  This mid-term, the l a t e s t  

covers the per iod o f  work from January 1980 through August 1980, 

the accomplishments o f  the program during tha t  time. It a lso b r  

i n  the series, 

and describes 

e f l y  discusses 

the d i r e c t i o n  of the Montana program dur ing the next contract  year. 

E a r l i e r  mid-term reports contain l i s t s  o f  Montana's geothermal resources, 

s t a t e  aggregations of predicted energy on-l ine, and several area development 

plans. L i t t l e  of t ha t  information i s  repeated i n  t h i s  report .  Instead, 

b r i e f  summaries o f  work accomplishments and o f  recent geothermal developments 

i n  the s ta te  a re  presented. 



PAST ACCOMPLISHMENTS AND PROGRAM DIRECTIONS 

‘cl.$ 
During t h e  f i r s t  year o f  the  geothermal program, minima 

the  geothermal resource was done. 

spent i n  w r i t i n g  development plans, energy scenarios, and computer models o f  

marketing of  

* Instead, approximately 80% of  our t ime was 

geothermal systems i n  Montana. While these s tud ies  were necessary t o  supply w 

DOE w i t h  data to defend t h e  geothermal budget to  Congress, they accomplished 

l i t t l e  i n  a c t u a l l y  g e t t i n g  energy on- l ine .  

Another task dur ing  the  f i r s t  phase o f  t h e  commerc ia l izat ion p r o j e c t  

was the  establ ishment of  a working r e l a t i o n s h i p  w i t h  the  geothermal Resource 

Assessment Team (RAT). 

to the  request for in fo rmat ion  from t h e  commercial izat ion team, and has 

ass is ted  numerous ho t  spr ings owners i n  eva lua t ing  t h e i r  reservo i rs .  The 

i n t e r a c t i o n  between the  two teams was a l s o  responsib le  f o r  t he  securing of a 

$400,000 gran t  from DOE. Th is  money i s  being used f o r  geothermal r e s e r v o i r  

assessments i n  several areas o f  Montana t h a t  a re  co-located w i t h  popu la t ion  

centers. Current ly ,  geophysical data i s  being c o l l e c t e d  i n  the  Boulderand 

Helena Valleys, w i t h  work i n  the  Deer Lodge v a l l e y  scheduled for  next  year. 

The Resource Assessment Team has been very responsive 

Acqui r ing knowledge o f  t he  number and q u a l i t y  o f  the  ho t  spr ings i n  

Approximately Montana was another major task i n  the  e a r l y  phases o f  the  program. 

70 ho t  spr ings have been i d e n t i f i e d  i n  the  s ta te ,  and t h e i r  sur face temperature, 

f l o w  r a t e  and geothermometry measurements have been completed. Th is  knowledge 

i s  extremely va luab le  i n  assessing Montana’s aggregated geothermal resource. 1 

CURRENT PROGRAM DIRECTIONS 

During the  past  s i x  months, the  emphasis o f  the  Montana Geothermal 

Area development plans and energy scenarios Program has changed considerably. 
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have been deemphasized as the geothermal team became more involved i n  d i r e c t  

marketing strategies.  These s t ra teg ies can be broken down i n t o  1) Increasing u 
pub1 i c  awareness o f  geothermal; 2) I d e n t i f y i n g  i n s t i t u t i o n a l  b a r r i e r s  t o  geothermal 

4 development; and 3) Providing technical  assistance t o  geothermal developers. 

Our a c t i v i t i e s  i n  these three areas dur ing the l a s t  s i x  months are described 

i below. 

1) Increasing Pub1 i c  Awareness 

A large p o r t i o n  o f  our e f f o r t s  dur ing the past s i x  months was spent i n  

informing Montanans o f  the value and cost  ef fect iveness o f  geothermal energy 

i n  the state.  

current  status o f  geothermal explorat ion,  development and laws i n  Montana. 

A statewide geothermal conference was held i n  May t o  discuss the 

The conference had over 50 attendees, and received coverage by the major news- 

papers i n  the state.  Other newspaper s t o r i e s  on geothermal energy occurred 

dur ing the summer, inc lud ing a f u l l  page s to ry  on geothermal development i n  

the But te  Standard. 

A s l i d e  show on Montana's geothermal resources was prepared t h i s  summer, 

and w i l l  receive extensive use i n  f u t u r e  outreach a c t i v i t i e s .  

w i l l  be p a r t i c u l a r l y  he lp fu l  i n  other energy f a i r s  and county f a i r s  throughout , I  

The s l i d e  show 

Montana. 

funding from the Montana A l te rna t i ve  Energy Grants Program. 

w i l l  cons is t  o f  a 30 minute videotape on geothermal development i n  Montana, and 

w i l l  feature the work o f  the s t a t e  commercialization team. 

hopefu l ly  be completed and ready f o r  t e l e v i s i o n  a i r i n g  before 1981. 

Another f i l m  production i s  present ly underway, made possible by 

This production 

~ 

I The videotape w i l l  

i 

~ 2) i d e n t i f y i n g  Geothermal Ba r r i e rs  

' z  One of the major obstacles t o  the development o f  geothermal energy i n  

Montana i s  the lack o f  workable laws and regulat ions per ta in ing t o  geothermal. 
i 
1 

I 
1 
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3) Technical Assistance t o  Geothermal Developers 

One o f  the  most e f f e c t i v e  means o f  g e t t i n g  geothermal energy o n - l i n e  

i s  to  prov ide engineering and o the r  techn ica l  ass is tance to the  geothermal 

developer as he designs and cons t ruc ts  a geothermal f a c i l i t y .  Our program 

i s  increas ing i t s  techn ica l  ass is tance to developers, and we see t h i s  as the  

major task o f  t h e  geothermal program i n  the  coming year. 

A b e n e f i t  t o  working i n  the Montana energy d i v i s i o n  i s  t h a t  Montana 

has a l a rge  renewable energy gran ts  program. Nine geothermal p r o j e c t s  have 

been funded under t h i s  program i n  the  s ta te ,  averaging $15,000 per grant .  

We see t h i s  program as being a g rea t  s t imulus to geothermal development i n  the  

s tate,  and have and w i l l  spend a grea t  deal o f  our  t ime s o l i c i t i n g  geothermal 

proposals s u i t a b l e  f o r  funding. We are  c u r r e n t l y  a s s i s t i n g  th ree  p o t e n t i a l  

grantees w i t h  geothermal proposals under the  l a t e s t  cyc le .  

SITE S P E C I F I C  ANALYSES 

I n  the  past  8 months, f ou r  major s i t e  s p e c i f i c  analyses have been 

completed. These s i t e  s p e c i f i c s  a re  summarized i n  the  f o l l o w i n g  sect ion.  

Computer analyses by NMEl have been completed f o r  most o f  these analyses, 

bu t  a re  no t  presented here. 

1. Baker, Montana 

Economy: Baker i s  s i t u a t e d  a t  t he  c r e s t  o f  t he  Cedar Creek A n t i c l i n e ,  a 

geo log ica l  format ian t h a t  has produced o i l  and na tu ra l  gas i n  abundance for 

over twenty years. The area economy i s  based about 70 percent on o i l  and about 

30 percent on a g r i c u l t u r e  and ranching. 

t i o n  o f  Baker works i n  o i l  o r  o i l - r e l a t e d  en terpr ises ;  the  economy i s  

comnensurately s t rong and the  tax  base i s  good. Growth has been slow and i s  

A cons iderable p o r t i o n  o f  the  popula- 

expected to remain so. 
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Resource: There are no surface manifestat ions o f  geothermal a c t i v i t y  i n  the 

area o f  Baker, as i s  t r u e  o f  most o f  eastern Montana. However, o i l  w e l l  

d r i l l i n g  along the a n t i c l i n e  has almost i nva r iab l y  penetrated water bearing 

s t r a t a  a t  cons derable depth (4,000-7,000 feet ) .  

under ar tes ian pressure and o f  a temperature predic tab le from the geothermal 

gradient (180 degrees F a t  7,000 feet ) .  

Typica l ly ,  the water i s  

Baker i s  surrounded by o i l  wel ls,  

many act ive,  some abandoned, and some temporari ly abandoned. Usually the 

geothermal s t r a t a  have been cased over, but  i n  a few cases the water has been 

used, f o r  instance f o r  o i l -water  separation i n  a heat exchanger. Water 

q u a l i t y  from most Madison formation wel ls  i s  abominable, but  a t  Baker the 

water i s  anomalously clean. I f  used f o r  space o r  process heating, i t  might 

be possible t o  pu t  i t  t o  secondary use f o r  i r r i g a t i o n .  

His tory  o f  Our Involvement: The geothermal o f f i c e  was contacted i n  February 

o f  1980 by Tom Green o f  Juniper O i l .  He had ta lked w i t h  one of the researchers 

on the Lemmon, South Dakota pro ject ,  and the presence o f  abundant geothermal 

i n  the area of Baker had suggested a s i m i l a r  p o t e n t i a l  f o r  the town. 

A f t e r  extensive discussion i t  was decided t h a t  the best plan of 

a t tack  would be t o  acquire a we l l  f o r  t e s t i n g  from one o f  the o i l  companies, 

i f  they would aree t o  i t s  release. I f  the w e l l  showed s u f f i c i e n t  po ten t i a l ,  

i t  might be used f o r  a d i s t r i c t  heating system. The i n i t i a l  thought was t o  

r e t r o f i t  t he  whole town o f  3,000 (1100 bui ld ings) .  

With t h i s  i n  mind, the commercialization team v i s i t e d  NMEI i n  March 

and d i d  a thorough analysis o f  Baker w i t h  the BTHERM model. The resu l t s  indicated 

tha t  the-system would be an expensive one t o  i n s t a l l ,  and would requi re about 

f i v e  wel ls,  i f  flow rates were consistent w i t h  other we l l s  i n  the area. A 
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conceptua l  model of t h e  d i s t r i c t  hea t ing  system was drawn up and s e n t  t o  

Baker, a long  wi th  a n  a n a l y s i s  of t h e  computer runs .  T h i s  a n a l y s i s ,  a long 

w i t h  two pe r sona l  v i s i t s ,  were given  c o n s i d e r a b l e  p u b l i c i t y  i n  t h e  F a l l o n  

County Times. 

Tom Green, i n  conjunct ion  wi th  c i t y  and county o f f i c i a l s ,  

a p p l i e d  t o  t h e  Appropriate  Technology Small Grants  Program f o r  money t o  conduct 

an  engineer ing  f e a s i b i l i t y  s tudy  of geothermal and d i s t r i c t  hea t ing  p o t e n t i a l s .  

I n  t h i s  effort  t h e  geothermal office o f f e r e d  s u b s t a n t i a l  adv ice  i n  composing 

t h e  g r a n t  proposal .  

I n  e a r l y  September a c i t y  p lanner  from Baker c a l l e d  t h e  office t o  

a s k  for a letter of suppor t  f o r  t h e  rev iewers  of Denver, who had g iven  

c o n d i t i o n a l  approval  t o  t h e  p r o j e c t ,  b u t  needed more information.  

was w r i t t e n ,  and t h e  g r a n t  has  s i n c e  been approved. 

engineer ing  firm have a l s o  been t e n t a t i v e l y  secured  by t h e  o f f i c e .  

a lmost  a t  t h e  same time as n o t i f i c a t i o n  of t h e  g r a n t ,  Baker was s u c c e s s f u l  

a t  acqu i r ing  a well near  town from an  o i l  company f o r  t e s t i n g .  

The letter 

The s e r v i c e s  of a q u a l i f i e d  

F i n a l l y ,  

The p resen t  p l an  for Baker is t o  i n v e s t i g a t e  t h e  well and assess 

what end use  is most appropr i a t e .  

s tudy ,  f u r t h e r  effort  w i l l  be  inves t ed  i n  apply ing  t o  t h e  User Coupled D r i l l i n g  

Program, t h e  Loan Guaranty Program, and t h e  Montana renewable energy g r a n t s  

program. 

Depending on t h e  outcome of t h e  f e a s i b i l i t y  

Baker o f f e r s  t h e  p o t e n t i a l  o f  being  a showcase p r o j e c t ,  n o t  on ly  f o r  

If  water q u a l i t y  proves t o  b e  adequate ,  Montana, b u t  f o r  t h e  West as a whole. 

secondary use  of t h e  r e s o u r c e  promises t o  avoid  some of t h e  problems of 

i n j e c t i o n  t h a t  o therwise  could i n c r e a s e  t h e  cost of t h e  p r o j e c t .  The community 

seems t o  be s o l i d l y  behind t h e  i d e a  of  a d i s t r i c t  hea t ing  system, knowing t h a t  

t h e  p r i c e  of  n a t u r a l  gas, t h e  s o l e  s u p p l i e r  of heat i n  Baker p r e s e n t l y ,  is bound 

t o  rise dramat i ca l ly  i n  t h e  next  few yea r s ,  wh i l e  t h e  a v a i l a b l e  o i l  p roduc t s  

of  t h e  a n t i c l i n e  are bound t o  dec l ine .  

LiJ 

t 

hd 
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2. Boulder, Montana 

Economy: 

area. 

Jef ferson County as a whole i s  considered a ch ron ica l l y  depressed 

According t o  a repor t  commissioned by the county Overal l  Economic 
(d 

& Development Committee, the major reasons f o r  t h i s  include: a d isparate ly  

small tax base, due t o  the f a c t  t h a t  much of the county i s  owned by the state,  

the Forest Service, o r  i s  otherwise taken out of  production; lack o f  industry 

and/or commercial a c t i v i t y ,  due t o  the prox imi ty  o f  Butte and Helena, which 

capture most o f  the buying power; and the fact  t h a t  most o f  the new county 

residents (40 percent growth i n  ten years) l i v e  on i t s  borders and work and 

* 

spend e l  sewhere. 

Resource: Boulder Hot Springs i s  s i t ua ted  about two and one h a l f  mi les t o  the 

southeast o f  t he  town of Boulder. 

resort,  

d i lap idated.  

A t  the spr ing s i t e  i s  the o l d  Diamond S 

popular w i t h  But te  copper people through the 192Os, but  now rather  

Surface temperature i s  i n  excess of 160°F (71OC) and a f low o f  

about 500 gal lons per minute, q u a l i f y i n g  i t  as one o f  the very best prospects 

i n  the state. Opinions vary as t o  the u l t ima te  reservo i r  p o t e n t i a l  o f  the 

spring, but  even a t  present l eve l s  o f  f low and temperature, ca lcu lat ions 

i nd i ca te  t h a t  a large f a c i l i t y  could be space heated w i t h  the water. 

H is to ry  o f  Our Involvement: 

grant from the Renewable Energy Bureau a t  the end o f  1979, a f t e r  having 

constructed a rough but e f f e c t i v e  greenhouse from p l a s t i c ,  lodgepole pine, 

and recycled rad ia to rs  using waste water from the hote l .  

accepted. 

The managers o f  Boulder Hot Springs appl ied fo r  a 

F The proposal was not 

* I n  December 1979, the geothermal o f f i c e  was contacted by the author 

o f  the repor t  f o r  the OEDP committee. He wondered about the po ten t i a l  o f  
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using Boulder Hot Springs water t o  provide e i t h e r  process heat o r  space 

heat f o r  an i n d u s t r i a l  development. It was h i s  conclusion t h a t  the develop- 

ment o f  geothermal should be the highest p r i o r i t y  f o r  Jef ferson County's 

planners, which would g ive them a lever w i t h  government agencies l i k e  the 

Economic Development Administrat ion. 

Joe K e l l e r  a t  EGEG was contacted, and he provided planners w i t h  the 

necessary f igures on the heat requirements f o r  a brewery and f o r  aquaculture. 

The brewery received low marks, and the aquaculture high marks. Through the 

geothermal o f f i c e ,  they were a lso put i n  touch w i t h  Leo Ray i n  Idaho, and 

several other people i n  s i m i l a r  businesses. 

Through conversations w i t h  the new owner of  the hot springs i t  was 

learned tha t  he was interested i n  d r i l l i n g  f o r  more water, which he might then 

s e l l  t o  the town. The major problem a t  t ha t  t ime seemed t o  be the question of 

where t o  d r i l l .  He leaned toward d r i l l i n g  a t  the s i t e  o f  the spring, but was 

discouraged by the f a c t  t ha t  d r i l l i n g  thus i n  a fault-dominated system offered 

no guarantee o f  h i t t i n g  hot water. 

I n  the spr ing o f  1980 a meeting was held i n  Butte w i t h  DOE, UURI,  

the geothermal team, and the resource assessment team t o  discuss a proposal 

f o r  funding f o r  expanded geophysical studies i n  Montana. Money from the DNRC 

was t o  be used as a match t o  the DOE funds. The program was given approval, 

contingent on the s t a t e  funding. A t  t ha t  time, Boulder was targeted by the 

geothermal team as a prefer red s i t e ,  a choice tha t  ran counter t o  the expressed 

wishes o f  the resource assessment team. 

Later the Renewable Energy Advisory Council suggested t h a t  the amount 

asked f o r  by the resource assessment team be diminished from $30,000 t o  $20,000. 

The geothermal team a t  t ha t  time was able t o  get the addi t ional  $10,000 reinstated, 
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wi th  the provis ion that  Boulder be treated as a preferent ia l  target. 

resource assessment team agreed t o  th is ,  contingent upon the receipt o f  data 

The 

already taken on the Boulder s i t e  by others. 

and analyzed, and as a resu l t  i t  was determined that a su i tab le d r i l l i n g  s i t e  

could be ident i f ied.  

but about a quarter mi le  away. 

Eventually the data were received 

The s i te ,  however, was not on land owned by the Diamond S, 

The landowner was agreeable t o  the proposed 

d r i l l i n g ,  and a d r i l l  s i t e  was chosen i n  ear ly  June. 

were apprised o f  the in ten t  t o  d r i l l  a tes t  wel l  before the end o f  the year, 

as was the owner of the hot springs. 

County and town o f f i c i a l s  

The wel l  would be d r i l l e d  and the resul t ing 

geothermal output tested, i f  any. One pa r t i cu la r l y  useful question that  stood 

t o  be answered was that  o f  whether there i s  any connection between a postulated 

va l ley reservoir  and the hot springs. 

P r io r  t o  d r i l l i n g ,  however, the owner o f  the present hot spring wrote 

a l e t t e r  t o  the geothermal o f f i c e  ou t l i n ing  h i s  pos i t ion w i th  respect t o  the 

possible e f fec ts  on h i s  spring and t h i s  l e t t e r  e f fec t i ve l y  (see Appendix) 

ended any involvement of the par t ies concerned i n  pursuing the project. 

The l e t t e r  i t s e l f  would not be considered reason t o  c a l l  o f f  an 

explorat ion attempt, since i t  could be met w i th  adequate assurances that  the 

owner's interests would be protected. There were, however, numerous background 

considerations that  influenced the pr inc ipa ls  i n  the invest igat ion t o  decide 

that  the threat o f  a lawsuit outweighed the benef i t  t o  be gained from the 

d r i l l i n g .  

money. 

actua l ly  were t o  i n te r fe re  w i th  the ex is t ing hot spring, the landowner would 

For one thing, a lawsuit, even i f  spurious, would take time and 

If i n  f ac t  the near-impossible should happen, i.e., that  the tes t  wel l  

stand t o  lose considerable sums, as would the overseers o f  the project. 

Conceivably, also, a court case might expose information on the d r i l l i n g  that  
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was t o  be kept i n  s t r i c t  con f i den t ia l i t y ,  which might then r e s u l t  i n  the loss 

o f  f u r t h e r  information a t  a fu tu re  t ime .  F ina l l y ,  there were questions as 

t o  the hot spr ing owner's motives. 

doing too we l l  f i n a n c i a l l y ,  and might welcome a chance t o  sue the state.  

A l l  of these considerations discouraged the fur ther  attempts t o  

I t  was suggested tha t  he might not be 

pursue d r i l l i n g .  This was regarded as unfortunate, i n  view of the economic 

woes of the town o f  Boulder, and the po ten t i a l  of the resource there. 

It had long been expected tha t  any development a t  Boulder would 

provide an i n te res t i ng  t e s t  case o f  numerous i l l - d e f i n e d  concepts surrounding 

geothermal development. I n  a sense q u i t e  apart from the loss o f  a i d  t o  Boulder, 

i t  i s  unfortunate tha t  the p ro jec t  was so abrupt ly  terminated due t o  personal i ty  

problems before c l a r i f i c a t i o n  could be at ta ined on any o f  these questions 

except the a b i l i t y  o f  one man t o  stymie the pro ject .  

A t  any rate, the f a i l u r e  o f  the Boulder p r o j e c t  l e f t  $4,000 t h a t  had 

been earmarked f o r  d r i l l i n g .  I t  was decided tha t  the best use of t h a t  money 

would be t o  f inance p a r t  o f  the d r i l l i n g  expense a t  another locat ion.  I t  so 

happened tha t  the owners o f  the hot spr ing a t  Ennis, Montana, were i n  the 

process o f  t r y i n g  t o  decide whether t o  d r i l l  a t  t h e i r  place for  s c i e n t i f i c  

and p r a c t i c a l  reasons. I t  was therefore decided t o  t rans fe r  the money t o  tha t  

locat ion,  i f  an agreement could be worked out  among the owners, the resource 

assessment team, and the DNRC. 

Although Boulder seems a t  the moment t o  be a dead issue, i n  f a c t  it 

may surface a t  a l a t e r  time i n  new dress. Hopeful ly a t  t h a t  t ime a b e t t e r  

match o f  resource and need may be worked out. 

hd 
1 
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3 .  Two mi les east o f  Avon, Powell County, 30 miles west o f  Helena 

Economy: Avon i s  s i t ua ted  i n  an area t h a t  i s  almost e n t i r e l y  a g r i c u l t u r a l .  

Many o f  i t s  present residents commute t o  Helena to work, and the town i t s e l f  
-ki 

5 has few services t o  o f f e r .  

Resource: Several springs and seeps issue from a t r a v e r t i n e  deposit on land 

occuppied by Tom Harpole. 

between 85 and 90 degrees F. 

the main spr ing put  i t  a t  about 30 gal lons per minute. 

by dynamiting the t rave r t i ne ,  suggesting t h a t  i t  might be f u r t h e r  augmented, 

S Depending on the time o f  year, the temperature runs 

Flow has never been measured, but estimates of 

That spr ing was formed 

o r  tha t  more springs might be so formed. 

H is to ry  o f  our involvement: The geothermal o f f i c e  was contacted i n  May by 

representatives of a newly formed, nonpro f i t  corporat ion t h a t  had been put 

together to b u i l d  and manage a solar-geothermal greenhouse on the s i t e .  

geothermal team v i s i t e d  the s i t e  soon thereafter,  and since then there have 

The 

been frequent meetings. A id has been provided i n  two major areas, t ha t  o f  

grant w r i t i n g  f o r  the renewable energy program, and tha t  of  engineering 

technical  assistance. The p r i n c i p a l s  are well-versed i n  const ruct ion pract ices 

and mater ia ls,  but lack indepth knowledge o f  design factors  f o r  e i t h e r  green- 

houses o r  hydronic heating systems. Technical assistance has included perform- 

ing a heat balance c a l c u l a t i o n  on the greenhouse and the geothermal system, 

based upon weather data from the area. 

and the heating system have a l so  been prepared. 

Prel iminary drawings o f  the s t ruc tu re  

iT Whether o r  not the grant request i s  successful, the corporat ion intends 

t o  b u i l d  and operate the greenhouse, t o  promote se l f -suf f ic iency,  t o  produce a 

measure of the edib les consumed l o c a l l y ,  and t o  use the f a c i l i t i e s  as an 

educational t o o l  f o r  loca l  school chi ldren. They have received verbal 

a 
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committments from town leaders and the school, and considerable mater ia l  has 

been purchased already for  construction. 
hpi 

The Avon p r o j e c t  provides a good example of how a s t a t e  agency can 

help even those o f  small scale, who may lack expert ise i n  some aspects o f  a 

p a r t i c u l a r  project ,  but  who have the resource and the perserverance t o  see i t  

through when provided w i t h  modest assistance. 

4. White Sulphur Springs, Meagher County, 70 miles east o f  
Helena, populat ion 1200 

Economy: White Sulphur Springs i s  the hub o f  a large area given over almost 

e n t i r e l y  t o  ranching. Most o f  the services provided i n  the town are i n  support 

o f  t h i s  a c t i v i t y .  

Resource: Natura l ly  occurr ing springs have been i n  constant use fo r  centuries. 

Wi th in  the l a s t  50 years a spa and motel have been b u i l t  a t  the s i t e ,  but 

apparently the resource i s  much greater  than i s  present ly used. E a r l i e r  t h i s  

year a geothermal heating system i n  the F i r s t  National Bank was dedicated 

formal ly  a f t e r  two years o f  construction. 

degree F water from a we l l  250 f e e t  deep. Presently the main s t r e e t  has been 

excavated fo r  the lay ing o f  a new sewer pipe, and water a t  108 degrees F i s  

being pumped out a t  a r a t e  o f  about 500 gal lons per minute. Hand-dug holes 

behind the motel have s t ruck hot water three fee t  from the surface. 

Possible Applications: The s t a t e  has been involved i n  geothermal development 

i n  White Sulphur Springs f o r  over three years t o  date, mainly w i t h  the bank 

pro ject .  Over the l a s t  few months there has been a growing i n t e r e s t  on the 

This state-funded p r o j e c t  draws 122 

p a r t  o f  several people r e l a t i v e  t o  the development o f  o ther  pro jects .  The 

resource seems t o  be great enough t o  support considerable development, and the 

town i s  small enough t h a t  water could be piped almost anywhere. 
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One project ,  f o r  instance, would be the heating of the pub l ic  

bu i ld ings i n  town, spec i f i ca l l y ,  two schools, a hospi ta l ,  and the county 

courthouse. 

be immediately cost competit ive. 

Analysis by the BTHERM model indicated tha t  such a system would 

The board o f  d i rec to rs  o f  the Mountain View Memorial Hospital approached 

the geothermal o f f i c e  w i t h  an energy problem l a s t  spring. Heating water f o r  

the hospi ta l  laundry was cost ing over $1,400 per month. 

made t h a t  a large cubical c r i b  be dug behind the hospi ta l ,  where hot water 

i s  known t o  occur next t o  the surface, and a long c o i l  o f  copper pipe be 

ins ta l led ,  through which 36 degree F c i t y  water would be c i rcu la ted  and prewarmed. 

Computations indicated tha t  i f  the water could be warmed t o  90 degrees F, the 

hospi ta l  would save about 70 percent o f  i t s  hot water b i l l .  Further analysis 

has indicated tha t  the o r i g i n a l  idea of  copper tubing i n  the c r i b  i s  probably 

in feas ib le  due t o  high water ve loc i t y  and consequent short  residence time i n  

The suggestion was 

the c r ib ,  but the essent ia l  concept o f  a simple preheat system remains v iable.  

The senior c i t i zens '  center a t  White Sulphur Springs has recent ly  been 

granted money t o  construct  a large so lar  greenhouse a t  the f a c i l i t y .  Representa- 

t i ves  o f  the pro jec t  have now contacted the o f f i c e  about the p o s s i b i l i t y  o f  

heating the greenhouse geothermally. 

A l l  of these pro jects  are f a i r l y  small, not too expensive, and 

probably represent a short  payback per iod i f  undertaken. The geothermal team 

expects t o  work c losely  w i t h  these and others as they occur. 



LOOKING AHEAD: FUTURE SITE SPECIF ICS 

There are several pro jects  i n  the o f f i n g  tha t  have not yet  gone 

f a r  enough t o  warrant s i t e  s p e c i f i c  plans, but which are worthy o f  mention. 

Some are q u i t e  recent, as the case o f  Camp Aqua, and others have been 

around inac t i ve  f o r  q u i t e  some time. 

f a r  

1. Ennis, Madison County 

The geothermal po ten t i a l  of t h i s  area i s  expected t o  be great, but  so 

s a l l  but undeveloped. People d r i l l i n g  wel ls  have r o u t i n e l y  h i t  water i n  

excess of 110 degrees F ( t o  t h e i r  disappointment), over a f a i r l y  extensive 

area bout a m i l e  and a h a l f  from town. The owners o f  the hot spr ing s i t e  are 

interested i n  d r i l l i n g  t o  prove up the resource, and some o f  the money tha t  

was t o  be used f o r  the Boulder p ro jec t  may f i n d  i t s  way i n t o  t h a t  e f fo r t .  

d e t a i l s  remain t o  be worked out i n  add i t i on  t o  those associated w i t h  d r i l l i n g ,  

p a r t i c u l a r l y  r e l a t i n g  t o  end use. 

Many 

The most immediate use would be f o r  an e x i s t i n g  t r a i l e r  cour t  for  

space heat, but  i f  the resource should prove t o  be as great as expected, and 

as hot (above b o i l i n g ) ,  the challenge w i l l  then become what t o  do w i t h  it. 

The town has shown i n t e r e s t  i n  p ip ing the water i n  f o r  space heating for  a 

commercial d i s t r i c t ,  o r  f o r  heating county bui ld ings.  Serious thought has 

been given t o a n  ethanol f a c i l i t y ,  using the geothermal as process heat, but  

l i t t l e  d e t a i l  has been worked ou t  as t o  feedstock, shipping/piping, o r  

environmental impacts. 

2. Camp Aqua, Sanders County 

Energy Engineeering o f  K a l i s p e l l  has put together a complete package 

f o r  an ethanol p lan t  using geothermal water from t h i s  o l d  resort,and t o  tha t  

t 

4 
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end, they have leased the property. They are unw i l l i ng  t o  seek out government 

funding o r  loan guarantees due t o  the delays that  seem always t o  attend such 

programs. 

and they have therefore come t o  the Renewable Bureau seeking money f o r  

exploratory d r i l l i n g .  

However, borrowing power on an unproven resource i s  d i f f i c u l t ,  

0 

The expected cost for  the wel l ,  which i s  envisioned to 

be about 3000 fee t  deep, i s  on the order o f  $100 per foot. As a s ide l igh t ,  

the o f f i c e  had heard about the in tent ions o f  the f i r m  t o  use geothermal, but  

heard nothing from them d i r e c t l y  u n t i l  shor t l y  before t h i s  report.  

assumed from t h e i r  apparent a t t i t u d e  tha t  they knew a l l  tha t  was necessary 

It was 

about the resource; now i t  appears otherwise. 

3. Si lve l  

S i l ve r  Star 

b o i l i n g  temperatures. 

Star, Madison County, south o f  Whitehal l  

i s  another o f  the few Montana resources expected to exceed 

' I t s  locat ion i s  remote from populated areas, but i n  a 

good loca t ion  f o r  feeGstock f o r  ethanol and close to a p ipe l ine  tha t  might be 

used to transport  it. 

resource confirmation. 

As i n  many other cases, the most immediate need i s  f o r  

One unsuccessful grant proposal was sent t o  the Renewable 

R i i r e a t i  lact vpar- and another was submitted t o  the Appropriate Technology 

Small Grants Program i n  1980. 

t h i s  year's cycle. 

serious work must be done before a f u l l  scale ethanol f a c i l i t y  can be envisioned 

f o r  t h i s  s i t e .  

The owner intends t o  put i n  another proposal f o r  

The pro jec t  i s  i n  prel iminary stages, however, and much 

5 

U 
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SITE SPECIFIC ANALYSES: CONCLUSIONS AND PROJECTIONS 

As the Montana p ro jec t  has advanced over the l a s t  two years, i t  

has evolved from a planning funct ion consis t ing of broad genera l i t i es  toward 

a more concentrated e f f o r t  or iented toward spec i f i c  pro jects .  

c lea r  tha t  the planning funct ion lacks v a l i d i t y  o r  real ism from the standpoint 

o f  the actual  s i t u a t i o n  i n  the state. Conversely, the s i t e  s p e c i f i c  analyses 

are j u s t  that ,  h igh l y  spec i f i c ,  and cannot therefore be used as generic models 

I t  now seems 

4 

appl icable t o  a va r ie t y  o f  s i tuat ions.  If the purpose o f  the DOE program i s  

t o  s t imulate the growth o f  i n t e r e s t  i n  geothermal energy i n  the states, then i n  

Montana i t  has been doing i t s  job, both from the standpoint o f  the funding 

programs avai lable,  and, perhaps more importantly, because there are now 

people i n  s ta te  government t ra ined t o  handle geothermal pro jects ,  whereas 

before, there were none. 

The pro jects  n m  i n  process i n  Montana represent a good cross-section 

o f  magnitude, from m u l t i - m i l l i o n  d o l l a r  heating systems l i k e  tha t  proposed 

for  Baker, t o  the employment of a low temperature resource l i k e  tha t  a t  Avon 

for  a loca l ized development a f f e c t i n g  a small number o f  people. We t h i n k  t h i s  

i s  healthy; t ha t  geothermal resources are useable by the l i t t l e  guy as we l l  

as large, commercially or iented ventures. 

The greatest  perceived need a t  t h i s  po in t  i n  the development o f  

geothermal energy i s  twofold: The c l a r i f i c a t i o n  of legal  issues surrounding 

it, and the development o f  f i nanc ia l  awareness on the p a r t  of money lenders t 

and other f i n a n c i a l  i n s t i t u t i o n s .  For the f i r s t  o f  these, the legal  questions, 

we are looking t o  NCSL f o r  help. For the second, the f i n a n c i a l  questions, we * 
intend t o  h i r e  a replacement f o r  one o f  the team members w i t h  lending back- 

ground and admin is t ra t ive experience. 

personnel, the geothermal world o f  Montana can advance t o  i t s  next l o g i c a l  

c r i t i c a l  decis ion po in t  on t ha t  b i g  o l d  a c t i v i t y  l i n e  of l i f e .  

Hopeful ly w i t h  t h i s  combination o f  
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Boulder. Mantana 596.32 
Telephone 40% -225-4272 

APPENDIX 

Boulder Hot Springs 
July 29 ,  1980 

Micheal Chapman 
DNRC 
32 South Ewing 
Helena, Montana 59601 

Re: Geothermal Drilling in Boulder Valley 

Dear M r .  Chapman: 

I write you on behalf of the owners and operators of Boulder 
This resort has been in existence for well over 100 years using Hot Springs. 

the geothermal waters coming from our springs located on our property. We, 
of COWBB, place an extremely high value on our springs. 
that you intend to drill a test well on John Heide's land for a possible geothermal 
source. We are concerned that this drilling is too hastily determined. 

Please be advised that we intend to hold you, your department, 

It is our understanding 

-. . 

the State of Montana, the land owners, and everyone else involved responsible 
for any loss in temperature or in water flow (duration or amount) of our springs 
resulting from your drilling and/or well use. 

We hereby request that you do not+commence 9 drilling until 
the following conditions are met: 

1. A minimum of one year measurement is made of our springs 
to determine temperature and duration of the springs by 
a system approved by both you and us. 
we will be able to determine damage, if any, caused by 
your drilling and/or well use, and 
That you post a bond for an amount agreeable to us and 
payable to us to cover any and all damages caused by 
the drilling and/or use of your well, and 
That all legal remedies and damages as provided by law 

In this manner, 

3 

2.  

4 
3 .  

be afforded US. 
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Midhale Chapman 
July 29, 1980 
Page 2 

We are open to any suggestions you may have 80 that you can proceed 
with your drilling while our interests in the springs are protected. 

8 

i .,, 

SFL/mw 

cc: Mike Grecly , Montana State Attorney General 
Jefferson County Commissioners 
John L . Sonderegger , PH . D 
John Heide, Jr . 
Robert Ryan 

f 
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1.0 INTRODUCTION 

1.1 Purpose of Project 

This project was developed as a mission-oriented program aimed at accelerating 

the commercial utilization 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. 

of public outreach, brokerage functions, and mini-engineering evaluations of 

specific resources and the appropriate direct-heat applications. 

This was accomplished through the marketing strategies 

1.2 Objectives 

In this market planning effort of the state geothermal energy commercializa- 

tion, 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 geothermal 

commercialization, the New Mexico state team, in conjunction with NMEI, is 

investigating both on-site and off-site energy consumers with special emphasis 

on colocated users and the appropriate site-specific direct-heat applications. 

This project mode has provided a basis for promotional marketing activities 

aimed at specific resource sites and potential adoptees of geothermal energy 

and concurrently supporting currect or potential end-users of geothermal 

energy with technical assistance. This effort has undoubtedly provided good 
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experience and greater insight into the marketing needs and demands by the 

end-users. 

2.0 SPECIFIC TASK DESCRIPTIONS AND PRODUCTS 

2.1 Geothermal Prospect Identification 

The compilation and charting was made of the estimated geothermal energy 

I potentially available from the prospect areas and sites as a function between 
~ 

now and the year 2020. 

1 

I Tables 1 to 7 list areas and sites of geothermal prospects in the state of New 

Mexico as these have been identified by various criteria, for both electric 

and direct thermal uses. 

The prospective sites and areas are broken down in the first list to those 

which 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 those (2) on which are  ava i lab le  

favorable quantitative data on the measured subsurface temperatures, 

4 

t 

t 

volume, and water flows. 
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TABLE 1 
NEW MEXICO IDENTIFIED GEOTHERMAL PROSPECTS 

ELECTRIC 1 5 O O C  

PROVEN POTENTIAL INFERRED 

Baca Location Animas Closson 
Kilbourne Hole Columbus Area 
Radium Springs Guadalupe Area 
S.D. Jemez Reservoir 

Lordsburg 
Lower Frisco H.S. 
Prewitt Area 
Socorro 
Southern Tularosa Basin 
White Sands (Town) 

Direct THERMAL (2OoC T 15OoC) 

Proven POTENTIAL INFERRED 

Anima s Albuquerque Closson 

Faywood Black Mtn. - W. Mesa Crown Point 

Gila H.S. Cliff Area E. San Augustin Plain 
Jemez Springs Derry H.S. Fort Wingate 

Los Alturas Mesquite-Berino Garton Well 

Ponce De Leon Mimbres H.S. Jicarilla Apache Res. 

Truth or O j o  Caliente Little Blue Mesa 

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

Upper Frisco H.S. 

3 

i 
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TABLE 2 
STATE OF N E W  MEXICO 

PROVEN AND POTENTIAL DIRECT THERMAL APPLICATIONS 
* 

LATITUDE TEMPERATURE ("C) ESTIMATED ESTIMATED ENERGY (We) 
LONGITUDE SURFACE SUBSURFACE VOLUME (kd) PROVEN POTENTIAL TOTAL 

4 

SITE 

Albuquerque 

Faywood H.S. 

Gila H.S. 

Jemez Springs 

Los Alturas 

O j o  Caliente 

Radium Springs 

San Diego 

San Ysidro 

Socorro 

Truth or 
Consequences 

Animas 

35O 05' 
106O 45' 

32' 33' 
108O 00' 

330 12' 
108O 12' 

350 47' 
106O 4' 

32O 16' 
106O 42' 

36" 18' 
106O 58' 

32O 30' 
107O 58' 

35O 37' 

35' 30' 
106O 40' 

340 2' 
106O 56' 

33O 9' 
107O 15' 

32O 85' 

27 

54 

68 

73 

55 

45 

30-85 

50 

33 

36-46 

102 

30° 

125 

103 

120 

122-161 

130-198 

52' 

80 

35 

100 

144 

4-4 

3.0 0.0449 

1.0 

3.0 

3.0 

3.3 

3.3 

0.0206 0.6150 

0.5635 

0.0368 

1.0 0.0206 

3.0 
L 

0.0135 

1.0 0.0269 0.4563 * 

3.0 -- .0359 0.4102 
0 0.0834 2.1508 



TABLE 3 

STATE OF N E W  MEXICO 
PROVEN AND POTENTIAL ELECTRIC APPLICATIONS 

TEMPERATURE ("C) ESTIMATED ESTIMATED ENERGY ( W e )  LATITUDE 
SITE 

LONGITUDE SURFACE SUBSURFACE VOLUME (b3) PROVEN POTENTIAL TOTAL 

5 20 

1942 

85' 102 

50 ' 
Animas 32" 

(Lightning Dock) 108" 

170 3.3 I 

Baca Location 35" 
1 0 6 O  

50 350 54 ' 260-315 125.00 

32 

57 
58 

45-83 25 Kilbourne Hole 31" 
106" 

155 3.50 5 

93-130 3.3 5 30 Radium Springs 32" 30 ' 30-85 

58' 107" 

San Diego Mtn 125 1.00 - 
50 

5 20 
370 2037 
- 



t 

Potential sites are those on which (1) there is exploration/development 

activity, or (2) some favorable quantitative subsurface data have been 

estimated or measured. 
1 

Inferred sites or areas are those identified by (1) surface manifestations 

such as wells or springs, (2) chemical thermometry, or (3) proximity to 

potential or proven sites. 

2.2  Area Development Plans 

2.2.1 State Geothermal Planning Areas 

The New Mexico State Team is defining 3 substate geographical areas for which 

the development and utilization of geothermal energy prospects are likely 

between now and the year 2020. 

The areas considered for commercialization planning are primarily multi-county 

substate areas based on the state planning district format. 

regions also coincide with geological provinces and with distributions of 

geothermal resource sites that are unique to those respective areas. 

These substate 

The 1st-priority target areas for area development planning are centered on 

the Rio Grande River Valley throughout its entire length within the state. 

U 

s 

e 

4- 6 



FIGURE 1 

hs 
5 

L 

c 

STATE GEOTHERMAL PLANNING AREAS 

I 
L E G E N D  - District Boundary - County Boundary 

Wadatgo 
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2.2.2 Specific Area Development Plan: Dona Ana County 

This county is emerging as the first area of intense study and planning activity 

by private and government entities. The strong interest and community leader- 

ship shown for geothermal energy for economic considerations plus the adjacent 

overflowing economic growth pattern of El Paso, Texas provides the basis of 

selection for the area development plan. 

of the geothermal potential here have been conducted. 

the county: 

located next to the U.S. - Mexico border, has potential electrical generation 
capacity . 

A number of research investigations 

There are 2 KGRA's in 

Radium Springs and Kilbourne Hole. The Kilbourne Hole KGRA, 

The Dona Ana Area Development Plan involves first, the investigation of the 

area attributes such as geography, population, economy and attitudes of the 

residents. Second, the energy demands of the area were considered for both 

current and projected needs by the Standard Industrial Code and fuel types. 

Third, the current and future geothermal energy development is described. 

possible schedule of activities has been estimated. It should be kept in 

mind that actual development is entirely dependent on the actions of the 

entrepreneurs. 

A 

Outside the Baca Location, Dona Ana County has the second largest geothermal 

heat potential in the state. 

The county has numerous hot water wells and hot springs in addition to the two 

KGRA's. 

for 30 years for direct thermal use. 

The geothermal potential considering all sites is 0.9899 Quad BTU's 
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Dona Ana County is one of the fastest growing areas in the state. The total 

dd 
i 

* 

i 

county population is about 80,000 and the Las Cruces SMSA stands at about 

51,000. Both the expanding industrial and governmental sectors are contributing 

to a robust economy in the county. 

To some degree, most current food drying processes could be suitable to conversion 

with the use of heat from geothermal water depending on the resource and the 

location. 

i 

2.3 Site Specific Development Plans 

2.3.1 Candidate Geothermal Sites 

The specific resource sites and energy applications (residential, commercial, 

industrial, and agri-business) which are candidates for the SSDP are identified 

and briefly described as follows: 

Animas/Lightning Dock 

Current Application: Space-heating of 1 house 

2 geothermally heated greenhouses with total 130,000 

square feet. Geothermal irrigation and soil warming 

system for fruit orchard. 

Anticipated Application: Additional 500,000 square feet area of geothermally 

I heated greenhouse. Site of DOE'S 1979 AET grant 

in Region 6 of $20,000 to Tom McCants. 
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Resource Data: Surface Temperature 1020c 

Subsurface Temperature 144OC 

Estimated Energy Potential: 7 , 8 4 9  x lom8 quad 

Estimated Reservoir Size: 3 . 3  km3 

Los Alturas 

Current Applications: Space-heating of home for the president of New Mexico 

State University and source of domestic water supply 

for Los Alturas subdivision. 

Anticipated Application: Industrial process heat - L'eggs G o r p . ,  space 

heating: shopping center, hospital NMSU campus, 

land development subdivision district heating. 

Resource Data: Surface Temperature 48OC 

Subsurface Temperature 12ooc 

Estimated Energy Potential: .0056 quad 

Estimated Reservoir Size: 6.0 km3 
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Resource Data: Surface Temperature 27OC 

, Subsurface Temperature N/A 
1 1  

Estimated Energy Potential: 0.004 quad 

I Estimated Reservoir Size: 3 . 0  km3 

Jemez Springs 

Current Application: Bathhouse, greenhouse spaceheating 

i Projected Application: Spaceheating of public buildings 

Resource Data: Surface Temperature 73OC 

Subsurface Temperature 103OC 

Estimated Energy Potential: 0.0206 quad 

Estimated Reservoir Size: 3 . 3  km3 

2.4 Time Phased Project Plan 

2 . 4 . 1  Active Demonstration/Commercialization Projects 

There are 9 geothermal developments in the state that are currently active 

demonstration and commercialization projects. 

considered to be candidates for the time-phased project plans. 

A l l  of these projects are 
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Of those projects, 6 are demonstration projects that were initiated by the New 

Mexico Energy and Minerals Department and cost shared with federal and private 

funding sources. 

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

geothermally preheated hot water system designed, installed and operated 

by the BDM Corp. The project utilizes an old active well system that 

provides natural hot water for the hospital's two therapeutic pools. The 

project commenced on March 1, 1980 and will begin start up operations in 

September. The system will be monitored and evaluated until June 1981. 

The capacity of the system is equipped to handle 170,350 liters of contin- 

uously pumped well water (43OC) which contains a useful heat content of 

12,000 BTU/min. 

2. 

3.  

University President's House/University Center, NMSU, Las Cruces. 

is a space-heating project for the residence for which a well has been 

drilled into the Los Alturas Geothermal Anomaly which underlies the 

president's residence is located. 

water from a depth of 137 meters at a flow rate of 6 4 . 3  liters/min. The 

project started June 28, 1979, the construction was completed in September 

1980 with the monitoring and reporting continuing until June 1981. 

This 

The space-heating system uses 5OoC 

Solar-assisted geothermal greenhouse, Faywood Hot Springs. 

is the Faywood Hot Springs 48.3 km (30 miles) southeast of Bayard, New 

Mexico which flows at 132.51.1m. 57OC. 

operate the geothermal greenhouse using runoff water from the hot spring 

The resource 

The objective is to construct and 
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and produce native plants for waste tailings reclamation projects by Kennecott 

Copper Corporation. LuJ This development is being constructed and operated by 

handicapped labor from the Southwest Services for Handicapped Children and a 

Adults which owns the greenhouse. 

1979 and is nearly completed as of August 1980. 

Initiation of this project was on June 18, 

* 

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

space-heating project which will tap the underlying artesian thermal water 

basin under the city. 

43OC. 

The well water temperature in the area averages 

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 will be completed by June 1981. The project was 

commenced on June 28, 1979. 

5. Solar-assisted geothermal greeL,ouse, Taos. 

Leon Hot Springs near Ranchos de Taos. 

liters per day at 35OC at an elevation of about 2,256m. 

The resource is the Ponce de 

The springs discharge 1,305,977 

The project will 

analyze and determine the use of a geothermal heat recovery system to 

provide thermal energy for greenhouse spaceheating for growing cash crops 

(for 5,574m2) and other commercial processes. 

transfer from power plant waste heat recovery and i s  conducted by Solar 

This project uses technology 

America, Inc. of Albuquerque. 

finish December 1980. 

The project began May 22, 1979 and will 

f 
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6. L'eggs Products, Inc., Mesilla Park. This project is evaluating the 

potential resource and the engineering for bringing geothermal energy on 

line for industrial process at the hosiery manufacturing plant. A 1,800 

feet test well was drilled on the plant site on May 12, 1980. No appro- 

priate resource was found but a warm bottom hole temperature of 32OC were 

encountered. It was determined from a series of economic and engineering 

sereis that the development of a deep resource would be technically 

feasible but not economically suitable for the company's requirement and 

needs. 

geothermal well. 

Study is still continuing on alternative sites for placement of a 

With the exception of some aged hot spring resort spas, most private business 

enterprises utilizing 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 Caldera include both 

a liquid and vapor-dominated reservoir. The major, liquid-dominated 

reservoir is over-pressured and contains a calculated 1.8 x lOkg of fluid 

in place. The average reservoir fluid temperature is in excess of 260OC. 

The main production 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 18 wells and 

probably 13 to 16 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 additional water rights are needed from the State 

Engineer's Office before construction can begin. 
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2. The Animas Valley geothermal greenhouses. Operators: Tom McCants and 
hi 

Dale Burgett. Two hothouse operations are described together because of 

the same underlying resource, identical characteristics, energy-use + 

applications and geothermal energy-requirements. 

c 

The resource is the Animas 'fhotspot'f, a very shallow anomalous aquifer, 

where abundant water of 102OC 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. 

The 2 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-price floral plants particularly 

roses. 

3. Geothermal heat pump system of Sandia Savings Building, Albuquerque. 

aquifers, at 90' and 270' deep, supply cool and warm waters according 

the seasonal demand. Two wells are involved in this operation. The 

shallow well supplies cool water with a temperature range from 60° to 

70°F. The water 

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

The deeper well supplies warm water at 78O to 80°F. 

Two 

to 

is 

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. 

requires 3,467,182 BTU/h. 

Heating requires 2,518,000 BTU/h and cooling 
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2.5 State Aggregation of Prospective Geothermal Utilization 

Estimates are made of the total geothermal energy on-line for the area 

development plans as a function of time. 

Possible Economical Geothermal Energy On-Line ( 10l2 BTU) 

(Data Source PSL/NMEI) 

- 1990 - 2000 2020 1985 - ADP - 
# 1 

2 

3 

4 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

6.47 

0 

1.87 

0.72 

0 

0 

0.65 

0 

8.09 

0 

5.37 

1.79 

0.89 

0 

4.38 

0 

ADP KEY (COUNTIES) 

23.0 

0.77 

13.13 

2.47 

4.43 

0 

11.40 

0 

Dona Ana County 

Albuquerque Area - Bernalillo, Torrance and Valencia 
Los Alamos, Rio Arriba, Sandoval, Santa Fe and Taos 

Sierra and Socorro 

Catron, Grant, Hidalgo, and Luna 

Chaves, Eddy, Lea, Lincoln and Otero 

McKinley and San Juan 

All northedstern counties 

48.7 

0.81 

26.1 

3.22 

6.99 

0 

23.2 

0 
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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 administrations reluctance to put substantive issues on the call. 

It is possible that some difficulties in the relationship between appropriate 

rights and correlative rights for geothermal resources may potentially be 

resolved through administrative action. 

At any rate, district heating legislation and amendments to state geothermal 

leasing policies will not be examined any f u r t h e r  u n t i l  t h e  1981 session. 

A review of state statutes and extensive discussions and correspondence with 

Steve Reynolds and D.E. Gray, who have been extremely receptive and helpful in 

this review, yeilded these salient findings: 

With the assistance of the state engineer's office and the NUSL, the following 

findings were made: 

w 

o In declared groundwater basins, conflicts between appropriative rights 

and correlative rights for geothermal resources may potentially be resolved 
% 

administratively. In the State Engineer's view, this may be achieved 

through conditions placed on geothermal fluid appropriations which waive 

prior rights protection vis-a-vis other geothermal appropriators. 
- u 
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o The State Engineer's jurisdiction does not extend outside of declared 

groundwater basins. 

therefore cannot be resolved in these areas by means of conditions on 

geothermal appropriatiiins. 

The appropriative rights/correlative rights conflict W 
7 4  * Legislation to resolve the conflict in these 

areas may be warranted. 

o According to certain statutory provisions (572-12-25 NMSA (1978)), "non- 

potable" water at depths of 2500 feet or more is exempt from declared 

basins. Although the State Engineer questions the force of this provision, 

most geothermal development undoubtedly is clouded by this 

provision in the statute, and it deserves legislative review. 

Only one legislative item was enacted in the 1981 session and is of great 

importance 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 projects. The stipulation is made that awards be 

made only on the basis of equally matching funds from private or federal 

sources. 

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 our geothermal resources by industry, commerce, 

agriculture and government. 

applications of geothermal energy by 

c 
This program is designed to expedite the direct 

1) identifying geothermal application 

W 
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concepts 2) potential resource end-users 3)  identifying potential funding 

for end-users serving a broker function between end-users government and 

private developers and 

potential end-users. 

4) providing engineering and technical assistance* to 

w 
e" 

2.7.1 Outreach Mechanisms 

The New Mexico Outreach Program is oriented primarily to assisting selected 

potential end-users who were identified either in the early planning work of 

the state's O/R geothermal energy development or through the current 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 consumptions, need for alternative source of energy supply, 

energy-use planning attitude, and enthusiasm. More technical assistance 

requests were generated through this marketing survey project than all of the 

other outreach mechanisms combined. Each case is handled with individual 

meetings to define the problems, goals and needs, and then usually followed up 

with mini-economic and engineering studies. A literatupe search of technical 

equipment is sometimes made or information of various types on consultants may 

be supplied according to the requestor's needs. 

The other outreach mechanisms are: 

o 

o 

State EMD geothermal energy research and development program 

DOE Region 6 Approprate Energy Technology Small-Grants Program 
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o State Geothermal Demonstration Program 

o Energy Extension Service 

The New Mexico R&D program has spent approximately $1.7 million for geothermal 

research and development. 

funded by R&D funds and this source of funding has generated numerous contacts 

and projects in New Mexico. 

Geophysical and engineering projects have been 

The geothermal team reviews geothermal proposals, makes staff recommendations 

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

developed under R&D to the citizens of New Mexico. 

The appropriate energy technology small-grants program is another area where 

state team has provided help through information dissemination on the program 

and its application procedures. 

provided to the NM Energy and Mineral Department the participating agency for 

DOE in this state. 

Critical review and recommendations were 

In 1979, New Mexico awarded $200,000 to six contractors for geothermal 

space-heating demonstrations. 

way of leading by example and they are our announcement that New Mexico has 

viable geothermal resources that can be developed now. 

These demonstration projects are New Mexico’s 

The monitoring is continuing on the construction, operation and evaluation of 

the six demo 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 
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and permit procedures and thereby gaining practical experience that will be 

useful to future developers. 
I 

The geothermal team is workingwith the Energy Extension Service to transfer to 

the public updated information and materials on geothermal energy relating to 

M’ 
a. 

c 

resource availability, space-heating, agricultural applications, industrial 

uses and commercial applications. 

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 as an alternative energy resource. 

Mexico now finds itself in a position of not only having six active demonstrations 

New 

but also having an acute interest in geothermal 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. 

University which has been actively drilled for geothermal energy on campus. 

The county is the home of New Mexico State 

The university has successfully completed several wells and obtained DOE 

financial assistance for campus space-heating. 

Columbus, which is located on the Mexico border, is presently being evaluated 

for a twin industrial park. 

Commerce and Industry have shown great interest in evaluating the geothermal 

potential of the area. 

Local leaders and the New Mexico Department of 

Geophysical testing in the area is being conducted by 

Dr . Swanberg. 

Q 

Li 
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EMD personnel have been working with community leader in Dona Ana County to 

identify potential users. 

areas of space-heating for a shopping center, process heat for a pet food 

processor and geothermal application for a dairy. 

Initial information has furnished prospects in the W 
3 

Finally, the West Mesa area Albuquerque has become the focal point of geothermal 

exploration. 

and geothermal applications may have a viable future. 

exploration in this area are being developed. 

0 

The West Mesa area is the center of new growth in Albuquerque 

Plans for further 

All in all, New Mexico's geothermal future is bright and its activity is 

increasing. 

demonstration, outreach and commercialization and this effort should expedite 

The EMD is taking a very active role in geothermal R&D, 

development. 

The following are the State Team's findings and recommendations: 

1 .  Outreach effort has increased substantially and has raised the geothermal 

profi le  . 

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 appropriation has been 

developed into 

i E  

projects valued at more than $500,000. 
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4 .  The determination and delineation of potentially commercial resources 

should be improved and refined. 

5 .  DOE needs to understand each state program to a greater degree and should 

work with the states to enhance the state's objectives. For example, 

here in New Mexico we have an aggressive R&D Program and Geothermal 

Demonstration Program yet our present contract requires that more effort 

go into resource planning (under DOE procedures and guidelines) then go 

into R&D. 

6.  Specially trained and experienced geothermal personnel should be made 

available to the states for 30-90 days to assist the states in organizing 

and fine tuning their operations. Examples: resource planning, well 

drilling, contracting, electrical generation, space-heating engineering. 

7.  State and Federal agencies have to realize that loan guarantees address a 

symptom not the illness. Major technical efforts must be made to reduce 

geothermal risks by improving the technology, especially technologies 

associated with exploration, well drilling 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. 

i 
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TABLE A-1 

TOTAL ACREAGES OF GEOTHERMAL LEASES - N E W  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: 

(111 Leases) 

45,663 

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

FEDERAL ACTIVE COMPETITIVE GEOTHERMAL LEASES - NEW MEXICO 

DATE ISSUED & SIZE, ACRES & 
COUNTY & LESSEE (NO. OF LEASES) KGRA/LOCATION (COST/ACRE) 

DONA ANA 

Aminoil USA, 
Inc . 
Anadarko Production 

Chevron USA 

N.K. Hunt 

HIDALGO 

Amax Exploration 

Aninoil USA, Inc. 

J .E. Blakenship 

Earth Power Corp. 

Phillips Petroleum 
G O .  

4 RIO ARRIBA 

Amax Exploration 

c SANDOVAL 

Amax Exploration 

1,235.45 (1) 

18,476.45 (9) 

2,198.48 (3) 

360.00 (2) 

6,580.43 (3) 

1,271.64 (1) 

1,235.72 (3) 

5,060.12 (2) 

2,898.37 (2) 

6,183.45 (4) 

3,870.84 (2) 

Radium Springs, KGRA, 
T21S, R1W 

Kilbourne Hole, KGRA, 
T27 & 28S, R1W 

Radium Springs, KGRA, 
T21S, R1W 

Radium Springs, KGRA, 
T21S, R1W 

Lightning Dock, KGRA, 
T25S, R19 & 20W 

Lightning Dock, KGRA, 
T25S, R19W 

Lightning Dock, KGRA, 
T25S, R19W 

Lightning Dock, KGRA 
T24 & 25S, R19 & 20W 

Lightning Dock, KGRA 
T25S, R19W 

Baca Location No. 1 
KGRA, T21N, R3 & 4E 

Baca Location No. 1 
KGRA, T18N, R3 & 4E 

02/01/78 ($8.29) 

07/01/75 ($10.06- 
($30.50 & $10.63) 

12/01/77 & 12/01/78 
($30.50 & $10.63) 

12/01/78 ($56.00) 

Various ($3.13, 
$8.11 and $13.07) 

01/01/77 ($1 99) 

10/01/76 & 
12/01/78 

10/01/76 ($3.38 
& $5.23) 

08/01/77 & 12/01/77 
($5.67 & $5.31) 

08/01/77 ($5.67) 
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TABLE A-3  kd 

FEDERAL ACTIVE NON-COMPETITIVE GEOTHERMAL LEASES - NEW MEXICO 
f 

I 

SIZE, ACRES & DATE 

1 COUNTY & LESSEE (NO. OF LEASES) LOCATION ISSUED i 

DONA ANA i 
1 
I Mary Antweil 

Chevron USA Inc.  

J.F. Grim 

C.L. H u n t  

Nancy B. Hunt 

Nelson B. Hunt 

N.K. Hunt 

M.W. Sands 

Ramona Sands 

H.W. Schoel lkopf ,  Jr. 

Southland Royal ty  Co. 

HIDALGO 

Chevron USA, Inc .  

E a r t h  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 (4) 
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, R l E  & 1 W  

T25 & 26S, R l E  

T27S, R 1  & 2W & 

T20S & 21S, RlW 

T28S, R2W 

T26S, R 1  & 2W 

T29S, R 1  & 2W 

T20S R l W  

T20 & 21S, R1W 

T17 & 28S, R2W 

T19, 20 & 21S, R l E ,  

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 

04/2 7/ 79 

04/27/79 

05/29/75 

06/15/79 

I 
i 09/11/79 & 

11/01/79 

12/28/76 



TABLE A-3 (Cont'd) 

FEDERAL ACTIVE NON-COMPETITIVE GEOTHERMAL LEASES - NEW MEXICO 

M 

COUNTY & LESSEE 
SIZE, ACRES & 

(NO. OF LEASES) LOCAT I ON 
DATE 

ISSUED 

HIDALGO (cont ' d) 

Sun Oil Company 1,280.00 (1) 

Thermal Resources, Inc. 1,320.00 (2) 

U.S. Geothermal Corp. 2,954.57 (2) 

T25S, R20W 10/24/79 
T25S, R19W 07/07/77 

T25 & 26S, R19 & 20W 05/29/75 

SANDOVAL 

Occidental Geothermal, 2,817.95 (4) 
Inc. 

Sunoco Energy Dev. Co. 1,542.32 (2) 

T15N, R1 & 2E 

T15N, R3 & 4W 

07/07/77 & 

06/21/79 
08/19/77 

SIERRA 

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

STATE LEASES - NEW MEXICO 

bid 

SIZE, ACRES & DATE 1 

COUNTY & LESSEE (NO. OF LEASES) ISSUED 

DONA ANA 

Chevron 

Energetic Corp. 1 

i 

! 
i 

i 

i 
1 
, 

I 

1 

1 

1 

GRANT 

Aminoil USA 

Supron Energy Corp. 

HIDALGO 

Amax Exploration 

Aminoil USA 

SANDOVAL 

Cherokee & Pittsburg Mining 
E.E.  Fogelson . 

I 

SOCORRO 

1 Arc0 

1 J.M. Kelly 
4 

I J.W. Covello 

Gulf O i l  Corp. 

639.36 (1) 08/14/79 

640.00 (1) 07/19/79 

4,695.63 (18) 

3,868.90 (18) 

8,176.00 (19) 

11,078.55 (25) 

4,433.19 (7) 
1,280.00 (2) 

5,437.00 (10) 
640.00 (1) 

2,624.27 (5) 
2,150.56 (4) 

08/08/79 Sc 
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 
03/12/75 
03/ 12/75 
031 12/75 

c 

Y 
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CONTACT 
DONA ANA COUNTY: 

j!i 
Frank Cobb, Pres. 
Sandyland Nurseries 

Stan Smith, Mgr. 
L'Eggs Products, Inc. 

Rick Squires 
Western Dev. Corp. 

Joe Pomplin, Adm., 
Good Samaritan Village 

Tom Young 
Tom Young Racquet 
and Health Club 

American Linen Co. 

Price's Dairy Farm 
Anthony, NM 

Los Alturas Estates 
Home owners: 
C.L. Traylor 
Thomas Johnson 
Clifford Clemens 

Aquaculture Products 
Technology, Ltd. 

1 Denver, CO 

Roger Bowers 
Hunt Energy Corp. 

Don Ainsworth 
American Drilling 
& Grouting Co. 

a 

Scott McInnis hi McCulloch Geothermal 

A-5 

POTENTIAL DEVELOPERS AND END-USERS 

CONTACTED 

PROSPECTIVE APPLICATION 

Well drilling and space- 
heating 

Well drilling, space- 
heating, and industrial 
process heat 

District Heating System 

Space-heating 

Space-heating 
and preheat hot 
water system 

Industrial process heat 

District Heating System 

Shrimp Farm development 

Geothermal Electrical 
generation 

Geothermal Ethanol Plant 
in Mesilla Valley 

Deep well for ethanol or 
power generation in 
Mesilla Valley 

COMMENTS 

Seeking technical and 
financial assistance for 
large expanded greenhouse 
operation 

Test hole indicates 
no shallow resource on 
plant site 

New large subdivision to 
be developed in vicinity 
of possible resource 

Needs funds and technical 
assistance 

Seeking information on 
opportunities 

Seeking site-specific data 

Deep production well 
drilling has commenced 

Feasibility study 
request 

Interaction with L'EGGS 
and other potential 
users 
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Potential Developers (Cont.) 

CONTACT 

Southwestern 
New Mexico: 

Tom McCants 
Animas, NM 

Dale Burgett 
Animas, NM 

Doc Campbell 
Gila Hot Spring 

S .  M. Roberts 
Mirador Corp. 
Silver City, NM 

State Wide: 

Gerald Huttrer 
Exploration Manager 
Republic Geothermal, 
Inc. 

Bob Grant 
Private Consultant 

Russ Johns, President 
Prepared Foods, Inc. 
El Paso, TX 

Truth or Consequences: 

PROSPECTIVE APPLICATION 

Greenhouse and orchard 
soil warming operation 

Large commercial 
greenhouse op. 

Space-heating and dow 
temp. electrical generation 

Professional development 
service 

Prof. development service 

Prof. developement service 

Process heat for beef 

Randy Ashbough, Inc. Space-heating 
Building Contractor 

Karl Kortimeier Space-heating 
Owner, Yucca Lodge 

Gallup : 

Dale Lang Kilde Corp. 
P.O. Box 2125 development of industrial 
Gallup, NM 87301 facilities 

Construction and 

COMMENTS 

f 

Awarded 1979 DOE AET grant 
* 

Will expand current geothermal 
space-heated facilities 

Applied to Geothermal Loan 
Guarantee Pros. for fuel 
alcohol prod. project 

Seeking investment opportunities 

Major advisor in numerous 
areas of geothermal 
commercialization 

Preparing to relocate into 
Dona Ana County 

Seeking opportunities with 
current warm water well 

Building geothermally heated 
condos 

Seeking investment 
opportunities 
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PARTICIPANTS IN THE STATE GEOTHERMAL 
DEMONSTRATION & COMMERCIALIZATION PROJECTS 

CONTACT 

Arthur Mansure 
BDM Corporation 

ROLE 
Principal Investigator 
and proj. mgr. for Carrie 
Tingley Hosp. Demo Proj. 

Dan Romero Electrical Engineer 
Coupland & Moran 

A .  Bruce Cantrell Supplier of energy 
Energy Control, Inc. system monitors 

Joe Klose 
Solar America, Inc. 

Project Manager for 
greenhouse space-heating 
demo project at Taos 

Jewel1 Burk Proj. Mgr. for Space-heating 
Southwestern Services of Native Plant Greenhouse 
to Handicapped Children 
and Adults, Inc. 

at Faywood H.S. 

George Abernathy Technical Consultant 
Dir., Agricultural Engineering & Ag. Eng. for SWSH 

L. D. Clark 
Energetics Corp. 

Principle Inv. for L'Eggs 
to evaluate geothermal 
energy on factory site 

Larry Johnson 
L. Johnson Drilling Co. 

Thomas Mancini 
Mech. Eng. Dept. 
NMSU 

Tom Gebhard 
Private Consultant 

Dr. Harold Daw 
Assist. V.P., NMSU 

Roy Cunniff 
Physical Science Lab 

Driller 

Principle Inv. for 
T or C Senior Citizens 
Center Space-Heating Proj. 

Consultant to T or C 
on the S.C.C. Proj. 

Principle Inv. for NMSU 
President's home 
space-heating proj . 
Prin. Inv. for NMSU 
Campus heating project 
Technical Advisor for all 
demo projects 
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STATUS & COMMENTS 

Construction and 
installation completed 

Electrical subcontractor 
for Carrie Tingley Hosp. 
Demo Proj . 
Instrumentation subcon- 
tractor for Carrie Tingley 
Hosp. Demo Proj . 
Construction nearing 
completion 

Construction and 
operation by handicapped 
labor 

Engineering subcontractor 
on Faywood greenhouse 

Study made for industrial 
process heat and test 
well was drilled 

Drilling subcontractor 
for L'Eggs project 

Negotiating for driller 
subcontractor 

Production well completed 
and space-heating system 
installed 
Production well and tests 
completed 



Participants (Cont.) 

Arlene Starkey 
Assist. Dir., NMEI 

Chief Advisor for Dona Ana 
County Geothermal Task 
Force 

Task Force preparing 
recommendations for 
commercialization 
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Businessmen and Government Personnel 

Contacted in Albuquerque through the 

Geothermal Commercialization Outreach 

Jack Button 
Butter Krust Baking Co. 
717 Coal Ave. S . E .  
Albuquerque, NM 
243-9541 

Marvin Reiff 
American Gypsum Co. 
P.O. Box 6345 
Albuquerque, NM 87 

David Dyer 
Coca-Cola Bottling Co. 
205 Marquette Ave. N . E .  
Albuquerque, NM 
243-2811 

Rusty Easton (Ms.) 
Bureau of Education 
Energy Management Office 
915 Locust S.E .  
Albuquerque, NM 87106 
765-5950 

Cloyce Harrison 
CREGO Block Co. 
P.O. Box 6025 
Albuquerque, NM 87197 
345-4451 

Wade Oney 
Swift & Co. 
2200 Zearing Ave. N.W. 
Albuquerque, NM 
243-5676 

97 

Rick Squires 
Candlelight Homes 
1224 Pennsylvania N . E .  
Albuquerque, NM 87110 
268-4395 

Lynn Starr 
Borden Inc. 
1710 4 N.W. 
Albuquerque, NM 
242 - 285 1 

Terry Story 
Clover Club Foods 
2500 Gibson Blvd. S . E .  
Albuquerque, NM 
247-0466 

Gary Swartzman 
Swartzman Meat Packing Co. 
3301 2 S.W. 
Albuquerque, NM 
87 7 -2550 
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Mr. Ansley 
Ansley Manufacturing Co. 
103 Aztec Rd. N.W. 
344-9 128 

Dr. Ferran 
El Centre Villa Nursing Home 
236 H N.E. 
243 - 45 00 

Dennis Rishel 
Residential Loan Officer 
Albuquerque Federal S & L 
6400 Uptown Blvd. N.E. 
883-3100 

Ernie Torres 
Northwestern Woodworks 
320 Roehl Rd. N.W. 
898-4969 

Debbie Belsich 
Albuquerque Public Schools 
915 Locust St. S.E. 
Lead/Coal Exit 
Lead east to Cedar 
South one block 
Hazeldine Right (West) becomes 
Locust at deadend on Right 

Dave Derringer Enterprises 
415 B .  Marble Ave. N.W. 
242-5792 

Mr. Cannizzaro 
Rio Rancho Independent 

3900 Southern Blvd. S.E. 
898-4060 

Development 

John Ward 
Commercial Laundry 
3340 Columbia Drive N.E. 
345-8828 

Bob Rushlo 
Design Professionals Inc. 
4210 Carlisle Blvd. N.E. 
881-6336 

Mr. Foster 
Albuquerque Industrial Laundry 
215 Altez S . E .  
298-1882 

Mr. Brooks 
Brooks Photography 
401 Edith Blvd. N.E. 
842-5874 

Brick Hisen (?) 
New Mexico Marine Supply 
4946 Jefferson N.E. 
881-0636 

Fred Marcilla 
The Energy Store 
2404 San Mateo N.E. 
(2432 San Mateo N.E.)?? 
884-6108 

Pat Wright 
Argyle Medical Supply Co. 
2031 Candelaria 
345 - 1833 

Mike Voils Nancy Nesbitt 
Rio Grande Metals & Supply 
108 Dale S.E. 1201 San Mateo S.E. 
87 7-8000 

Nesbitt Greenhouse 

Mr. Walker Ralph Walker 
Coda-Roberson Property Mgt. Inc. The Insurance Center 
9212 Trumbull Ave. S . E .  1911 Wyoming Blvd. N.E. 
29 8 - 5 5 40 296-9501 

C' 4 c J c 



c 

Frank Walters 
Form Eye Systems 

(Construction) 
6200 St. Hwy.  47 S.E. 
877-8100 

w 4 (Smith of Coronado Shppng.Cntr) 843- 7 400 

Wayne Davis 
IMS Corporation 
3008-A Altez N.E. 
292-3166 

Jim Smith 
Am Dec Developers 
6400 UDtown Blvd. P 

I 

E m  Baumgart 
Amith Leather Products 
6700 Bluewater Blvd. N.W. 
836-1122 

Ron Lehman 
Modern Press 
1501 12th St. N.W. 
843-7537 

Tim Dowling 
Four Seasons Motor Hotel 
Carlisle & 1-40 
265- 121 1 

James Ewert 
Southwest Forest Industries 

Call Monday 
1415 Broadway N.E. 
247-2371 

Edward Whaley 
Gulton Industries 
San Mateo/Osuna Exit 
Exit West on Osuna 
Gulton Court Left 

3 45 - 9 03 1 

Jim Harrison 
Ponderosa Products 
1701 Bellamah N.W. 

Walter Mabie 
Butter Krust Baking 
717 Coal Ave. S.E. 
243-9541 

Tim Sloan 
Security Federal S & L 
6501 Indian School Rd. N.E. 
883-6900 

Pedro Fernandez 
Dura-Box Company Inc. 
4525 Los Angeles Blvd. N.E. 
897-0170 

ct “ C  

Randy Pugh 
Daniel’s Insurance 
4115 Montgomery Blvd. N.E. 
884-8113 

Harry Montgomery 
Albuquerque National Bank 
303 Roma N.W. 
765-2371 

Mr. Hendon 
Savon Florists 
3520 Candelaria Rd. N.E. 
345 - 2 09 0 

Mr. Haner 
Boulevard Nursery/Greenhouse 
3838 Rio Grande Blvd. N.W. 
344-4781 

Lee Foltz 
Paradise Hill Country Club 
10035 Country Club Lane N.W. 
898-0960 

Charles Johnson 
Continental Machining Co. 
6824 Washington N.E. 
345-2483 



1. 

2. 

3 .  

4. 

5. 

6. 

7. 

8 .  

9. 

10. 

11. 

12. 

13. 

Winrock Shopping Center - Management o f f i c e  - 51 Winrock Center 883-611 LlJ 
J.C. Penney - 39 Winrock Shopping Center - 883-5800 * 

Montgomery Ward & Co. - 90 Winrock Center N 1 - N 2:30 G.R. McGeeney 883-5500 * 

Furrs Inc. - 6100 Central  Ave. S.E. - 265-7516 J i m  Rogers 

Ci rc le  K Corp. - 7445 W. Frontage Road N - 345-5545 Jan Rosen Blum 

Sears Roebuck & Co. - 600 Coronado Center - 881-5511 .JN Kane 

Ramada Inn - Down Town 717 Central  Ave. - N 3:OO Mr. Hope 247-1501 

Montana Mining - 2292 Wyoming Blvd. - Tom Grundman 294-5089 

He's not  sure  about t h i s  week.) 

(Call back. 

K-Mart - 2100 C a r l i s l e  Blvd. - Mr. Imel 265-5911. 

Hilton Inn - 1901 University Blvd. - David Sanders 243-8661 

Albertson's - 2200 Juan Tab0 Blvd. - Mr. Carpenter 292-1695 

T i n n i e  Mercentile - 618 Rio Grande Blvd. - 292-1698 Fridays 

Globe Furni ture  - 208 Gold Ave. - Herman & Block 242-5036 

i 

i 
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14. Safeway Stores - 4100 Silver Ave. - R . G .  Ortega 

15. Dillards Department Stores - 115 Winrock Shopping Center - B i l l  Wilson 883-5900 

16. Coronado Center - 1100 Coronado Center - Gary Laubert 881-2700 Call him. 

1 7 .  American Furniture -- E .  Blaugrund 883-2211 

18. Ben Franklin - 107 Montgomery P1. - Charles Cain 883-2889 883-5190 

19. Lucas Office Supply - 5416 Kathryn - Dick Tipton 268-2438 



P 
I 
c. 
0 

Lenard Nuckolls .rp Frank Young David Dyer 
Vista Sandia Hosp. Lovelace Medical Center Coca-Cola 

205 Marquette Ave. 

Pete Marquez 
Pioneer Areas 

Lynn Starr Terry Story 
Borden Inc. 242-2851 Clover Club Foods 

247-0466 

Dr. A. Snroka 
Univ of Albuqu. 

Steve Morgun - 243-2121 
Univ. of New Mexico 
Hosp . 

Mr. Imel 
K-Mart 
2100 Carlisle 

Cloyce Harrison 
CREGO Block Co. 
345 -445 1 

H.E. Miller 
Memorial Hospital 
243-5543 

Craig Swartzner 
Swartzner Packing 

Marvin Reiff 
American Gypsum 

c 



Potential Developers and End-Users 

In Dona Ana County Contracted through 

Geothermal Commercialization Outreach 
P 

Clive Ashton, Manager 
Sandyland Nursery 
Mesilla Park, NM 88047 2 

Dick Burmeister, Director 
Dona Ana County Office of Planning 

& Building Inspection 
Room 209 
County Courthouse 
Las Cruces, NM 88001 

Don Fredrickson 
K-Mart Stores 
1240 El Paseo Rd. 
Las Cruces, NM 88001 

Mike Grijalva, President 
Las Cruces Foods, Inc. 
3070 Harrelson 
Las Cruces, NM 88001 

Bud Hettinga, President 
Highland Enterprises, Inc. 
645 S. Compress Rd. 
Las Cruces, NM 88001 

Tom Kerens 
Rehab Services 
1900 C Telshor Ave. 
Las Cruces, NM 88001 

c * Turk Reynolds (J. P.), Gen. Manager 
Coca-Cola Bottling Co. 
2100 S. Valley Drive 
Las Cruces, NM 88001 

# 

Gary Anderson 
Gibson Discount Department Store 
1300 El Paseo Rd. 
Las Cruces, NM 88001 
524-3583 

4- 

Ernest Riggs 
Cal-Compack Foods, Inc. 
1822 W. Amador Ave. 
Las Cruces, NM 88001 
524-857 7 

Stan Smith, Plant Manager 
L'Eggs Products, Inc. 
Mesilla Park, NM 88047 

Ralph Taylor, President 
Joy Canning Co. 
Box 39 
West Amador Ave. 
Las Cruces, NM 88001 

Pardner Tellyer (H. B.) 
President 
Tellbrook, Inc. (Tellyer Co. Land Developers) 
P.O. Box 1318 
Las Cruces, NM 88001 

Jim Stokes Gary Kendrick--Asst. Administrator 
Memorial General Hospital 
Telshor & University Chuck Daniels-- 
Las Cruces, NM 88001 Maintenance Manager 

Rick Squires 
Candlelight Homes 
1224 Pennsylvania N.E. 
Albuquerque, NM 87110 

Joe Pomplon, Administrator 
Good Samaritan Village 
3025 Terrace Dr. 
Las Cruces, NM 88001 
522-1362 

Carl Powe 
Wells Lamont Corp. 
755 N 17 
P.O. Box 1438 
Las Cruces, NM 88001 
524-8567 
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Potential Developers (Cont.) 
I 

Bob Riddle 
Gadsden School District 
Director of Special Services 
P.O. Drawer 70 
Anthony, NM 88021 

Fred Ismond 
City Utilities Director 
City of Las Cruces 
P.O. Box CLC 
Las Cruces, NM 88001 
526-0240 

Jack Weaver, Editor 
Las Cruces Sun-News 
256 W. Las Cruces Ave. 
Las Cruces, NM 88001 
523-4581 



Businessmen and Civic Officials 

Contacted in Las Vegas through the 

Geo the rma 1 Come rc ia 1 iza t ion Out reach 

Mr. Lopez 
Las Vegas School District 
901 Douglas Ave. 
425 -6 7 84 

Mr. Maestas 
Vegas Grande Intermediate Care Facility Inc. 
2301 Collins Drive 
425-9362 

Virginia Roybal 
Town House Motel 
1215 Grand Ave. 
425 -67 17 

Rick Walters, President 
Bank of Las Vegas 
622 Douglas Ave. 
425- 7565 

4 -43 



Potential Developers and End-Users 

in Truth or Consequences Contracted 

through Geothermal Commercialization Outreach 

Bill Buhler 
Attorney of Law 
418 Main 
Truth or Consequences, NM 

John Carr 
Administrator 
Carrie Tingley Hospital 
1400 S .  Broadway 
Truth or Consequences, NM 
894-2121 

Gordon Fulkerson 
President 
First Sierra National Bank 
310 Main 
Truth or Consequences, NM 
894-3075 

Charlie Haye 
City Editor 
Sierra County Sentinel 
1725 E. 3rd 

894-3088 
.Truth or Consequences, NM 

William Leigon 
City Electric Consultant 
605 Sims 
Truth or Consequences, NM 
894-3439 

V. Karl Kortemeier 
Yucca Lodge, Owner 
316 Austin 
Truth or Consequences, NM 
894-3779 Albuq. 867-5727 

Pia Marie Joerger 
Secretary to City Manager & 

Personnel Officer 
605 Sims Street 
Truth or Consequences, NM 87901 

Terry Miller 
Vice President 
Western Bank 
601 Broadway 
Truth or Consequences, NM 
894-7 171 

Ms. Dee Rush 
Administrator 
St. Ann's Hospital 
800 E. Ninth 
Truth or Consequences, NM 
894-2111 

Ms. B. E. Shantz 
City Finance Director 
605 Sime 
Truth or Consequences, NM 
894-6674 

Barry Stout 
City Attorney 
418 Main 
Truth or Consequences, NM 
894-3031 

Ms. Maureen Tooley 
Herald Publishing Co.--Board of Education 
1006 Date 
Truth or Consequences, NM 
894-2 143 

Neil R. Baird, Sr. 
Pub 1 is her 
Sierra County Sentinel 
1725 E. 3rd 
Truth or Consequences, NM 87901 
894-3088 

hi 

f 
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TABLE A-6 

PLANNED ACTIVITY 1980-1981 

FOR MAJOR ENERGY FIRMS AND AREAS OF INTEREST 

--u 
1 

Deep Wells (10,000 f e e t )  

i 

Radium Springs (1 or more) 

North Central NM (1) 

Animas Valley (1) 

Exploratory Wells (800 - 2000 f e e t )  

Radium Springs 1 

Socorro Area 8 
Lordsburg - Animas Valley 6 

Dona Ana County 3 

North Central NM 1 

Shallow Gradient Wells 

Radium Springs 18 

Socorro Area 10 



TABLE A-6 (continued) 

MAJOR ENERGY FIRMS AREAS OF INTEREST 

Earth Power Corporation, Tulsa, OK 

Lightning Dock KGRA 

Thermal Power Co., San Francisco, CA 

Socorro Peek KGRA 

Occidental Geothermal Inc., Bakersfield, CA 

19,000 acres in NM 

Chevron Resources C o . ,  San Francisco, CA 

Radium Springs KGRA 
Socorro KGRA 
Lordsburg, Animas Valley 

Sunoco Energy Development C o . ,  Dallas, TX 

68,722 acres 
North-Central NM 

Amax, - Denver, CO 

Rio Grande Path 
Animas Valley 
Baca 

Gulf, Denver, CO 

Socorro Area 
Animas Valley 

Texaco, Denver, CO 

Undefined bases 

Fluid Energy Corporation, Denver, CO 

Truth or Consequences Area 
Dona Ana County 

Southland Royalty C o . ,  TX 

Radium Springs Area 
Dona Ana County 
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(Table A-6 Continued) 

Phillips Petroleum Co. 

Dona Ana County 

McCullock Geothermal Co., Los Angeles, CA 

Dona Ana County 
Socorro Area 

American Drilling ti Grouting Co, Clinton, MS 

Dona Ana County 

Hunt Exploration, Dallas, TX 

Radium Springs KGRA 
Dona Ana County 

Exxon Corporation 

Hidalgo County 
Animas Valley 

Union Geothermal 

Baca 
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1.0 INTRODUCTION 

North Dakota has a significant but largely undeveloped geothermal energy poten- 

tial. Most of the known geothermal fluids are of low to moderate temperature. 

Fluids in  this temperature range could be used extensively for industrial process heat 

and space heating. 

There are several obstacles to developing the geothermal resource in  North Dakota: 

o A lack of information regarding qualities and quantities of geothermal reservoirs 

e A lack of geothermal legislation and incentives 

e Uncertainties regarding cost 

e General public lack of knowledge about geothermal resources 

e Limited amount of public and private funding 

The North Dakota Geothermal Commercialization Project i s  seeking to assess and 

remove these obstacles through a l l  the facets of our program. The state commercializa- 

t ion team has completedonearea development plan, and work i s  progressing on the 

second plan. More importantly, marketing activities have been implemented and are 

generating solid interest from a number of individuals and commercial enterprises. 

After ten months of research, it i s  the init ial  conclusion of this project that there 

i s  unlimited opportunity and potential for geothermal resource development throughout 

the state. The degree to which geothermal resources are developed i n  North Dakota 

w i l l  depend on further study, experimentation, and marketing capabilities. 

1.1 Purpose of Project 

The North Dakota Geothermal Commercialization Project i s  funded by the United 

States Department of Energy (DOE) and the State of North Dakota. 
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hd The purpose of the project is to  provide DOE and North Dakota with technical 

and economic planning data and to promote geothermal commercialization within 

the state. T h e  project afso serves a n  educational function by providing geothermal 
t 

resource and development information to interested parties. 

1.2 Obiectives 

The objectives of the North Dakota Geothermal Commercialization Project a re  

a s  follows: 

e Identify current and prospective geothermal users and developers within North 
Dakota 

o Evaluate the potential uses of geothermal re4 Cources 

e Determine a realistic projection of geothermal energy on-line in North Dakota 

e Identify institutional considerations pertaining to  geothermal development in 
the state 

o Provide assistance to those entities interested i n  developing geothermal re- 
sources, e.g. identify possible funding sources, assist i n  minimizing state 
and federal deterrents t o  geothermal development, 
and provide limited engineering assistance 

Q Organize and conduct a statewide geothermal outreach program 

I .3 Technical Approach and Team Members 

To evaluate the possibilities for geothermal commercialization in North Dakota, 

the state commercialization team investigates substate regions and specific sites in 

the state. The necessary data for incorporation into the reports are obtained from the 

assessment of available geothermal resources, current and projected residential and 

industrial development, institutional considerations, current and projected energy de- 

mand, and economic activity. This information forms the basis for the  following ac t iv i t ies :  

e Area development plans cd 
e Site-specific development analyses 



\ 

0 Cgmmercialization plops 

o Institutional assessments 

0 Economic assessments 

5 0 Outreach programs 1 
I 

The Geothermal Energy Office i s  conducting the North Dakota Geothermal Com- 1 
mercialization Project . The state commercialization team members are as follows: 

0 Bruce A. Gaugler, Project Coordinator 

e Jolene Wetch, Graphics and Statistics Analyst and Secretary 

d Jill D. Ritz, Technical Writer 

In  addition, the state team calls upon other state agencies to perform selected Geo- 

thermal Commercialization Project activities on an ad hoc basis. 

1.4 Benefits of Project to North Dakota and DOE 
I 

The North Dakota Geothermal Commercialization Project provides the state with a 

planning and assistance program to impart information and advice to state agencies, lo- 

cal governments, industries, small businesses, and individuals. By increasing the level 

of understanding regarding the nature and advantages of geothermal energy, the North 

Dakota project hopes to encourage the use of geothermal energy i n  the state, thereby 

lessening reliance on fossil fuel energy sources. 

North Dakhta's project provides DOE with an assessment of environmental, econo- 

mic, institutional, and resource conditions that affect the timing and extentiof geother- 
i 

mal commercialization i n  North Dakota. These data w i l l  indicate the contribution. that 

North Dakota's geothermal resources can make to the national energy demand and wi l l  
s 

provide a data base for long-range energy development planning. 
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2.0 SPECIFIC TASK DESCRIPTIONS AND PRODUCTS 

/rl 
2. I Geothermal Prospect Identification 

6 
The potential for geothermal direct use development i n  North Dakota i s  unlimited. 

The Dakota and Madison formations underlie the western three quarters of the state. 

A l l  test results from these aquifers demonstrate some geothermal usage potential. As 

Appendix A illustrates, all growth centers i n  the Lewis and Clark -1905 Region,a ten- 

* 

county area located in  southcentral North Dakota, overlie a geothermal resource. 

Most of the geothermal resourc-es i n  North Dakota are also under low to moderate 

artesian pressure, and 40-70 pounds per square inch (psi) are common across the sfate. 

This artesian pressure, used i n  conjunction with low-head hydroelectric power and a 

$eothermal groundwater heat pump, could prove quite economical to geothermal de- 

velopers. This type of system is currently being proposed for the Patterson Hotel project 

i n  downtown Bismarck and may supply a l l  of the building's electrical and heating 

needs. 

To date, no geothermal leasing activity has occurred in  North Dakota. Because 

the state's reservoirs are so extensive, leasing of federal or state lands i s  not econo- 

mically practical at this time. 

2.2 Area Development Plans 

2.2. I State Geothermal Planning Areas: 

The state commercialization team has identified eight substate regions for area devel- 

* 

opment analysis. These eight geographic regions coincide with the boundaries of North 'i 

Dakota State Planning Regions (Figure I ) .  

The area development plan for the Roosevelt-Custer Region has been completed and 

i s  awaiting publication. Priorities for area development plans for the contract year in- 
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clude the Lewis and Clark 1805 Region and the South Central Region; research for the 

Lewis and Clark 1805 Region i s  approximately 50 percent complete. 

2.2.2 Specific ADPs - Completed or i n  Preparation: 

The Roosevelt-Custer Region was selected as the candidate for the state's f i rs t  

area development plan for several reasons: 

0 availability of data for southwestern North Dakota 

o indications that the geothermal fluids i n  that area are hotter than i n  much of 
the rest of the state 

o the Roosevelt-Custer region shows potential as a major growth center 

The Roosevelt-Custer Region i s  a 9,741 square mile area i n  southwestern North 

Dakota, which encompasses eight counties: Dunn, Billings, Golden Valley, Stark, 

Slope,'. Hettinger, Bowman, and Adams. Agriculture, continues to be the predom- 

inant land use i n  the region, although the recent demand for energy self-sufficiency 

i n  the United States has led to increased exploration and production of North Dakota's 

mineral resources i n  the area, including oil, uranium, lignite coal, and natural gas. 

The region's population decreased by 7.83% between 1960 and 1970. However, 

this trend has reversed because of the extensive energy exploration and production i n  

the region. The Roosevelt-Custer Regional Council predicts the region's population 

wi l l  be 53,280 by Calendar Year 2000, compared to 42,609 i n  1970. 

increased population and development wi l l  necessitate additional services and - 
industry. There are currently several food processing plants i n  the region, including 

three cheese and one meat processing plant, and a furniture manufacturing firm. 

Potential for future industrial development exists i n  the areas of energy development, 

. 

1 i g h t  manufacturing, and agriculturally related light industry. 

0 
Several major aquifer systems underlie the Roosevelt-Custer Region, and most of 



the water i s  under low to moderate artesian pressure. These aquifers have unlimited 

potential for geothermal resource development, i f  used i n  conjunction with ground- 

water heat pump systems. The geothermal resource characteristics of the Madison 
e 

. Formation, which underlies the entire region, are outlined i n  Table 1. 

~ The potential for geothermal commercialization does exist i n  the Roosevelt- 

Custer Region i n  the form of residential, commercial, and industrial space heating, 

However, a number of obstacles-institutional, environmental, and economic- 

confront the geothermal developer. 

a 

1 

Because l i t t le geothermal development has occurred i n  North Dakota, the state 

legislature has not passed any legislation defining geothermal resources or establishing 

a policy for geothermal development. As a result, several state agencies may have 

jurisdiction, depending on the location of the geothermal resource. 

Although geothermal development does not have the adverse environmental 

impacts of fossil fuel or nuclear power plants, potential environmental 

problems do exist. These concerns w i l l  have to be addressed on a site-specific basis 
I 

I prior to any geothermal development. 

To date, geothermal development i n  North Dakota i s  limited to  individual ground- 

water heat pump systems. Several small communities have expressed interest i n  district 

space heating with geothermal energy, but local governments lack tax revenue sources. I 

Such a project would be greatly accelerated by federal or other public funding sources. 

2.3 Site Specific Development Plans 
s 

2.3.1 Candidate Geothermal Sites/Applications: 

The specific resource sites and energy applications (residential, commercial, indus- 

hs trial, and agribusiness) that are candidates for site specific development plans are 1 
I 
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TABLE I 

GEOTHERMAL RESOURCE CHARACTERiSTlCS IN ROOSEVE LT-CUSTER REG ION, 
NORTH DAKOTA LiJ 

*. Depth' of Thickness of Gradient 
Resource Madison Mad is on Subsurfwe (Ca I culated 
Area Farmailon (feet.) Formation (feet) Temperature % a t  MhP) 

Dickinson 
T I 3 9  R?6 

60w m i  n 
TI30 R102 

Seach 
Tt 40 R105 

Medora 
3340 RJ02 

Hetfinser 
7329 R98 

Moti 
TI33 R92 

New England 
7135 R98 

Killdeer 
. T14G R74 
T 145 R95 

* Esiimated 

8995 1700* 

10080 - 1300" 

9450 1600* 

9085 1700* 

9300 1325" 

9500 1400" 

8481 1400" 

971 2 2000* 
13702 2000" 

** Calculated at Madison 

1 7 4 O  

1 80' * 

205' 

191O 

1 70°* 

'1 55O * 

204' 

174O 
1 80° * 

8 

29.6* 

35.32" 

35.13 

33.5 

35.1'" . 

31 .P* 

37.9 

28.2 
29.3 

V GEOTHERMAL GWDIENT - The rate of increase of temperature in  the earth with depth, The 
gradient near the surface of the earth varies from place  to p lace  depending on the heat flow 
in the region and on the thermal conductivity of ihe rock. Approximate average geothermal 
gradient in the eorih's crust i s  abovt 25 OC/krn (Geothermal Handbook, 1977). 

1 

Metric Geothermal Grcdient vs, BHT ( %) and Total Depth (Fee;) 
-- OC - BHT ( %) - 40' F (1 823) 
km Tot, Depth ( F t . )  Surface Temp, arafure 

Assumes 4O0 F Mean Annual 

u 
Source: Ken Harris, No;th Dakota Geolosical  Survey, Grand Forks, ND, 3 March 1980. 
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identified and briefly described in  Table 2. 

csr 
II 

* 

2.3.2 Site Specific Development Plans - Completed or i n  Preparation: 

Site specific development plans are currently being prepared for three sites i n  the 

state: Patterson Hotel, Bismarck; Maryvale Convent, Valley City; and St. Mary's 

School, New England. These sites were chosen because of: 

0 high interest 
1 

o init ial  development activity 

o attempts to obtain funding or technical assistqnce initiated at each site 

Patterson Hotel, Bismarck 

The Patterson Hotel i s  a 70-year-old historic landmark located i n  downtown Bismarck 

(Figure 2). Plans are i n  progress to convert the upper nine levels into elderly housing 

units and to retain the main floor for commercial enterprises (e.g. restaurant, lounge, 

etc .) . 
The proposed 3000 foot well w i l l  tap the Dakota Sandstone, where the resource 

temperature i s  approximately 86 F. The building owners have been granted a water use 0 

1 

I permit from the North Dakota State Water Commission for 1,200 gallons per minute from 

the Dakota Sandstone Formation and a conditional permit from the North Dakota State I 

1 
Department of Health to discharge the spent geothermal fluids into the Missouri River 

via the Bismarck storm drainage system. 
< 

8 

A feasibility study of the Patterson Hotel geothermal project has been completed by 

a Bismarck en ineering firm and i s  ava,jlab'te a t  the N.D. Geothermal Energy Office. 

9 12 x 10 Btu of 

entirely met by geothermal energy, with extra geothermal fluids available for addi- 

tional downtown commercial enterprises. The geothermal fluids beneath the Patterson 

Inftial conc 7 usions indicate t h a t  the 
energy currently provided to the building by natural gas wi l l  be 

c 

L?J 
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TABLE 2 

RESOURCE DATA A PP L I CAT I ON S LOCATION 
Sample Sample Artesian 

Current Projected Depth (ft.) Temp. (OF) Formation Pressure 

- ~~ 

Pierre 
Pierre (3) 
Dakota 40-70 psi at 

bui Idi ngs 
Madison 

Linton 
(southcentral 
NOD.) 

Groundwater heat pump Small commercial, dis- 
trict, and additional 

heating 

space heating of home 
and dairy barn residential space 

42 
72 

2490 

47 
4% 

70-90 

31 87 a 1  00 

Cannonball(?) I 

Hell Creek/ 40-70 p s i  at 
Fox Hi l ls  well head 

Madison 

Bad la nds 
(southwestern 
N.D.1 

Warm water currently Residential space heating 
used to prevent frost 
damage to gardens and 
warm soil i n  the spring 
to enable early plant- 
i ng 

250 
1100 

55 
66 

9600 1 85 
in 
I 

0 
4 

Glacial t i l l  
Dakota 40-70 psi at 

well head 

Harvey 
(central N .Do) 

None Residential and commer- 
cial space heating 

150 
-1 500 

52 
70-90 

Bismarck 
(sout hce ntra 1 
N.D.) 

Residential space heating Smal I commercial and 
additional residential 
space heating 

180 
3057 

-49 Cannonball(?) 
80-1 00 Dakota 40-6Opsi at 

well head 
1 09 Madison 4730 

46 Hell Creek 
55 Fox Hills 

80-1 00 Dakota 40-60 psi at 
well head 

-1 10 Madison 

Residential space heating Small commercial and 
additional residential 
space heating 

Ma nda n 
(southce ntra I 
N.D.) 

269 
740 

3226 

4523 
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Hotel are also under artesian pressure of 40-60 pounds per square inch (psi) at the well 

head, and plans are underway to utilize this pressure in a low-head hydroelectric gen- 

erator to satisfy the Hotel's electrical needs. 

St. Mary's School, New England 

St. Mary's School, a parochial school located i n  southwestern North Dakota, 

currently has one geothermal well that taps the Fox Hills aquifer and provides geother- 

mal fluids in  the 75OF range. The school has hired a Bismarck engineering f i rm to com- 

plete a study on the feasibility of utilizing geothermal space heating for the school it- 

self and a nearby slaughter house. 

t 

Maryvale Convent, Valley City 

Maryvale Convent, originally design-j in 1964 to u i l i z e  geothermal fluids; has plans 

for converting from fuel oil heat to geothermal energy for space heating. The geothermal 

fluids are 75OF and flow at 114 gallons per minute under artesian pressure. Used i n  con- 

junction with a groundwater heat pump, this i s  more than adequate i o  replace the pre- 

sent annual consumption of 40,000 gallons of fuel oil. 

2.4 Time Phased Proiect Plans 

2.4.1 Active Demonstration/Commercialization Projects: 

The University of North Dakota Experiment Station has received funding from the 

Old West Regional Commission for a one-year study to monitor and document results from 

ten residential geothermal space heating installations throughout the state (Table 3) . 

i 

4 

I 

b 

The monitoring system i s  intended to procure the following information: 

o Actual annual energy savings 

e Operational problems or maintenance fequirements f n t  th'e system 

0 The net annual energy extracted from the groundwater supply 

o Variations i n  system performance based on design differences and local ground- 
water temperatures 
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TABLE 3 

RESIDENTIAL MONITORING INSTALLATIONS 

Geothermal Users 

Gillman Beck 

Lee Christopherson, M.D. 

Art Johnson 

Wesley D .. Meland 

Oakes Electric 

Mike Peterson 

A I v i  n Pocrice 

Fred Rosenau 

Traut Wells 

Adam and Agnes Vetter 

App I ica ti on 

Groundwater 
heat pump 
space heating 

Groundwater 
heat pump 
space heating 

Groundwater 
heat pump 
space heating 

Groundwater . 
heat pump 
space heating 

Groundwater 
heat pump 
space heating 

Groundwater 
heat pump 
space heating 

Groundwater 
heat pump 
space heating 

Groundwater 
heat pump 
space heating 

Groundwater 
heat pump 
space heating 

Groundwater 
heat pump 
space heating 
and direct 
space heating 
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Location 

Northwood, 
Grand Forks 
County 

Forgo, 
Cass County 

Larimore , 
Grand Forks 
County 

Northwood 
Grand Forks 
County 

Oakes, 
Dickey County 

Berl i n, 
Lamoute County 

S ykeston, 
Wells County 

El  lendale, 
Dickey County 

Jamestown, 
S tutsman 
County 

Emmom, Logan, 
and McIntosh 
Counties 
(Junction) 



This information can then be used to predict potential effects of large scale appli- 

cation of this heating/cooling system w i t h  groundwater aquifers and deinand loads of elec- 

tr ic utilities. In addition, projections of energy savings by fuel oi l  displacement with 

groundwater heat pump systems can be made. The study w i l l  also serve as a reference 

document for future installations on the methods of groundwater handling and disposal. 

u 
e 

U 

2.4.2 Time Phased Project Plans-Completed or i n  Preparation: 

No  time phased project plans have been completed by the state commercialization 

team at this time. 

2.5 State Aggregation of Prospective Geothermal Utilization 

Estimates of total geothermal energy on-line for the site specific development plans 

are as follows: 

1981 1985 - 
As an expanded pro- 

supply three to five 
times as, much energy 
to additional down- 
town busi nesses . 

Patterson Hotel, W i l l  replace 12 x 10 9 Btu 
Bismarck of heat energy per year ject, could easily 

currently provided by nat- 
ural gas and an undeter- 
mined quantity of electri- 
city, which i s  used for air 
conditioning and lighting. 

Maryvale Convent, W i l l  replace 40,000 gal- 
Ions of fuel oi l  per year. Valley City 

St. Mary's School, Wi l l  replace total heat en- 
ergy requirements of the 

by fuel oil. 

New England 
school currently supplied * 

Roger Russel 
Harvey 

8 W i l l  replace total heat en- 
ergy requirements of an of- 
fice and large shop complex 
currently supplied by fuel 
oil. Expansion plans in- 

- 

I clude residential space 
i heating. 
I LJ 
j 
, 
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2.6 institutional Analysis 

To date, little geothermal development has occurred i n  North Dakota. Therefore, 

no state legislation has been aimed a t  defining geothermal resources or establishing a 

state government policy for the development of geothermal resources. Because no defi n- 

itive policy exists, several state agencies may have jurisdiction over geothermal devel - 

opment, depending on site location, use, and developer. 

I 

Hopefully, this situation will be remedied during the 1981 state legislative session. 

The North Dakota Legislative Council is currently formulating legislation aimed a t  iden- 

tifying geothermal resources and proposing economic incentives for geothermal energy 

users and developers. 

W 

3 

I 

*. 

I 

A more detailed analysis of the institutional considerations confronting geothermal 

developers in North Dakota is presented in the Roosevelt-Custer Area Development Plan. 

Federal and state regulations remain the same for all eight planning regions. Local re- 

gulations may vary, however, and will be addressed on a site specific basis. 

2.7 Public Outreach Program 

2.7.1 Outreach Mechanisms: 

To promote the  use of geothermal energy, the state commercialization team i s  organ-' 

izing and conducting an extensive outreach program. The  program is designed primarily 

to inform the public about the potential and the advantages of geothermal energy i n  

North Dakota. In addition to providing information to interested individuals and businesses 

upon request, the state team also actively seeks opportunities to promote the development 

of geothermal energy. 

i n  order to accomplish these goals, the state commercialization team utilizes the 

fol I owi ng methods: 
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News Releases- 

Several radio and television interviews have been conducted i n  recent 

months. A television interview conducted upon the completion of the 

Roosevelt-Custer Area Development Pian has generated considerable in- 

terest and promulgated requests for additional information from several 

individuals, businesses, and state and federal agencies. In addition, a 

number of articles have appeared in  major newspapers throughout the state 

regarding proposed geothermal development plans, as well as general in- 

formation on geothermal potential and applications i n  the state. 

Brochures- 

Informational brochures are distributed t o  a1 1 interested individua 

businesses, _- a-nd government agencies. These brochures currently 

include the U .S. Department of Energy publication "Geothermal Energy" 

and a variety of materials explaining the use of groundwater heat pump 

systems. 

To I ks- 

Formal talks concerning geothermal resource potential i n  the state were pre- 

sented to the Lewis and Clark 1805 Regional Council meeting and the Amer- 

ican Public Works Association, North Dakota Chapter. One result of these 

presentations has been the interest expressed by Linton's mayor i n  obtaining 

information concerning district space heating. 
s 

In addition to continuing the existing outreach mechanisms, several other marketing 
L 

activities are proposed. These include: 

Talks- - 
Speaking engagements wi l  I be expanded and include educational facilities L 
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and civic organizational meetings throughout the state. 
I 

Brochures- ’ .  

A brochure explaining groundwater heat pump use and application i n  North 

lr 
Dakota i s  presently being written as a joint venture between the University 

of North Dakota Engineering Experiment Station and the North Dakota 

L 
Geothermal Energy Office. 

News Releases- 

A newsletter i s  being developed for distribution to state legislators, local 

officials, building contractors, and other interested individuals. 

Bi I I boards- 

Two billboards wi l l  be mounted late this fall i n  the Bismarck area. Bismarck 

was chosen the mast practical site because of i t s  importance as the state 

capital, i t s  drawing potential as a major shopping area, and its apparent 

colocation with a geothermal resource. 

2-7.2 Summary of Contacts and Results: 

As Appendix C indicates, the contacts directed to and initiated by the state commer- 

cialization team are quite comprehensive. Many of the individuals and commercial 

enterprises that requested general informotion on geothermal energy potential several 

months ago are now making definitive plans to uti l ize geothermal space heating, The state 

commercialization team maintains frequent contact with potential users i n  order to provide 

additional information and technical assistance and to expedite state and federal regulations. 

I 

2 -7.3 Overall Prospectus for Future Geothermal Commercialization: 

Interest i n  geothermal commercialization i n  North Dakota from both the private and 

T 

public sectors has increased substantially in  recent months. This interest has generally bd 



I 
4 

I 

1 I , been oriented toward residential and small commercial direct space heating applications. 
i 

However, much of the state's geothermal resources are also under 40-70 pounds per square 

inch (psi) of artesian pressure at the well head, which can be uti l ized i n  a low-head h*j 

hydroelectric power generation system. This system, used i n  conjunction with a geothermal .. 
1 

I 
j 

1 

groundwater heat pump, could provide a vast quantity of heat and a substantia! amount of 

electricity. This type of system has been proposed for the Patterson Hotel i n  Bismarck; i t s  

success could spur further research and utilization of geothermal resources to help meet 

residential and commercial heating and electrical needs. 

I 

i 

I 

I 
j 

i 
I 

i Agricultural uses i n  the state are limited at this time to direct space heating of homes, 
I 
I 
1 

/ 
i 

farm buildings, and soil warming (the low to moderate temperature geothermal water pre- 

vents frost damage to crops). However, the potential for other agriculturally related uses 
1 

does exist i n  the state, The feasibility of using geothermal energy for greenhouse space 

heating and alcohol production i s  currently being explored. 

The legislative proposals being developed by the North Dakota Legislative Council 
I 

for consideration by the state legislature in 1981 are intended to define geothermal 

resources and provide economic incentives for geothermal development in the state. 

However, some institutional constraints could still prove to be major deterrents to geo- 

therma I commercial izati on. 

Commercial developers, who intend to uti l ize more than one acre-foot of water 

annuaIly,are required to obtain a water use permit from the State Engineer, Water use 

permits are issued or denied on the basis of beneficial use; that is, a l l  water must be 

used i n  the best interest of North Dakotans. I n  competing applications for water use 

permits, domestic, municipal, and agricultural uses take precedence over industrial 
t 

8 

applications. In addition, the commercial developer must obtain a discharge permit 

from the State Department of Health, which requires that fluids discharged into water bi 
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must ei ther  maintain or upgrade the water quality. individuals who intend to utilize the 

water for personal domestic purposes are specifically exempt from these requirements. 

Coal is currently the fuel  most economically competitive with geothermal energy in 

North Dakota. However, the state's lignite coal i s  low-grade and will probably never 

become a major heat source for private or.smal1 scale commercial enterprises. 

t 

a 
As the marketing activities of the state commercializution team increase and more 

North Dakotans become acquainted with the possibilities for geothermal energy in the 

state, development will progress rapidly. Because of the state's vast, low to moderate 

temperature geothermal resources, small scale geothermal uti1 ization wit I proceed first. 

Therefore, more time and funds should be directed toward interaction with home builders 

and small commercial developers to  interest them in the potential uses for geothermal 

energy in small scale housing developments and small commercial geothermal projects. 

U 
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3.0 SUMMARY OF MAJOR FINDINGS AND RECOMMENDATIONS 

State commercialization team activities have concentrated on area and site specific 

development plans, detailed institutional analysis, updating resource data, and outreach 

activities. One area development plan has been completed, and work i s  progressing on 

the second. Three site specific development plans are also being formulated. 

The Roosevelt-Custer Area Development Plan contains a detailed analysis of institu- 

tional considerations; further work i n  this area i s  limited to identifying focal regulations 

on a site specific basis. North Dakota currently lacks definitive policies regarding 

geothermal development, but the State Legislative Council i s  formulating legislation 

aimed at defining geothermal resources and providing economic incentives for geothermal 

developers in  the state. 

The results of the state commercialization team's outreach program are very encourag- 

ing. There were no heat pump distributors operating i n  the state when the Geothermal 

Energy Off ice was instituted ten months ago. Now there are four distributors actively 

engaged i n  geothermal commercialization, with more interest being generated i n  this 

sector. 

The state commercialization team has also stimulated several key housing developers 

i n  North Dakota to research the potential for geothermal energy. These developers .rre 

currently i n  the process of designing 

geothermal energy as the sole heating and cooling source. 

, housing projects that wi l l  incorporate 

t 

The most effective method for promoting geothermal commercialization has been through 

personal contact with government officials, interested individuals, and commercial devel- 

opers. Therefore, the state commercialization team plans to expand its number of speaking 

engagements throughout the state, as well as implement a variety of other marketing td 
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a ct ivi t i es . . 

The outlook for geothermal commercialization in North Dakota is promising. However, 

much work remains to be done in t h e  planning and marketing phases, a s  well a s  actual 

development of geothermal energy on a commercial scale. The  North Dakota Geothermal 

Commercialization Team nla kes the following recommendations to expedite 

(rd 

i 

3 geothermal commercialization i n  the state: 

o Grants should be provided for small scale geothermal development projects. 

o The state teams should be delegated greater input into determining the direction 

of federal funding assistance for geothermal projects. 

o State teams should be funded a t  a higher level to increase their visibility and 

effectiveness. 
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APPENDIX A 

GEOTHERMAL RESOURCE CHARACTERISTICS 
IN LEWIS AND CLARK 1805 REGION, 

NORTH DAKOTA 

We1 I - Sample Samp I e Formation 
Temp. (9) City/ 

County Location Depth (ft-)  - 
BUR LE I G H 

Bismarck 

Ster I i ng 

Wing 

EMMON S 

? 

Strasburg 

(td 

139-80-20 180 -49 
140-80-1 9 3057 80-1 00 
138-82-21 4730 1 09 

139-77-28 300 49 

140-76-1 0 3554 100 
139-76-20 2670 80-1 00 

142-76-02 57 46 
142-77-04 405 51 
142-76-31 2893 70-90 
142-76-31 3888 e95 

136-74-35 100 45 
136-74-1 0 150 48 

135-73-29 3148 =loo 

132-76-07 42 47 
132-76-07 72 48 
133-76-35 2490 70-90 
133-75-35 3187 e100 

131 -76-26 115 -a6 
1 3 1 -76-26 180 48 

133-75-35 3187 =loo 

135-73-29 253 1 60-80 

131 -75-21 2406 70-90 

Cannonball (?) 
Dokota Fm. 
Madison 

Fox Hills 
Dakota Fm . 
Madison 

Ca nnon ba I 1 
Hell Creek (?) 
Dakota Fm . 
Madison 

Fox Hills 
Fox Hi 11s 
Dakota Fm. 
Madison 

Pierre 
Pierre (?) 
Dakota Frn. 
Madison 

Fox Hills 
Strosburg 
Dakota Fn. 
Madison 



APPENDIX A (cont .) 

We1 I Sample Samp 1 e Formation 

County Location Depth (ft .) Temp. (%) -9 

City/ 

GRANT 

Elgin 134-90-23 
134-89-22 
133-90-01 - 
136-92-36 

KIDDER 

Crystal Springs 138-70-06 

139-68-05 
139-68-35 

Petti bone 

MERCER 

Beulah 

4 

Stanton 

Garrison 

143-69-04 
145-72-32 

144-88-25 
143 -90-34 

144-89-1 1 
145-88-1 7 

144-85-03 
144-85-1 0 

145-84-29 
143-83-1 0 

5- 24 

148-84-04 
148-84-07 
149-86-1 6 
148-84-85 

242 
867 

41 09 
6929 

200 

2163 
2435 

2303 
331 0 

157 
880 

4380 
7346 

452 
900 

3548 
542 7 

100 
258 

5754 
4373 

49 
~ 5 2  

1 55 
110-130 

44 

60-80 
-1 00 

60-80 
101 

e47  
54 

110-130 
154 

51 
fi  54 

100-1 20 
138 

50 
46 

159 
100-1 20 

Tongue River 
Hell Creek 
Dakota Fm. 
Madison 

Glacial drift 
undifferentiated 
Dakota Fm . 
Madison 

Dakota Fm . 
Mad is0 n 

Tongue River 
Hell Creek- 
Fox Hills 
Dakota Frn . 
Madison 

Hell Creek 
Hell Creek- 
Fox Hills 
Dakota Frn. 
Madison 

3 

* 

Fort Union 
Fort Union 
Dakota Fm, 
Mad is0 n bk 
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6 APPENDIX A (cont.) 

Well Sample Sample Formation City/ 
County  k Location Depth (ft .) Temp. (9) 

McLEAN (Cont .) 

Max 150-84-26 50 45 

152-82-33 3601 100-1 20 
151 -81-19 5217 122 

146-79-02 580 47 
146-79-1 8 635 49 

150-84-33 100 50 

Mercer  

1 45-80-2 1 3330 80-1 00 
148-79-1 6 4535 106 

144-82-02 113 47 
144-82-04 1 75 49 
1 44-8 1 -06 3375 90-1 1 0 

Wash bur ii 

144-82- 5427 138 

Wi Iton 143-80-1 5 145 47 
143-80-1 0 530 55 
1 d3-77-06 3241 . 80-1 00 
141 -80-33 4952 4 30 

MORTON 

Flasher 134-84-03 140 50 
134-84-03 426 51 
135-83-34 333 1 90-1 10 

i 135-83-34 4737 Srl20 

Hebron 140-90-32 195 47 
140-90-33 580 61 

139-92 -1 6 7550 sl65 

Ma nda n 139-81 -09 269 46 
139-81 -16 740 55 

140-80-1 9 4523 el10 

452 6 110-130 139-90-27 

W 139-82-1 1 3226 80-100 

5-25 

Fort Union 
Fort Union 
Dakota Fm. 
Madison 

Fox Hills 
Fox Hills 
Dakota Fm. 
Ma d i son 

Fort Union 
Fort Union 
Dakota Fm. 
Madison 

Fort Union 
Fox Hills 
Dakota Frn. 
Madison 

Hell Creek  
Fox Hills 
Dakoto Fm. 
Ma d i s 0  n 

Tongue River 
Tongue River 
Dakota Fm. 
Madison 

Hell Creek 
Fox Hi 11s 
Dakota Fm . 
Madison 



APPENDIX A (cont.) 

We1 i Sarnpl e Sample Forrnati on 
Loco ti on Depth (ft.) Temp. (OF) * City/ 

County 

OLIVER 

Center 

SH EEI DAN 

Goodrich 

McC I usky 

SIOUX 

Fort Yates 

Selfrige 

142-84-14 
142-84-14 
143-83-10 .- 

142-84-07 

146-74-08 
147-75-01 
145-73-28 

146-77-1 1 
146-77-27 
148-79-1 6 

130-80-23 
130-80-03 
13 1 -80-29 
1 30-8 1 -32 

130-84-36 
130-84-31 
130-81 -32 
130-81 -31 

118 
130 

3579 
6007 

452 -480 
2541 
3326 

377 
291 0 
4535 

40 
190 

2530 
401 6 

41 7 
466 

2990 
401 6 
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54 
49 

100-120 
141 

48 
70-90 
99 

46 

106 
80-1 00 

45 
45 

1 05 

50 
56 . 

1 05 

80-1 00 

80-1 00 

Tongue River 
Tongue River 
Dakoto Frn . 
Mad is on 

Fox Hills 
Dokota Fm. 
Madison 

Fox Hills 
Dakota Fm . 
Madison 

Pierre 
P' lerie 

Dakota Frn 
Mad i s 0  n 

Fox Hi 11s 
Hell Creek 
Dakota Fm. 
Madison 



APPENDIX B 

s SUMMARY OF CONTACTS AND RESULTS 

Federa I Government : 

Robert Kaiser 

Charles Mumma 
Soil Conservation Service 

Joe Cullen 

Ray Butler 
U .S. Geological Survey 

Kent Conrad 

Energy activities I 
ADP Information 

Geot herma I Loan 
Guarantee Program 

Aquifer Information 

Energy Management and Roosevel t-Custer I 
Conservation, Federa I ADP 
Aid Coordinator's Off ice 

State Government: 

Mi l ton Lindvig Institutional Considerations 

State Water Commission 

Ken Harris Resources Assessment 

North Dakota Geological 
Survey 

Dean Montieff 
State Planning Commission Surface Ownership 

Norm Peterson ADP Information 

State Health Department 

N ancy Jam ison 
State Legislative Council islation 

Barry Zuibleman Water Well Permits 
State Water Commission 

Federal and State Land 

Proposed Geothermal Leg- 

Federal Tax Credits 
State Tax Depuriment 



State Department of 
Agriculture 

Kathy Logan 
State Water Commission 

Steve T i  1 lotson 
State Soil Conservation 

Commit tee 

Norm Edwards 
State Highway Department 

Bob Shaver 
State Water Department 

Local Government: 

Rod Landblom 
Rooseve 1 t -C us ter Reg i o no 1 

Coordinator 

John O'Leary 
Lewis and Clark 1805 

Regional Coordinator 

Russ Steiger 
Downtown Development 

Associa tion, Bismarck 

B i  I I Sorenson 
Bismarck City Council 

Judge D. Krause 
Wells County 
Fessenden, N . D. 

E h e r  Ag new 
Burleigh County Board of 

Commissioners, Moff i  t 

Ralph Fricke 
Supervisor, North Burleigh 

County Soil Conservation 
District, Baldwin 

Alcohol Production Infor- 
mcf-i on 

Aquifer Information 

Geothermal Development 

Roosevel t-Custer 
ADP 

Roorevelt-Custer 
ADP 

ADP Progress 

ADP Progress 

Energy Consumption 

Bismarck Growth Poten- 
t ial  and Patterson Project 

Roosevel t-Custer 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 
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Adolph E. Mil ler 
Commissioner , Mercer County 
Board of Commissioners, Stanton 

Marvin Faut 
Supervisor, Mercer County 
Soil Conservation District 
Golden Valley 

0. B. Taylor 
President of the Pick City 
Counci I ,  Riverda I e 

H . G. VanderVorst 
Commissioner, Morton County 
Soi I Conservation District, Ma ndan 

Duane Olsen 
Supervisor, Morton County Board 
of Commissioners, Mandan 

Jerry Rhone 
Mayor of Flasher 

Raymond Ganten 
Commissioner, Oliver County 
Board of Commissioners, Center 

William VanOosti ng 
Supervisor, Oliver County Soil 
Conservation District, Hensler 

Ervin Schulte 
Mayor of Center 

AI bert Hausauer 
Commissioner, Sheridan County 
Board of Commissioners, Kief 

8 
Henry Dieterle 
Supervisor, Sheridan County 
Soil Conservation District, Kief 

A lv in  Berg 
Mayor of McClusky 

Owen Gul lickson 
Commissioner, Sioux County 
Board of Commissioners 
Cannonbal I 

,- 

W 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark . 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 
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Peter J . S i  I bernagel 
i 
i 
1 Mayor of Linton 
I 
1 
i Walter Eckolm 

Mayor of Wing 

R. D. Gaukler 
Commissioner, Emmons County 
Board of Commissioners, Linton 

Eldon Beastrom 
Supervisor, Emmons County 
Soi I Conservation District 
Hazel ton 

Walter Sokolofsky 
Chairman, Grant County 
Board of Commissioners, Heil 

Gottlieb We1 ler 
Supervisor, Grant County 
Soil Conservation District 
New Leipzig 

Ben Rofh 
Mayor of Elgin 

William Harris Adams 
Commissioner, Kidder County 
Board of Commissioners, Steele 

Dick Dougherty 
Supervisor, Kidder County 
Soil Conservation District 

John Lee 
Mayor of Dawson 

Thomas W. Beierle 
Commissioner, McLean County 
Board of Commissioners, Mercer 

Edwin Schmidt 

Conservation District, Max 

Donald Nett  

I 

I Supervisor, West McLean Soil 

! 
I Mayor of Max 
I 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

Lewis and Clark 
ADP 

? 

f 
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Russ Maher Lewis and Clark 
Supervisor, Cedar Soil Con- ADP 
servo t ion Di stri c 

John G. Schmidt, Sr. 
Mayor of Solen 

B. J. Silbernagel 
Mandan City Commission 
Mandon 

David Gipp 
Director, United Tribes Educa- 

Bismarck 

orristown, S.D. 

Lewis and Clark 

. tional Technical Center 

Lewis and Clark 
ADP 

ADP 

Lewis and Clark 
ADP 



Cornmercial/l ndustry 

William Guy 
Basin Electric 
B i  marc k 

Gerard D. Sholts 
Bismarck 

Genera I Information 

Architect 

Fenton Warner 
Bismarck 

Loren Kopseng 
V i  ce-President 
Carlson Homes, Inc. 
Bismarck 

125 Well Drillers 

270 Plumbers 

Warren Saterlie 
Montana-Dakota Utilities 
Bismarck 

Ralph Nielsen 
Bismarck Heating and Air 
C o nd i t i oni ng 

Joe Piesiak 
Traut Wells 
Jamestown 

Leo Geiger 
Maryvale Convent 
Valley City 

Jim Christianson 
Patterson Hotel 
Bismarck 

Ed Pullen 
H oneyw el I 

Father Paluck 
St. Mary's School 
New England 

Architect 

Home Builder 

Geothermal Users Identi- 
f i cci t i on 

Geothermal Users ldenti- 
fication 

Geothermal Resource 
I nforma ti on 

Geothermal Regulations 

Commercial Space Heating 
Project 

Commer cia1 Space Heating i 

Proi ec t 

d Heat Pump lnformation 

District Space Heating 

LJ 
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Radison Inn 
Minneapolis, Minn. 

Dakota Northwestern Bank 
Bismarck 

Northwestern Bel I 
Bismarck 

Potentia I Bismarck Deve I opment 

Geotherma I Development 

Geotherma I Deve I opment 

M Water and Power Resources Roosevel t-Custer 
Service ADP 
Bismarck 

William Clairmont Greenhouse 
Bismarck 

Consu Itants: 



B i l l  Oliver 
Bismarck 

Roger Russel I 
Harvey 

Rick Nelson 
Ma nda n 

Sam McQuade 
Bismarck 

Me1 Brotten 
Bismarck 

Toby Howell 
Grand Forks 

John Conrad 
Bismarck 

A. L. DeKrey 
Lemmon, S.D. 

Gordon Bell 
Bismarck 

Robert Adams 
Ma ndan 

John Swanson 
Bismarck 

B i l l  Ellig 
Bismarck 

Brian Giese 
Mandan 

Damian Runge 
Bismarck 

Greg Cleveland 
Bismarck 

Robert Hanson 
Arnidon 

Robert Grif f in 
Medora 

Residential Space Heating 

Smal I Commercial Space 
H ea ti ng 

Residential Space Heating; 
Geothermal Energy for 
Alcohol Production 

Residential Space Heuting 

Heat Pump Availabil ity 

Appropriate Technology 
Geothermal Grant Program 

Geothermal Development 

Rooseve I t -C us t er 
ADP 

Roosevel t-Custer 
ADP 

Roosevel t-Custer 
ADP 

Roosevelt-Custer 
ADP 

Roosevelt-Custer 
ADP 

Rooseve I t -Cust er 
ADP 

Rooseve I t -Custer 
ADP 

Residential Space Heating 

Residential Space Heating 

Residential Space Heating 

bi- 
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1.0 INTRODUCTION 

Geothermal energy in South Dakota is becoming an increasingly 

viable energy source as petroleum based fuel prices continue to rise. 

Interest in hydrothermal energy is increasing in the private sector. 

Direct space heating, alcohol production, greenhouses and aquaculture 

are some of the uses that are receiving attention in areas that 

overlie the Madison Formation west of the Missouri River. 

groundwater heat pumps are being installed east of the Missouri 

for space heating homes and offices. 

Geothermal 

Funding is a major problem in South Dakota as many farmers and 

schools are interested in ah alternate energy source but do not 

have the "up front" money to participate in existing government 

guaranteed loan programs. The city of Lemon had a Rapid City 

consulting firm prepare an unsolicited proposal which was sent 

to the South Dakota congressional delegation. 

The city of Edgemont is looking for a grant to retrofit their 

school system. 

The three P.O.N. demonstration projects are nearing completion. 

The Haakon County school was delayed because of a Radium 226 problem 

but is under construction now. 

functional now, and the St. Mary's Hospital is going on line this 

winter. 

The Diamond Ring Ranch is partly 

, 

2.0 -- SPECIFIC TASK DESCRIPTIONS 

2.1 Geothermal Prospect Identification 

The South Dakota Department of Water and Natural Resources 

and the Department of Energy are negotiating a contract for 



I 
i 
I 

1 

resource assessment in South Dakota. Initial ground work for 
cpi l a resource assessment was laid by Phil Lidel of O.E.P.; Dick 

! 
I Meyer, W.E.P.; Roy Mink, DOE/ID; and Duncan McGregor, South 

Dakota. 

and the South Dakota DWNR. Dick Howard, Assistant 

Final negotiations are continuing between DOE/ID 

Secretary of the DWNR is preparing the budget which has to be 

approved by the South Dakota Appropriations Comittee. 

The Stanley County Extension Agent was awarded an 

appropriate technology grant by D.O.E. for a resource 

assessment program in central South Dakota. The $6,000 program 

covering 6 counties will identify well use, depth, elevation, 

flow rate, temperature and formation. Fifty-six site visitations 

were made. (See Appendix A) 

2.2 Specific ADP's-Completed Or In Preparation 
1 

I Areas Development Plans have not been progressing as well 

as expected. Obtaining data for units smaller than countywide 

is exceptionally. difficult. 

Governments in Rapid City is collecting data on municipalities 

with populations of more than 500 in ADP's I and 111. 

site data for South Dakota is shown in Appendix B. 

2 . 3  Site Specific Development Plans 

The Sixth Council of Local I 

I 
I 
~ 

I 
I 

Preliminary 
~ 

j 
i 
~ 

b 

Lemon has completed a proposal prepared by Dunham 

Associates, Inc. entitled Multi-Use Demonstration of Madison 

Formation Geothermal Water at Lemon, South Dakota. This 

proposal outlines plans for a cascading project which will 

provide data for a site specific development plan. 

z 
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The resource, based on data from a well drilled six 

miles south of Lemmon in 1979, is the Madison Formation. 

The formation is 1,700 feet thick of a depth of 5,500 feet. 

The proposed project will establish a multi-tiered geothermal 

utility with three wells in the Madison Formation. The wells 

are expected to provide a total of 2,100 gmp of 88OC water. 

The energy will be directed through a distribution grid to 

(Ed 

% 

4l 

supply energy for a multi-tiered geothermal utility. 

utilization can extract 1.014 X 1OI2 BTU annually for beneficial 

use. 

Anticipated 

Industries which are possible choices and in which local 

Lemon interest has been expressed include: 

1. Hydroponics 
2. Soil Warming 
3 .  Aquaculture 
4 .  Grain Drying 
5. Greenhouse Heating 
6. Mineral Extraction 
7. Alcohol By-product Use 
8. Fertilizer Manufacturing 
9. Alfalfa Pelletizing 

Lemon energy c o s t s  per million useable BTU's range from 

$8.11 MM/BTU for propane to $ 1 2 ; 2 4  MMJBTU for electricity. 

The fossil fuel rates are subject to daily fluctuation, 

but the electrical rates are reasonably stable. Final 

geothermal energy pricing will be determined once system costs 

are established'and operating costs are known. 

preliminary calculations indicate that a price of $5.50 to $6.00 

However, 
d 

per million BTU will be the initial energy cost. The rate 

difference will allow building owners a saving of between $3.00 u 
and $6.00 per million BTU use to use toward amortization of 

their retrofit cost. 
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An average small commercial building with a heat loss of 

200,000 BTU per hour will save over $500 per year on energy u 
cost. 

cost of $2,000 in less than 5 years. 

The owner could therefore pay back a probable retrofit 

The buildings surveyed in Lemon included 526 residential 

buildings and 101 commercial buildings. 

included over 675,000 square feet of space with an annual 

The residential area 

heating energy consumption of about 38 X log BTU. 

buildings encompass nearly 525,000 swuare feet with an annual 

heating consumption of nearly 43 X lo9 BTU. 

The commercial 

Components of the project that have already been developed 

are as follows: 

1. Well Permits 

The City of Lemon has made an application and has 

received authority from the State of South D’akota to 

drill three wells into the Madison Formation. 

Application has been made to North Dakota for a well. 

2. Establishment of a Geothermal Utility 

Work has begun on the establishment of a geothermal 

utility which would own, control, and regulate the 

geothermal resource. City officials have researched 

the legal aspects of South Dakota law and are 

t 

prepared to draft the necessary enabling ordinances 

to cause the utility to become a reality. 

3 .  Community Support 

Building owners, both residential and commercial, have 

been contacted regarding the proposed geothermal utility. G 
.6- 4 
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The contact with building owners has been accomplished 

to develop an energy use data base for Lemon, to 

to determine the level of interest by the citizens 

for retrofitting their buildings for geothermal use, 

and to generate community support for the geothermal 

utility. 

Committee clearly demonstrated overwhelming support 

of the residents of Lemon. 

owners responded positively to the survey. 

data from the survey has been used to help configure 

s 

The survey conducted by the Community Action 

Over 80% of the building 

Base line 

the initial phase of the proposed utility piping grid. 

4 .  Industrial Park 

An industrial park has been established in close 

conjunction with the geothermal resource. The park 

is located so that industries attracted can utilize 

the geothermal resource. In fact, the desire of the 

citizens of Lemmon is to attract industry which 

requires and can benefit f r o m  the low c o s t  energy 

resulting from the geothermal resource, and/or have 

E 

need for source of water. 

5. Utility Easements 

Easements have already been secured for the well sites 

and for passage of the geothermal resource through town, 

to the industrial park, and to the anticipated surface 

disposal site. 

secured will substantially reduce the time required to 

implement the project. 

4 

The fact that the easements have been 

u 
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6 .  Institutional Cooperation 

The citizens of Lemon have already communicated with W 
and elicited the support of appropriate state and 

federal agencies as well as asking for the support of 

the South Dakota Congressional Delegation. 

E 

This 
V support has been demonstrated by assistance such as 

the geothermal utility study accomplished by the 

Physical Science Laboratory of the New Mexico Energy 

Institute. That study was arranged by the South 

Dakota Office of Energy Policy. 

The P.O.N. demonstration project at the Haakon County 

school (Philip) is a prime candidate for a site specific 

development plan. 

providing eight dawntam business places 

needs thus saving 2 6 , 0 0 0  gallons of fuel oil per year. The 

local grain elevator owned by the Farmers Co-op Association 

is studying the possibility of  constructing a grain alcohol 

plant. 

the geothermal heat for part of their heat requirements. 

elevator is also studying the possibility of utilizing part 

of the heat for a grain drying operation. 

The project has been expanded to include 

of their heating 

As part of their study they are considering utilizing 

The 

The resource is water from the Madison Formation flowing .r 

at 300 gpm with a temperature of 69OC from a well 4 , 2 2 6  feet 

deep. 

Midland is a third candidate for a SSDP. 

Data from a 1977 study conducted by Dr. J. P. Gries of the 

South Dakota School of Mines and Technology can be used for 

baseline information. 
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The resource is a Madison Formation well that has a 

hd temperature of 7loC and a flow of 280 gpm; total depth is 

3,311 feet. 

well for space heating since 1968. 

Midland is using 4loC water for hot mineral baths from a 

1,400 foot well drilled in 1977. 

drilled in 1938 was 1,880 feet in depth. 

hotel well is approximately 50 gpm. 

The Midland School System has been using this 
i 

The Stroppel Hotel in 

The original hotel well U 

Flow rate for the 

According to Dr. Gries, the community consists of 110 

residential homes, 3 churches, and 14 commercial establishments. 

Based on an outside design winter temperature of -29OC it is 

estimated that the peak seasonal demand for Midland would be 

11.3 X lo6 BTU/hr. 

Rushmore Electric Power Cooperative conducted a survey 

of all fuel suppliers for Midland to determine the amount 

of energy actually used in Midland during 1976. 

indicated that 240,000 gallons of propane and 60,500 gallons of 

fuel oil were consumed. This consumption equates to about 

This survey 



2.6 State Government Institutional Procedures 

2.6.1 General bj 
The development of geothermal resources within South 

Dakota is primarily controlled by the Department of Water and i 

1 

i Natural Resources. The Division of Water Rights within 
w 

the Department regulates the development of geothermal 

resources under existing water statutes. The various 
I 

applicable statutes will be analyzed in this document in 

a separate section. Existing state law dealing with 

water resources development is relevant, principally 

because (1) the geothermal resources found in South Dakota 

are principally hot water resources and (2) the use of 

water for heating and cooling purposes is deemed a 

"beneficial use" of the resources. 

Geothermal use is classified a "beneficial usel' by 

both the Secretary of the Department of Water and Natural 

Resources and the Board of Water Management. This is a 

citizens board, appointed by the governor, with the 

responsibility of establishing broad regulatory policy 

pertaining to water development. 

i 
i 
i 
I 

Although there are numerous locations in South Dakota 

where geothermal resources are being utilized by private 

citizens and public entities, the total potential for use 
rn 

l is relatively untapped. Because of this the Department 
I 
# 

of Water and Natural Resources strongly promotes geothermal 

resource development. I 
i 
1 
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Another agency of state gavernment involved in the 

regulation of geothermal resources is the Department of 

School and Public Lands. Many of the lands under which 

geothermal resources may lie are administered by the 

Department of School and Public Lands. 

if one desires to develop a geothermal resource on 

state-owned public land, the Department of School and 

For this reason, 
3 

Public Land would be involved in the process. 

agencies responsible for geothermal regulation activities 

are listed in Table 6.2. 

The state 

The regulatory requirements of both the Department of 

Water and Natural Resources and the Department of School 

and Public Lands will be discussed in the following sections. 

The South Dakota Office of Energy Policy (OEP) 
* 

is not 

involved in the regulation of geothermal resource 

development but rather serves as an information source 

for all citizens of the state. The Alternative Energy 

Technologies section of the OEP maintains current files on 
i I 
I research, development and application of geothermal I 

resources and would be pleased to assist any interested 

party. 

* 2.6.2 Key State Government Contacts 

* Department of Water & Natural Resources 
Secretary, Warren R. Neufeld 773-3151 

I Division of Water Quality, John Nelson 773-3351 

773-3352 

4 
I 

I Division of Water Rights, John Hatch, 1 

Chief Engineer 

i w  I 

I 
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Division of Geologic Survey (Vermillion) 
Duncan MacGregor 677-5227 

* Department of School & Public Lands 
Commission, John Gerken 773-3303 

Oil & Gas Administration, Jerry Ortbahn 773-3303 

* Office of Energy Policy 
Director, Harry Christianson 773-3603 

Alternative Energy Technologies, 
Verne Brakke 

Director, Geothermal Program, 
Phil Lidel 

773-3603 

773-3603 

* Department of Game, Fish and Parks 
Secretary, Jack Merwin 773-3387 

Attorney, Clint Nagel 773-3484 

* Public Utilities Commission 773-3202 

2.6.3. State Statutes 

2.6.31 Statute Analysis Section 

SDCL 46-1 outlines the basic principles and 

definitions for water law. Of particular interest 

within this section is the definition of "Beneficial 

Use. 

46-1-6. "Beneficial Use is the use of 
water is reasonable, useful and benefi- 
cial to the appropriator, and at the same 
time is consistent with the interests of 
the public in the best utilization of 
water supplies ;" 

As stated earlier the decision has been made 

by the Board of Water Management and the Secretary, 

Department of Water and Natural Resources that 

t 

cr' 

. .  
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geothermal use is a beneficial use. 

the state for the inclusion of geothermal uses into 

This policy sets 

the existing processes for the obtainment of a water 

right. 

3 l  

The section entitled permitting procedures will 

outline the necessary steps for the obtainment of a 

Water Right for geothermal purposes. 

Another definition found in SDCL 46-6 -1  is worthy 

of discussion. The definition of Domestic Use is impor- 

tant in that if a geothermal use meets the requirements 

set forth in the definition, a water right need not be 

obtained and the developer of geothermal resource shall 

be afforded the full protection a law given to all 

other domestic water users. 

4 6 - 6 - 1 .  "Domestic Use, is the use of 
water by an individual, or by a family 
unit or household, for drinking, washing, 
sanitary, culinary purposes; and irriga- 
tion of a family garden, trees, shrubbery 
or orchard not greater than one-half 
(1/2) acre. Stock watering shall be 
considered a domestic use;" 

In making a decision as to whether or not a par- 

ticular geothermal use is considered a domestic use, the 

Department of Water and Natural Resources will 

P determine if the intended use can be considered an 

"ordinary household" use. 

For example, the heating and/or cooling of a z 

single farm dwelling and associated out-buildings such 

as a barn, may be considered a domestic use; but 

heating and/or cooling of an individually-owned 

6- 11 



commercial livestock operation may not be domestic. 

Because each case must be reviewed by Department staff i 
before a decision can be made, it is strongly recom- 

mended that each potential user of a geothermal 
* 

resource contact the Department of Water and Natural 

Resources before beginning development. f This will 

preclude any potential future problems concerning 

the necessity of a permit. 

Additional statutes that pertain to obtainment of 

geothermal water rights include: SDCL 5-7-2 lists 

the minerals that are subject to the mineral leasing 

procedures of School and Public Lands. 

5-7-2. Minerals subject to lease bv ad- 
vertising and auction or oral bids - Ex- 
em tions, "It is hereby specially 

that all leases for prospecting 
for, providing and marketing o i l  and gas, 
bentonite and gypsum, shall be issued af- 
ter advertising and sale at public auc- 
tion, to the highest bidder on oral bids. 
The sale of fissionable materials, 
feldspar, mica coal, sand, gravel, rock, 
stone, clay shale and any and all other 
minerals are specially exempted from the 
provisions of this section." 

The above statute is one of numerous statutes which 

supports in whole or in part the position of the Depart- 

ment of School and Public Lands. All available 

statutes relating to mineral leasing of state lands 
* 

omit water as a leaseable mineral resource. 

(Additional references: see SDCL 5-7-3, 5-7-4, P 

5-7-5, 5-7-7-, 5-7-12.) 

td 
SDCL 5-5-3 allows the Department of School and 

Public Lands to designate lands which may be leased for 

16-12 
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"Agricultural purposes". 

Department that instituting 

geothermal resources for farm use in an "Agricultural 

purpose. 

It is the judgement of the 

a well for extraction of 

1 1  

5-5-3. 
Establishing of regulations - The board 
of school and public lands shall desig- 
nate from time to time such lands as may 
be leased for meadow and pasturage pur- 
poses.only, also such lands as may be 
leased for either meadow and pasturage, 
or for agricultural purposes. It shall 
establish such regulations as in its 
judgement shall be necessary in order 
that such lands may be leased most 
profitably for the state, and upon desig- 
nation of the lands as herein provided, 
the commissioner shall proceed to offer 
the same for least. 

(Additional references 5-5-1, 5-5-32.) 

Designation of lands to be leased - 

SDCL 5-5-22 sets forth the procedures required 

for gaining permission from the Department of School 

and Public Lands for making improvements on land 

leased from the State. Developing a geothermal resource 

on leased land is considered an improvement and a permit 

must be obtained. 

5-5-22. Permit for improvements and con- 
servation activities by 1 essee - Right ot 
removal - State not liable tor material 
or labor. - In otterinn any land tor _ _  - ~ 

leasing or at any time afte2 the lease 
has been made, the commissioner of school 
and public lands may grant to any lessee 
of land under the provisions of this 
chapter a permit to erect thereon such 
buildings, corrals, fences, and well ap- 
paratus as may be necessary to fully car- 
ry out the purposes of the lease, and 
such lessee shall have the right to 
remove such improvements as are capable 
of removal without damage to the land at 
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any time before the expiration of the 
term or upon cancellation of the lease, 
and during a period of sixty (60) days 
from the date upon which such dams there- 
on as may be necessary, the cost of which 
shall not exceed twenty-five hundred dol- 
lars. In addition, the commissioner of 
school and public lands shall have the 
authority to grant in like manner a per- 
mit to prepare the ground and to plant 
shelter belts on such land, and to per- 
form government approved ripping, furrow- 
ing, contouring and reseeding. Provided 
that the lessee shall notify the county 
auditor and the commissioner of school 
and public lands in writing whenever any 
such improvements are placed upon such 
lands. In no event shall the state be- 
come liable for any material furnished 
for, nor for any labor performed on, such 
improvements. 

(Additional references 5 - 5 - 2 2 ,  5 - 5 - 2 3 ,  5 - 5 - 2 9 ,  

5 - 5 - 3 2 .  ) 

A statute of particular note in the instance where 

a potential geothermal developer wishes to buy a parcel 

of School and Public Land is SDCL 5 - 9 - 5 .  

5 - 9 - 5 .  Offer to Purchase Particular 
Tract - Forfeiture or Return of Deposit - 
Any person may file with the commissioner 
a written offer on any tract, which of- 
fers shall be accompanied by a cash or 
certified payment deposit of three dol- 
lars for each acre in the tract on which 
the offer is made. If said tract of land 
be selected for sale in the year in which 
the offer is made, and the offeror fails, 
at the time and place of sale, to appear 
and bid on such tract in an amount at 
least equal to his said written offer, 
said deposit shall be forfeited. If the 
tract be not selected for sale by the 
board of appraisal in the year in which 
the offer is made, or if the tract is 
sold for a price higher than the said 
written offer, said deposit shall be 
returned to the offeror, and the board of 
appraisal and the commissioner need not 
offer said tract for sale." 
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possessing a surface lease is all that is 

absolutely necessary before one can develop a geo- 

thermal resource on state-owned land, it may be more 
i 

prudent to purchase the surface ownership to ensure 

long term use of the resource. 

The South Dakota Legislature has also made provi- 

sions for a public entity to purchase state-owned 

land for public purposes. 

- SDCL 5-9-34. Sale of small tract for 

mum size and location - Air spare eRse 
ment. - Whenever a civil, religious or 
public organization shall make an ap- 
plication for the purchase of any common 
school or endowment land to be used for 
public purposes, not exceeding ten acres 
in a square form, located on a section 
line or on a regularly established high- 
way at one corner of a legal subdivision, 
and, however, when a civil or public or- 
ganization in cooperation with the 
department of transportation shall make 
an application for the purchase.of land 
without restriction as to area or shape 
to be used as a landing field and 
provided that such land applied for shall 
be adjacent to a regularly established 
highway, or section line, and a plat and 
a statement of the purpose for which the 
land is to be used, shall have been filed 
in the office of the commissioner of 
school and public lands, the board of 
school and public lands is authorized to 
direct an appraisement of such tract, and 
the same may be appraised in the manner 
provided by law for the appraisement of 
school and public lands. The provisions 
of this section and SDCL 5-9-35 shall in- 
clude and apply to the acquisition of an 
easement for the unrestricted passage of 
aircraft in the air space over state lands. 

p p  - 
- 

3 

h 

(3 
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The above statute would be applicable in the case 

where a municipality wished to develop a large bb 
scale geothermal heating system for its members. 

(Additional references 5-9-1, 5-9-38.) 

2.6.32 South Dakota Public Utilities Commission 

SDCL 49-41B-1 states that the PUC will assume 

permitting authority for energy conversion facilities 

and transmission facilities in South Dakota. SDCL 

49-41B-2 defines an energy conversion facility as: 

Any new facility expansion, designed for 
or capable of generation of one hundred 
megawatts or more of electricity. 

Transmission facility is defined as: 

An electric transmission line and as- 
sociated facilities with a design of two 
hundred fifty kilovolts or more; or (b) 
an electric transmission line and as- 
sociated facilities with a design of one 
hundred fifteen to two hundred fity 
kilovolts, if the facility does not fol- 
low section lines, property lines, roads, 
highways, or railroads. 

Since the low temperature geothermal resource in 

South Dakota does not have enough heat to generate 

electricity, the PUC permits are not required; further- 

more, there are no direct space heating regulations in 

South Dakota. 

2.6.4 State Legislation 

The 1980 Legislature passed a bill entitled "An act 

to define geothermal resources and to provide for the leasing 

of geothermal resources on state lands." The act amends 

P 

t 
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South Dakota Compiled Laws as follows: 

Definition of Terms. 

SDCL 5-1-2 

(3) "Geothermal resources," the use of 
the natural heat of the earth or the 
energy, in whatever form, below the sur- 
face of the earth for commercial or in- 
dustrial heating or electrical generating 
purposes. Chapter 5-7 of SDCL "Minerals 
on School and Public Lands" is amended to 
include geothermal resources with oil and 
gas regulations, however, Chapter 5-7 is 
also amended by adding a new section to , 

read as follows: "All leases granted by 
the Commissioner of School and Public 
Lands for the development of geothermal 
resources for industrial or commercial 
heating or production of electricity of 
minerals in solution, are subject to all 
of the provisions of Chapters 46-5 and 
46-6  inclusive." 

Chapter 46-5  has 4 6  sections pertaining to the 

appropriation of water and Chapter 46-6  has 23 sections 

pertaining to water and wells. 

In addition, two other new sections were added to 

South Dakota Compiled Laws Chapter 5 - 7 .  Section 8 of the 

bill states: 

The term of all geothermal leases shall 
be for a per iod not to exceed ten years 
and as long as geothermal resources are 
produced from the leased lands. 

Section 9 of the bill amends Chapter 5-7 as follows: 

All geothermal leases shall provide for 
the payments of royalty to the state. 
The royalty payments shall consist of: 

(1) Not less than ten percent of the 
gross revenue, exclusive of School 
and Public Lands, that were made or 
incurred with respect to transmisston 
or their services or processes, 
received from the sale of steam, 

b, 
brines, from which no minerals have 
been extracted, and associated gases 
at the point of delivery to the pur- 
chaser; and 
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(2) A royalty of five percent of the 
gross revenue, exclusive of charges, 

School and Public Lands, that were 
made or incurred with respect to 
transmission or other services or t 

processes, received from the sale of 
mineral products from geothermal 
fluids or chemical compounds. 

approved by the commissioner of hd 

All royalties shall be subject to 
renegotiation after ten years from the 
effective date of the lease and at ten 
year intervals thereafter . 
All geothermal leases shall provide for 
the payment of a reasonable annual ren- 
tal, as fixed by the rules and regula- 
tions of the commissioner of School and 
Public Lands, but in no event to be less 
than one dollar per acre per year. 

Apparently on School and Public Lands, geothermal resour- 

ces are governed by oil and gas regulations for leasing and 

sale purposes and by water regulations for permitting, 

drilling, reporting, logging, and well construction purposes. 

The exception to the above is when the geothermal resource 

is used for domestic purposes, then it would be classified 

wholly as water. 

2.7 Public Outreach Program 

2.7.1 Introduction 

i 

The main thrust of the marketing and outreach program 
in South Dakota has been to inform the people of the location 

industry in, and the agrarian background of South Dakota; I 

and potential use of geothermal energy. Due to the lack of 

space heating and agricultural uses have been stressed in the 

state. 

i j  
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Direct use of geothermal energy in South Dakota is 

confined to the western half of the state consisting of 

17% of South Dakota's population. 

Geothermal groundwater heat extractors are of intense 

interest in the eastern half of the state. 

1. - Information and Education 
The primary function of the state commercialization team 

since its inception in July of 1979 is to provide the citizens 

of South Dakota with geothermal energy data that will provide 

the incentive for its use. The main vehicles for the 

dissemination of information are: 

* The - energy newsletter published monthly by the Office 

of Energy Policy has a circulation of 3,500 including 

financial institutions, engineers, architects, rural 

electric cooperatives, chambers of commerce, and 

educational institutions. Geothermal energy articles 

published in the past 15 months include (1) user-coupled 

program, (2) NWWA Groundwater Heat Pump Conference, 

(3)  St. Mary's Hospital, ( 4 )  Will Lenners heat pump, 

(5) Geothermal Guarantee Loan Program, ( 6 )  Technical 

Assistance Program, and (7) UDAG. 

* Public Service Announcements: Radio and newspaper PSAs 

include the above plus articles about Lemmon, Diamond 

Ring and groundwater heat pump use at Gregory and 

Ipswich. 
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12- Talks: Speeches by the state commercialization team 

have been made to the Edgemont City Commission, the 

5th and 6th District Local Council of Government, 

private citizens at Edgemont and Newell, VISTA 

Volunteers at Rapid City and other state agencies. 

These talks include slides of geothermal energy 

use at Philip, Midland, St. Mary's Hospital, and 

Diamond Ring Ranch in South Dakota plus commercial, 

industrial, and residential use in the western 

United States. 

An audio-visual show explaining the user-coupled 

program is available from the Office of Energy Policy. 

The same type show depicting the direct use of geo- 

thermal energy in South Dakota is expected shortly 

from Lessor Productions of Hollywood. 

>k Brochures: Now available from the Office of Energy 

Policy includes (1) "Geothermal Resources of South 

Dakota." This publication gives a brief, basic 

description of the geothermal use and some of the 

problems associated with that use. (2) National Water 

Well Associations's pamphlet "Groundwater Heat Pumps. 

A more comprehensive handbook on heat pump use in South 

Dakota is being prepared by the South Dakota Office of 

Water Quality and the South Dakota Office of Energy 

Policy. (3)  The South Dakota Geothermal Handbook 

is at the printers. This 60 page publication gives 

a detailed explanation of (1) the geothermal resource 

I 1  

in South Dakota, (2) private and agricultural uses of 
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geothermal energy in South Dakota, (3)  materials 

selection and problems, ( 4 )  methods of heat extraction, 

(5) environmental concerns, ( 6 )  state government 

institutional procedures, (7) permitting requirements, 

(8) local government regulations, ( 9 )  federal 

procedures and policies and, (10) federal incentives. 

This handbook details all the steps necessary to get 

geothermal energy on line. 

i 

.I. 

* Future Plans: October has been proclaimed energy month 

Energy conservation and alternate in South Dakota. 

energy use will be emphasized during this period. Twice 

daily during October the Public Broadcasting Service 

will telecast the users of geothermal energy in the 

state explaining their programs. This program will 

include the owner of the Diamond Ring Ranch explaining 

cascading; the Haakon County School Superintendent 

explaining the distribution system including secondary 

use of the water by businessmen after it leaves the 

school; the Business Administrator at St. Mary's 
Hospital speaking of the amount of fuel saved by his 

project; and a local Philip businessman speaking of 

energy savings in space heating by geothermal energy. 

An open house and ribbon cutting ceremony is 

being planned by the principals of Haakon County, 

St. Mary's and Diamond Ring. 

coordinated by the South Dakota Office of Energy Policy 

and is tentatively scheduled for October 21. 

3 

c 
Their efforts are being 

W 
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ir Workshops for a cross section of the business 

leaders 

the State Commercialization Team and the Stanley County 

Extension Agent. 

of western South Dakota are being planned by * 

-.r 

2.7.2 Summary of Contacts and Results 

Various state agencies have been contacted for 

resource information, economic data, and rules and 

regulations. 

the Department of Water and Natural Resources, the South 

Dakota Geological Survey, the South Dakota Department of 

These include the State Engineers Office, 

Agriculture, the South Dakota Department of Revenue, and 

the South Dakota Department of Economic and Tourism 

Development. 

Information on the use of groundwater heat pumps 

has been conveyed to the Wessington, Orient, and Chamberlain 

schools and to county agents in Campbell, Spink and 

Stanley Counties. 

The Fifth and Sixth District Local Council of 

Governments have been kept informed of Federal programs 

pertaining to geothermal energy. 

Numerous requests have been answered from private 

individuals pertaining to groundwater heat pumps, greenhouses, 

aquaculture, and alcohol plants utilizing geothermal energy. 

A detailed listing is contained in Appendix C. 
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2.7.3 Future Geothermal Commercialization 

The future of geothermal energy development in South 

Dakota lies primarily in the agriculture and space 

heating sectors. 

Groundwater heat pumps are becoming more popular 

with individuals and educational institutions. 

The Polo Public School System and St. Joseph Indian 

geothermal School at Chamberlain plan on using existing 

wells (75'F water) implemented with groundwater heat 

pumps. 
having Dewild, Grant, Reckert, and Associates design an 

office building heated by a two well groundwater heat pump 

system. 

information about greenhouses, alcohol plants, and 

aquaculture have been received by this office. 

oil at 95~/gal. and LPG at 60~/gal. geothermal energy is 

becoming more attractive to businesses and individuals. 

The Missouri Basin Power Company at Sioux Falls is 

Requests from Rapid City, Philip, and Lemon for 

With fuel 

3.0 Findings and Recommendations 

Because of South Dakota's almost total dependence on imported 

petroleum products, it is imperative that South Dakota citizens 

learn of viable alternate energy sources. 

Hydrothermal wells in western South Dakota have been used for 

stock tank warming and space heating since the early 1900's. 

wells were drilled for the sole purpose of stock watering. 
Other 

It is 
the users of these wells that must be persuaded that multi-use 

of the water can be beneficial. < 
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Geothermal groundwater heat pumps using water from shallow 

aquifers are the most viable alternate energy source for individuals 

and small businesses in South Dakota. The goals of the state 
LJ 
a 

sdmercialization team are to: 1) encourage owners of existing 

geothermal wells to develop the resource to its full potential, 2) 

encourage conventional fuel users to change to geothermal energy, and 

3) promote the use of groundwater heat pumps in applicable areas. 

To achieve these goals the following recommendations are made: 

I 

* Workshops involving community business leaders should 
be held throughout western South Dakota. 

would be informative in nature stressing resource location, 

utilization, technical and financial aid. 

The workshops 

* A South Dakota groundwater heat pump handbook will be 

developed defining the principle, hardware, and economic 

advantages of groundwater heat pumps. 

JC A list of consultants with expertise in geothermal construction 

will be compiled for public use. 

* A list of groundwater heat pump manufacturers and South 

Dakota distributors will be compiled. 

The end result of the State Team's effort will be BTU's 

on line either through direct use or complemented by groundwater 
# 

heat pumps. 
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POTENTIAL USERS 

LOW INTENSITY USERS 

3 

I 

W 

SITE NAME 

P o t e n t i a l  

Cascade Springs 
Cascade Springs 
Draper 
Dupree 
Eagle  Bu t t e  
Edgemont 
Eureka 
F a i t h  
For t  P i e r r e  
Get tysburg 
Herre id  
Hosmer 
H o t  Spr ings  
Hoven 
I s a b e l  
Kadoka 
Kadoka 
Kenneb ec 
Kennebec 
Winner 
Lemmon 
McLaughlin 
Midland 
Mo b r  i d  g e 
Murdo 
New Underwood 
North Eagle Bu t t e  
P h i l i p  Haakon School 
P res  ho 
Timberlake 
Wall Town 
N e w e l l  

I n f e r r e d  

Aberdeen 
Aberdeen 
Aberdeen 
Aberdeen 
Aberdeen 
Ab er d e en 
Aberdeen 
Bowdle 

USER NAME 

Custer  
Buffalo Gap 
Draper 
Dupree 
Eagle  But te  
Edg emon t 
Eureka 
F a i t h  
For t  P i e r r e  
Gettysburg 
Herreid 
Hosmer 
Hot Springs 
Hoven 
I s a b e l  
Kadoka 
Mart in  
Chamberlain 
Kenneb ec 
Winner 
Lemmon 
McLaughlin 
Midland 
Mob r idg  e 
Murdo 
New Underwood 
North Eagle Bu t t e  
P h i l i p  
Presho 
Timberlake 
Wall Town 
N e w e l l  

Groton 
Webster 
Bradley 
B r i s t o l  
Conde 
Pierpont  
Ros lyn 
Bowdle 

POPULAT LON 

1690 
192 
185 
606 
606 

1334 
1373 
713 

2649 
1746 
538 
407 

4670 
74 2 
432 
822 

1450 
2633 

356 
3755 
1957 
887 
323 

46 79 
777 
528 

1351 
978 
927 
675 
85 1 
682 

1105 
2298 

206 
483 
279 
221 
196 
742 

ANNHD 
(1E9 BTU) 

118 
11 
8 

34 
35 

139 
71 
39 

181 
92 
21 
18 

269 
65 
23 
38 

125 
150 

15 
163 
119 
48 
15 

2 75 
32 
23 
88 
54 
45 
36 
41 
82 

61  
127 

8 
21  
11. 
10 
9 

130 
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OF CONTACTS 
b+ 

1. 1 
i 

3i 

LIST 

STATE AGENCIES 

*State Engineers Office 

Terry Stofferahn - Phone: 605/773-3466 
Subject: Liason officer for NMEI's economic feasibility 
study of State Capitol Complex. 

*Department of water and Natural Resources 

Dick Howard, Assistant Secretary - Phone: 605/773-3151 
John Hatch, Water Rights Specialist - Phone: 605/773-3151 
Steve Pirner, Natural Resource Administrator - Phone: 605/773-3351 

Subject: State rules and regulations pertaining to 
geothermal energy including groundwater heat pump use. 

*South Dakota Geological Survey 

Duncan McGregor, State Geologist - Phone: 605/677-5227 
Bob Schoon, Subsurface Geologist - Phone: 605/677-5227 
Fred Steece, Assistant State Geologist - Phone: 605/394-2229 

Subject: Geothermal resource information. 

*Department of Agriculture 

Angus Anson, Director - Phone: 605/773-3375 

Subject: 
result - no data available. 

Use of conventional fuel in agricultural sector; 



I 

3 .  6TH DISTRICT LOCAL COUNCIL OF GOVERNMENTS 

Brian Shorten, Planner - Phone: 6 0 5 / 3 9 4 - 2 6 8 1  

3 Subject: Coordination of federal programs and funding. 

4. EDGEMONT CITY PLANNER 

5 .  

6.  

John Kruger - Phone: 605 /662-7285  

Subject: Federal funding to retrofit city hall and school. 

EDGEMONT CITY COMMISSION 

Subject: 
to Ivar Engen, EG&G. 

Technical assistance for subject above; referral 

STANLEY COUNTY EXTENSION AGENT 

Delwin Jensen - Phone: 6 0 5 / 2 2 3 - 2 8 1 2  

Subject: 
South Dakota; also very interested in groundwater heat pumps. 

Delwin inventoried 56 geothermal wells in central 

7 .  CAMPBELL COUNTY EXTENSION AGENT 

Jim Knoeble - Phone: 6 0 5 / 9 5 5 - 3 3 0 5  

Subject: 
the economic feasibility of groundwater heat pumps. 

Jim has an appropriate technology grant monitoring 

I 
i 

I 8. SPINK COUNTY EXTENSION HOME ECONOMIST 

Diann Steinheuser - Phone: 6 0 5 / 4 7 2 - 2 0 2 3  

Subject: 
heating. 

Fulfilled request for information on geothermal 

L- 

9 .  BUTTE RURAL ELECTRIC COOPERATIVE 
1 Ken Wetz - Phone: 6 0 5 / 4 5 6 - 2 4 9 4  

%? 

I 

Subject: Public talk at Newell, SD presenting information 
I on geothermal energy. 1 
I 

I 

cciilll 
i 
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10. BLACK HILLS ELECTRIC COOPERATIVE 

Harlan Borszich - Phone: 605/673-4461 

Subject: 
geothermal energy use in South Dakota. 

Public meeting at Edgemont, SD explaining 

11. POLO SCHOOL DISTRICT #29-2 

John Biegler - Phone: 392-2345 

Subject: 
to use existing well with 75OF temperature. 

Request for technical assistance on how 

12. WESSINGTON, SOUTH DAKOTA SCHOOL 

Delmer Wolkow - Phone: 605/458-2248 

Subject: 
about geothermal heating. 

Superintendent requested and received information 

13. ST. JOSEPH INDIAN SCHOOL, CHAMBERLAIN, SD 

Father Cassedy - Lowell Thomas 
Subject: 
for space heating in conjunction with groundwater heat 
pumps. 

Funding to use existing artesian well with 8OoF 

Prime Contractor for the school is: 

Roby, Quintal, and Everson 
321 W. 6th, Mitchell, SD 57301 
Phone: 605/996-7543 

14. MISSOURI BASIN MUNICIPAL POWER 

Vic Simmons - Phone: 605/338-4042 

Subject: 
two-well geothermal heat system in Sioux Falls. 
consultant is DeWild, Grant, Reckert and Associates, 
1113 E. 14th St., Sioux Falls, SD 57104. 

Company is building office building heated by 
Design 

15. ROB WHEELER 

P.O. Box 629. Lemon, SD 57638 

Subject: 
project. 

Principal investigator for Lemon geothermal 
State Team helped Mr. Wheeler obtain water right 

6-61 



16. 

17. 

permits; obtained economic data for Lemmon from NMEI and 

submit unsolicited proposal to DOE that was turned down. 
advised of GLGP and WDAG programs. Lemon decided to c.’ 

*. 

ENERGY AGE 

Marketing and Management Corporation 

Fred Hendrickson 902 Mt. Rushmore Rd., Rapid City, SD 57701 e 

Subject: Mr. Hendrickson requested and received information 
about the GLGP and User-coupled programs. 

ROBERT PATTERSON 

Philip, SD 

Subject: 
energy’s role in a small alcohol plant operation. 

Requested and received information about geothermal 

6-62 



irr 

e 

L 

UTAH GEOTHERMAL COMMERCIALIZATION PROJECT 

SEMI-ANNUAL PROGRESS REPORT 

JANUARY - JUNE 1980 

Prepared by 

Stan1 ey Green 

L. Ward Wagstaff 

Douglas Nielsen 

UTAH D I V I S I O N  OF WATER RIGHTS 

U. S. Department o f  Energy 

Idaho Operations O f f i c e  



TABLE OF CONTENTS 

1 .O Introduction . . . . . . . . . . . . . . 
2.0 Speci f i c Task Descriptions and Products. 

2.1 Geothermal Prospect Identification. 

2.2 Area Development Plans. . . . . . . 
2.3 Site Specific Development Analysis. 

2.4 Time Phased Projects Plans. . . . . 

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

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

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

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

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

. . . . . . . . . . . .  
2.5 State Aggregations of Prospective Geothermal Uti1 ization. . 
2.6 Institutional Analysis. . . . . . . . . . . . , . . . . . . 
2.7 Public Outreach Program . . . . . . . . . . . . . . . . . . 

3.0 Summary of Major Findings and Recommendations. . . . . . . . . . 

7-ii  

7-1 

7-1 

7-1 

7-7 

7-14 

7-15 

7-20 

7-20 

7-20 

7-23 

c 



Utah Geothermal Commercialization Pro jec t  

about 1983 , f o l  1 owed 
by 55 MWe plants .  a P h i l l i p s  and UP&L i n  
exclusive negot ia t ions.  

Hot Springs (1 ZOO-7000 f t .  ) 
(proven ) 

bd Semi-annual Progress Report 
Ju ly ,  1980 

a 
1.0 Introduct ion 

The Utah Geothermal Commercialization P ro jec t  is p a r t  of a regional 
program funded pr imari ly  by the U.S. Department of Energy t o  provide support  
and planning information about geothermal development, and t o  perform 
outreach or marketing a c t i v i t i e s  f o r  geothermal use. 
Division of Water Rights contracted w i t h  the DOE t o  perform these functions 
for Utah. Personnel working on the Utah project a r e  Stanley Green, p ro jec t  
supervisor; L.  Ward Wagstaff, planning and technical  ana lys i s ;  and Douglas 
Nielsen, information and marketing s p e c i a l i s t .  

I 

In 1977, the Utah 



Table 2 
Proven Direct Use Geothe'rmal Prospects 

(Verified by Dril l ing) 

Temp We1 1 
P rtrspec t Location OC Depth, m. 

Monroe Sec. 15, 74 457 
Hot Springs T25S, R3E; 

Sevi er Co. 

, 

Crystal Hot Sec. 71, B ( 1 )  725(2) 
Springs T4S, R1W; - 

Sal t  Lake 
co 

Sandy City Sec. 1,  1 527(a) 
T3S, R1W; 
S a l t  Lake 
co . 

Newcastl e 

I Beryl 

Cove Fort 

Sec. 20, 
T36S, R15W; 
Iron Co. 

Sec. 18, 
T34S, R16W; 
Iron Co. 

Sec. 7, 
T25S, R6W; 
Sec. 33, 
T25S, R6W; 
Beaver and 
Millard 
Counties 

96(5) 153 

TDS 
ppm Notes 

2800 Well dri l led; 
project not 
commerci a1 

1665(3) Production well 
drilled by Utah 
Roses ; Geological 
i nves ti gati ons 
planned by the 
State of Utah 

1120 Work proceeding 
t o  increase temp- 
erature and flow 

Two production 
wells drilled; 
i n  use this year 

149(6) 2134 1 ow Deep well report- 
edly produci bly , 
b u t  i t  i s  not 
currently i n  use 

t o  be used for  
173(7) 2358 9405(*) Two well, planned 

130(7) 1691 10,000(8) alcohol p l a n t  

9 (1 ) Reported temperature in Utah Roses production we1 1. 
( 2 )  Depth of production well drilled by Utah Roses. 
(3) TDS i n  sp r ing  (surface discharge). 
(4) Deep well drilled by Utah Roses t o  1527 m (5009 f t .  ) 
(5) Temperature, depth of first well, and TDS from Goode, 1978. 
(6) Temperature and depth of Beryl well from Goode, 1978. 
(7) Data on Union Wells #42-7 and #31-33 released through UURI. 
(8) TDS data for Cove For t  well shows wide range of variation. 

4775 and 9405 ppm: 

TDS reportedly low. 

3 Well #42-7: 
Well #31-33 1320 and 10,000 ppm. 

I Lid 
1 

7-2 

L 

t 



Table 3 

Potential Prospects For Direct Uti1 ization of Geothermal Resources (1 1 
W 

Prospect 
Wasatch Hot Springs 

6 

i Beck's Hot Springs 

Midway 

Udy (Belmont) 
Hot Springs 

Maximum Measured 
. _. Location Temperature, OC . .  

40(') Sec. 25, TlN,  R1W 
Sal t  Lake County 

Sec. 14, TlN, R1W 
Sal t  Lake County 

46(3) T3S, R4E 
Wasatch County 

4 P )  Sec. 23, T13N, R3W 
Box Elder County 

Crystal (Madsen's) Sec. 29, T l l N ,  R2W 
Hot Spr ings  Box Elder County 

Utah Hot Spr ings  59(2) Sec. 14, T7N, R2W 
Weber County 

Sec. 23, T6N, R1W 
Weber County 

Ogden Hot Spr ings  

Abraham (Baker) Sec. 23, T6N, R1W d4) 
Hot Springs Juab County 

1. 
2. Peter 3 .  Murphy, UGMS 
3. Kohler, 1979 
4. Goode, 1978 

Si tes  investigated by UGMS, including temperature g rad ien t  surveys. 

Development o f  Roosevelt Hot Spr ings  has centered primarily around t h e  
signing of an agreement for  exclusive negotiatfon between P h i l l i p s  Petroleum 
Company and Utah Power & Ligh t .  The agreement does not mean tha t  a contract 
has been signed,  b u t  does indicate serious interest i n  the project by the 
u t i l i t y .  

part  o f  the year. 
93? C.; recovery of the well back t o  artesian flow after pumping was about 

* The Utah Roses well a t  Crystal Hot Springs was tested during the early 
The well was pumped a t  200 gpm and produced water a t  about  

a 90 seconds. The well will be i n  use dur ing  the coming heating season. 
The Utah Roses well a t  Sandy has experienced d i f f icu l ty  i n  producing 

f lu ids  a t  flows and temperatures sufficient t o  economically heat the green- 
house. 
and temperatures. 

Work on the well i s  continuing i n  e f for t s  t o  produce adequate f l u i d s  
W 



I 

Figure 1. 

Areas o f  Hot and Warm Water in 
Utah - 

Goode, 1978. 
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% 
Prospect 

Lower Bear River Area 105 
88 Bonneville Sa l t  Flats 

Cove Fort - Sulphurdale 165 

East Shore Area 62 

Escalante Desert 149 
85 Escal ante Val 1 ey 

F i s h  Springs 61 
Grouse Creek 42 

a 

Curlew Val 1 ey 43 

Heber Valley 44 

Jordan Val 1 ey 93 

Sevier Valley 77 

Uin tah  Basin 55 

Cache Valley 49 

Pavant Val 1 ey/B1 ack Rock Desert 67 
Sevi er Desert 82 

Utah Valley 46 

Central ,Virgin River Basin 42 

Beaver Val 1 ey 24 
Blue Creek Valley 28 

28 
21 
27 
20 
23 

25 
27 
24 
27 
32 

28 
29 
40 
25 
20 



Union well 42-7 a t  Cove Fort may be used as a production well for  an 
alcohol plant by R&R Energies and Forminco Inc. 

produced an artesian flow. 
If  the plugging and perforation operation is  successful, the well would 
produce heat for  a cascaded alcohol d i s t i l l a t ion /su l fur  drying project. 

A ho t  well d r i l l e d  l a t e  i n  1979 a t  Newcastle, Iron County, was used t o  
heat greenhouses dur ing  the l a t t e r  p a r t  of the 1979-80 hea t ing  season. The 

. well produces exceptionally good quality water a t  boiling temperatures from 
s ha1 1 ow aquifers. 

Several s t a t e  geothermal leases were issued i n  the first part of 1980. 
Table 5 lists new s t a t e  geothermal leases issued d u r i n g  this period. 

Work was done on the well 
t o  p l u g  back and perforate a t  about 1300 f ee t ,  a level a t  which the well Li 

Results o f  the workover should soon be available. 
CI 

i 

2.2 Area Development Plans 

2.2.1 State  Geothermal Planning Areas 
Area Development Plans (ADP ' s )  are intended t o  match projected energy 

demand for  a given area w i t h  the geothermal energy potential f o r  tha t  area. 
This matching of the resource w i t h  demand would g ive  an estimate of the 
por t ion  of energy demand which migh t  be s u p p l i e d  by the geothermal resource. 
T h i s  information would then form the basis for  further planning, indicate 
the s i t e s  which are the best candidates fo r  development, and provide a 
marketing tool for  county and regional agencies. 

New State  Geothermal Leases 
January - June 1980 

COUNTY SIZE, ACRES 
(No. of Leases) LOCAT ION DATE ISSUED 

MILLARD 
Atlantic Richfield Co. 1275 ( 2 )  T20S, R9W 1 /2/80 

T21S, R9W 
Jack J .  Grynberg 160 (1) T23S, R7W 1 /2/80 i 

IRON - 
Techno1 ogy 1448 ( 3 )  T33S, R15W 1 /2/80 
International, Inc. T34S, R17W 

W 
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i Table 6 

Area Development P1 ans u 
Area Counties 

Jordan Val ley , S a l t  Lake 
i 5 0  

i 
I Southwest Utah Beaver, Iron , Was h i  ngton 

* 
Sevi er Val 1 ey 

Northern Wasatch F 

Utah Valley Utah 

West Central  Utah Juab, Mi 11 a rd  

Northern Utah 

Northern Mountainlands Summit, Wasatch 

P i  Ute, Sanpete, Sevier ,  Wayne 

Davis, Morgan, Weber 
I 

Box Elder, Cache, Rich 

Great S a l t  Lake Desert Tooel e 

The first step i n  the ADP process was t o  d iv ide  the s t a t e  i n t o  a reas  
s u i t a b l e  f o r  ana lys i s .  
count ies  were grouped according t o  e x i s t i n g  multi-county planning districts. 
They were then further subdivided according t o  geographic and soc ia l  
c h a r a c t e r i s t i c s ,  the s i z e  and na ture  of their economic base, and the 
na ture  of  their geothermal resources. 
a r e  shown i h  Figure 2 and listed i n  Table 6. 

County lines were used a s  a rea  boundaries, and 

The planning areas  f o r  the ADP's 

I 

2.2.2 Spec i f i c  ADP's 
Completed work on the Area Development Plans is summarized i n  Table 7. 

I t  shows pro jec ted  re den t i a l  energy demand f o r  each a rea  ( f o r  a breakdown 
of this da ta  t o  s ing1 counties , see the Utah Semi-annual Progress Report 
f o r  January, 1980). In  the t a b l e ,  equivalent na tura l  gas is the es t ima ted .  
amount of na tura l  gas which  would be consumed if  na tura l  gas were used i n  
the home (some a reas  o f  Utah do not  have na tura l  gas se rv i ce ) .  Space and 
water  heat ing da ta  a r e  derived from equiva len t  na tura l  gas project ions.  
E l e c t r i c i t y  p c t i o n s  are based records for Utah; the 
assumption i s  l i e d  t h a t  the dwe erv iced  by both e l e c t r i c i t y  

.* 

and na tura l  gas. Indus t r i a l  energy demand data  was projected by the New W 
7- 7 
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Figure 2 I 

V Substate Areas To Be Considered 

T E  

M I L L A R D  SEVI ER 

VALLEV 

I I n  Area Development Plans 
Utah 

E M E R Y  

--- 

SOUTHWEST UTAH 
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Table 7 

Results of Area Development Plans 
Projected Energy Use 

Res i denti a1 
Equivalent Natural Res i denti a1 

Area Gas (103 Mcf) Electricity (Mkwh) - 
2000 - 1980 - 2000 - 2020 1980 - 

Jordan Val ley 30 , 700 53 , 700 78,000 123,000 21 6,000 

Southwest Utah 2,190 3,960 6,630 12,330 24,070 

Sevi er  Val 1 ey 1,760 2 , 800 3 , 870 9 , 560 16,400 

., Northern Wester 13,900 24 , 300 35 , 300 45 , 300 80,000 
I Front 

Utah Valley 9,100 15,800 24,000 33,100 58 , 300 

West Central Utah 800 1,300 1,800 4,109 7,000 

4,600 7,600 10,300 16,400 27,600 Northern Utah 

Northern Mountainlands 900 1,600 2 , 400 3 , 200 3,400 

Great S a l t  Lake Desert 1,100 1,900 2,700 5,000 8,700 

9 

Natural Gas and E lec t r i c i ty  data from u t i l i t y  records and  population projections;  
Industr ia l  Energy from NMEI. 

2020 

31 3,000 

40,790 

22,620 

116,300 

- 

88 , 000 

9,600 

37,900 

5,200 

12,000 

Industr ia l  
Energy Demand 

(1010 Btu'slyear) 
1979 

1017 

10.8 

123.2 

407.8 

169.1 

39.9 

181.1 

2.4 

357 5 

2020 

1560 

16.6 

189.0 

625.6 

- 

259.4 

61.3 

283.2 

3.5 

548.4 



I 

i 

Mexico Energy Ins t i tu te  based on the 1979 Directory of Utah Manfacturing. 
The data generated fo r  the ADP's should be considered more i n  a qual i ta t ive 
than a quantitative sense because of uncertainty i n  the data used to  
make the projections. 

projections. Massive energy projects, including the IPP project i n  Millard 
County, and other projects such as the NX system might  d ras t ica l ly  affect  

L V J  

* 
A number of occurences could vastly change the appl icabi l i ty  of these 

the dis t r ibut ion of population and industry w i t h i n  the s t a t e  and especia 
w i t h i n  a given region. 

2.3 Site Specific Development Analysis 
S i te  Specific Development Analyses (SSDA's) are  intended t o  portray 

various aspects of the development of a par t icular  application a t  a spec 

a 

1Y 

f i c  
geothermal resource s i t e .  
by-step out l ine  of development procedures, time frame estimates fo r  exped- 
ien t ia l  development, a preliminary analysis of the technical and economic 
f eas ib i l i t y  of the project, and the ident i f icat ion of specif ic  factors 
which  might  hinder or prohibit the successful completion of the project. 
SSDA's are more detailed and technical i n  nature than the Area Development 
Plans, and of fer  more i n s i g h t  into the real development potential and 
problems a t  a given s i t e .  

In general, an analysis would consist  of a step- 

2.3.1 Candidate Geothermal Si tes  and Applications 
Proven o r  potential resource s i t e s  may be candidates f o r  SSDA's. 

These are  s i t e s  where test d r i l l i ng  to  confirm the resource has taken place 
("proven" s i tes) ,  or  where some subsurface data are  available ("potential" 
si tes).  Two categories 
are listed - - sites where specif ic  projects are already underway, and sites 
which appear t o  be good prospects f o r  development b u t  fo r  which no specif ic  
plans have been announced. 

Candidate s i t e s  for SSDA's are listed i n  Table 8. 

i 

2.3.2 Site Specific Development Plans: Completed and i n  Preparation 
L During the f i rs t  half of 1980 two types of s i te-specif ic  analyses 

were done. 
model a t  New Mexico State University, and the other was a cooperative study 
w i t h  Sa l t  Lake City on the use of heat pumps fo r  a large redevelopment project 
i n  downtown S a l t  Lake City. 

One was preliminary r u n  of several Utah sites usin9 the BTHERM 

w 
7- 10 



Table 8 

Candidate Sites fo r  
Site Speci f i c Development Analyses 

\ 

Planned Developments Other Promising Si tes  

Crystal Springs - Space Heating 
Crystal Springs - Greenhouses 
Udy Hot Springs - District Heating 
Cove Fort - Alcohol Plant 

Beck's Hot Springs 
Wasatch Hot Springs 
Utah Hot Springs 
Ogden Hot Springs 

Newcastle - Greenhouses 
Abraham Hot Springs - Recreation & Aquaculture 

Hooper Hot Springs 
Midway 
Beryl 
Thermo 

BTHERM Models fo r  Selected Utah Geothermal Sites 

computer model developed by the Physical Science Lab a t  New Mexico Sta te  
University. 
each analysis are heavily dependent on cer ta in  of the i n p u t  assumptions. 
Because a tabulation of the result da ta  would be quite extensive, the resul ts  
are  sumnarized below; tabulated lists of the complete i n p u t  assumptions are  
found i n  the Appendix. 

well a t  Sandy City by the DOE and Utah Roses, Inc., owners of a large parcel 
of land adjacent t o  the Utah Roses property approached the S ta t e  commerciali- 
zation team about the f eas ib i l i t y  of d r i l l i n g  wells similar t o  the Utah Roses 
well t o  be used for  d i s t r i c t  heating. 
$300,000. The BTHERM analysis showed t h a t  i f  a well, drilled for $300,000, 
could produce 700 C (1580 F )  water a t  500 gpm, the cost of the geothermal 
heat would be less t h a n  t h a t  of natural  gas ($2.45/MBtu f o r  geothermal, 
$2.56 fo r  natural gas). 
geothermal heat would be $3.49/MBtu; i f  the well cost were $400,000, i t  
would be $2.96/MBtu. 
under ideal conditions. However, l a t e r  tests of the Utah Roses well have 
shown t h a t  i t  is probably not capable of producing the assumed flows and 
temperatures. 

i n  the northern par t  of Logan City have shown indications of elevated 
temperatures a t  depth.  A preliminary analysis us ing  the BTHERM model 

The following s i te  analyses were r u n  us ing  the BTHERM direct use 

The model is very complex, and i n  general the results of 

Subdivision i n  Sandy, Utah: Following the d r i l l i n g  of the 5009 f t .  

The Utah Roses well or iginal ly  cost 

If  the well cost  were $500,000, the cost of the 

The analysis showed almost immediate f eas ib i l i t y  

Logan and North Logan, Utah: Water wells i n  the c i ty  of North Logan and 
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assumed temperatures of 600 C (140O F)  were attainable a t  depths of 610 m 
(2000 f t . ) .  For a private development, the geothermal heat was projected 
t o  cost $2.43/MBtu, less than the $2.56/MBtu of natural gas. 

cost for a municipalities apparently are due t o  management costs, inability 
t o  uti l ize t a x  credits, and similar constraints peculiar t o  municipalities. 

G 
For a 

municipal development, the cost was projected t o  be $3.30/MBtu, the higher 
3 

If the private developer could obtain 25% funding  from outside sources, the 
3/ 

cost o f  geothermal heat would be $1.98/MBtu; i f  the city obtained 25% outside 
fund ing ,  the cost would be $2.83/MBtu, w i t h  an economical on-line date of 
1984 (including 3 years of development). I f  the temperature a t  2000 f t .  were 
only 450 C (1130 F ) ,  the cost of geothermal heat would be raised considerably, 
t o  $4.29/MBtu. 

Beryl/Escal ante Desert: 
i n  southern Utah was run using well characteristics similar t o  an existing 
well drilled by McCulloch i n  1977. 
of 2134 m. (7000 f t . )  and flows o f  1000 gpm were inputted assumptions. 
price of alternative fuel of $6.30 for electricity was assumed. 
of the modeling indicated a cost o f  geothermal energy of $9.08/MBtu, compared 
with a price of alternative fuel of $6.03; the model indicated t h a t  the 
development would be economical almost immediately. Why the project was 
economical even though the price of geothermal energy was higher than the 
alternative energy i s  not clear, b u t  i t  i s  probably due t o  complex interactions 
between the variables w i t h i n  the model. More complete da ta  on the BTHERM 
models, including tabulation of the i n p u t  assumptions, are found i n  the 
Appendices . 

A hypothetical case of a geothermal development 

Temperatures of 150° C (302O F) a t  depths 
A 

The results 

Block 53 Redevelopment: Heat Pump Analysis 

main commercial dis t r ic t .  Presently the block i s  occupied by several 
businesses, w i t h  most of the block used as parking space. The planned 
redevelopment of  the block would include a s ta te  office building, a ci ty 
office building, several private and connnercial office buildings, and 
eventually a set  of high-rise condominiums. 

Block 53 is  located i n  downtown S a l t  Lake City near the south  end of the 

f 

3, The s ta te  geothermal 
commercialization staff  agreed t o  ass is t  the city with an analysis of a 
geothermal heat pump d i s t r ic t  heat ing system. 
was the projected economic feasibil i ty of the heat pump system as compared 
w i t h  a conventional natural  gas/chiller system. 

The focus o f  the analysis 
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The approach used by the s ta te  team was t o  analyze the proposed 
buildings t o  determine a projected heating and cooling loads; t o  estimate, 
using local cost information, the cost of wells, heat pumps, and the 
associated operating costs for the heat pump system; t o  estimate the 
cost of boilers, chillers, and the associated natural gas and electricity 
for the conventional system; and t o  compare costs on an annual basis 
over the projected l i f e  of the project. 

Table 9 sumnarizes the important i n p u t  assumptions for the analysis. 
Tab e 10 summarizes the results o f  the economic analysis. As can be seen, 
the heat pump system is only marginally competitive w i t h  natural gas over 
the estimated l i f e  of the equipment (20 years). A major factor is apparently 
the low cost of natural gas i n  northern Utah. A graphic comparison is 
made w i t h  natural gas prices from Idaho, which are approximately 2 l j2  times 
the Utah prices; under such circumstances, the heat pump system is very 
economical. 
payback on the system, b u t  no t  significantly. 
wellsor other ground-water sources were used, the heat pump system would be 
economical from the start. 

Although the results of this analysis are heavily dependent on the 
specific assumptions used, the results obtained here do indicate a slight 
economic advantage t o  the heat pump system, even w i t h  the low natural gas 
prices i n  Utah. They also indicate a strong economic advantage i n  areas 
outside natural  gas service areas o r  where existing wells,may be used. 

A lower bond rate or a two we1 1 system would accelerate the 
On the other hand,  i f  existing 

2.4 Time Phased Project Plans 
Time Phased Project Plans ( T P P P ' s )  are intended t o  be a detailed 

analysis of a specific development a t  a particular s i te ,  with emphasis on the 
specific development steps, the sequence i n  which they occur, and estimates 
of when each step will begin and end. 
stages of development, including pre-lease activities, leasing, exploration, 
reservoir testing and development, developer and market negotiations, 
permitting, plant construction, and distribution system construction. The ~ 

TPPP should provide a bas i s  for recommendations of actions which would 
facil i tate the development. 

The project i s  followed through all  

2.4.1 Active Demonstration/Commercialization Projects 
Active geothermal projects in Utah are candidates for T P P P ' s  and are 

7- 13 
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Table 9 

Basic Assumptions 
Block 53 Heat Pump Analysis 

Total Floor Space 
Design Heating Load 
Design Cooling Load 
Annual Heating Load 
Annual Cooling Load 
Design Temperatures: Summer, inside 

Summer, outside 
Winter, inside 
Winter, outside 

costs  : 
Heat Pumps 
Heat Pumps, Annual Operation (cool i ng) 
Heat Pumps , Annual Operation (heating) 
Wells and Piping p l u s  30% 
Annual Pumping Cost 
Boi 1 ers 
Chi  1 lers 
Cool i ng Towers 
Annual Cooling Cost ( e l e c t r i c i t y )  
Annual Heating Cost (natural  gas) 

Summary : 
Heat Pump System, Capital Cost 
Heat Pump System, Operating Cost 
Conventional System, Capital Cost 
Conventional System, Operating Cost 

L) 

m 

732,000 f t 2  
8.09 x 106 B t u h  
14.94 x lo6 B t u h  
14.52 x 109 B t u  
19.54 x lo9 B t u  
78O F 
95O F 
65O F 
5O F 

s 

$376 , 200 
78,709 
49,100 

396,300 
17,400 
72,200 

31 1,400 
41,400 

104,200 
42 , 400 

$772,800 
145,200 
424,900 
146,600 

J 

Wells: 4 wells, 700 f t .  deep, 20 i n .  diameter, a t  $90/ft. 
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Table 10 

Des cr i  p ti on 

Basic Case 
Natural gas a t  
Idaho prices 
Bond Rate 
of 8% 
No Condomi n i  urns , 
2 well system 
No In i t i a l  
Well Cost 

Summary of Results 
Block 53 Heat Pump Heating Distr ic t  

Net Present Benefi t/Cost 
In i t i a l  Cost . Val ue Payback Ratio 

347,900 -60,100 23 0.83 

Difference (20 Year) (Prior t o  Year) (20 Year) 

347,900 1,313,700 5 4.78 

347,900 17,900 20 1.05 

1 76,500 -1 1,300 21 0.94 

---- -48 9 700 336,500 From S ta r t  

described i n  Table 11. 
way during the f i rs t  part  of 1980, s ignif icant  progress has been made on 
several of the projects. 
Crystal Hot Springs are constructed and under cu l t i va t ion ;  greenhouses a t  
Newcastle were heated from a geothermal well by early this spr ing .  Crystal 
Springs a t  Honeyville is actively advertising their new swimming pools and 
resort  faci  1 i ties, 

Monroe City d i s t r i c t  hea t ing  project. 
the fluids encountered were a t  lower temperatures and substantially lower 
quantit ies than had been expected. Part of the reason for the misleading 
energy estimates has been cited by David S .  Chapman as being convective heat 
transfer,  which caused heat flow calculations based on a conductive model t o  
be misleading. 
because the operating costs of the geothe'rmal heating system would be higher 
than those f o r  a coal heating system. Other areas of d i f f icu l ty  for the 
project were inadequate f l u i d  production from the well, rising construction 

Al though few new projects have actually got ten  under 

The i n i t i a l  set of Utah Roses greenhouses a t  

One unfortunate development during this time was the suspension of the 
When the production well was dr i l led ,  

DOE and Monroe City o f f i c i a l s  agreed to suspend the project 

and equipment costs, and an expensive disposal system. Other uses for  the 
geothermal we1 1 are  being investigated. 

2.4.2 Time Phased Project Plans 
A Time Phased Project Plan for Roosevelt Hot Springs was completed by the 

Utah geothermal commercialization project i n  July, 1979. During the l a t t e r  
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Si t e  
(Developer) Application 

Crystal Hot Springs Greenhouses 
(Utah Roses) 

Crystal Hot Spr ings  Space Heating 
(State  of Utah) 

U 
I Sandy City Greenhouses d 

cn (Utah Roses) 

Newcastl e Greenhouses 
(Chri stensen Bros. ) 

Monroe Hot Spr ings  Space Heating 
(Monroe City) 

Table 11 

Active Geothermal Projects 

Resource 
Characteristics 

Reported ar tes ian 
flow a t  900 C i n  
125 m well. 

Probably s imilar  
t o  Utah Roses well 

1527 m well w i t h  
s l i g h t  flow; bottom 
hole temp. 750 C ,  
temp. a t  surface 
around 500 C. 

Two wells: 152 m 
well producing a t  
960 D ,  other well 
similar.  Water 
qual i ty good. 

S l i g h t  flow from 
457 m well a t  about 
740 c. 

Geo t herma 1 
Energy Requirements 

Development as supported 
by resource, up t o  about 
234 x lo9  Btu's/yr. 

Ini ti a1 phase , minimum 
security b u i l d i n g ,  10.9 
x 109 Btu's/yr. Possible 
eventual development to  
55.7 x 109 Btu's/yr. 

Greenhouse conversion 
from natural gas, about 
70.0 x 109 Btu's/yr. 

Development expected t o  
grow as supported by 
the resource. 

I n i t i a l  phase, South 
Sevier High School , 
4.5 x 109 Btu's/yr. 

Status of 
Project 

A hot and a cold ( i r r iga t ion)  
well have been d r i l l ed ,  70,000 
f t 2  of greenhouses have been 
constructed and planted, w i t h  
more t o  be constructed l a t e r .  

Geophysi cal studies have been 
completed and analysed. Bids 
fo r  d r i l l i ng  of two deep obser- 
vation holes a re  out.  

Deep production we1 1 dri 1 1 ed. 
D i  f f  i cul t i e s  i n  produci ng 
required amounts a t  higher 
temperatures. 

First s e t  of greenhouses i n  
operation ; additional green- 
houses p l  anned by Chri stensen 
Bros. and a l s o  by major hydro- 
ponics firm. 

Flow and temperatures were much 
lower than expected; project has 
been suspended. 

c b t, 
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Table 11 

Active Geothermal Projects 
Page 2 

S i te  Resource Geo t h  erma 1 Status  of 
(Developer) Application Character is t ics  Energy Requirements Project  

Crystal (Madsen’s) Resort Hot Springs, 56O C Multiple use f o r  The r e s o r t  i s  undergoing major 
Hot Spr ings  Flow about 100 Ips.  recreat ion and space renovations; work is scheduled 

Midway 
(Several Individuals) Space Heating Maximum measured Water from springs now 

heati  ng a re  planned. t o  continue several  years.  

A number of r e so r t s  and pr ivate  
homes current ly  use water from 
the springs f o r  space heating 

w water system. and recreation. Several i ndi  - 
+ viduals plan t o  d r i l l  i n  order 

t o  heat homes. 

Utah Valley Greenhouses Warm well supplies Small greenhouse operation. A smal 1 , fami ly-run greenhouse 
(Arrowhead Green- operation uses warn water from 
houses) C. a shallow well, has been i n  

operation f o r  about 5 years. 

Cove Fort ’ A1 coho1 Well drilled by P1 anned i n i  ti a1 develop- 
( R  & R Energy) 

( Homes ) temp. 460 C. Gen- 
eral ized hot ground- and homes. 

used f o r  several  resor t s  

I 

4 

water a t  about 35O 

Union - about 173O 
C.  production. 

ment of 7 x lo6 gal alcohol 



part o f  1979, a . u n i t  agreement was signed between P h i l l i p s  Petroleum Co. and 
the AT0 Consortium (MAX Exploration, Inc., Thermal Power Company, and O'Brien 

t o  a number of potential plant operators and power customers. A t  present, 

negotiations, and are rumored t o  be very close t o  a contract agreement. 
Development plans s t i l l  include a 20 MWe p i l o t  p l a n t ,  probably on-line about 
1983. 

Resources Corp) . During the early part  of 1980 , P h i  11 ips submit ted proposals 

P h i l l i p s  and Utah Power and L i g h t  have s igned an agreement for  exclusive 

U 

0 

I 

2.5 State Aggregations of Prospective Geothermal Aqgregations 
Using information s u p p l i e d  by the Utah team, the Physical Science Lab 

a t  New Mexico State University made projections fo r  economical geothermal 
energy use t o  the year 2020. These data are summarized i n  Table 12 and 
Figure 3. More complete data are found i n  the Appendices. 

The resul ts  indicate the year i n  which geothermal energy a t  a 
specific s i te  becomes price competitive w i t h  the specified cheapest alternative 
fuel for the area, and do no t  account for ins t i tu t iona l ,  social ,  or economic 
factors which might  a r i s e  (most of which are impossible t o  predict) .  Updated 
information on resources and development i n  Utah was given t o  the Physica 
Science Lab d u r i n g  on interactive session w i t h  s t a t e  team personnel i n  
February, b u t  those data have not ye t  been incorporated i n t o  new aggregat ons. 

2.6 Insti tutional Analysis 
Geothermal legis la t ion is badly needed i n  Utah. The existing law simply 

assigns- regulatory authority for geothermal development t o  the Division of 
Water Rights.  
c lar i f icat ion of the water/mineral confl ic t ,  d e f i n i t i o n  of ownership, and 
guidelines for regulation, particularly i n  u n i t i z a t i o n .  

The legislation is lacking a definit ion of the resource, 

Legislation designed to  meet these needs was submit ted l a t e  i n  the 1979 
session, b u t  was not  passed. The legislation was reintroduced in to  the 1980 4 

session, where i t  met w i t h  s t i f f  opposition from Utah Power & L i g h t ,  and 
was again not  passed. 

by UP&L ' s agreement w i  t h  P h i  11 ips . 

of municipaliBies and counties t o  form heating d i s t r i c t s  o r  power d i s t r i b u t i o n  

The legislation will probably be reintroduced t o  the 
1981 session; i t  i s  hoped that  the opposition t o  the b i l l  will be reduced n 

Other areas which should be addressed by legis la t ion are  the authority 

csd 
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Aggregated Geothermal Ener u (1010 Btu) 

1980 7 1990 _c 2000 6 With Pr ivate  Developer - 
Residential ( t o t a l )  0.15 11 .o 
Industr ia l  ( t o t a l )  0.15 7.79 

0.00 4.6 9.6 5 Combined (potent ia l  ) 
Combined (inferred) 0.00 13.9 42.1 
Combined ( to t a l  ) 0.15 18.7 51.8 

With  C i t y  U t i l i t y  
Residential ( t o t a l  ) 0.15 22.7 42.2 
Industr ia l  ( t o t a l  ) 0.15 15.9 23.9 . 

Combined (potent ia l  ) 0.00 7.3 11.3 

Combined ( t o t a l  ) 0.15 

Combi ned ( i  nferred) 0.00 31.1 54.5 

38.5 65.9 

2020 
48.8 64.1 
26.7 33.2 
12.7 14.9 
62.5 82.1 
75.3 96.2 

- 201 0 - 

59.5 72.6 
32.5 35.6 
14.0 15.4 
77.7 92.5 
91.8 107.9 

Note: "Potenti a1 I' and "i nferredll refer t o  cl assi f i  c a t i  on of the resource (see t ex t ) .  
"Total" includes potential  and inferred sites p lus  assumed 1.54 x 1010 B t u  
a1 ready on-1 i ne. 

120 p 

bd Figure 3. Projected economic geothermal energy f o r  combined res ident ia l  and 
industrial uses, i n c l u d i n g  proven, potential  and inferred resources. From 
New Mexico Energy I n s t i t u t e ,  December, 1979. 

i 
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districts, and t a x  incentives f o r  geothermal developers (particularly direct 
users ) . 

The institutional handbook i s  a t  present partially complete and should 
be complete by early fa l l .  

Several institutional issues have arisen the las t  few months which c, 

L, 

should be mentioned. 
charge o r  reinjection. 
even for short-term tests,  will  o r  nearly be impossible. 
probably be restricted t o  specific s i tes  approved by the s ta te  Division of 
Environmental Health and the Division of Water Rights. 
reinjection restrictions will pose no problem t o  the developer, b u t  in some 
cases, such as a t  Monroe City, i t  could have a major impact on the economics 
of the project. 

One is  the problem of disposal, either by surface d i s -  
Because o f  stringent €PA standards, surface disposal, 

a Reinjection also will 

In some cases the 

2.7 Pub1 ic  Outreach Program 

2.7.1 Outreach Mechanisms 
The Outreach program consists of  several component activites. One of 

these is basic public education; another would be more specific information 
service i n  response t o  requests from individuals, governmental agencies, 
researchers, geothermal companies, and government contractors ; a t h i r d  would 
be technical assistance t o  prospective users; a fou r th  would be marketing, 
an active effort t o  reach prospective industrial, private, and public users, 
both directly and through appropriate s ta te  and local agencies; and a f i f t h  
would be assistance i n  preparing proposed geothermal legislation. 

Douglas Nielsen. 
f i r s t  p a r t  of 1980 included the following: 

The Utah Outreach program has been directed and coordinated by 
Specifically, some of the Outreach activit ies of the 

- Legislation: Stanley Green, the State team leader, acted 
in an advisory and coordinating role in drafting and 
s ubmi tti ng geothermal 1 egi s 1 a t  i on. 

- Newsletter: Under the direction of Douglas Nielsen, the 
project has established a monthly newsletter, the "Utah 
Water/Geothermal Report" which contains items per ta in ing  
t o  both water and geothermal resources i n  the state. 

D 

W 
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bd 
Display: 
contracted w i t h  a private firm to fabricate a geothermal 
display. 
briefly acquaints the viewer w i t h  geothermal resources and 

Also under the direction of Mr. Nielsen, the project 

The display, enti t led "Utah's Geothermal Energy", 

development i n  the s ta te .  

Information Sheets and Pamphlets: The project has p u t  
together several brief information sheets dealing w i t h  
subjects such as heat pumps and geothermal use, which are I 
for  distribution a t  displays, energy f a i r s ,  etc.. 

- Energy Fairs: The s t a t e  team has participated i n  several 
energy fa i r s  i n  Utah during this period, using photos, 
pamphlets and slide shows. 

Plans for upcoming act ivi t ies  include the following: 

- County Fairs: The s ta te  team has arranged for  display space 
a t  several county fairs d u r i n g  the month of August. 
d isplay,  s l ide presentations, and hand-out pamphlets w i l l  
be used. 

The 

- Local and Indus t r ia l  Contacts: In conjunction w i t h  the I 

I county f a i r s ,  s ta te  team members plan to  meet w i t h  local 
off ic ia ls  and appropriate industry representatives t o  
discuss the potential o f  geothermal resource use. 

- New Industry Contacts: The s t a t e  team has ini t ia ted 
contacts w i t h  some s t a t e  and local indus t r i a l  promotion 
agencies, and plans to  expand the contacts i n  order to  
make new industries aware o f  the geothermal potential i n  
Utah. 1 

- Pamphlets: Pamphlets are i n  preparation which will deal 
t w i t h  several subjects pertinent to  geothermal development. 

- Use of Site Specific Studies: The state team plans to  

bd 



2.7.2 

increase the use of  results o f  s i t e  specific studies i n  
contacts w i t h  industrial and public officials.  I t  is 
hoped t h a t  the s ta te  team can make use of the results o f  
computer modeling by NMEI t o  demonstrate the potential 
of specific geothermal s i t e s  for development t o  those 
directly involved. 

ry of Contacts and Results 
A detailed description of outreach activit ies by the Utah Geothermal 

Commercialization Project is beyond the scope of this report. Contacts 
l isted i n  previous reports will also not  be repeated in this report. A 
few significant project contacts will be summarized however. 

as the Monroe City Project, the State Prison project, the Utah Roses 
projects, and the alcohol p l a n t  a t  Cove For t  Sulphurdale. 
has a l s o  been contacted by several new users, including developers o f  a 
recreation/greenhouse/agricul ture project a t  Abraham Hot Springs. 

The State team has continued t o  interact w i t h  ongoing projects, such 

The s ta te  team 

Contacts 
have also been established w i t h  geothermal projects already i n  operation, 
such as resorts a t  Veyo, Laverkin, Honeyville, and Belmont, greenhouses 
a t  Arrowhead (Utah Valley) and Newcastle, and space heating projects in 
Heber Valley. A number of local and s ta te  agencies have also been 
contacted, and plans have been made t o  meet w i t h  several groups of 
officials in the Fall. 

2.7.3 Overall Prospectus for  Future Geothermal Commercialization 

t o  real development t h a n  a t  any other time. 
between Phillips and Utah Power & Light indicates definite progress 

The electrical project a t  Roosevelt Hot Springs i s  probably closer 
The negotiation agreement 

9 

towards a contractual agreement fo r  power plant construction and the 
sale o f  the power. 
a timely agreement, the in i t ia l  20 MWe plant may s t i l l  be on-line by 
1982 or 1983. 

and Newcastle (Christensen Brothers) are bo th  ready to  p u t  geothermal energy 
on-line. The alcohol dis t i l la t ion plant a t  Cove For t  - Sulphurdale moved 
closer t o  reali ty w i t h  financial negotiations and the testing of the well. 

I f  Phillips and U t a h  Power & L i g h t  can come t o  

As mentioned ear l ier ,  the projects a t  Crystal Hot Springs (Utah Roses) 

hid 
7 2 2  
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A number of  other p c ts  appear t o  be g e t t i n g  underway. 
there have been som tbacks, such as the suspension of the Monroe City 
Project, Union Oil's withdrawal  from Cove Fort, and disappointing 
exploration results a t  Hill Air Force Base, the successes of the various 
other geothermal projects make for a development outlook that is  
def i n i  te l  y pos i ti  ve . 

Summary of Major F i  ndi  nqs and Recommendations 

Project have not changed from previous reports. 
more important recommendations are included here. 

Even though 

Some of the recommendations of the Utah Geothermal Commercialization 
Summaries of some of the 

- Geothermal Legislation for Utah should  be passed. The 
legislation should  define geothermal resources i n  terms 
compatible w i t h  nature and w i t h  other s tandard  definitions 
(such as the federal definition) and such that electrical 
and direct  use development will be faci l i ta ted;  i t  should 
clar i fy  ownership of the resource; i t  should clarify 
regulatory authority o f  the State Engineer and provide 
guide1 i nes where necessary; i t should  clarify the re1 ation- 
s h i p  between geothermal resources and water i n  such a way 
as to f ac i l i t a t e  development of both h i g h  and low 
temperature resources; i t  should define and clarify the 
relationship between geothermal r igh t s ,  water rights , and 
correlative (property) rights; and i t  should c lar i fy  and 
specify the authority of the S t a t e  Engineer t o  u n i t i z e .  
Legislation is also needed which would specifically 
authorize local government t o  establish geothermal o r  
other d i s t r i c t  heating systems, remove small distributors 
of direct  heat resources from regulation by the 
Pub1 i c Servi ce Commi ssi on , and provi de proper t a x  i ncenti ves 
for direct  users. 

- The s t a t e  should carefully consider guidelines for 
disposal of spent fluids,  both by surface discharge and 

by reinjection. Such guidelines should apply t o  direct  use 
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and heat pump applications. The guidelines should reconcile 
environmental, hydrologic, and s ta tutory requirements i n  
a reasonable and economic way. A number of policy issues 
need t o  be resolved, particularly certain ones associated 
w i t h  direct use and heat pump application. Some of these 
guidelines will be the results of the experience w i t h  
specific cases, b u t  i t  would be unfortunate i f  unnecessarily 
restrictive disposal requirements were applied to  future 
projects. 

- The Utah Geothermal Commercialization program should be 
continued a t  a level of activity and funding a t  least as 
h i g h  as a t  present. The program provides important services 
and information which  are not available from any other source. 
If federal funding were cut completely, i t  is  very unlikely 
t h a t  the State would pick up the program t o  the extent o f  
keeping these services and i nformati on avai 1 ab1 e. 

I, 
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1.0 INTRODUCTION 

The University of Wyoming in cooperative agreement with the United 
States Department of Energy began the Wyoming Geothermal Commercialization 
and Utilization Program in December of 1978. 
become the Wyoming 
administered by the Wyoming Geothermal Commercialization Office 
The GCO is located on the campus of the University of Wyoming in Laramie. 

The program evolved to 
Geothermal Commercialization Program which is 

I 

(GCO). 

The purpose of the Wyoming Geothermal Commercialization Program is 
to match geothermal resources with potential users and applications. 
program also is a clearing house of geothermal development information 
and a l i n k  to Wyoming geothermal resource data. 

The 

d- 

The objectives of the GCO are: (1) To bring about a general 
understanding and use of geothermal energy in Wyoming. 
a working relationship with other agencies involved in geothermal 
development; both state and federal and contribute to the accomplishment 
of national geothermal energy goals of the United States Department of 
Energy. 

develgpment over the next 40 years. 
with other states. ( 5 )  To assess the institutional barriers and 
intentions to development of geothermal energy. 

The GCO approach is primarily a planning and advocacy effort. 

(2)  To create 

(3) To develop usable plans to predict and' encourage geothermal 
(4) To maintain regional ties 

The 
office in cooperation with state agencies, businesses and concerned 
citizen groups uses a variety of publications and information sources 
to develop an awareness of geothermalenergy. 
development plans provide a general view of the future for geothermal 
energy in Wyoming 

2.0 
2.1 Prospect Identification 

Additionally the specific 

SPECIFIC TASK DESCRIPTIONS AND PRODUCTS 

A preliminary report (supported by th$s off ice) on "Hydrothermal 
Resources in Wyoming" (Decker 1980), involved studies of indicated 
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low-tem2erature resmrce areas, compilations of regional geothermal 
data, and synthesis of pertinent geology and geophysics. 
of geothermal da:n directly followed bottom hole temperatures in oil 
wells and xeasurerients of temperatures in more than 100 drill holes. 

Areas investigated with indicated low-temperature resources were 
Thermopolis, the Cody Horse-Center Anticline System, the Casper-Midwest 
area, the Cas Hills area, the Saratoga Valley system, the Big Horn 
Basin, the Wyoming Basin, and the Powder River Basin. 

Compilations Li 

a 

6 

In addition, hydrothermal resource information was supplied by 
Amoco O i l  for some of its wells in the Midwest area which are currently 
being utilized f o r  oil extraction. 

Table 2.1 
Proven Resources 

Midwest 
Casper area 

Emigrant Gap 
Airport 

Thermopoli S 
Cody 

Potential Resources 
Thermopolis 
Countryman Well 
Saratoga Hot Spring 
Auburn Hot Spring 
Little Sheep 
Fort Washakie 
Astoria Spring 
Inferred Resources 
Red Springs Anticline 
Rattlesnake Anticline 

Temperature (C") 

49"-77" 

32"-4 7" 
95" 

32"-70" 
38"-48" 

2.2 Specific ADP% 
Converse/Natrona (in press) 

Temperature (C") 
60 " 
50" 

85 " 
130" 
85" 
100" 
70" 

60" 
60" 

Depth (meters) 
300-1400 

> 

410-470 

885 
600 
185-500 

Depth (meters) 

1150 
1500 
910 
1500 
1200  

760 
600 

1200-1300 
300 

6 

.t 

The Converse-Natrona region is characterized by a vast source of 
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potential geothermal waters in the Xadison Limestone, which underlies 
much of the region. Use of these waters is restricted however, due to 
factors  of temperature and depth. 
area is not hot enough for electrical development and is consequently 
restricted to low-tcmperature utilization such as commercial space heating, 
aquaculture , greenhouse or residential heating. 
be influenced by depth to the Madison Formation, which in some locations 

Temperature of underground waters in this 

Cost of development will 

is as much as 4850 meters below the ground surface. In other locations, 
such as the Midwest-Edgerton and Douglas-Glenrock areas, the resource 

is close enough to the surface to make its utilization economically 
feasible. Drilling costs in the Midwest area were recently estimated to be 
$432,000 for a well with casing to reach the top of the Madison formation 
rit 1450 meters. 

Hidwes t Area 
The Midwest area probably has the greatest potential for ihediate 

and successful development due to proven resource information and 
interest on the part of local concerns to make use of the geothermal sources. 

, 

* 

c 

W 

Wells in the immediate vicinity have recorded temperatures of 49' to 78" C 
at 300 to 1300 meters, with maximum calculated gradients between 4' and 
38" per 300 meters. Water injection wells that penetrate the Madison 
Formation produce 71" to 80" waters that flow to the surface at rates 
exceeding 7000 gpm (Decker 1980). 

Due mainly to restrictions caused by relatively low temperatures and 
the  economics of the  region, one of the  most effective uses of the 
geothermal waters would be in the space heating of buildings, which would 
include residential, comercial and industrtal applications. Large 
amounts of hot water issuing from the Madison are presently being used in 
secondary oil recovery operations at the Salt Creek Oil Field. 
wells with a combined flow of 7800 gpm, at temperatures of 81°C are 
being used. 

Three 

The hot Madison wells are approximately 1360 meters deep. 
Other direct uses are being planned for development in the area of 

?lidwest and Edgerton. 

complex cascading to an aquacultural facility 3 miles from Midwest using 
85' C waters. 
small industrial park in conjunction with the town of Midwest which 

A private developer is planning a small greenhouse 

In addition, another developer is planning to build a 
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owns a well producing 71°C water at 500 gpm. 
for the towns of Nidwest and Edgerton have a lso  been proposed with a 
great deal of public interest. 

District heating systems 
I 

Major impedences to development may ~ LJ 
bc the percent relative cost of hydrocarbon versus geothermal 
resources, possible high concentrations of solids, and questions of 
ownership rights -in regard to the geothermal water. 
development is presently stalled until ownership rights are settled. 
Amoco Oil claims prior use rights to the water as groundwater, 
thcre is some question within Wyoming Statutes whether geothermal 
waters are groundwater o r  a mineral. 

coopcration of Amoco officials seems to be waning 
in development is maintained.) 

(Commercial 

z however 

As a consequence of this situation, 
while local interest 

2 . 3  Site Specific Development Plans 

2.3.1 Candidate Geothermal Sites/Applications 
None 

2.3.2 
A .  Midwest/Edgerton (inpreparation) 

Site Specific Development Plans - Completed Qr in Preparation 

A Site Specific Development Plan for the Midwest region will 
be completed within 6 months. 
neighboring town of Edgerton, as well a s  some industrial park 
applications for the resource. Specific data will be provided 
by the GCO to various organizations specializing iq geothermal 
economic analysis. It is hoped that cost studies will then be 

generated that more accurately describe the physical and economic 
realities of the Midwest region. 

This SSDE will also include the 

Preliminary economic analysis has been conducted for the 
proposed geothermal district heating system for Midwest by the 
Physical Science Laboratory of the New Mexico Energy Institute 
(PSL-IWFJ) and by EG & G Idaho. 
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I 
INSTALLATION OF SUPPLY, DISTRIBUTION AiiD DISPOSAL SYSTEMS TO PROVIDE 
GEOTHERNAL SPACE EiEhTING I N  PlIDWEST AYD EDGERTON, WYOMING (A PRELIMINARY 

i u  
I 

COST ESTIFlATE) 

ASSUMPTIONS FOR PRELIMINARY COST ESTIMATES 

Population 

MIDWEST EDGERTON 

750 600 

S i n g l e  Family Residences (1000 f t 2 )  34 0 2 70 

I 
I 10 5 Businesses  (2000 f t 2 )  
I 

65,000 BTU / hR 65,000 BTU/HR 
I R e s i d e n t i a l  Design Heat Load 

Bgsiness  Design Heat Load 

T o t a l  Design Heat Load 

Annual Heat Load 

Peak Geothermal Flow 

P r e s e n t  Annual Fuel  Cost 

Each Residence 
Each Business  

160,000 BTU /HR 160,000 BTU/HR 

2.37 x IO7 BTU/HR 1.835 x lo7 BTU/HR 

5.25 x 1O1O BTU 

1,860 gpm 

$700 
$1200 

4.125 x 10" BTU 

L460 gPm 

$700 
$1200 

$195,000 
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PEELIXINARY COST ESTIMATES 

St1pply 

Sub Total 

D i s p o s a 1 

Sub Total 

Ret ro fit 
($2,0OO/unit) 

Project Total 

Flidwes t 
Steel Supply ASN-CEM 

246,000 110,000 

350,000 350 000 

596,000 460,000 

200,000 

796,000 660 000 

700,000 700,000 

$1,496,000 $1,360,000 

Annual Costs ($) 

O&M, Supply, Distribution 19,000 

0 & M ,  Disposal 7 000 

Amortization of Capital Costs 

Supply Distribution : 

1. lo%, 20 yrs  (.1175) 70,000 

2. 16%, 20 yrs. (.1687)100,000 

Disposal : 

1. lo%, 20 yrs (.1175) 23,600 

2. 16X, 20 yrs  (.1687) 33,800 

Retrofit : 

1. lo%, 20 yrs (.1175) 82,250 

2. 162, 20 y r s  (.1687)118,090 

16,000 

7,000 

54,050 

77,602 

82,250 

118,090 

Edgerton 
Steel Supply A SM-CEM 

234,000 105,000 

275,000 275,000 

509,000 380,000 

200,000 200,000 

709,000 580,000 

.550,000 550,000 

$1,259,000 $1,130,000 

14,000 

7,000 7,000 

16,000 

59,808 44,650 

85,868 64,106 

# 

64,625 64,625 

92,785 92,785 

e 

4 

f 
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I 1  Using da ta  from the tabie above, and assuming t h e  worst-case" c o s t s  

( d i s p o s a l  by i n j e c t i o n  w e l l ,  s t e e l  supply p ipe ,  16% i n t e r e s t  on borrowed 

money), t h e  t o t a l  c a p i t a l  and annual c o s t s  are about:  

Xidwest Edgerton T o t a l  

C a p i t a l  $1,500,000 $1,260,000 $2,760,000 

Annual 278,000 235,000 513,000 

Assuming t h e  "best-case" c o s t s  (0 d i sposa l  c o s t ,  asbestos-cement supply 

p i p e ,  10% i n t e r e s t ) ,  cap i ta l  and annual c o s t s  are approximately: 
Midwest Edger t on - T o t a l  

Cap i t a1  $1,160,000 930,000 $2,090,080 

Annual 175,000 130,000 305,000 

Comparison of t hese  annual c o s t s  with t h e  estimated annual f u e l  c o s t  sav ings  

($445,000) show the  "worst-case" estimate t o  exceed annual f u e  \ savings by 

about 12%;  t h e  "best-case" estimate i s  less than t h e  savings by about 30%. 

I n  view of r ap id ly  e s c a l a t i n g  f o s s i l  f u e l  c o s t s ,  t h i s  preliminary a n a l y s i s  

i n d i c a t e s  a high p r o b a b i l i t y  t h a t  a more d e t a i l e d  assessment w i l l  a l s o  show 

geothermal space hea t ing  can be an  economically a t t r a c t i v e  a l t e r n a t i v e  t o  

t h e  present  use  of n a t u r a l  gas. 

The foregoing development of c o s t s  i s  based on minimal information and 

should be viewed as a preliminary estimate only. 

may a l ter  t h e  r e s u l t s  s i g n i f i c a n t l y ,  however, based on a v a i l a b l e  information 

the  estimated c o s t s  are be l ieved  t o  be reasonable by t h e  au thor  of  t h e  

above t a b l e s .  

A more d e t a i l e d  development 

Source: I. A. Engen, Marketing a s s i s t a n c e ,  EGbG of Idaho, Ind . ,  March, 1980. 
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tlIDIJEST DISTRICT HEATING SYSTEX (CASE 1) 

CATEGORY 

Research Investment: 

Design 

Management Fee 

Wells 

Transmission 

Di s t r ibu t ion  : 

- INVESTMENT COSTS 

NET PRESENT VALUE (1980-2010) 
DISCOUNTED AT COST OF CAPITAL 

$ 71,413 

115,589 

0 

Res iden t i a l  R e t r o f i t  

Res iden t i a l  Hookup 

Commercial Conversion 

I n d u s t r i a l  Conversion 

Heat Exchangers 

5,112 

149,709 

383,726 

133,328 

27,023 

0 

50,825 

Cent ra l  Systems 621,382 

To ta l  $1,558,109 

P r i c e  per  HNBTU: $4.08 

Year on l i n e :  1982 
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MIDWEST DISTRICT HEATING SYSTElY (CASE 2) 

INVESTMENT COSTS 

NET PRESENT VALUE (1980-1010) 
DISCOUNTED AT COST OF CAPITAL -- C ,Ym CORY 

Rc sear ch Investment 

Design 

Management Fee 

Wells 

Transmission 

$ 79,200 

131,268 

0 

14,500 

143,866 

Distribution : 

Residential Retrofit 368,750 

Residential Hookup 128,125 

Commercial Conversion 25,969 

Industrial Conversion 0 

He tl t Exchan gc r s 48,842 

Central System 597,131 

To tal $1,537,651 

$4.22 Price per MMBTU: 

Year on Line: 1982 

Source: NMEI printout from BTHERM computer model, May 1980. 



Federal Factors:  Fed. Tax Tax Cred i t  Royalty 
$125,929 $308,390 $179,611 

S t a t e  Fac tors :  State Tax Sa le s  Tax Property Tax 
$0 $29,125 $135,086 

N e t  Savings 
Through Year: 1990 2000 2010 

$357,000 $1,041,000 $1,641,000 

EVALUATION OF INVESTMENT (NET PRESENT VALUE) 

Inves to r s  Return on Investment: $586,319 

Equity Investment: $366,237 
Equipty Por t ion :  0 .3  

Economic Judgement: $220,081 

Ration of Rate of Return t o  Investment: 1.6 
Inves to r s  Break-Even Year: 1990 

To ta l  P ro jec t  Break-Even Year: 2000 

Price of Geothermal: $4.08MMBTU 
Price of Natura l  Gas: $3.80/MMBTU 

Year on Line: 1982 

Required Flow Rate 

Available Flow 5000 gpm 

Spare Flow Rate: 4641 gpm 

Required Flow Rate: 359 gpm 

Source: NMEI p r i n t o u t  from BTHERM Computer Model, May 1980. 
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B. East Ibe.11=opolis (in preparz t ion)  I 
Propnsed uses of  geothermal waters i n  t h e  Thermopolis area include:  

--a comercia:  greenhouse €or  one of t h e  p r i v a t e  wells; tomatoes would be 

the ?a jar  x o p ;  sn  Appropriate Techno lop  S m a l l  Grant has been app l i ed  f o r  

t o  pa:? f o r  developmental investment c o s t s  

--a smdl scale e thanol  production p i a n t  f o r  an e x i s t i n g  w e l l  and an 

Appropriate Technology Grant appl ied  f o r ;  t h i s  p l an t  would use g e o t h e n a l  

mte r ,  k a t  punps and passive s o l a r  as the  energy source;  r i v e r  noss from 

che bottom of the  Big Horn River is the  proposed raw material; a water- 

?owered paddlewheel would be u t i l i z e d  t o  acqu i r e  t h e  moss 
--a geothermally heated f i s h  farm f o r  t he  region is i n  t he  e a r l y  s t a g e s  

cf the plznning FZOCZSS 

1 
P 
‘ j  
i 
I 

i 

3 .  

--.* - ;istv; at hea t i sq  system; the major faczor  Solding this developaent Sack is 

::le u:;certain:ies r e m i n i n g  i n  regard t o  t he  r e s e r v o i r  c h a r a c t e r i s t i c s ;  

t h u s  f a r ,  a0 one has been a b l e  to p r e d i c t  with any c e r t a i n t y  wt j a t  e f f e c t  

w e l l  drilling and l a r g e  scale develogment would have on t h e  temperature and 

flow rates o f  t h e  sp r ings  i n  the  S t a t e  Park; prel iminary marketing estimates 
by t h e  :urn!: i n d i c a t e  t h a t  geothermal energy would be cost e f f e c t i v e  in 
t h i s  reg ion  by 1983. 

1 

2 .4  Time Phased P ro jec t  Plans 
None 

State Aggregation of Prospec t ive  Ceothemal  U t i l i z a t i o n  2.5 

1980 1985 2000 2020 
ADPs Bfl BTU/yr Bil BTU/yr B i l  BTU/yr Bil BTU/yr 

Big Horn Basin 10 so 100 165 

Consersdxat rona  0 2250 3000 5000 
Carbon Albany 0 15 45 60 
Powder River Basin 15 25 60 88 
Western 15 2s 50 75 
South Eastern 0 5 10 10 
North Eastern 10 25 40 60 
South Western’ 0 0 5 10 

4 TOTAL ADPs 76 2430 3420 5568 

SSDPs 

Themof. Dist. Heat 0 25 45 75 
?!idwest D i s t .  Beat 0 50 70 100 
?lidwest Ind. Pk. 0 1300 2930 4900 
Countryman Well 0 20 40 40 
Saracoga Dist. Heat 0 15 45 60 
Auburn Agribusiness 0 10 60 75 
TOTAL SSDPS 0 1420 3190 5250 

Fremout County 20 35 60 100 

6 

W 
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2.6 - Institutional -- Analysis 
Developinent of geothermal resources in Wyoming is regulated by 

federal and state regulations and agencies. Because approximately half 
of Wvoming's lands are federally managed, federal leasing agencies play 
an important role in geothermal development. 
ELX, the US%, and the Park Service. The USGS processes all applications. 
The developer leases geothermal rights from the federal government but is 
additionally regulated by state and local agencies. 
involved with obtaining permits from federal agencies range from 30 days 
to as as much as eight years, 

Primarily concerned are the 

Estimated time 

?.lost of the Wyoming laws which affect geothermal development apply 
only broadly to the developer. The Department of Environinental Quality 
regulates $11 environmentally affected activities in Wyoming. 
Engineer issues permits to drill all water wells and also has the responsibility 
to shut down drilling operations which may endager thermal feadures in 

The State 

the state. 
Few Nyoming l a w s  deal directly with geothermal development. Wyoming 

Statute 41-3-901, Definition of Undergroundwater states, "underground 
water means any water, including hot water or geothermal steam, under the 
surface of the land or the bed of any stream, lake, reservoir, or other 

body of surface water...". The State Board of Land Commissioners, however, 
leases geothermal as a mineral on state lands, thus causing some confusion 
in identifying the source. In July, the joint Mines, Minerals and Industrial 
Development Interim Committee of the Wyoming Legislature held a hearing on 
potential geothermal legislation. At that time, attention was addressed 

i 

4 

T 

to the definition of geothermal resources but no conclusions were reached. 
Proposed legislation has been developed by the Wyoming Geothermal 

Commercialization Office for introduction in the 1981 session of the 
legislature. Primary focus is in six areas: definitions of geothermal, 
regulatory agencies, grandfather clause, delineation of small use or large 
use, bonding and taxation powers, and quality and quantity protection 
of Wyoming waters (tJyoning Geothermal Institutional Handbook 1980). P 

Local agencies and regulations in Wyoming become involved in development 
of geothermal resources according t o  local and use controls. 
involved are County Commissioners and City Councils. 

Primarily 

W 

6 
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2 . 7  Outreach 
2.7.1 Flechanisms 

Existing 
l-Regular contact with state and federal lawmakers 
2-Vlyoming Energy Extension Service (WEES) contacts through the seven 
regional directors 
3-Incoming toll-free telephone on which anyone in the state can call 
CXO free of charge 
4-University of Wyoming Communications Services which provides news coverage 
of all pertinent issues and arranges interviews on radio and television 
5 4  monthly newsletter circulated to interested parties in the state, 
concerning recent geotbermal legislation, funding sources, and applications 
2 . 7 . 2  Summary of Contacts and Results 

The Wyoming GCO has maintained continued contacts with elected officials 
during the period January 1, 1980 t o  June 30, 1980. These offkeholders 
include Senators Alan Simpson and Malcolm Wallop; Representative Dick 
Cheney, Governor Ed Hershler, and state legislators. 

Many contacts with other state officials and offices were initiated or 
continued including the Wyoming Energy Conservation Office, the State 

Planning Coordinator, the Wyoming Department of Economic Planning and 
Development, The Wyoming Department of Environmental Quality, the Governor's 
Office, the Public Utilities Coaunission and the State Engineer. Contact 
was also maintained on a regular basis with DOE in Washington, D.C., 
Idaho Falls, San Francisco and Denver. 

A good deal of correspondence took place with the New Mexico State 
University Physical Science Lab, EG & G Idaho and Western Energy Planners. 
University of Wyomings contacts included Ed Decker and Hank Heasler of the 
Geology Department, Charles Folkner and Don Tiernan from Computer Services, 
Don Stinson, Paul Biggs, and H. L. Hutchinson from the Department of 
Xineral Engineering. 

County Planning offices in Fremont, Hot Springs, and Converse counties 
have been consulted concerning possible geothermal resource development in 
their areas. 

Springs Community Energy Conservation Board in Thermopolis concerning possible 
development of the resource in that county. 

Correspondence has been on-going with members of the Hot 

Contact is also maintained with 

I 
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public and private concerns in the Midwest/Edgerton area in anticipation of 
early development of their geothermal resources. Li' 

Xajor contacts on a personal basis were: 
-Telev is ion  interview of Rick James by KYCU-Cheyenne 5 
-Radio interview of Karen Plarcotte by KUTJR-Laramie 
-Newspaper interview of Rick James by Casper Star-Tribune 
-Platte County Energy Fair 
-Hot Springs County field assessment and presentation to the Thermopolis 

s- 

Chamber of Commerce 
-Presentation to the Wyoming Outdoor Council in Casper 
In addition to the above contacts the Wyoming Geothermal Institutional 

Handbook was completed and distributed to interested parties. 

2 . 7 . 3  Overall Prospects for Future Geothermal Activity 
Awareness of geothermal energy and its potential has increased 

dramatically in Wyoming, as evidenced by the increase in inquigies received 
by this office. 
the Dept. of Economic Planning and Development and from the State Planning 
Coordinator. 

- 
State support is continuing from the Mineral Division of 

Geothermal development presents good opportunities in some areas of 
Xyoming, especially in Thermopolis and Midwest where proven resources have 
been identified. Exploitation of the Madison Formation in the Powder River 
Basin offers possibilities, but because of the depth involved, will require 
larger investment capital than the above areas. 
never utilize geothermal waters as a sole energy source entensively 

since other sources of alternative energy are so abundant in the forms 
of solar or wind power. 
at dissemination of information to the public, more small-scale uses 
of the low-temperature resource are likely, particularly for space-heating. 
There is also a good possibility fo r  joint use of geothermal and 

Wyoming will probably 

However, with continued efforts by this office 

. 

solar/wind sources in combination in Wyoming. 

8-1 4 


	1.2 Objectives
	1.3 Technical Approach
	1.4 Uonerits
	2.0 SUMMARY OF FINDINGS
	2.1 Prospect Identification
	2.2 Area Development Plans
	Analyses

	2.4 Time Phased Project Plans
	2.4.1 Completed Plans


	Number of Geothermal Resowce Sites
	Geothermal Leasing on Public Lands
	Summary - Area Development Plans Completed
	Summary - Completed Site Specific
	Summary - Candidate Site Specific
	Completed Time-Phased Project Plans
	Regional Aggregation of Prospective
	Geothermal Projects Initiated and Assisted
	0 Colorado
	0 Montana
	New Merrico
	North Dakota
	0 South Dakota

	Utah
	* wyomins
	Development Analysis
	2.3 State Aggregates of Prospective Geothermal Utilization
	2.4 Institutional Analysis
	Outreach Program
	Outreach Mechanisms
	Existing Mechanisms
	Recommended Mechanisms
	and Results

	Characteristics of Hydrothermal Reservoirs in Colorado
	Federal Geothermal Leases in color ado
	Federal Competitive Geothermal Leases in Colorado
	Colorado State Geothermal Leases
	Federal Geothermal Lease Applications in Colorado
	Energy on Line by the Year
	2-i
	Site Specific Analyses
	Looking Ahead: Future Site Specifics
	Site Specific Analyses: Conclusions and Projections
	2.2 AREA DEVELOPMENT PLANS
	2.2.1 STATE GEOTHERMAL PLANNING AREAS
	2.2.2 SPECIFIC ADP's

	2.3 SITE SPECIFIC DEVELOPMENT PLANS
	2.3.1 CANDIDATE GEOTHERMAL SITES

	2.4 TIME PHASED PROJECT PLANS
	2.4.1 ACTIVE DEMONSTRATION/COMMERCIALIZATION PROJECTS

	2.5 STATE AGGREGATION OF PROSPECTIVE GEOTHERMAL UTILIZATION
	2.7.3 OVERALL PROSPECTS FOR FUTURE GEOTHERMAL ACTIVITY
	4-i



	1 NEW MEXICO IDENTIFIED GEOTHERMAL PROSPECTS
	2 PROVEN AND POTENTIAL DIRECT THERMAL APPLICATIONS
	3 PROVEN AND POTENTIAL ELECTRIC APPLICATIONS
	1 STATE GEOTHERMAL PLANNING AREAS
	A-1 TOTAL ACREAGE OF GEOTHERMAL LEASES
	A-2 FEDERAL ACTIVE COMPETITIVE LEASES

	FEDERAL ACTIVE NON-COMPETITIVE LEASES
	2.0 SPECIFIC TASK DESCRIPTIONS AND PRODUCTS
	2.1 Geothermal Prospect Identification
	2.2 Area Development Plans
	2.2.1 State Geothermal Planning Areas
	2.2.2 Specific ADPs - Completed or in Preparation

	2.3 Site Specific Development Plans
	2.3.1 Candidate Geothermal Sites/AppIications
	in Preparation

	2.4 Time Phased Project Plans
	2.4.1 Active Demonstration/CommerciaIization Projects
	Preparation

	2.5 State Aggregation of Prospective Geothermal Utilization
	2.6 Institutional Analysis
	2.7 Public Outreach Program
	2.7.1 Outreach Mechanisms
	1805 Region North Dakota

	TIME PHASED PROJECT PLANS
	PROSPECTIVE GEOTHERMAL UTILIZATION
	STATE GOVERNMENT INSTITUTIONAL PROCEDURES

	3.0 FINDINGS AND RECOMMENDATIONS

	APPENDIX A Geothermal Well Locations
	APPENDIX B Preliminary Site Data
	APPENDIX C CONTACTS
	2.2 Area Development Plans
	2.3 Site Specific Development Analysis
	2.4 Time Phased Projects Plans
	State Aggregations of Prospective Geothermal Uti1 ization
	2.6 Institutional Analysis
	2.7 Public Outreach Program
	3.0 Summary of Major Findings and Recommendations
	2.3 Site Specific Development Plans



	I 2.3.1 Candidate Geothermal Sites/Applications
	2.3.2 Completed or in Preparation
	2.4 Time Phased Project Plans
	Utilization
	2.6 Institutional Analysis
	2.7 Outreach

	I 2.7.1 Mechanisms
	I 2.7.2 Summary of Contacts and Results
	1 2.7.3 Overall Prospects for Future Geothermal Activity
	DISCLAIMERS.pdf
	SUMMARY
	LISTOFTABLES
	LISTOFFIGURES
	GLOSSARY
	FACILITY DESCRIPTION
	VITRIFICATION CELL
	EQUIPMENT
	UTILITIES MATERIALS AND WASTES

	SITING
	OP ERAT IONS
	MA I N TEN AN C E
	REFERENCES
	High-Level Liquid Waste Vitrification Flowsheet
	Canister Operating Time Cycle

	Zone Classifications
	Liquid Waste
	Personnel Exposure Categories
	NWVF Areas and Associated Functions
	Process Equipment
	Legend for Figures 5 Through
	Essential Material Requirements
	Nuclear Waste Vitrification Faciltiy Waste Generation
	Allocated Facility Staffing Requirements
	Source of High-Level Waste in the Fuel Cycle
	High-Level Liquid Waste Vitrification Flow Diagram
	High-Level ‚daste Vitrification Cell Plan View
	High-Level Waste Vitrification Cell Elevation View
	Calciner Feed Tank
	Calciner
	Melter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell AirFilters

	Welding and Inspection Stations
	Calciner Condenser


	Calciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Calciner Feed Tank
	Cal ci ner
	Me1 ter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell Air Filters
	lrlelding and Inspection Stations
	Calciner Condenser
	Cal ciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Ruthenium Sorber
	Pre- and HEPA Off-Gas Filters
	Iodine Sorber
	NOx Destructor
	Off -Gas Cool er
	Process Operators
	Radiation Monitors
	Supervisors
	Others
	(P1 ant Forces
	Craft Workers
	P1 anners and Supervisors
	Others
	Process Engineers
	Faci 1 i ty Engineers
	Safety
	Technicians
	Others (Including Analytical )
	Others
	Totals: Nonexempt
	Exempt
	Supervisors









