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SUMMARY OF DEPARTMENT OF ENERGY STATE GEOTHERMAL 

COMMERCIALIZATION PROJECT IN THE ROCKY MOUNTAIN BASIN 

AND RANGE REGION 
LJ 

c 

1 . 0 INTRODUCTION 

This report chapter contains three sections tha t  describe the act ivi-  

t i es  and findings of the seven s ta te  comnercial izat ion teams participating 

, in the Rocky 'Mountain Basin and Range comnercial ization program. The period 

covered i s  July through December, 1981. 

information, discusses program objectives and the technical approach t h a t  

is used, and describes the benefits o f  the program. The sumnary of f i n d i n g s  

is  found i n  Section 2.0. 

s i t e  speci f ic  development analyses, time-phased project plans , the aggre- 

gated prospective geothermal energy use, and institutional analyses are 

discussed. 

findings and recomnendations. 

Section 1 .O provides background 

b 

Prospect identification, area development plans, 
t 

I 
I 

Section 3.0 covers public outreach activit ies and summarizes 
, 

Unless indicated otherwise, the information presented i n  this summary 
I 

I originates w i t h  the State Commercialization Team reports t h a t  make up sub- 
I 

sequent chapters of the report. Those la ter  chapters describe i n  similar 

format the commercialization activit ies carried out  by the respective s ta te  
f 



1 .l Background 
a 

i w 
Q 

The Rocky Mountain Basin and Range Regional 
;i 

tation Project was init iated i n  1977 t o  stimulate 

tion throughout the region. T h i s  program is a cooperative effort  involv ing  

the U. S. Department of Energy (DOE) and 'seven s ta  

The Department of Ene 

and 1 oca1 governments through0 

c ia l i ta t ion programs t o  ensure 

local as well as national goals. 

ef lect  s ta te  and 

DOE has provided support for s ta te  geothermal programs through coopera- 
.n 

t ive agreements w i t h  s ta te  agencies that were selected by the respective 

m governors ' offices. The cooperative agreeme support act ivi t ies  i n  plan- 

ning,  analysis, and marketing of geothermal 

t o  prospective users and developers. The  s ta te  ercial ization program 

i s  closely intertwined w i t h  the DOE-sponsored s t  

resource assessment programs, which pro 

about the geothermal resource areas i n  each s ta  

two closely-related programs of resource as 

ssure that these ef 

stimulating the us 

a zation programs a r  

expertise available t o  continu 

mation and assistance t o  prosp 

technical infor- 
c 

CI 
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The Idaho Operations Office of+the  Department of Energy (DOE-ID) has 

cooperative agreements w i t h  seven Rocky Mountain Basin and Range states 

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

uyoming) t o  conduct s ta te  geothennal commercialization programs. These 

seven states provide a portion o f  the funding and t h u s  share the cost of 

this program w i t h  the Department of Energy. 

The states are assisted i n  their efforts by additional contractors who 

provide technical support: The UnIversity of Utah Research Institute, Earth 

Science Laboratory (UURI/ESL) provides resource assessment assistance; the 

New Mexico Energy Institute (NMEI) provides preliminary economic analyses; 

and EG&G Idaho, Inc. (EG&G) provides preliminary engineering assistance, 

coordination w i t h  other DOE programs, and other support  services. 

During the l a s t  reporting period, the coordination o f  the s ta te  team 

efforts was turned over t o  EG&G Idaho, Inc. A new emphasis has been placed 

on these efforts. Rather than directing their efforts toward achieving 

long-range plans, the State Teams have been solicited as to which efforts 

would be the most productive. As a result, a variation is seen i n  the 

accomplishments o f  the various teams. In states where geothermal energy use 

i s  not large, the emphasis remains on long-range planning. In other states 

where geothemal resources are more pronounced and more available for imme- 

diate use, the emphasis o f  the teams has shifted 

nterested parties access t o  data and informatton t h a t  is o f  more 

immediate use. 

'4 



In order t o  ass is t  i n  th is  l a t t e r  effort, technical information and 

technical assistance, whic 

pendently by the regional 

or less inde- 

has been 
bd 
v 

coordinating more closely w i t h  the state teams. Requesters of informa- 
c 

t ion and assistance are referred back t o  the s ta te  teams for i n i t i a l  

assistance. Only when the s ta te  teams find their  resources limited are 

requests forwarded t o  EG&G. T h i s  results i n  closer coordination between 

the s ta te  teams and the technical assistance center. As a result, the s ta te  

teams have become more involved generally i n  direct outreach activit ies,  thus 

reducing requests t o  EG&G. Conversely, the number of requests t o  the technical 

assistance center has been reduced markedly from its  rapid growth; however, the 

nature of the requests has required more extensive i 

i n g  staff .  T h i s  arrangement seems t o  more effectively involve both the state 

team and technical assistance center expertise i n  st imulating interest i n  
4 

c geothermal energy use. 

1.2 Objectives 

Several major obje 

increased geothermal co 

commercial i t a t i on  prog 

ns t o  effect the goal o f  

ets  to  identify and rank 
k 

* 

? 

b 

W 
1-5 



0 

0 

0 

0 

0 

Identify and describe the actions needed by both private and 

pub1 ic participants for geothermal 

Stimulate interest and cooperative 

in geothermal commercial itation. 

commercial ization. 

action among the participants 

Stimulate development of geothermal resources in the private 

sector by providing technical infomation, including permit 

requirements and financial, economic, engineering, and resource 

information. 

Help stimulate economic development through identification o f  

geothermal energy potential for industrial and utility use and 

coordination with state economic development agencies. 

Identify the constraints to geothermal commercializations and 

recommend ways to a1 leviate them where appropriate. 

1 ;3  Technical Approach 

The technical approach o f  the State Commercialization Projects has been 

to use existing information and data from available sources whenever possible. 

Interviews and discussions with a variety o f  state and local participants 

contribute data, direction,' and ideas. Both quantftative and qualitative 

analyses are performed as necessary. Within these parameters and the objec- 

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

/- 

LJ 
e 
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performed. A l t h o u g h  the specific tasks vary i n  s 

W states  incorporated ten tasks in to  the w i t h  DOE. The 
il each task i s  l is ted belo progress on 

*. State Sections. 

1.3.1 Outreach 

each programs are conducte 

geothermal energy by industry, u t i l i t i es ,  private citizens, business, agri- 

culture, government ,. and comunities. A technical assistance program pro- 

vides prospective geothermal users and developers w i t h  information about 

a l l  aspects of development, including law 

1 iminary economic and engineering feasibi 

regulatory processes, pre- 

and the geothermal resource e 

I 1.3.2 Prospect Identification 

Data about geo ermal resources are documented i n  order t o  

identify the potential geoth 

classification of the resour 

direct  thermal application, 

or  inferred, on the basis of s that were established 

vious studies (Meyer and Davidson, 

I 
c 

Ir 

w 
1-7 



1.3.3 Energy and Economic Analyses 

Energy consumption and economic data are collected and analyzed t o  

vide a basis for calculating current and f u t u r e  energy demand. This i n  

t u r n  is used t o  estimate the market demand for geothermal energy. Energy 

consumption is described or  estimated by type of use and by commercial, 

, residential , and industrial sectors. Industrial users are described by 

L 

four-digi t standard industrial classificatton (SIC) codes. 

1.3.4 Area Development Plans (ADPs1 

This task provides an assessment o f  the possible geothermal supply and 

demand over time. I t  covers a broad area, either a county or  several 

counties i n  most cases, and includes the known resource s i tes  and the s 

identified prospective energy users w i t h i n  t ha t  area. I t  is a source of 

energy and economic data for the New Mexico Energy Institute analyses as 

well. The Area Development Plans generate the targets for the Site Specific 

Development Analyses. 

s 

1 .3.5 Si te-Speci f i c  Development Analyses (SSDAs) 

Using targets identified by ADPs or  other selection processes, the 

Si te-Specific Development Analyses are written as tools for marketing geo- 

thermal energy. They identify specific applications o f  the energy for 

business , industry, government, and residential sectors. Analyses are pre- 

pared for major geothermal resource prospects and uses or users. They 

3 
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. .  

include examination of a variety o f  issues, including the technological, 

economic, environmental, institutional, developmental, and use considerations. 

Communication with the prospective us 

. 

is established and 
u 
e 

maintained to assure realism and implementation. 
4 

1.3.6 Time-Phased Commercialization Project Plan (TPPPs) 

If additional detailed planning is 

detailed project management plans showi 

are prepared. These plans are complet 

are in advanced stages o f  .development commercialization They reveal 

actions by both private and government sec 

operation, and they stimulate cooperative interactions to accomplish the 

project milestones. Step-by-step procedures are escribed and shown on a 

time-1 ine chart. Direct communication between the geothermal developer and 

the governmental entities is required and produced duri 

red beyond the SSDA document, 

cific activiti s and deadlines 

for a limited numb r of sites that 

s needed to achieve commerci a1 

I* 

'r 

the process. 

1.3.7 Institutional Analyses and Handbooks 

The local, state, and federal regulatory systems and practices for 

geothermal activity are documented and analyzed t o  understand the effects 

on the rate of commercialization. ~ 

* 

I 

u 
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. 1.3.8 State and Regional Aggregations of ~Devehpment Plans 

he geothermal prospects included in all three types o f  plans are c, 
t 

aggregated to obtain estimates o f  the amount o f  geothermal energy that can 

be developed and used between now and the year 2020, L 

1.3.9 Identification o f  Constraints hnd Recomer'ided, A,ctfsns 

Technological , environment&l eeonomic, and InstStutOohbl constraints 

that might delay or preclude the development o f  geothermal energy are 

examined. Possible sol utians are evaluated, leading to recommendations for 

actlons, to be taken by local, state, and federal governments and by the 

private sector. 
b 

1.3.10 Marketing c 

As this commercialization program progresses, the emphasis is changing 

from a planning activity to outreach and finally to marketing geothermal 

energy within the states. 

1.4 _Benefits 

The benefits to be gained from geothermal commercial itation projects 

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

fuels wjth energy from untapped domestlc resources. Conserving natural gas 
? 

I.. IU  



and other fossil fuels ca rectly affect  that goal. 

The value of the conventional en 

p u t  geothermal energy on line, g i  

However, when funds are  spent w i t h i n  

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

bi 
0 

& 

developer or  user are  an additional benefit to  the government. 
* ,  

For national planning,  programmin and budgeting purposes, the infor- 

mation produced by State Commercial ization Projects is essential. The pro- 

jects  provide real is t ic  assessments of how much geothermal energy can and 

i s  l ikely to  be produced w i t h i n  a specific time frame and by what consuming 

sectors. From th is  information, publ i c  and private expenditures congruent 

w i t h  the amount of energy can be appropriately allocated to stimulate geo- 

thermal production and use. 
* 

i 

Indirect benefits include local values such 

users and economic development stimulated by the 

urthermore, the assurance that a supply of ener 

cost of energy. 

will be available a t  a 

comparatively stable price can help both the private and public sectors to  

plan for  their  futures. 

During this report period, 

mercial ization Teams and various publ I 

the awareness of off ic ia ls  and reside 

e a significant effect  on 

* mu1 ated many projects 

i t h i n  the region 
6 
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2.0 SUMMARY OF ACCOMPLISHMENTS 

Identification and StimIilatiOh o f  geothermal commercial I t a t ion  projects 

requires the synthesis of three elements. the geothermal resource must be 

o f  a suitable quality and magnitude. A user must be available who is  either 

already located a t  the resource sJte or wllllng t o  locate a t  or near i t .  

The.pite i t s e l f ,  including instftutionat , economic, demographic, environ- 

mental, and other facets, must be suftable for the proposed use. The tasks 

’ 

accomplished by the states were directed toward f i r s t  revealing the oppor- 

t u n i  t ies  t o  effect such three-way matches and then actively participating 

i n  imp1 ementatl on. 

2.1 Resauvye fdehti f icatlon 

The identification and categorization o f  geothermal resource prospects 

is  a contlnuing process i n  each state. The most current information 

regarding the number of prospects i n  the seven states is summarized i n  

Table 1-1. T h i s  indicates t h a t  there are presently a total  of 19 geothermal 

s i tes  i n  the region tha t  have electrical power generation potential. Two 

of these sites have been classified as proven, five as potential, and twelve 

as inferred, These numbers will continue t o  change as exploration and 

reservoir confirmation continues. On the basis o f  exploration results, some 

areas are added and others arewxlaSsiffed In to  another category. 

states, 11 t t l e  interest has been expre$sed i n  electrical power generation 4 

In some 



'IC c t $, 1 c 

TABLE 1 - 1 .  NUMBER OF GEOTHERMAL RESOURCE SITES 

Hi gh-Temperature Electric Prospects Low-Temperature Direct Thermal Prospects 

Grand 
State Proven Potential Inferred Total Proven Potential Inferred Total Total 

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

- 



b u t  federal lease applications have been submitted. As Table 1-2 shows, as 

of October 1977, some 1402 federal geothermal lease applications had been 

submitted. By 1979, only 1,058 federal leases had been issued. The lease 

- 

P, 

interest may indicate a large inferred potential for high-temperature 

resources. In any case, detailed Investigations of leasing activity have 

indicated that the major part o f  t ha t  activity is directed toward the iden- 

t if ication of s i tes  for power generation. TOO few leases have been issued 

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

rove t o  be suitable for electrical power. 

There are  rnany locations where geothermal resources are a valuable 

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

tural , and Industrial uses. Table 1-1 shows that a s  many as 364 si tes  are 

suitable for  these uses, not countfng the large but  undefined Dakota and 

Madison aquifers that under1 ie much of the Northern Plains. 
* 

Additional details about the geothermal resource prospect development 

are discussed i n  the individual s ta te  summary reports. Further definition 

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

2.2 Highlights  of  State Accmpllshments 

In the chapters t h a t  follow, each o f  the s ta te  teams has-presented i ts  

activitfes and accomplishments for t h i s  reporting period. To accentuate 
t 

. 

. .  

G 
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TABLE 1-2, GEOTHERMAL LEASING ON PUBLIC LANDS IN THE ROCKY MOUNTAIN BASIN AND RANGE REGION 

Acres Leased Number o f  Leases Issued Number o f  
Federal Lease 

3,210 225,710 

Geothermal Comercial ization Teams. 



lighted below. Please Pefeti t@ the: appmpri&te State; fectqon for more ' 

detail uti these items; Ld 
t - 

b 

O A feasibil i ty study #W geathahliaf dfstrikt heating i n  the 

city of Barber was cditipleted. 

, 
I ehergy due t o  rising emir@. &5tsd 

qil&fibirS etjirtinued t o  be the 



I 

2.2.3 New Mexico 

O The c i ty  of T r u t h  o r  nsequences Se ns Center re t rof i t  
u 
9 

space heating systen was completed i 

An :area Development Plan was prepar 

greatest interest i n  

the state.  

The New Mexico R&D program has 

research and development. 

* 
O for Dona Ana County where the 

thermal development is 

O 

O The Energy and Minerals depar ,000 t a  Sandyland 

Nurseries for a d r i l l i n g  program. 

2.2.4 North Dakota 
* 

- O Area Development Plans have been completed for the Roosevelt-Custer 

and Clark regions. 

enoken plant of the North oncrete Products 

O The Jamest 

s 

6 

is  increasing. 

u 
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2.2.5 South Dakota 

0 

0 

0 

0 

Development emphasis continued to  be on 

cultural users. 

The c i ty  of Lemon is a prime candidate 

district heating system, 

space heating and agri- 

for the development of a 

A geothermal energy user's conference was held February 26 i n  Pierre. 

Groundwater heat pumps have a great potential f o r  space heating i n  

the eastern pa r t  o f  the State. 

I A major geothermal b i l l  was passed by the legislature. 

P h i l l i p s  Petroleum and Utah Power and Llght  announced plans t o  O 

I 
I .  

in i t ia te  power production at 

p i l o t  plant. 

O The Orum Mountain Geothermal 

P h i l l i p s  Petroleum Company. 

progress. 

Roosevelt Hot Springs w i t h  a 20Mlrl(e) 

Unit, west o f  Delta, was formed by 

Permitting, planning,  and design are I i n  

O Site  Specific Development Analyses are In progress for  Crystal Hot 
. 

O 

Springs, Belmont Hot Springs, New Castle, and Midway. 

The Crystal Hot Springs Resort a t  Honeyvllle completed in i t ia l  
I 
I renovation work. 

I 
. Utah Roses placed B second set of greenhouses under geothermal opera- 

tion. 
. .  -. , .  -.  . .  

f 

ili 
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2 .2 .7  Wyoming 

O Area Development Plans were completed for the Big Horn 

Bas’in, Fremont County, and Converse/Natrona. 

1 -  19 



Q Publtc iwawtless created by the varled outreach actiwtttes o f  the state 

tscts, eontlnues to cause 4 deflnite tncrease in the use of heat pumps, an area 

Of appl katton that i s  prcralsing t o  becorns, a slgntflcant gmthemal application 

State; agencies end orqanizettons are stnrttng t Q  encourage. their members t o  

actively participate i n  geothermal energy c ~ r c l a l t r a t l o n .  

L 

fnfomhg bunkers and c m u n t u  leaders abccut $eothe;ml energy i s  making 

them mre utllfng t o  support development. 



' .  

w 
* 

O Contacts w i t h  geothermal d 1 t h a t  they are 

s i n  much need of help, inclu 

assistance. The state teams are shi 

act ivi t ies ,  and future efforts shou 

cant contributors t o  t h  energy continues ' 

t o  be the R&D and the demonstration 

by the s ta te  has had a substant ia l  

and outreach. Efforts shoul t o  increase this 

type of outreach activity. 

he funding  provided . 

technology transfer 

* 

O 

activit ies and away from planning .  T h i s  i s  producing significant results. 

This effort should be increased, and the services of especially qualified 

geothermal persons should be made available on  a periodic basis, say 30 t o  

90 days, t o  the state teams t o  strengthen their position. 

The state team activit ies continue t o  gravitate t o  technical assistance 
i 

Interest i s  running h i g h ,  b u t  i n  

f i r s t  holes," funding l imitat io  

echnical assistance are t. Therefore, removal 

or mit igat ion of these items should oc 

development and use. * 

i 

II 
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O The interest i n  geothermal development i s  increasi’ng, but it 3s 

tempered w i t h  the realization tha t  restriction ’ in  federal program funding  

will 1 imit development activities. - 
bd 

O The appropriate technology small-grants program has been effectively 

used as an outreach mechanism t o  encourage geothermal energy development. 

Commgnjty supported projects should benefit not only the community, b u t  

others as well because they wfll serve as successful working models. 

O 

credits for systems using groundwater heat pumps. 

Efforts need to  be directed to  change the federal tax laws t o  allow 

c 
O A simpler method i s  needed t o  allow potential geothermal developers t o  use 

abandoned mineral exploration wells wi thout  the capital-intensive i n  pertetuity 

bondlng regulations. 

. 1 - 2 2  
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u. 
4 

1.1 Purpose o f  Project 

The Colorado Geothermal Comme s t o  promote the 
devel opment of geot hermal ene 

1.2 

To assist and educate potential t h r o u g h  outreach . 

mechanisms and technical assistance. 

i 

1.3 Team Members and Approach 

1.3.1 Team Members: 

Richard H. Pearl, project coordina 
Ms. Becky Ne1 son, secretary. 

1.3.2 Approach 

Produce a monthly newsletter and perform market devel 
Market development ac t iv i t i e s  are t o  be concentrated 
Steamboat S p r i n g s ,  Ouray, Alamosa, Buena Vista, Salid wood Spr ings .  
These ac t iv i t i e s  are t o  includ ducat i onal and 

L informational materials applicable users. Work t o  ’ 

2.1 



be performed included the preparation and mailing of a monthly newsletter and a 
groundwater heat pump pamphlet. Both o f  these requirements have been meet. The 
newsletter is  written monthly and mailed to  approximately 275 persons 
t h r o u g h o u t  the United States, A pamphlet t i t l e d  "Groundwater Heat Pumps i n  
Colorado-An Efficient and Cost Effective Way t o  Heat and Cool Your Home" was 
written by Gar ing  and Connor (1981) o f  the firm Coury and Associates. 

' 

1.4 Project Senefits t o  the State and D.O.E* 

. Citlrens sf  the State are becoming aware t h a t  the geothermal resources o f  
Colorado can be p u t  t o  beneficial use. I n d u s t r i a l  base of Colorado i s  
increasing due to  new industrfes u s i n g  geothermal energy, D.O.E. benefits: 
Geothermal energy use increasing, energy dependence o f  the n a t i o n  decreasing. 

.* . 



2.0 SPECIFIC DESCRIPTION 

2.1 
b d  

.. 
2.1.1 Electrical Generation '(over 15OOC) 

No s i t e s  i n  Cdlorado  have been proven yet for electrical  generation. A t  
Mount  Princeton, one of t h e  potential s i t e s  noted i n  the July-December, 1980 
Semi-Annual Report, (Pearl, 1981) AMAX Explora t ion ,  Inc. a f te r  completion of 
exploration effor ts  has reassigned the i r  leases t o  Petro-Lewis Corp. As a 
result  t h i s  area has been downgraded from electrical  potential t o  direct  use 
p o t e n t j a l  (Table 2).  In  the following tables (1-4 he s i t e  numbers refer t o  
figure 1. 

LE 1. E L E C T R I C A L  POWER GENERATION AREAS (>15OoC) 
( A l l  areas classified as  inferred) 

Highest Estimated Estimated 
Me as ured Probable Probable 
Surface Subsurface Heat Content 

S i t e  (BTU's x 1015) Depth . 

47 Cebolla Hot S p r i n g s  

TABLE 2. I N F E R R E D  D I R E C T  THERMAL AR 

S i te  

04 Steamboat Hot S p r i n g s  
05 Brand's Ranch Well 

.) 
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TABLE 2. INFERRED DIRECT THERMAL AREAS ( <15OoC) -(CONTINUED) 

Highest Estimated Estimated 
Measured Probable Probable 
Surface Subsurface H e a t  Content 

Depth S i t e  Temp. ( "C)  Temp. ( " C )  ( BTU's x 10151 

u 
t 

. 
06 Hot Sulphur Springs 

07 Haystack But te  Wel l  
08 Eldorado Warm Springs 
09 Idaho Warm Springs 

. 10 Dotsero Hot Springs 
13 Penny Hot Springs 
14 Col. Chinn Well 
15  Conundrum Warm Spr ing 
16 Cement Creek 

44 75-150 0,070 ? 

28 50 0*006-0.017 ? 

26 26-40 0,015 ? 
46 NA 0.171 ? 
32 32-45 0.005 ? 

56 60-90 0.166-0.486 ? 

42 NA 0.018 ? 

38 40-50 0.004 ? 

25 30-60 0 0 1 3-0 066 ? 
1 7  Ranger Warm Springs 27 30-60 0.002-0.006 ? 
18 Rhodes Spr ing 24 25-35 0,043-0, 200 ? 

19 Har tse l  Hot Springs 52 NA 0.047 ? 

22 Brown's Canyon Springs 25 50-100 0.226-0*486 ? 
? 24 W e l l s v i l l e  Warm Springs 33 35-50 

25 Swissvale Warm Spring 28 35-50 ? ? 
29 Don K Ranch 28 NA 0,035 ? 

0.008 ? 30 C lark  Warm Water Well 25 25-50 

32 V a l l e y  View Warm Springs 37 40-50 0.056 ? 
,33 Shaws Warm Springs 30 30-60 0.015 ? 

34 Sand Dunes Well 44 NA 0.155 ? 
35 Spl as h l  and We1 1 40 40-100 0.155 ? 

0.034 ? 36 Dexter Warm Springs 20 20-50 
37 Mc ln ty re  Warm Springs 14 ' 20-50 ? ? 

38 Dutch Crowley Well 70 70-80 0,026-0.062 ? 
39 S t i n k i n g  Springs 27 40-60 ? ? 
40 € o f f  Well 39 40-60 0.017 ? 

L 

0.009-0.015 r 

.. 
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1 TABLE,  2. INFERRED DIRECT THERMAL' AREAS ( <150° ) (CONTINUED) 

Es t ima ted  

* 
4 H J  

~ Depth 

- 42 Rainbow Warm S p r i n g  40 40-50 0.047-0.094 ? 

43 Wagon Wheel Gap Spg. 57 NA 0.063-1.429 ? 
44 Ante lope  Warm Spg. 32 35-52 0.011-0.088 ? 
45 B i r d s i e  Warm Spg. ? *  

48 Or9is Warm S p r i n g s  ? .  
50 Lemon Warm S p r i n g s  ? 
5 1  D u n t o n  ? 
52 Geyser  S p r i n g  ? 

53 P a r a d i s e  Hot S p r i n g s  ? .  
54 Rico ? 

55 Pinkerton Warm S p r i n g  ? 
56 Tri pp/Trimbl e ? * .  

57 S t r a t t o n  Warm Spg. ? 
58 P i e d r a  River Spg. ? ? ? 

* 

TABLE 3. POTENTIAL DIRECT THERMAL AREAS (<1 

20 Cottonwood S p r i n  m 
2 1  C h a l k  Creek 

M t .  Princeton 
Wright Water Well 

Woolmington Wet 1 

Hortense Hot S p r i n g  

* 
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TABLE 3. POTENTIAL DIRECT THERMAL AREAS ( <150°C) (CONTINUED) ' 

I 
Highest Estimated Estimated 
Measured Probable Probable 
Surf  ace Subsurface Heat Content I 

LA 
Site Temp. ( " C )  Temp. ( " C )  (BTU's x 1015) Depth t 

23 Poncha Hot  Spr ings  71. 115-145 0,141-1 - 9 1  ? 

27 Fremont Well' I 35 35-50 00 010 t o  

31 Mineral Hot S p r i n g s  60 70-90 0.949 ? 

46 Waunita Hot Spr ings  80 175-225 0.061 ? 

49 Ouray 69 70m90 O m  226 ? 

26 Canon c i t y  40 NA Q.003 305 

28 Florence ffell 28 34-50 Om 008-0.043 1,524 

I 

TABLE 40 PROVEN DIRECT-USE THERMAL AREAS ((150'C) 

Highest Estimated Estimated 
Measured Probable P r o b a b l e  
Surface Subsurface Neat Content * 

Si t e  Temp, ('C) Temp. ( " C )  ( B T U ' s  x 1015) *Depth 

11 Glenwood Springs 5 1  60 0.38 30-100 m 
4 1  Pagosa S p r i n g s  58 80-150 0.023 90-200 

'Classif icat ion of the above systems is based on the following cr i te ra :  

o Inferred. A p s i n g  or  thermal well has been located, f i e ld  
measurements of pH, temp., o r  discharge made, and i n  most 
instances geothermometer model analysi s r u n .  

o Potent ia l .  Some type  of resource assessment work has been done ' 
by the  Colorado Resource Assessment Team or private companies have 
released the i r  explaratlon d a t a  t o  -the general pub1 i c e  
information an intel l igent  estimate 6an b e  rngia of the size and 
magnitude of the Resource, 

* 

From th i s  
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2.1. Leasing 

Table 5 l i s t s  current non-comp 

Areas (KGRAs) ] .  Table 7 l i s t s  curre 

e leases on Federally owned l a n d s ,  

ses t o  Colorado S ta te  owned lands* 
. Table 6 l i s t s  current competitive 1 eases [Known Geot hermal Resource 6.’ 

z 

Date 
Lessee 

Occidental Pet. Inc. 

Occidental Pet. 50% 
Petro-Lewis Corp. 50% 1,280.00 

Occidental Pet. 50% Petro-Lewis Corp 50% 2,113.30 49N, 7&8E Chaffee 11/75 

Geot hemal K i  net i c s 1,795.11 37&38N A1 amosa 11/75 

1,203.15 29S, 73W A1 amosa 11 j 7 5  
w 12 & 13E 

320.00 38N, 12E A1 amsoa 8/79 
642 . 88 37N, 12E A1 amosa 8/79 

38N&29S A1 amosa 11/75 827.31 
1E & 73W 

1,335.99 29S, 73W A1 amosa 11/75 

U t a h  Inter.  Inc. 2,326.89 40&41N, 1E Mineral 8/79 
2,335.22 40&41N, 1E Mineral 8/79 

Buttes Resource Co. 781 32 49N, 2W G u n n i  son 1/77 
2,226 88 46N, 1&2W Gunni  son 1/77 
1,804.57 46N, 1 1/2W G u n n i s o n  1/77 
1,040 . 04 46&47N, 2W G u n n i  son 
1 970 30 

i 

Source: U.S. Bureau o f  Land Managemen 

* 

,. 

w 
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TABLE 6, FEDERAL COMPETITIVE LEASES IN COLbRADO, DECEMBER, 1981 
..- 

Lessee 

Occidental Pet. 50%. 
Petro-Lewis Corp. SOX 

towns h 1 p Date 
_Acres ~ #.nd Range .L ~ County Issued 

915.84 49N, 8E Chhffee 7/75 
€ 

Source: U.S. Btireau o f  land  Mtlnagement 

township Date 
,Acresy JfgJmJg C-ounty Issued 

1,560.00 49N) 7E Chaffee 5/74 

Petro-Lewis Csrp, 3,226 61 $QN, %E Chaffee 5/74 

C .A. Underwood 2,840.00 
1 

41N, lot  Saguac he 

Chaffee Geothermal* 360& 49N, 8E Chaffee 

T o t a l  7,986.61 acres 

Source: C x r a d o  S t a t e  Board o f  Land Commhslaners 

* Acreage assigned from Occidental Petroleum 

t 
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2 . 2  Area Development Plans 

. .1 State Geothermal P lanning  Areas 

: There are no Geothermal Planning Areas i n  Colorado. 

u 

2 . 2 . 2  Specific ADPs Completed or i n  Preparation 



2.4 Time Phase Project Plans 

No plans were prepared du r ing  t h i s  per iod  

2.5 S i t e  Aggregat ions o f  P r o s p e c t i v e  Geothermal Use 

I Table 8 l fs ts  t h e  current uses OF geothermal resources i n  Colorado. 

TABLE 8 ,  USES OF GEOTHERMAL ENERGY I N  COLORADO 

USE lylc AREA 

Recreatfon Juniper Hot S p r i n g s  
Steamboat Hot S p r i n g s  
Hot S u l p h u r  S p r i n g s  
Eldorado Warm Springs 
Idaho Hot S p r i n g s  
Glenwood Hot Springs 
Cement Creek Hot  S p r i n g s  
Nt. P r i n c e t o n  Hot S p r i n g s  
Poncha Hot Springs 
Valley View Hot S p r i n g s  
Shaws Uarm S p r i n g s  
Splashland Hot Mater Well 
Pagosa Hot S p r i n g s  
Wagon Uheef Gap Hot  S p r i n g s  
Waunita Hot Springs 

Sw i mm i n g 

Ouray Hot Springs 

Baths clun.iper Hot s p r i n g s  
Hot Sulphur S p r i n g s  
Idaho Hot Spr ings  
Glenwood Hot S p r i n g s  
M L  Princeton Hot S p r i n g s  
Ya’lPey View Hot S p r i n g s  
Pagssa Mot Spsfngs 
Ceboala Hot Springs 
Orvis Hot Sprs’ngs 
Duray Hot S p r i n g s  

Dunton Hot Sprjngs 
LWWI SPrjfllgS 

- 

U 
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TABLE 8. USES OF GEOTHERMAL E N E R G Y  IN COLORADO (CONTINUED) 

USE 

.. Space  Heat i ng Creek Hot S p r i n g s  
t-d 

M t .  Princeton Hot S p r i n g s  
Hortense Hot S p r i n g  

Sand Dunes Hot Water Well 
Rober t  Owens Warm Water Well, West 
s i d e  of A1 amosa 
Ouray Hot S p r i n g s  
Waunita Hot S p r i n g s  

Laundry Hot Su lphur  S p r i n g s  
Greenhouses Penny Hot S p r i n g s  

A1 g a e  growing 
I r r i g a t i o n  D u t c h  Crow1 ey 
B o t t l e d  water C1 a rk  Artesian We1 1 
F i s h  Farming 

P i g  farms Mineral Hot S p r i n g s  

s Poncha Hot S p r i n g s  

Other 

Wright Hot Water We1 1 s 
We1 1 svil 1 e Warm S p r i n g s  

Sand Dunes Hot Water Well 
We1 1 svil 1 e Warm S p r i n g  
Warm Water Well Sou th  o f  Alamosa 

Warm Water Wells s o u t h  of Alamosa 

G 1  enwood Hot S p r i n g s  
A 1  amosa 
Ouray Hot S p r i n g s  
Poncha Hot S p r i n g s  
Warm Water Wells e a s t  of Castle 

s Under- deve l  opment 
Space  h e a t i n g  

t 

w i l l  not be summarized he 
others. 

c 
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I 
i 
! i n  the duly-December, 1980 Semi-Annual Progress Report i t  was noted t h a t  

several problems had developed which were affect ing the development of 
geothermal resources i n  Colorado. These problems related t o  the permitting of 
groundwater heat pumps wells, and a temperature definit ion.  As of yet these __ 

problems have not been resolved a l t h o u g h  meetings have been held w i t h  the s t a f f  LJ 
of the Colorado Oil and Gas Conservation Commission, ( the agency responsible 
for permltting geothermal wells), i n  an a t tempt  t o  resolve these problems, I t  i s  
hoped tha t  some posit ive action will be taken i n  the near future. 

- - 

2,7 Pub1 fc Outreach Program 

2.7.1 Outreach Mechanisms 

Outreach a c t i v i t i e s  d u r i n g  the f i r s t  6 months of 1981 consisted of :  
Newsletter, meetings w i t h  i n d i v i d u a l s  either i n  the i r  or our of f ices ,  answering 
letters and telephone c a l l s  of inquiry. 

, 
. 

2J.2 Summary o f  Contacts and Results 

Following contacts were made du r ing  the period January-June, 1981 

January: The project was shorthanded d u r i n g  January,  and a staff member 
Help was provided t o  the C i ty  o f  Ouray 

' 

was actively sought ,  
regard ing  i t s  desires  t o  develop the geothermal resources located 
w i t h i n  the ci ty .  

February: Advice and/or assistance was provided t o  the following: 
Craig Sabatke David Carpenter 
Forward Delta County, Inc. Western Slope Energy Research 
P-0, BOX 1129 Center 
Delta Colorado 81416 H O t C k i  SS , Col O *  

Ray" Kitayama 
P*Q* Box 537 
Brlghton ,  CO 
Greenhouses 

I 

Loyd Hershey, C o n s u l t i n g  Geologist 
Canon City, Colo. 
Greenhouses 

i 
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11 i m  Bla e n s h i p  and 
k i s i R i i \ ’ E g i n e e r  1;: !I oy i Dut ta  P’4 , 
Durango, CO I nformat i on about  Mi neral Hot 

Royal Gorge Flower Farm 

Canon City,  CO 81212 Ridgway, CO 81432 

3358 Apostol Rd. Energy S e r v i c e s ,  Inc. 
Escondido ,  CA 92025 Idaho F a l l s ,  Id  and 

S p r i n g s .  

. u 1313 South  S t .  242 County Rd. 12B 

E Cascad ia  E x p l o r a t i  Dr. J a y  Kunte 

City o f  Alamosa 
Regard ing  Ci ty  of A1 amosa we1 1 

- funded by D.O.E. 

March: 
Mr. Roy Hauber t  George G a u l t  
WESTEC S e r v i c e s ,  Inc. Box 760 
3511 5 t h  Ave. Cedearedge ,  CO. 81413 
San Diego,  CA Ouray 
San Luis V a l l e y  

Meet ings  : 
Wright Water E n g i n e e r s  Forward Delta, Inc.  
G1 enwood S p r i n g s  Delta, CO 

Dr. David Bachman City o f  Ouray Off ic ia ls  
Ridgway, CO * 

Norma Swanson Chet Rouviere 
i Lake City,  CO. C e b o l l a  Hot S p r i n g s ,  CO. 

April : 
Lew Hunt ington  Peggy Wrenn 
1312 W. 4 t h  Ave. 1304 D i  v. Renewable Energy Resources 
Broomf i el d , CO 80020 Colo. Office o f  Energy Conserv. 

U.S. Bureau o f  Reclamat ion  
H y d r o s a l i n i t y  Prob. Id. and Q 

Meet i ng , G1 enwo 

Mr. Reeves, owner 

May : 

Dotsero-Glenwood S p r i n g s  U n i t  

I 



Pagcsa Springs,  COO 

T i m  Hale, V. Pres. 
Pikes Peak Greenhouses 
Colorado Spr ings ,  CO. 

Will iam Sageser 
Tdnarron Resort 

derson, Consul tan t  

rketing Advisory Comm. 
Denver, GO. 

Sunshine Falr 
AIamosa, CO. 

Ora Say Kunze, 
Energy Services Inc. 
Idaho Fa l l s ,  Id. 

Wright Hater Engineers 
61 enwtrod Spr% n g s  , CO . 
M i  chal e Me1 1 und 
ARC0 Exploration 

Dallas, TX 

Herb Ventker 
Royal Gorge Greenhouses 
Canon Ci ty ,  CO. 

P * Q *  BQX O&I9 

Cap Allen, Consul t ing  Engineer 
Purango, CO 

Michael Hercules, Owner 
Eldorado S p r i n g s ,  CO 

Bob Wright, Rancher 
Fairplay, CO. 

Jack Green 
Denver Mayor's Office 
Denver, 60.. 

T i w  Maley 
Pfkes Peak Greehouses 
Colorado Springs , CO. 

Roberta Edwards 
&ox 12225 
Oklahoma City, Ok 

Mr. David Croekett 
43Ql s. 156)Q E. 
S a l t  take City, UT 

krmand Van Yelthouen 
Heritage F1 QYWS 
3159 V, Colorado Ave. 
Colorado Springs,  CO. 

In addtttan to- the above, cantact uaz made almost da3ly w i t h  other S ta te  
agencies such as the O i l  and Gas Conservation Commission, and the Division o f  
Water Resources. 

, -. 
u . 
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I t  was r e p o r t e d  i n  the July-December,  1980 Semi-Annual Repor t  t h a t  the  
Co lo rado  Commerci a1 i z a t i o n  Team s t r o n g l y  bel ieved t h a t  geothermal  development  
i n  Co lo rado  was on the edge o f  a break  through.  While the Team s t i l l  h a r b o u r s  

budget cuts the development  o f  g e o t  rmal res0ur-c i n  Colorado  could be 
c u r t a i  1 ed . 
T h i s  i s  seen i n  recent developments i n  t he  San L s Valley,  and a t  Pagosa 

i n g s .  W i t h  D.O.E. User Coupled D r i l l i n g  funds  the C i t y  of Alamosa has  just , 

l l e d  a deep (>  7,000 f t )  geothermal  well. I f  upon comple t ion  a d e q u a t e  
unts of the rma l  w a t e r s  a r e  found they will be used i n  new mal t i n g  P l a n t -  

This well would n o t  have been dr i l led  w i t h o u t  D.O.E. f u n d s .  The c i t y  o f  Pagosa 

i n g s  has  just brought  on l i n e  one of the most successful d i s t r i c t  h e a t i n g  
tems i n  the country. 

u 
c I t h o s e  t h o u g h t s  they a r e  tempered w i t h  the r e a l i z a t i o n  t h a t  due t o  F e d e r a l  

T h i s  p r o j e c t  was funded by a D.O.E. PON g r a n t .  

4 T h e  S t a t e  o f  Co lo rado  has  an economic development program t o  encourage  
i n d u s t r i a l  development i n  economica l ly  distressed a r e a s  such as the San Luis 
V a l l e y  and Pagosa S p r i n g s .  F o r t u n a t e l y ,  or u n f o r t u n a t e l y  now i n  l i g h t  of the  
f e d e r a l  budget  cuts ,  most of the b e t t e r  thermal  a r e a s  a r e  l o c a t e d  i n  
economica l ly  distressed c o u n t i e s .  The successful development  o f  geothermal  
r e s o u r c e s  i n  these a r e a s  will g r e a t l y  enhance  the economic o u t l o o k  o f  the 
a r e a s .  W i t h  t h e - l a c k  of Fede ra l  f u n d s ,  ei ther f o r  development o r  f o r  a d v i c e  and 
assis tance,  i t  i s  f e l t  t h a t  t h e  development  of Colorado's geothermal resources 
will be seriously impacted.  

f 

3.0 Summary of Major F i n d i n g s  and Recommendations 

T h e  more d i r ec t  t e c h n i c a l  a s s i s t a n c e  type k unde r t aken  i n  1 
1981 was a m a j o r  step i n  the project ' s  evolut ion.  T h i s  a c t i o n  brou 
i n  c o n t a c t  w i t h  more p o t e n t i a l  d e v e l o p e r s ,  and wa 

s 

.. 

u 
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range of advice and assistance. I t  appears t h a t  this type f e f fo r t  will do  
more t o  b r i n g  geothermal on l t n e  quickly, t h a n  anything e l se  attempted. 

* Unfortunately, if  the use o f  geothermal resources i s  t o  occur r a p i d l y  then 
d i r e c t  governmental f inancial  and technical assfstance i s  necessary. T h i s  
ass is tance may take many forms. For example, someone shou ld  be available 
loca l ly  on the S ta te  level t o  provide general information and limited technical 
assistance when needed. Financial grant assistance should be available. T h e  

. two most usefut g ran t  programs a re  the Appropriate Technology Small Grants  
. Program and the User Coupled D r i l l i n g  Program. Both of these programs are b e i n g  

used extensfuely i n  Cotorado. 

- 

lj 
t 
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1. o INTRODUCTION ' .  

.w ' 

Since its inception i n  1978, the Montana Geothermal Program has ..I 

rea l ized  subs t an t i a l  and tangible  results i n  promoting geothermal energy 
* within the  state, Original ly  the  program provided l i t t l e  technical  

ass i s tance  o r  outreach. 

t o  develop energy scenarios f o r  what might happen i n  the fu ture ,  and to  

gather basel ine data  on the s t a t e ' s  geothermal resources. 

s t a t e ' s  e f f o r t s  have turned more toward s i t e - spec i f i c  ass i s tance  and 

publ ic  r e l a t i o n s  e f f o r t s ,  with noticeable resu l t s .  Work on Area Devel- 

Instead, the o r ig ina l  goals of the program were 

Gradually the . 

n t  Plans and Time Phased Pro jec t  Plans has been completed or  stopped, 

almost a l l  of the  team's e f f o r t  spent on individual  p ro jec t  
ass i s tance  and publ ic  r e l a t i o n s  e f f o r t s ,  

S t a f f  changes occurred during t h i s  report ing period. Gary Lippert, 
who was hired i n  October 5980, l e f t  the program i n  March 1981 t o  r e t u r n  

t o  North Dakota. J e f f  Birkby, who had been with the program since 1979 

and 1980, was reh i red  a f t e  f inished a six-month s t i n t  i n  graduate 
i school, Michael Chapman 1 the program i n  June of 1981 t o  work f u l l -  

t h e  on s o l a r  energy p ro jec t s  fo r  the s t a t e .  

the  only ful l - t ime member of the geothermal program, and with the 

reduced funds ava i lab le  from fede ra l  sourcesI it is doubtful t h a t  addi t iona l  

s t a f f  w i l l  be hired i n  the near future .  

Currently Jef f  Birkby is 

r e  much more a re  of the poten 

f o r  information on geothermal have inc r s  

gram's inception, and severa l  p ro j ec t s  have come on-line i n  p a r t  due t o  

the  support of the geothermal pr  . DOE has benef i t ted  d i r e c t l y  from 

our e f f o r t s  by having a well  doc 
geothermal resources ese analyses have 

federa l  o f f i c e s  of DOE i n  preparing budgets and nat ional  

mates. 

t 

." 
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2 .0  SPECIFXC TASK DESCRIPTTONS AND PRODUCTS 

2 . 1  Geothermal Prospect Iden t i f i ca t ion  

A l is t  of flow x a t w ,  surface ternperatwee and reservoir  temp- 

o ra tb r s s  for the major Montana geothermal ~ B S O U I C C ~ G  is presented i n  
Table 1. 

Montana*@ geothermal resource6 will be presented in the next mid-term 

report. 

A sununary of current use6 an8 projec t  u t i l i z a t i o n s  for a l l  of 

2.2  Area Development Plans 

I No ADPs were coarpleted during t h i s  work period. No fur ther  work on 
ADPs i s  ant ic ipated under the current  ont tract, as most of the program's 

efforts will be devoted to outreaah. 
, 

Ld,. . 

2 .3  Site Specif ic  Development Plans 
I 

A major f e a s i b i l i t y  study for the city of Baker was completed i n  
The c i ty  of Baker was awarded a $5,000 Appropriate Technology 

. 
April. 

grant  t o  study the feasibility of using Madison F o m t l o n  water for 
d i 6 t r i C t  heating. The geothemal program was d . n s t r ~ e n t s l  i n  acquiring 
t h i s  grant, and v i s i t e d  Baker several  times to  promote i n t e r e s t  i n  the 

p ra  ject .  

I The, engineering study found that a t  the present  t h e  cheap natural  

gas rates make a dis t r ic t  heating system economically unat t ract ive.  

Wowever, projected increases in naturar gas rates may make the system 
I 
I 

f eas ib l e  as e a r l y  as 1989 1 

2.4 Time Phased Project  Plans 

No time phased project plans were compiled during t h i s  work period. 3 

No f h t h e r  TPPPs a re  planned MOntdlna's s t a t e  geothermal program. 

c 
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mferred f2esources 

Anaconda 22O 

Anderson's 25" 

Anderson's Pasture 26' 
A ,  . 
- 25O 

AVOn 26' 

Bear meek 2 4O 

Bearmouth 1 20° 

Bearmouth 2 20° 

340 

114 
-1.- 

..-- 
Beaverhead Rock 
Bedford 
Blue Joint 1 

2 7' 
2 4' 

29' 

380 

5 700 

1020 

75O 

30° 

45O 

76O 
-e- 

--- 
35O 

35O 

--e 

30° 

45O 

,- 

U 

Blue Joint 2 29' 850 45O 

Bridger Canyon 20° 2 5' 
Brook I 8 20° 304,000 25O 

BrClwn'L: 24O 12,914 3oo 

Deer Lodge 26* .I-.. 4oo 

-, C a t e r  Bridge 2e' --- 40' 

Durfee Creek 21' 57 ,000 30° 

Gallogly 49* 456 56' 

G&?XrtS6n 25" -..-. 35O 

Green Springs 26' 

oreysan liso 
Landusky 1 2 P  

..-- 
--.I 

22 80 35O 
LII --- 

I tandusky 2 
Landusky Plunge 24' 31 400 30° 

L i t t l e  Warm Springs 1 --- I*- -i- 

L i t t l e  Warm springs 2 22'. 4560 35O 

Little Warn Springs 3 23O --- 35O 

L O d q e ~ l r ?  1, 2, 3 3oo 10 260 35O 

I LfJwe11'h: 19O 42 75 30° s 

I .LLIL --- 19O 

N 2O0 960 30° ' a  

Plmkt2t t tB  17' 15 , 200 20° 

PtIlle3?'pt 44O 5 70 9oo 

3 *4 

/- 

Ld  





2.5 S t a t e  Aggregation oE PPaspecthw Geothermal Uti l iza t ion  

A t~rmmary of current  and predicted geothermal use &n Montana w i l l  
L0j . 

be presented i n  the ;Sune-PPem?&er 1981 report. 

earfier predictions hast nota.bXy Boaeman R o t  springs and Camp Agua) 
w i l l .  be reported on i n  a t  report.. 

Several changes i n  

- 

, 



Met with representatives from the town of Hot Springs in northwestern 
Montana. (cp’ The town is seeking funding for a district heating system. 

. *  
touch with several fundi nducted a pre- 

essment of the feasibility of converting to geothermal. 
% 

Provided techncial assistance to a geothermal greenhouse builder from 

Avon. Assisted with heating system design. 

Gave two slide show presentations to area high schools on geo 

FEBRUARY 

General -- 
greenhouses were received. 

state nuseryman’s association to assess the interest in geothermal. 
Many greenhouse operators are concerned about their heating bills, and 
would consider using,heat pumps or direct use geothermal. Will try to 
schedule a greenhouse workshop later in the year. 

Many requests for information on geothermally heating 

We sent out a questionaire to members of the 

Assisted the town of Ennis in a feasibility study for geothermal district 
heating (with the help of NMEI). 
submitted to t 

A grant for the project has been 
itutional Buildings Grants Program. 

Springs to encourage 
~ 

tutional Buildings Grants Program for design money for 

district heating system. 

posal. 
The town is cons 

Gave two presentations on geothermal ener 

Expo s it i 0 n . 

3.7 



PlARCIp - 
- 

Ls 
Held a meeting on geathemd energy O ~ ~ ~ Q I I S  in  &man. Followup requests 

omation on heat pumps and moclerate temperature well 

develapznentwere ansmed. Assisted in tme design of 6 closed-loop * 

piping system for lcw-cagacity ue$la. 

Assisted t h e  owner of Broadarpiter Health C3,ub in locating B heavy duty 

pump to test his w e l l s  for maxhm sustainable Plow. 

Anwered two requests  fox geothermal $nf&ation from high school sci- 
ence classes. 

Spentmuch of the month on the road delivering several  talks on geo- 

thexmal energy and the problems QE finnncring systems. 

thank y w  letters from people attending energy fairs where geothermal 
presentat ions were given. 

Received several  

Provided technical  assistance to the Sleeping Buffalo Resort i n  north- 

eas te rn  Hontana. Coordinated technical rsssitanae for the  r e s o r t  w i t h  

E G G  Idaho. Determined that a flow tes t  would be necessary p r i o r  t o  
f i n a l  system design. 

I 

Vis i ted the  For t  Belknap Xndirnn Reservation to assess  geothermal paten- 

t i a l .  

for greenhouse heating or soil warning, 

on r e l a t ed  systems elsewhere i n  the nation. 

The t r i b e  has a 3.00 degree F well that they would like t o  develop 

Gent them several  s tud ies  done 

F 



Visited H o t  Springs, provided technica how best to devel- 
W op an exploration program to increase existing springs 

for possible use i n  space heating. 

1 
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1.0 INTRODUCTION 

w 
t 

1.1 Purpose of Project 

This project was developed as a mission-oriented program aimed at accelerating 

the commercial utilization of geothermal resources. 

of Energy, the State of New Mexico, and the private sector with a technical 

It provides the Department 

and economic guide for commercialization direction and actual implementation 

of development proposals. This was accomplished through the marketing strategies 

of public outreach, brokerage functions, and mini-engineering evaluations of 

specific resources and the appropriate direct- applications. 

1.2 Objectives 

t market planning effort of the st ermal 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 com- 

mercialization, the New Mexico state team, in conjunction with 

tigating both on-site and off-site ener sumers with speci 

colocated users and the appropriate sit 

This project mode has provid 

eat applications. 

a'. aimed at specific reso adoptees of geo 
&L 

concurrently suppo t end-users of 

with technical assist itably provided good experience 

m 
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1.3 Sta te  Geothermal Commercialization Team Members 

George Scudella, Principal Investigator and Project Manager; Resources 

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

ROY Cunniff, Sta te  Geothemal Program Coordinator; Chief Engineer, NMSU 

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

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

I n s t i t u t e ,  Lab Cruces, NM 

Dennis Fedor, EMD Coordinator; Energy Consultant, New Mexico Energy 

and Minerals Department, Geothermal Commercialization Office, NMSU, 

Las Cruces, NM 

> 

pay Hatton, Mining and Minerals Division Coordinator; Geologist, M 6 M 

Division, Energy and Mineral6 Department, Santa Fe, NM 

2.0 SPECIFIC TASK DESCRIPTIONS AND PRODUCTS 

2 . 1  Geothermal Prospect Ident i f icat ion 

The compilation and charting was made of the estimated geothermal energy * 
c- 

potent ia l ly  available from the prospect areas and s i t e s  as a function between 

now and the year 2020. 

4 - 2  



Tables 1 to 3 l ist  areas and sites of geothermal prdspects in the state of New 

Mexico as these have been identified by various cr i ter ia$  for both electric 

and direct  thermal uses.  

6.I . 
i 

The prospective sites and areas are broken down in  the f irst  l ist  t o  those 

which are (1) proven, (2)  potential,  and (3)  inferred. 



TBLE 1 

mW MEXICO IDENTIFIED GEOTHERMAt PROSPECTS 

ELECTRIG 2 lSO°C 

PROVEN POTENTIAL fWBRkkD 

38C8 hclathi Animas Clasison 
Kilbourne Hole Columbus Area 

Rtldim tprings Ouadalupe Area 

San Diego Mountian &mea Reservoir 
Lordsburg 
tower Frisco Hot Spring 
Prewitt Atea 

Socarro 
Southern filarosa Basin 
mite Sands (Town) 

DIRECT THERMAL (2OoC < T > 150%) 

PROVEN POTENTIAL INFERREb 

U. . 

Animas Albuquerque Clossotl 
I 

Faywood Black Man, - W. Mesa Crown Point 
Gila Hot Spring Cliff Area E. San Augustin Plain 

Jemex Springs Derry H.S. Fort ldingate 
Los Alturas Mesquite-Berho Oarton Well 
Ponca De Leon Mimbres H.S. Jicarilla Apache Res. 

Truth or Ojo Callente &tittle Blue Mesa 

,Consequences San Diego Mtn. Mamby W.S. 

Radium Springs San Ysidro Mancisco Mesa 
Socorrra Montezuma H.S. 
Turkey Cfeek W.S. 
Uppet Frisco H,S. Tahat chi 

i Southern Tularosa Basin 

* 

Source: Swanberg, C . $  1980 



. .  
TABLE 2 

u STATE OF N E W  MEXICO * 

PROVEN, POTENTIAL AND INFERRED DIRECT THERMAL APPLICATIONS 

5 

LATITUDE/ TEMPERATURE ("C) ESTIMATED ESTIMATED POWER (MWe -30 YRS 
s ITE LONGITUDE SURFACE/SUBSURFACE VOL. ( km3 ) PROVEN/POTENTIAL/ INFERRED 

Faywood H.S. 

Gila H.S. 
108' 12 ' 

Jemez Springs 35' 47' 73 103 3.0 0.0206 0.6150 . 
106' 4' - 

Los Alturas 32O 16' 55 120 3.0 0.5635 
106O 42' . 

Ojo Caliente 36" 18 ' 45 122- 161 3.3 
106' 58' 

Radium Springs 32' 30' 30-85 130-198 3.3 0.0368 
107O 58' 

San Diego 35O 37'" 52O 

S a n  Ysidro 35' 30' 50 80 1.0 0.0206 . 
106O 40' 

Socorro 34O 2' 33 35 3.0 0.0135 
106O 56' 

T or C 33O . 9' 36-46 100 1.0 
107O 15' 

.0359 0.4102 
0 0.0834 2.1508 
- Animas 32O8 5' 102 144 3.0 

i 

c Source : 
f 



TABLE 3 - 
L, . STATE OF N E W  MEXICO 

PROVEN AND POTENTIAL ELECTRIC APPLICATIONS 
t 

LATITUDE TEMPERATURE ("C) ESTIMATED ESTIMATED ENERGY ( W e )  
SITE LONGITUDE SURFACE SUBSURFACE VOL. (ha) PROVEN POTENTIAL TOTAL 

Animas 32' 

Dock) 108' 

Baca Location -35' 
106' 

Kilbourne Hole 31" 
106" 

(Lightning 
3.3 5 85 ' 102 170 

260-315 

20 

50 

54' 
32 ' 

125.00 

3.50 

3.3 

50 350 1942 

25 

30 

57' 
58' 

45 -83 155 

. 
30-85 93-130 Radium Springs 32' 

107' 
30 ' 
58 ' 

S a n  Diego Mtn 125 1.00 5 
50 370 
I - 20 

2037 
- 

Source: PSL/NMEI Data File, 1980 

f 

4 - 6  



2.2 Area Development Plans 

2.2.1 State Geothermal Planning Areas 

The New Mexico State Team has defined 1 (one) substate geographical area for 

which the development and utilization of geothermal energy prospects are 

likely between now and the year 2020. 

The first-priority target areas for dev 

de River Valley throughout its e length within the state. 

2.2.2 Specific Area Development Plan: Dona An 

This county is emerging as the first area of intense study and planning activity 

by private and government entities. The st 

leadership shown for geothermal energy for 

adjacent overflowing economic growth pattern of El Paso, Texas provides the 

basis of selection 

tions of the ge 

s in the county: I 

KGRA, located next 

The Dona Ana Area Devel 

area attributes suc 

residents. Second, 

current and projected needs by the Standard Industrial Code and fuel types. 

Third, the current and future geothermal energy development is described. 

4 - 7  



1 

a Area most favorable for discovery of low-temperature 

a Additional parts of the Ria Grande Rift and other areas 
(*90°C) geothermal resources 

vhlch may be Suit8bh for geothermal discovery 
Known C e o t h e d  Resource Area (KGRA) 

GEOTHERMAL RESOWCES OF N M Y  MEXICO 

Source: NMEI-NkfSU, NOAA, DOE, 1980, l:SOO,QOONAP: Geothermal Resources of NM 

4 - 8  
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A possible schedule of a c t i v i t i e s  has been estimated. 

mind t h a t  actual  development is e n t i r e l y  dependent on the  actions of t he  

I t  should be kept i n  

entrepreneurs. 

Outside the  Baca Location, Don Ana County has the  second la rges t  geothermal 

heat po ten t ia l  i n  t he  s t a t e .  

e county has numerous hot water wells and hot springs i n  addition t o  the  two 

KGRA's . 
for  30 years fo r  d i r e c t  thermal use. 

The geothermal po ten t i a l  con er ing a l l  s i t e s  is 0.9899 Quad BTU's 

Dona Ana County is one of the  

county population is about 80,000 and the  La 

51,000. 

t o  a robust economy i n  the  county. 

stest growing areas i n  the  s t a t e .  The t o t a l  

Cruces SMSA stands a t  about 

Both the expanding indus t r i a l  and governmental- sectors  are contributing 

To a grea t  degree, large-scale greenhouse operations a re  very su i t ab le  t o  con- 

version with the use of heat from geothermal wate 

and the  location. 

depending on the  resource 

and b r i e f l y  described as  follows: 

4,- 9 



Animafi/Lightxiing Dock 

Current Application: Space-heating of 1 house 

2 geothermally heated greenhouses with total 130,000 

square feet. 

system for fruit orchard. 

Geothermal irriga$ion and soil warming 

Anticipated Application: Additional 509,000 square feet area of geothermally 

heated greenhouse. Site of DOE'S 1979 AET grant 

in Region 6 of $20,000 to Tom McCants. 

I 

Resource Data: Surface Temperature 102% 

Subsurface Temperature 144% * 

Estimated Energy Potential: 7,849 x 10"' quad 

Estimated Reservoir Size: 3.3 km' 

Las Alturas 
I 

i 
Current Applications : Space-besting of President's HouseJUniversity Center 

of New Hexico Stat'e University and source of domestic 

water supply far Las Alturas subdivision. 

i 
I 

Space heating: Sandyland greenhouse, NMSU 

campus, land development: subdivision district 

heating. 

e 





Applications: Curren-: Heat pump spacwmting of nine-story o 

(Sandia Savings) 

f i ce  bui ding 

Projected: Urge user spacehsating: West Mesa Airpart, West Mesa High 

School, U o f  A campus prpheat boiler arystem, d i s tr i c t  heating 

of Outure subdivisions on the West Meea, 

Resource Data,’ Surface Temperature 27% 

Subsurface Temperature N/A 

Estimated Energy Potential: 0,084 quad 

Estimated Reservoir Size: 3.0 km’ 

Jemez Springs 
- 

Current Application: Bathhouse, greenhouse spaceheating 

Projected Application; Spaceheating of village nnunicipal buildings 

Resource Data: Surface Temperature 73°C 

~ubsurfacer ~empsraturs IoP” 

Estl;mated Energy Potential: 0.0206 quad 

, 

f 
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Estimated Reservoir Size: 3.3 km3 

4d 
2.4 Time Phased Project Plan 

5 

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. 

All of these projects are 

Of those projects, 6 are demonstration proje 

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. 

project commenced on March 1, 1980 and began operations with a ribbon- 

The 

I 

I 

ng ceremony on September 18, 1980. The system was monitored until 

June 31, 1981, 

liters of continuously pumped well water (43OC) which 

heat content of 12,000 BTU/min. 

The capacity of the system is equipped 

Due to the relocation of hospital opera- 

I i tion to Albuquerque, the geothermal as well as the physical I 

plant, is inactive until the propert 
I . 

2. University President's House/University Center, NMSU, Las Cruces. This 

is a space-heating project for the residence €or which a well has been u 
4 - 13 



i 
I 

drilled into the Los Alturas Geothermal Anomaly which underlies the 

residence. 

meters (450 ft.) at.a flow rate of 64.3 literslmin. 

The space-beating system use6 5OoC water from a depth of 137 w . 
The project started 

June 28, 1979, the construction WBS completed in September 1980, and the 

I residence was occupied in December, 1980. The monitoring and reporting 

continues until June 1982; 

3.  Solarwaisted geothermal greenhouse, Faywood Hot Springs. The resource 

is the Faywood Hot Springs 48.3 km (30 miles) southeast of Bayard, New 

Mexico which flows at 132.5 l/m 57% (125@F). 

s h w t  and operate the geathemal greenhouse using; runoff water from the 

hot spring and produce native plants for waste tailings reclamation 

i 
The objective is to con- 

i 1 
i 
, ! 
I 

! 

I project6 by Kennecott Copper Corporation. This development is being 

I constructed and operated by handicapped labor from the Southwest Services 

for Hmdicspped Children and Adults which owns the greenhouse. Initiation 

of this project was on June 16,, 1979 and i s  completed at this writing. 

The project contract ends December 31, 1981. 

J 

! 
i 
i 4. City of Truth or Consequence$ Senior Citizens Center. This is a retrofit 
! 
i 

space-heating project which will tap the underlying artesian themal water 

basin under the city. 

43OC. 

foot dry well was drilled on city property. 

connected to the city's Senior Citizens Center to supply up to'100,OOO 

BTU/hr during peak demand period. The complete design, installation and 

1 The well wager temperature in the area averages 

The attempt to get geothermal water was unsuccessful when a 250 1 

I 
i 
i 
i 
i 

I 

An existing old well was 

I 

I monitoring of the spaceheating system was completed by February 1981. The 

project was commenced on June 28, I979 and will terminate December 31, 1981; 
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5. Solar-assisted geothermal greenhouse, Taos . 
Leon Hot Springs near Ranchos de Taos. 

e resource is the Ponce de 

The springs discharge 1,305,977 

liters per day at 3SoC at an elevation of about 2,256m. 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 5,574111~) and other commercial processes. 

transfer from power plant waste heat recovery and is conducted by Solar 

America, Inc. of Albuquerque. The project began May 22, 1979 and was 

This project uses technology 

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

. L'eggs Products, Inc., Mesilla Park. 

resource and the engineering for bringing geothermal energy on line for 

industrial process at the hosiery manufacturing plant. 

well was drilled on the plant site on May 12, 1980. 

resource was found but a warm bottom hole temperature of 32OC was en- 

This project evaluated the potential 

A 1,800 feet test 

No appropriate 

countered and there was a noticeable increase in temperature gradient 

near the bottom hole. It was determined from ti series of economic and 

engineering studies that the development of a deep resource would not be 

economically suitable for the company's requirement and needs. 

, 
With the exception of some aged hot sp 

enterprises uti 1 izing geothermal 

The most significant developments 

sort spas, mos rivate business 

ergy in the state started in the 1960's. 

re listed here: 

1. Baca Location geothermal power plant demonstration program, Jemez Mountains. - 
resources of the project area inside the Valles Caldera include both 

a liquid and vapor-dominated reservoir. The major, liquid-dominated res- 

ervoir is over-pressured and contains a calculated 1.8 x 10"'kg of ccrl 
4 - 15 



P ~ P S ~  h place. 

260%. 

Tuff; the upper Bandelisr f ~ m s  the caprock. Since the first geothermal 

well WBS acquired in  3963, Union Ged3mmal af New Mexico has drilled 23 

w e l l s  and probably. 18 to 15 mre wealls. may Be needed for the proposed 50 

me plant* Final appravral of the enviranmeataf impact. statement was made 

in my tzf $980. Authorkatlton far canstructian is stAlX pending from the 

bhlic. Service CommissliQn a d  acMit$cmalt water rights are needed from the 

State. -beer’s Office hefere ccmstsuetfon can begsn. 

me averqa reservoir fluid temperature‘ is in excess of 

The main praductfon and injection ZQRB is the Lower Bandelier 

2. The b l m s  Valley geothexsaal grtmnh~uss. Opeleat~rs: Tom McCants and 

Dale Eurgett. The Wo ccam~ecrcia2 apeaatbns are described together 

because af the same underlying msaurce* identical characteristics, 

enerrgpuse applications anb gemthema1 energy-xsqairsments. 

-. 
u 

t 

1 .  

where abundant water of lfS% Q21rSaF) i s  obtained at depths of less than 

29 meters. The thermal at,nama8y has no surfasa manifestations and it is 

very geophysically conspldew Xn B P squama mile section. 

is a fault-controlled feat- a4&&dng a sediment-filled basin. 

This apparently 

The 2 greenhouse operetPoas. aerXylng &e thermal anomaly use 3600 BTU/min 

and X7QO BTU/min with no tkraml  4rawdot.m. 

fax the production of vari~nrs high-pxfe;e fEaraZ pIants particularly roses. 

The thermal capacity is used 

0 

3. Geiatlkesmaf heat pump 

atq@fexs+ at 90’ and 

-0 

to 

9 

, -. 

Ld 



the seasonal demand. Two wells are involved this operation. The 

shallow well supplies cool water with a temperature range from 17OC to 

2loC (60' to 70'F). 

The water is withdrawn from either the cool or warm well, depending on 

p1' 
The deeper well supplies warm water at 26O to 27'C. 

1 

the season, and injected into the other well. 

100 horsepower compressors are used to boost or lower the water tempera- 

A heat exchanger and three 

tures for winter heating or summer cooling. Heating requires 2,518,000 

BTU/h and cooling requires 3,467,182 BTU/h, (Hatton, 1977). 

8 0 0 0 0 



ADP KEY 

L.' 
1. Dona Ana County 

2. Albuquerque Area * Bemafillo, Torrance and Gibola z 

3. 

4. Sierra and Socorro 

5. 

6. 

7. 

8. 1411 northeastern counties 

h s  Alamos, Rio Arriba, Sandoval, Santa Fe and Tam 

Catron, Grant, Hidalgo, and Luna 

Chaves, Eddy, Lea, Lincoln and Otero 

HScKinley, San Juan, and Valmcia 

2.6 Institutional Analysis 

2.6.1 Overview of State Legislation 
c 

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. 

heating legislation and amendments to state geothermal leasing 
s 

policies may n o t  be examined until the 1982 session. 
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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, yielded these salient findings: 
+u 
I 

With the assistance of the state engineer's office and the NUSL, the following 

findings were made : 
I *  

0 In declared groundwater basins, conflicts between appropriative rights and 

correlative rights for geothermal resources may potentially be resolved 

administratively. 

through conditions placed on geothermal fluid appropriations which waive 

In the State Engineer's view, this may be achieved 

prior rights protection vis-a-vis other geothermal appropriators. 

- 
0 The State Engineer's jurisdiction does not extend outside of declared 

* groundwater basins. The appropriative rights/correlative rights conflict 

. therefore cannot be resolved in these areas by means of conditions on 

geothermal appropriations. 

areas may be warranted. 

Legislation to resolve the conflict in these 



An rsppropriation called Chapter $34 uf 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 matchfrtg funds from private or federal 

L) 

1 

sources. 

2,7 Public Outreach Program 

The goal of Chis program is t o  increase dlwarenesls and acceptance of ‘geothermal 

energy md t~ promote the use of our geothermal resources by industry, commerce, 

agriculture and government. 

applications of geothermal energy by 

This program is designed to expedite the direct 

1) identifying geothermal application 

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 4) providing engineering and technical assistance to 

potential end-users. 

2.7.1 Outreach Mechanisms 

The New Mexico Outreach Program is oriented prlimarily 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 completed mar- 

keting analysis, referred to as the %ew Nexlco Assessment of the market 

potential of Geothermal Energy”. 

the basis of their energy consumptions, need for alternative source of energy 

supply, energy-use planning attitude, and enthusiasm. 

These potential end-users were selected on 
t 

d 

More technical assis- 

tance requests were generated thmgh this  marketing survey project than all 

L, 



of the other outreach mechanisms combined. 

meetings to define the problems, goals and needs, and then usually followed up 

with mini-economic and engineering studies, 

equipment is sometimes made or information of various types on consultants may 

be supplied according to the requestor's needs. 

Each case is handled with individual 

A literature search of technical 

The other outreach mechanisms are: 

0 

0 DOE Region 6 Appropriate Energy Technology Small-Grants Program . 

State EMD research and development program 

0 State Geothermal Demonstration Program 

0 Energy Extension Service 

0 New Mexico Energy Institute/NMSU 

0 DOE Technical Assistance Program 

The New Mexico R&D program has spent approximately $1.7 million for geothermal 

research and development Geophysical and engineering projects have been 
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! 

prov-ided to the NM Energy and ilkera1 Dapf=tmant, the paytzieipatin 

DOE i n  t h i s  s t a t e ,  . .  ' 1  , ,  r . ,. , 

Ln 1979, Hew Mexico awarded $2QXla@UD %a SEX contractors for geothermal space- 

hesting demonstrations. 

l e a d h g  by exmple  and &hey are ear mmxmcernwt that New Bexico has viable 

geothermal resources t h a t  can be d~~e8,qxdzmw.. 

XUaese .&mnstrathn pmjjee'ts glre New Mexico's way of 

In Novertiber, 3.980, a c a l l  $or propsals was bsmtl by BFED $or d e w n s t r a t i m  

pro$ects to be cost-shared w&h the st.&e'x $600,9ga dmxmskr&Mon program. 

In Jmuazy, the R&D committee revkwed 5 q-plka~ems %'hat were received by 

the d e a d l h e  of Monday, January 5,  

R&D review committee, EMD made me e m . .  in ApraI to Sandgland Nurseries fo r  a 

$275,090 dr.illing program. 

On the bash of recommem3ations from the 

1 

F 

Demonstration monitoring is continuhg em the cw-~stmc't%en, operation and 

evaluation of the  six projects  and eventxaally the  infomation and experience 

w i l l  be t ransfer red  t o  the  public and tb ptentSal developers. 

t ions also offer the  monitor the ogpoztam%tp to assist developers i n  adminis- 

t r a t i v e  rrnd permit procedures and ther6bg gahhg p a c t l t a l  'experience tha t  

w i l l  be useful  to future  developers. 

The demonstra- 

The geothermal team has worked ujlth the Energy Extansion Service t o  'transfer 

to the public, updated infomatitua end materi~tfs on geothermal energy re la t ing  

to resource avai lab i l i ty ,  space-heat kg, agricultural app 1.icat ions, indus t r ia l  

* 

uses and commercial appl ica thns .  
z 



The DOE technical assistance program is generating much interest among poten- 

tial users by encouraging serious planning and development of a prospective 

applkation. The first TA request came from Mr. Karl Kortimeir of Truth or 

Consequences and the subcontract was awarded to Mr. Kelly Summers, a consulting 

hydrologist. 

2 .7 .2  Summary of Contact and Results 

All of the contacts made this past year are summarized and briefly, described 

in Appendix A-5, "The Complete List of New Mexico Consultants, Resource 

Developers, Private Users and Suppliers. 'I 

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 five active demon- 

strations but also having an acute interest in geothermal shown by a broad 

spectrum of our community. 

New 

Greatest interest in geothermal development is being shown in Dona Ana County 

n part of the state, The county f New Mexico State 

University which has been ac ively developing 

for geotherm stem on the campus. The yniversity has successful1 

several well d state and DOE financial assistance for th 

domestic hot-water heating system. 

constructing the drilling 

This system will be on-line in February of 
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EMD personnel have been working with community leaders in Dona Ana County to 

identify potential users. 

areas of space-heating for a retirement center, a city hospital, apartment 

complex, greenhouse operations, process heat for a pet food processor, and 

geothermal application for some dairies. 

- 

li Initial information has furnished prospects in the 

. 
- 

All in all, New Mexico's geothermal future continues to be bright and its 

activity is increasing, 

R&D, demonstration, outreach and commercialization and this effort should 

The EMD is taking a very active role in geothermal 
1 

expedite development. 

3.0 SUMMARY OF MAJOR FINDINGS AND RECOMMENDATIONS 

The following are the State Team's findings and recommendations: 

, 
1. Outreach effort has increased substantially and has raised the geothermal 

profile. 

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

on geothermal development, technology transfer, and outreach. 
I 

3 .  New Mexico's Geothermal Demonstration Program has provided the biggest 

boost to geothermal development and the $200,000 appropriation has been 

developed into six projects valued at more than $500,000; The new * 
$600,000 appropriation has generated one project and more are expected 

in the near future. 
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4. The determination and delineation of potentially commercial resources 

should be improved and refined. 

5 .  Specially trained and experienced geothermal personnel should be made 

available to the states for 30-90 days to assist the states in organizing 

and enhancing their operations. Examples: resource planning, well 

drilling, contracting, electrical generation, space-heating engineering. 

6 .  State and Federal agencies have to realize that loan guarantees address a 

symptom not the illness. 

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." 

initial wells, and have maximum access by small and medium-size energy 

users. 

Major technical efforts must be made to reduce 

This program must have provision for many 

REFERENCEIS CITED 
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Joint Memorial No. 2: Feasibility of He8 ng of the State 
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STATE LEASES 

THIE COMPLETE N E W  M I M C O  LIST OF 
CONSULTANTS, RESOURCE DEVELOPERS, 
PRIVATE USERS AND SUPPLIERS 





TABU A-2 

FEDERAL ACTIVE COMPETITIVE GEOTHERMAL LEASES - NEW MEXICO 

SIZE, ACRES & DATE ISSUED & 
COUNTY & LESSEE (NO. OF LEASES) KGRA/M)CATION (COST/ACRE) 

DONA ANA 

Aminoil USA, 
Inc . 
Anadarko Production 

Chevron USA 

N.K. Hunt 

HIDALGO 

Amax Exploration 

Aninoil USA, Inc. 

J. E .  B lakenship 

Earth Power Cow. 

Phillips Petroleum 
co . 
RIO ARRIBA 

Amax Exploration 

SANDOVAL 

h a x  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, 02/01/78 ($8.29) 
T21S, R1W 

Kilbourne Hole, KGRA, 07/01/75 ($10.06- 
T27 & 28S, R1W ($30.50 & $10.63) 

Radium Springs, KGRA, 
T21S, R1W ($30.50 & $10.63) 

12/01/77 & 12/01/78 

Radium Springs, KGRA, 12/01/78 ($56.00) 
T21S, RlW 

Lightning Dock, KGRA, Various ($3.13, 
TZSS, R19 & 20W $8.11 and $13.07) 

Lightning Dock, KGRA, 01/01/77 ($1.99) 
T25S, R19W 

Lightning Dock, KGRA, 01/01/77 ($1.99) 
TZSS, R19W 

Lightning Dock, KGRA 10/01/76 & 
T24 6 255, R19 6s 20W 12/01/78 

Lightning Dock, KGRA 10/01/76 ($3.38 
T25S, R19W & $5.23) 

Baca Location NO. 1 08/01/77 SC 12/01/77 
KGRA, TZlN, R 3  bL 4E ($5.67 & $5.31) 

Baca Location No. 1 08/01/77 ($5.67) 
KGRAI T 1 8 N S  R 3  & 4E 

Sources: Bureau of Land Management Hatton, Kay, 1980 
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TABLE A-3 ,hs 1 

FEDERAL ACTIVE NON-COMPETITIVE GEOTHERMAL LEASES - NEW MEXICO 

SIZE, ACRES & DATE 
FOUNTY & LESSEE (NO. OF LEASES) LOCATION ISSUED 

DONA ANA 

Mary Antweil 1,365.44 (1) T19S, R2W \ 03/19/79 

Chevron USA Inc. 2,522.17 (2) T20 & 21S, R1E & 1W 06/29/79 

J.F. Grim 9,568.61 (5) T25 & 26S, R1E 06/ 11/75 

C.L. Hunt 13,730.68 (6) T27S, R1 & 2W & 05/29/75 & 

T20S & 21S, R1W 06/26/79 & 

01/25/80 
Nancy B. Hunt 1,280.00 (1) T28S, R2W 05/29/ 79 
Nelson B. Hunt 15,536.00 (7) T26S, R1 & 2W 05/29/ 79 
N.K. Hunt 8,306.94 (4) T29S, R1 & 2W 05/29/79 
M.W. Sands 2,440.00 (1) T20S R1W 04/27/ 79 
Ramona Sands 4,307.79 (3) T20 & 21S, R1W 04/27/79 
H.W. Schoellkopf, Jr. 9,636.92 (3) T17 & 28S, R2W 05/29/75 

Southland Royalty Co. 14,263.29 (7) , T19, 20 & 21S, RlE, 06/15/79 

HIDALGO 

Chevron USA, Inc. 5,814.13 (4) T26S, R20W 09/11/79 & 

1 l/Ol/ 79 

Earth Power Corp. 533.68 (1) T26S, R19W 
J 

r 

. 

c1 
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FEDERAL ACTIVE NON-COMPETITIVE GEOTHERMAL LEASES - NEW MEXICO * 

TABLE 8-3 (Cont'd) 

SIZE, ACRES & DATE 
COUNTY & LESSEE (NO. OF LEASES) LOCATION ISSUED 

HIDALGO (cont ' d) 

sun Oil company 
Thermal Resources, Inc. 
U.S. Geothermal Corp. 

SANDOVAL 

Occidental Geothermal, 
Inc . 

Sunoco Energy Dev. Co. 

SIERRA 

Fluid Energy Corp. 

1,280.00 (I-) T25S, R20W 
1,320.00 (2) T25S, R19W 
2,954.57 (2) T25 8 26S, R19 & 20W 

2,817.95 (4) TlSN, R1 & 2E 

1,542.32 (2) TlSN, R3 & 4W 

10/24/ 7 9 
07/07/77 
05/29/75 

' t  
07/07/77 & 

06/21/79 
081 19/77 

12 , 182.93 (5) 

f 

c 

,-- 

t, 
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TABLE A - 4  

STATE LEASES - NEW MEXICO 
i 

SIZE, ACRES & DATE 
(NO. OF 'LEASES) ISSUED COUNTY & LESSEE 
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New Mexico Geothermal Commercialization Interest 

CONSULTANTS/CONSULTING S 

N a m e .  Phone RemarkdExpertise 

Abernathy, George ( 5 0 5 )  646-2021 Pr iva te  Consultant 
Director ,  Agr icu l tura l  Engineering on geothermal greenhouses 

P.O. Box 3268 
Las Cruces, New Mexico 88003 

American Ground-water Hydrolo (505) 345-9505 e Geothermal explorat ion 

Department, NMSU 

& geothermal resource 
s u i t a b i l i t y  surveys 

Albuquerque, NM 871 

G.A. Baca and ASSOC., Ltd. omplete system design 
330 Garf ie ld  S t .  
S u i t e  207 

\ 

BDM Corporat i  
Contact: Mr. ing and managemen 
1801 Randolph S.E. 0 Designed system f 
Albuquerque, NM 871 Carrie Tingley Hosp. 

0 Engineers & s c i e n t i f i c  
planning services. 

Bridgers 6, Paxton Consulting a t  pump s p e c i a l i s t s  
Engineers, Inc. 

40 years experience 
i n  materials and sys- 

Campbell, Mr, Doc 
Route 11 
Gila Hot Springs 
Silver City,  New Mexi tem use of hot spr ings  

Chaturvedi, D r .  Lokesh 
P.O. Box 3CE 
NMSU 

Chemical Engineer Associates (505) 526-3221 
Contact: Mr. Aarold M. Belkin 
221 W. Griggs 
Las Cruces, -NM 88001 6.I 
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Remarks / Expertise 

CEI2M Hill Engineers (303) 771-0900 0 Engineers, planners, 
e Mr. Bob Dart economists & s c i e n t i s t s  

P.O. Box 22508 
Denver, CO 80222 

Box 8748 Idaho District 
Boise, Idaho 83707 Beating Project  

Albuquerque, New ?fexico 

0 Mr. John Austin (208) 345-5310 0 Consultant on Boise 

0 3620 Wyoming Blvd E3E (505) 292-1262 

Coonce, C. A. & Associates (505) 296-1089 0 Water system engineers 
Contact: Mr. P a t  Coonce 
12324 Pinerldge, NE 
Albuquerque, NM 87112 

Coupfand and Moran Associates -(505) 296-5573 0 Electrical & 
Contact: Mr. Dan Romero 

200 Altez, SE 
Albuquerque, NM 87123 

Cunniff, Mr. Roy 
S t a t e  Geothermal Prog. Coordinator 
Physical Science Laboratory 
BOX 3-PSL 
NMSU 
Las Cruces, New Mexico 88003 

DuMars, Charles D r .  
College of Law - UNM 
1117 Stanford, N.E. 
Albuquerque, New Mexico 87131 

E G & G, Lnc. 
9733 Coors Blvd, NW 
Albuquerque, New Mexico 

Energetics Corporation 
Contact: Mr. L. Dale Clark, Pres. 
833 E. Arapaho Road, Su i t e  202 
Richardson, Texas 75081 

Energy Resources Exploration, 

Contact: Mr. Bob Grant 
9720 Candelaria, NE 
S u i t e  D 
Albuquerque, NM 87112 

Electrical Engineer 

Incorporated 

mechanical engineering 

(505) 522-9349 0 Pr iva te  Consultant 
e PI on NMSU campus 

space-heating pro j ect 
Technical Advisor for 
a21 state demonstra- 
t f o n  p ro jec t s  

e Law prac t i ce  i n  (505) 877-7444 
water and mineral 
resources 

(505) 898-8000 

(2 14) 783-4 731 

(505) 296-6226 Geologist  

.. 

8 
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CONSULTANTS/CONSULTING FIRMS (Cont'd) 

Phone Remarks/Expertise 

Gebhard Thomas M r .  (512) 4535577 0 Planning & f e a s i b i l i t y  
Pr iva te  Consulting Engineer s tud ie s  
5819 Westmont Drive 
Austin, Texas 78731 

GeoProducts Corporation (415) 893-8365 0 A resource developer 
Contact: Mr. Kenneth Boren, P r e s  using hybrid concepts 
Oakland, Cal i forn ia  94612 with biomass. 

GeoThermaP Senrices,  Inc. (714) 566-4520 0 Heatflow and gradient  
Contact: M r .  Barry Williams, hole  d r i l l i n g  

0 High temperature geo- 
10072 Willow Creek Road 
San Diego, Cal i forn ia  92131 0 Geothermal consul t ing 

Goodrich, Mr. James L. (505) 522-7633 0 Long-range feas i -  
Goodrich - Bartlett & Associates 
1105 Gardner ' 0  Advanced Planning- 
Las Cruces, New Mexico 88001 Feas ib i l  1 ty-Coordi- 

Gruy Federal, Inc. (702) 892-2700 0 Projec t  management of 
Contact: Mr. Alan Lohse, Exec. VP d r i l l i n g  & t e s t i n g  of 

Tech. Mktg. Rep. 
2001 Je f f e r son  Davis H w y ,  
S u i t e  701 
Arlington, Vi rg in ia  22202 

Richard L. Lohse (505) 646-1745 0 Pr iva te  consul tant  
Geothermal F i e l d  Engineer 
New Mexico Energy I n s t i t u t e  
P.O. Box 3EI and reservoi r  assessment 
Las Cruces, New Mexico 88003 

Project  Supervisor 
physical  logging 

b i l i t y  study 

na t ion  Consultant . 

- - M r .  Paul O'Connor, w e l l s .  

1 

0 Geophysicist specializing 
i n  geothermal explorat ion 

' Los Alamos Te  
Contact: M r .  
P.O. Box 410 
1650 T r i n i t y  Drive 
Los Alamos, New Hex 



I 

CONSULTANTS/CONSULTING FXRNS (Cont'd) 

Name . Phone Remarks/Expertise I LJ 
a 

I 
Mancini, Dr. Thomas 
Mechanical Engr. Dept. 
P . 0 ,  Box 3450 
NMSU 
Las Cruces, New Mexico 88003 

R&D Associates 
6400 Uptown Blvd., N E  
Suite 3 9 8 4  

New Mexico 87110 

thermal, h c .  

Mgr. Exploration 
Contact: Mr. Geraqd Huttrer ,  

P.U. BOX 3388 
Santa Fe Spriugs, CA 90670 

(50s)  646-2223 0 Pr inc ipa l  inves t iga tor  
for t h e  T o r  C 
Senior Ci t izens '  Center 

(505) 881-0991 *' 

(213) 945-3661 

Shain, Joe 'Engineers (505)  983-1297 
1519 Pacheco 
Santa Fe, New Mexico 87501 

Solar  America, Inc. 
Contact: Kr, David Chavez 
2620 San Nateo, NE 
Albuquerque, New Mexico 87110 

Summers, W.K. & Associates, bc. 
Contact: M r ,  W.K. Summers 
President  & Senior Geologist 
P.O. Box 6 8 4 ,  904 Cuba SE 
Socorro, New Mexico 87801 

(50s) 883-0959 0 Project design, 
'* engineering and 

management f o r  
geothermal greenhouses 

(505) 839-2095 Conducted study on 
G i l a  geothermal 
eaergp po ten t i a l  

e Hydrology & geology 

Swanberg, I)t, Chandler A. (505) 646-1928 
Physics Department 
P.O. Box 3D 
New Mexico S t a t e  University 
Las Cruces, New Mexico 88003 

6 

Application Center 
Contact: pfr. J e r r y  Yowell 
2500 Central Avenue, SE 
Albuquerque, New Mexico 87131 

(905) 277-3622 e Conducted stare energy 
consumption study f o r  
New Mexico 

P 

L, 
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CONSULTANTS/CONSULTING FIRMS (Cont'd) 

Name 

WESTEC Services,  Inc. 
Contact: M r .  Peter Sherwood, 

Regional Manager Pro jec t  Data Management 
505 Marquette Avenue, NW 0 Program management f o r  
Su i t e  1500 E l  Centro, CA. District 
Albuquerque, New Mexico 87102 heat ing & cooling 

Geothermal Demonstration 

demonstration. 

geothermal gra in  drying, 
tungsten ore  processing, 
ethanol 6 ammonia 
product ion. 

0 F e a s i b i l i t y  s tud ie s  f o r  

Western Energy Planners, Ltd. 
Contact: Mr. J e r r y  T u t t l e  
11000 Candelaria NE, Sui te  112W systems 
Albuquerque, New Mexico 87112 

e Energy systems including 
economic & engineering 

I 

t '  
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New Mexico Geothermal Commercialization I n t e r e s t  

RESOURCE DEVELOPERS (EXPLORATION llLND LEASE-HOLDERS) 

AblAx 
Contact: Mr. Dean 'P i l l s ing toa  or 

Mr. Barrp Olson 
7100 W. 44th Ave. 

Colorado 80033 

American D r i l l i n g  & Grouting Co. 
Clinton, Mis8issippi 

. _  1 ,  

Aminoil USA, Xnc. 
Contact: Mr. Claude Jenkins 
P.O. Box 11279 
Santa Ross, .Cal i fornia  95406 

Bailey, Har+ N. 
25256 Terreno Drive 
Mission Viejo, Cal i forn ia  92376 

Chaf f e e  Geothermal, Ltd. 
Contact: Mr. Jay Dick, Mgr. 
1776 S. Jackson, S u i t e  1000 
Denver, Colorado 80210 

Calvert Exploration Co. 
1000 City Center Bldg. 
Oklahoma City,  OK 73102 

Chevron Resources Co. 
Contact: Mr. Eric Layman 
P.O. Box 3722, 595 Market S t .  

. San Francisco, Cal i forn ia  94119 

Earth Power Corp. 

-Tulsa,  Oklahoma 74101 

Exxon Company USA 
Contact: Mr. James H. 8afenbrack 
Geological Advisor 
P . 0 ,  Box 120 
Denver, Colorado 80201 

Fluid Energy Corporation 
Contact: Mr. Hal Beds 
Denver, Colorado 80210 

P . 0 .  BOX 1566 

Phone Areas of I n t e r e s t  

(303) 420-8100 0 R i o  Grande R i f t  * Anima6 Valley 
0 Valles Caldera 

e Dona Ana County 

(207) 527-5332 e Dona Ana County 
h i m a s  Valley 

(503) 526-1404 0 Dri l l ed  wells on land 
he owns a t  Radium Springs. 
Waats resource user.  

(303) 692-9496 e Las Cruces/Las Alturas 
aaoml p 

(405)  239-6231 

(415) 894-2889 0 Radium Springs 
e Socorro 

Lordsburg-Animas 

(918) 587-9704 0 Lightning Dock 
KGRA 

(303) 789-7792 Bidalgo County 
a Aalmas Valley 

(303) 756-5266 0 T OX: C 
0 La8 Cruces 

_- 

L, . 
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RESOURCE DEVELOPERS (EXPLORATION & LEASE-HOLDERS) (Cont'd.) 

. Name Phone Areas of I n t e r e s t  -W 

cts  Corporation (415) 893-8365 0 Medium t o  low temperature 
Contact: M r .  Kenneth Boren, Pres. resource developer 
1330 Broadway 
Oakland, Cal i f .  94612 residue electrical 

0 hybrid geothermal - wood 

generation - ethanol 
production 

Gulf Mineral Res. Co. (303)758-1700 SOCO 
Contact: Mr. Glen Campbell 
1720 South Bellaire 
Denver, Colorado 80222 

Hunt Energy Corporation (214) 748-1300 e Radium Springs 
Geothermal Division 0 Kilbourne Hole 
Contact: M r .  Roger Bowers 
2500 1st N a t ' l  Bank Bldg. 
1401 Elm S t r ee t .  
Dallas, Texas 75202 

b 

.-. McCulloch Geothermal Corp. (213) 879-5252 0 Dona Ana County 
Contact: M r .  H. R. Chantler 0 Socorro . 
10880 Wilshire Blvd. 5 

Los Angeles, Cal i fornia  90024 

Occidental Geothermal, Inc. (805) 395-8000 0 Sandoval County 
Contact: D r .  Robert Crewdson 
5000 Stockdale Highway 
Bakersfield, Cal i fornia  93309 

P h i l l i p s  Petroleum Co. (801) 364 2083 0 Lightning Dock 
Contact: Mr.Richard Lenzer KGRA 
P.O. Box 239 
S a l t  Lake City,  Utah 84110 

Southland Royalty Co. 9200 0 Radium Springs 
Contact: Jere Denton 
1000 F t .  Worth Club, Tower 
Fort Worth, Texas 76102 

Sunoco Energy Dev. Co. 2600 0 Jemez 
Contact: Mr.John Knox 
12700 Park Central ,  
P.O. Box 9, Su i t e  1500 

- 

I - Dallas, Texas 75251 

Texaco, Inc. Coal & Energy (303) 861-4220 
. Resources 
Contact: M r .  Russ Criwell 
P.O. Box 2100 
Denver, Colorado 80201 

6., 
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RESOURCE DEVELOPERS (EXPLORATION_tkb &FfASE-EIOLDERS) (rant' d), , 

Name , Phone .,. ., Are.as..of .Interest 

Thermal Power Go. (415) 981-5700 a Socorro Peak 
Contact: Louit de Leotl KGRA 
+601 California St. 

ncisco, California 94108 

Union Geothewal of New Mexico 
Contactt Mr. Richard 0.  Engebretsen Ceathelrmal Electric Power 
P.0. Box 15225 Generating Project 
Rio Rancho, New Mexico 87174 

(305) 893al776 i )  Developer of the Baca 

,- 

U 
c 

t 
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w PRIVATE AND COMMERCIAL USERS (CURRENT OR POTENTIAL) 

Remarks/ 
Name Phone Areas of I n t e r e s t  

.. 
AMDEC Corp. (formerly under 0 Large home developer 
Western Development Cotp.) seeking po ten t i a l  
L a s  Cruces, New Mexico 88001 d i s t r i c t  heat ing system 

f o r  subdivision: 
High Range Home (atop 
the  Las Alturas  anomaly 

American Linen Co. (505) 526-6641 0 Need i n d u s t r i a l  
550 N. Church 
Las Cruces, New Mexico 88001 

Aquaculture Products (303)  832-2144 0 Seeking s u i t a b l e  
Contact: Mr. Michael Annison, Pres. l o c a l i t y  C resource 
1754 Lafayet te  Street 
Denver, Colorado 80218 t i o n  

Ashbaugh, Randy Inc. (505)  894-7215 0 Poten t i a l  r e s i d e n t i a l  
Building Contractor space-heating 
T or C, New Mexico 

Bailey,  Barry N. (505)  526-1404 0 Dri l l ed  w e l l s  on land 
25256 Terreno Drive 
Mission Viejo, Cal i forn ia  92576 

process hea t  

f o r  shrimp produc- 

- 

i he owns a t  Radium Springs. 
Wants resource user.  

Baker, Mr. Don H. 
701 Mesa P1. N.W. 
Socorro, New Mexico 87801 

Burge t t Flora l  Co . -2353 0 Operates  100,000 
Contact: M r , ’  Dale Burgett sq. f$ .  geotherma 
Star Route P.O. Box 2658 heated greenhouse 
Animas, New Mexico 88020 

(505)  835-3979 

Campbell, Mr. Doc (505)  534-9340 0 Developer of Gila Eot 
R t .  11 - BOX 80 Springs d i s t r i c t  heat ing 
Gila Hot Springs 
S i lve r  City,  New e ra tu re  electrical 

system and low temp- 

generation 
e Seeking venture capital 

Chaffee Geotherm 
- Contact: Mr. Jay Dick, Mgr. 

1776 S .  Jackson, Su i t e  1000 
Denver, Colorado 80210 

Chino Greenhouses, Inc. (714)  436-0194 a Seeking good resource 
Contact: Mr. Brian F r i t z  and land f o r  business 
1235 Urania Ave. 
Leucadia, Cal i forn ia  92024 

c 

u 
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PRIVATE AM) COMMERCIAL USERS (CURBNT OR POTENTXAL) <Cont’d.) 
. ~ _ -  

Rame 

. Cltifford R. 

Village,  New York 11427 
221-25 Manor Road 

Geothermal Resources In te rna t ’  1 
Contact: Mr. Domenic Falcone 
4676 Admiralty Way, Sui t e  503 
Marina Del Reg, Cal i fornia  90291 

Goad Samaritan Vil lage 
Contact: Mr. Joe Pompliil, Adm. 
3025 Terrace Drive 
Las Cruces, Sew Mexico 88001 

Remarks/ 
Phone Areas of I n t e r e s t  

Resident atop the  
L6S U t u r a s  anomaly 

(213) 821-8802 a fn partnership with 
Mirador Corp. fo r  a 
prospective fue l  alcohol 
p ro jec t  

spata-heating 
po ten t i a l  

(505) 5224362  Retirement center  

Bildebrand ,Greenhouses 
Contact: Kr, Dick Hildebrand 
2008 Edgehill  Road 
Vista, Cal i forn ia  92083 

Jordan, Mr. Thomas 
145-21, South Road 
Jamaica, New Pork 11435 

Kilde, Dale tang  Corp. 
P.O. Box 2125 
Gallup, New Mexico 87301 

L’eggs Products, fnc. 
Contact: Mr. Stan Smith, Mgr. 
P.O. Box 788 
Mesilla Park, New Mexico 88047 

McCants, Mr. Tom 
S t a r  Route Box 265 
Animas, New Mexico 88020 

Mirador Corporation 
Contact: Mr. Mike o r  

0.0. Box 1475, 
305 Black S t r e e t  
S i l v e r  City, New Mexico 88061 

Ojo Caliente Mineral Springs Go. 
Contact: Mt. George Mauro 
P.O. Box 468 
Ojo Caliente, New Mexico 88054 

Mr. John Bright 

U 
* 

I 

(714)  726-6351 a Seeking good resource 
and land f o r  business 

e LOQ Alturas  anomaly 

a Constz’uction and 
development of i n d u s t r i a l  
f a c i l i t i e s  

(505) 524-8541 0 I n d u s t r i a l  process 
hea t  requirement 

(505) 548-2266 e 1979 AET award recepient  
f o r  greenhouse & space- 
hea t ing  systems 

f o r  f u e l  alcohol 
production coricept i n  
Animas Valley 

(505) 388-1701 0 Seeking c a p i t a l  venture 

I 

. 
Seeking Capital  venture 
and technical  a s s i s t ance  
f o r  r e t r o f i t  space-heating L: 



PRIVATE AND COMMERCIAL USERS (CURRENT OR POTENTLAL) (Cont'd.) 

Remarks / 
Name Phone Areas of I n t e r e s t  

Pajaro V a l  ley Greenhouses, Inc. 
Contact: Hr. Arne Thirup 
P.O. Box 69 
Watsonville, Cal i forn ia  95077 

Prepared Foods, Inc. 
Contact: M r .  Russ Johns, Pres. beef 
El Paso, Texas 0 To re loca te  i n  

0 Needs process hea t  f o r  

Dona Ana County 

Roses, Incorporated (517) 339-9544 0 National clearinghouse 
Contact: Mr. James C. Krone f o r  rose growers 

Executive V.P. 0 Researching geothermal 
1152 Easlett Road 
Haslett, M I  48840 

St .  Ann's Eospi ta l  
Contact: Ms. Dee Rush space-heating 

800 E. Ninth 
Truth o r  Consequences, New Mexico 87901 

Sandyland Nurseries (505) 523-8621 Proposed major 
Contact: Mr. Frank Cobb, President  pansion t o  include 
P.O. Box 546 d r i l l i n g  f o r  produc- 
Mesilla Park, New Mexico 88047 

energy opt ion f o r  its members 

o Prospect f o r  r e t r o f i t  

Administrator 

t i o n  w e l l  
Headquarters: 

Sandyland Nurser ies  (805) 684-5441 
3890 Bia Real 
Carpenterla,  Cal i forn ia  93013 

Schaefer Wholesale F l o r i s t s ,  Inc. (717 )  741-3841 0 Seeking s u i t a b l e  resource 
Contact: M r .  Karl J. Schaefer and land fo r  business 
R.D. 3 
York, Pennsylvania 17402 

S i l v e  r Mesa Greenhouses 303) 573-9251 0 Seeking good resource 
Contact: M r .  J i m  Hutton and land pos i t ion  f o r  
P.0, Box 16301 business  preferably in 
Denver, Colorado 80216 Dona Ana County 

Southwestern Services t o  (505)  388-1976 0 Faywood Hot Springs 
Handicapped Children and greenhouse state 
Adlilts, Inc. demonstration proj .  . 

t 

Contact: Mrs. Jewel1 Burk 
309 W. College Ave. 
S i l v e r  Ci ty ,  New Mexico 88061 
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Name.  

Tel lyer  Development Co., The 
Contact: E. 3. Pardner Tel lyer  
P.0. Box 1318 
Las Cruces, New Mexico 88001 

fo r ,  Mr. C. L. 
1555 Candlelight Drive 
Las Cruces, New Xexico 88001 

Yucca Lodge . Karl Kortimeler 

, 

Yucca Lodge 
Contact: Mr. Karl Kortimeler 
S.R. 319 
Placitas, New Mexico 87043 

Young, Tom Racquets & Health Club 
Contact: Hr. Tom Young 

Las Cruces, -New Mexico 88001 
I 305 E. Foster  Road, 

I 

a P h o , n e  L 

(505) 522-1964 

(505) 522-4552 

(505) 894-3556 

(503) 526-4477 

Benarks/ 
,Ateas .of I n t e r e s t  

a Subdivision development 
atop Los Alturas anomaly . * 

e Resident a top the  
Lee Alturas anomaly 

Seeking capital and 
teoknical  ass ie tance  
fer the construct ion of 
geotthewally heated 
eondominiurns 

I) Space-heating and 
hot water needs 

! 
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SUPPLIERS (CURRENT AND PROSPECTIVE) 

k” Heat Exchangers 

N a m e  Phone Remarks 

r APV Company, Inc. (415) 326-6875 
P.O. Box 11189 
Palo Alto, Cal i fornia  94306 

Agric Machinery Corp. (201) 377-7997 
23 Main S t r e e t  6r Green Village Rd 
Madison, New Jersey  07940 

Alpha-Lava1 Thermal (20 1) 685-1800 
American Heat Division 
P.O. Box 860 
Sommerville, New Jersey  08076 

B e l l  & Gossett  - ITT a Heat exchangers 
3200 N. Austin Ave. f o r  the  Carrie 
Morton Grove, I l l i n o i s  60053 Tingley Hospital 

Demo Project  

Cherry - B u r r e l l  
2400 Sixth S t r ee t ,  S.W. 
Cedar Rapids, Iowa 52406 

+ 

Graham Manufacturing Co. Inc. (800) 645-3757 
Department G 
170 Great Neck Road 
Great Neck, New York 11021 

Indus t r i a l  Systems Corp. (216) 725-8500 
1025 Lake Road 
Medina, Ohio 44256 

Patterson Kelly Co. (717) 421-7500 I 

Divisions of HARSCO Corp. 
115 Burson S t r e e t  
East Stroudsburg, Penn. 18301 

Process Equip. Supply 
S a l t  Lake City, Utah 

Skyline Sa les  Co. 
S a l t  Lake City,  Uta 

1 

f Trawter Inc. (817) 723-7125 
Texas Division 
P.O. Box 2289 
Wichita Falls,  Texas 76307 
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SUPPLIERS (CURRENT AND PROSPECTIVE) (Cont 'd) - 
W 

Instrumentation 

Phone Remarks 
h . ,  , . .  

m 

Energy Conttgl, Inc, 
Contact: Nr. A. Bruce Cantrell Higgins Energy Ass. 
Box 6907 
Albuquerque, New Mexico 87197 

Higglns Energy Associates (301) 885-2172 3TU meter for the 
P.O. Box 7317 Carrie Tlngley 
Newark, Delaware 19711 

e Distributor for 

Hospital Demo Proj 

Tegal, Scientific Inc. 
P,O. Box 5905 
Concord, California 
(Local Rep. = Mr. Joe Weckerly 
4200 Broadmare, NE 
Albuquerque, New Mexico 
505 265-3381) 

Low Temperature Electrical Generatiaa 

Barber-Nichols Engineering Co. (303) 421-8111 
Contact: Mr. Ken Nichols, Pres, 
Denver, Colorado 

Kinetics, Inc. (813) 366-3050 e Rankine-cycle 
Contact: Mr. Wally Brown engines 
Sarasota, Florida 

Wuilleumier 6 Assocfates (513) 27l-7001 
Contact: Kt. Tim Wuilleumier, 

7714 Laurel Suite 2 
Cincinnati, Ohio 45243 

Pipe 6 Fittings 

President 

Name Fhone Remarks _. - 
Albuquerque Heating C Plumbing . 
Contact: Mr. Gene Stalen 
Albuquerque, New Mexico 

Ccnnpany 

LJ 
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SUPPLIERS (CURRENT AND PROSPECTIVE) (Cont'd.) 
Pipe 6 F i t t i n g s  (Cont'd.) 

Energy Materials, k c .  (303) 750-4853 High temperature p l a s t i c  
Contact: M r .  Dave S ib i l a ,  Mgr. 
3300 South Tamarac 
Su i t e  El05 
Denver, Colorado 80231 

I s c o  Inc. (801) 487-9831 e Bondstrand Pipe 
Commerce Plaza - S u i t e  8 
2719 South Lemel Circle 
S a l t  Lake City,  Utah 84115 

Mansville, John Sales Gorp. (505) 294-1158 0 F i t t i n g s  - John 
P.O. Box 14624 Bell, Kernco Inc 
Albuquerque, New Mexico 87111 

Perma Pipe ) 533-123 
(BHT Engineering Co. Inc) 
1218 Wyoming 
E l  Paso, Texas 79902 

Pumps 

piping materials 

Alpha Southwest, Inc.  . 
205 Rossmoor Road, SW 
Albuquerque, New Mexico 87102 

Berkeley Pumps 
Rodgers & Company, Inc. 
2615 Isleta Blvd, SW 
Albuquerque, New Mexico 87105 

Center l i f  t , Inc . (213) 598-97 11 

Huntington Beach, Ca l i f ,  926 (714) 893-8511 

Cole D r i l l i n g  Company 
801 Delhi S t r e e t  
E l  Paso, Texas 79927 

5421 Argosy Avenue o r  

Farmers Pump Supplies (915) 562-3785 
512 No. Copia 
E l  Paso, Texas 79927 

Gould Water Systems 
Lucas D r i l l i n g  Company 
10058 Northloop 
E l  Paso, Texas 79927 
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SUFPLXE,RS .[CURRENT Awn PROSPECTIVE) (Con€ ',d 1 
Pump.s. (Cont.' d.  1 

James, Cooke br Hobson Inc, 
281? E. Yandell 
El Paso, Texas 79925 

TP pump i Pipe Company 
1842 Two NW 
Albuquerque, New Mexico 87182 

TRW Reda Pumps 
Contact: Mr. Jim Rosset 
P.O. Box 131 
Famlngtan, Rew Mexico 87401 

surbines ",& Pwqr Systems 

,. H+me 

Barbet-Nichols Engineering Ca* 
Contact: ~, Ken Nichols, Pres, 
Denver, Colorado 

(505) 325-4648 

Hitachi Ametfca Ltd. 
Contact: Mi., Clem Fedirb  
100 California Street 
San Francfsco, Califarnia 94111 

4 A-€6 

Remarks 
Y -"  . '  - 

0 Bumps, turbines and 
power systems 
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td 1.0 INTRODUCTION 
1 

- * 1.1 Purpose of Project 

The North Dakota Geothermal Commercial ization Project was established 

as a cooperative effort between the United States Department of Energy (DOE) 

and the State of North Dakota to stimulate the commercialization of geothermal 

nergy in the state. 

1.2 Objectives 

Several major objectives have been identified as a means to accomplish the 

goal of geothermal commercialization in North Dakota. These are: 
I ,  

. Identify prospective geothermal users and developers in the state. 

. Match geothermal sites with potential markets. 
c . Stimulate interest and cooperative action among participants in 

. Identify the constraints to geotherm commercialization and 

geothermal comnerci a1 izat i on. 

recommend ways to alleviate them. 

. Provide information to prospective users and developers, including 
permit requirements and f inancia? economic, engineer 
resource information. 

Conduct a state-wide outreach prog 

b the possibilities for ge 



I 

state. 

from the assessment of available geothermal resources; current and projected 

The necessary data for incorporation into the reports are obtained LJ 
* 

residential growth and industrial development; institutional technical and r 

environmental considerations; current and projected energy demand; and 

economic activity. T h i s  information provides the basis for the following 

spec i f i c tasks : 

. Prospect identification 

. Area development plans 

. Site-specific development analyses 

. Commercialization plans 

. Institutional assessments 

. Energy and economic assessments 
\ 

. Outreach and marketing programs 

The North Dakota Energy Office, Geothermal Program, 1s conducting the 

North Dakota Geothermal Commercializatdon Project. Team members are: Bruce 

A. Gaugler, Program Coordinator, and Jill D. Ritz, Technical Writer. 

I . 1.4 Project Benefits t o  North Dakota and DOE 
The North Dakota Geothermal Camercialization Project provides the s ta te  

I 
w i t h  a planning and assistance program to  impart infomation and advice to 

s ta te  agencies, local governments, industries, small businesses, and individuals. 

Increasing the level of understandtng regarding the nature and advantages of 

geothermal energy will encourage i ts  use and lessen reliance on fossil fuel 

energy sources. 

I 

I 

. 

. 
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bs North Dakota's project provides DOE with an assessment of environmental , 
a 

economic, institutional, and resource conditions that affect the timing and 

t extent of geothermal commercialization in North Dakota. This information is 

essential for long-range national energy development planning and will 



2.0 SPECIFIC TASK OESCRIPTIONS AND PRODUCTS i 

2.1 Geothermal Prospect Identification z 

f lor th  Dakota has a tremendous store 6f geothermal energy. Many of the 

aquifer systems that underlie the state are good sources o f  low t o  moderate 

temperature geothermal fluids, suStab7e far space heating and cooling, 

' agricu'l tural uses, and l o w  temperature industrSa7 processes. The temperatures 

of North Dakota's geothermal fluids itre not presently considered adequate for 

electrical generation; however wlth the development of the Rankine cycle 

engine, this may soon change. 

Both the United States Geologjcal Survey an8 the 'North Dakota Resource 

Assessment Team are  compiling hydrothermal data for the state.  The United 

States Geological Survey is sumnarit+ng the depth, temperature, and water 

quality data for a l l  major Mesorofc and Cenozoic aquifer systems. The data 

are n o t  expected to  be published u n t l l  late 1981, but  information is currently 

available t o  the s ta te  commercialization team on a s i t e  specific basis. 

During Phase I1 o f  their  evaluation of the s ta te 's  hydrothermal resources, 

the North Dakota Resource Assessment Team concentrated on obtaining data and 

evaluating potential hydrothermal aquifers o f  Mesozo'ic and Cenozoic age, w i t h  

particular emphasis on the Cretaceous Inyan Kara Formation. The results of 

these studies are detailed i n  the report, "An Evaluation of Hydrothermal 

Resources of North Dakota: Phase I1 Final Technical Report." The report is 

available from the University of North Dakota, Engineering Experiment Station, 

Grand Forks, ND (Bulletin #81-05-EES-02). 

1 
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. .  

u' The Inyan Kara Formation is a widespread aquifer of moderate depth 

(fig. 1). Although no reliable temperature data are available for this 

5 formation, it is likely to be an important hydrothermal aquifer in much of 

North Dakota. In general, the total dissolved solids in the formation 

water range from about 2000 mg/l. in the southeast part of the state to , f .  

about 14,000 mg/l in the western part of the state. 

During Phase I11 of their study, the Resource Assessment Team will be 

evaluating two other p tial hydrothermal aquifer -the Fox Hills and Hell 

Creek formations of Me ic Age. They also plan to assemble a user-oriented 

catalog of data collected during their studies of potential hydrothermal 

aquifers. 

Using information available from the United States and North Dakota 

Geological Surveys and the North Dakota State Water Commission, the state 

commercialization team has conducted a detailed analysis of the depth, 

temperature, and water quality data for the major aquifer systems in the 

Lewis and Clark 1805 Region. This report is included in the area development 

plan, "Geothermal Energy Development Potential Lewis and Clark 1805 Region, 

North Dakota." 

c 

As part of their P I1 activities, the Resource Assessment Team's 
' 

field crews ran tempe ture logs in suitable gr observation holes I 

and in two "holes-of- nven i ence" dr i 1 1 ed ies or interests , 
which were cased as heat-flow determination sit s. During Phase 111, the 

Resource Assessment Team will attempt to gain a cess to several additional 

holes-of-convenience into or taceous shales. The results of 

this examination will indicate heat-flo terns over the state. 

v 

c 

u 
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*bd To date, no leasing of state or federal lands for geothermal exploration 

has occurred i n  North Dakota. 

. 
2.2 Area Development Plans 

2.2.1 State Geothermal P1 ann ing Areas : 

The state comnercial ization team has identified eight substate regions 

for area development analysis. These e igh t  geographi regions coincide w i t h  

the boundaries of North Dakota State Planning Regions ( f ig .  2) .  

development plans ha been completed for two of the state's planning 

regions--the Roosevel t-Custer Region and the Lewis and Clark 1805 Region. 

geothermal resources occur i n  abundance throughout the state and their 

characteristics are similar, no additional area development plans are 

anticipated for the remainder of the contract year. 

nce 

' 

. 

2.2.2 Specific ADPs--Completed or In Preparation: 

The Lewis and Clark 1805 Region encompasses ten counties i n  southcentral 

North Dakota. Many of t h  groundwater resources of the region are good sources 

o f  geothermal energy. The areal e x t e n t  o ermal resources 

varies from .5 square miles (Glencoe Chan e miles (Dakota 

and Madison aquifers) glacial d r i f t  

aquifers range from 440 F t 

from 45O F to 2OOox F. T 

are suitable fo 

some industrial S. 

drock aquifers range 

e low t o  moderate temperature geothermal resources 

iety of uses, including groundwater heat pump appli 
+ 

c 
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Since 1975 the population of the Lewis and Clark 1805 Region has increased 

11.6 percent and is expected to continue to grow, in large part because of 

intensified energy development in western North Dakota. As the population 

increases, so will demands on fossil fuel sources for industrial processes 

and space heating and cooling. These limited fuels can in many cases be 

replaced by geothermal energy, resulting in considerable energy and dollar savings. 

Several homeowners in the region have installed groundwater heat pumps for 

residential heating and cooling. A groundwater heat pump is generally more 

economical to operate than conventional heating systems, with the possible 

exception of natur r, many rural areas and small comnunities 

in-the region do n 

energy sources, such as electricity and fuel oil. The recently announced 

decontrol of natural gas prices may also enhance the economic outlook for 

converting to geothermal energy. 

gas service and must rely on the more expensive 

2.3 Site Specific Development Plans 

2.3.1 Candidate Geothermal Sites/Appl ications: 

The specific resource sites that are candidates for site 

development plans are identfffed in table I. 

LaMoure 

The state commercialization team is analyzing the ec omic and engineering 

stem for downtown feasibility of a geothermal distr t heating and cooling 
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TABLE I 

CANDIDATES FOR SITE SPECIFIC DEVELOPMENT PLANS 

Resource Data 
Appl ications 

Representative Representative Aqui fer or 
Loca t i on Current Proposed Depth (ft.) Temp. (OF) Formation 

LaMoure None Resident i a1 space 45-47 LaMoure 
heating; comnercial 59-60 Newcastle 
district heating and 
cooling system 7 

lJ 
z) 

Dickinson None Residential space 500 52 Tongue River 
heating ; residential 1 aoo 70-72 Fox Hills/ 
and comnercial dis- Hell Creek 
trict heating system 5225 160 Dakota 

Mena ken None X ndus t r i a1 process i ng 300 - 52 Fox Hills 
(concrete products) 2900 . 97 Dakota 

5400 120 Madison 



LaMoure i n  southeastern North Dakota. 

The system will ut i l ize  groundwater heat pumps to  heat and cool the Omega 
c City Shopping Plaza and the c i ty ' s  health care faci l i ty .  The Plaza is a 

30,000 square foot bu i ld ing  that  houses 16 businesses, and the health care 

faci l i ty  provides space for a clinic,  dental and optometric offices, and the ' 

county nursing services. Both bui ld ings  are presently heated w i t h  fuel oi l .  

Meno ken 

North Dakota Concrete Products manufactures prestressed and preformed 

concrete products, such as bridge beams and culverts, a t  i ts  Menoken plant. 

I t  ordinarily takes 28 days for a concrete product of this type to  "cure" 

sufficiently to  withstand 5000 pounds per square inch o f  pressure, but  North 
r Dakota Concrete Products uses steam heat t o  advance the curing process and 

decrease the curing time from 28 days t o  24 hours. Their current water supply . 
for the steam process is  obtained from a 450-foot well , which penetrates the 

Fox Hills Formation and provides 52O F groundwater. A fuel oil-fired boiler 

is then used to  heat the water t o  a usable temperature. 

T.P.I . ,  Inc., a Bismarck consulting firm i l l  be studying the possibility 

of  using warmer water (estimated a 

Formation for North Dakota Concret c t s '  processing requirements. If the 

results of this study are favorabl 

) from the deeper Dak 

h Dakota ' Concrete Products a1 so 

t e  the use of geothermal energy for i t s  Minot 

Dickinson i 

Prel iminary report 

Surveys indicate that t 

d the United States Geological 

potential for 

the direct  use of geothermal energy i n  the state. The Dakota Group aquifer 

system i n  the Dickinson area should yield large quantities of approximately 
B.' 
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160' F groundwater. 

Dickinson provides an excel lent site for a geothermal district heating 

project. Between 1970 and 1980 the city's population increased 28 percent, 

and this rapid growth is expected to continue with additional energy production 

in southwestern North Dakota. 

The state comnercial itation team has initiated contact with Dickinson city 

officials and state officials to study the feasibility of establishing a 

district heating system at the "Experiment Station Addition ,I' a 721-lot 

devel opmen t o e west edge of the city. Plans will include secondary use 
of the water for domestic purposes. 

2.4 Time Phased Project Plans 

2.4.1 Active Demonstration/Comrnercial itation Projects: 

Heat Pump Mon i tori ng Program 

With funding f r m  the Old West Regional Comission, t$e Unfversity of 

North Dakota, Engineering Experiment Station, has been monitoring ten heat 

pump installations (nine residential and one commercial) in the state since 

November 1980. Nine of the systems being monitored use commercially available 

groundwater heat pumps; the tenth is a modified air-to-air heat pump. 
, 
, 

The following data were obtained during the first four months of the 

mon i tori ng program : 

Monitoring period: 11/12/80 to 3/30/81 

Groundwater temperature range: 40' F to 72' F 

Energy removed: 156,000 to 342,000 'Btu/day 

5-12 



V Water usage: 3,768 t o  8,325 gallons/day 

Electricil  consumption for compressor: 3,749 t o  6,057 kwh 

Coefficient of performance range: . 
1.8 t o  3.1 

A few of the systems experienced minor operational problems dur ing  this 

period (e.g., well and plumbing 

efficiency. 

experience any problems ranged between 2.6 and 3.1. 

fficul ties) , which reduced the operating 

The coefficient of performance for the systems that  d i d  not 

The monitoring program will continue through December 1981. 

Jamestown Distr ic t  Heating Project 

North Dakota's first distri heating and cooling project went on-line i n  

early 1981. When completed, the project w i l l  consist of nine two-bedroom 

townhouses. Two of the townhouses have been b u i l t ,  w i t h  construction of the 

remaining seven units scheduled for  l a t e  1981. 
b 

Each townhouse is equipped w i t h  a non-reversing groundwater heat pump 

system. A single 102-foot well provides 51' F groundwater t o  the townhouses 

and a discharge well returns the geothermal f l u i d s  t o  the production aquifer. 

The  supply well is capable o f  discharg ing  a t  a ra te  o f  3300 gallons o f  water 

per minute and could easi y supply geothermal ener 

homes i n  the area. 

i 

2.5 State Aggregation of Prospective Geothermal Uti1 ization t 

An estimate of ossible energy on-line through the year 2000 is presented 
4 

i n  table 11. 

June 1981 and the rate  of growth apparent between June and December 1981. 

These figures are based on the number of projects on-line as of 

W 
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,” . 2.6 

Three bills affecting the development of geothermal energy in North Dakota 

were passed during the 1981 state legislative session. ... 

House Bill 1362, which will become law on July 1, 1981, gives the State 

Industrial Commission the authority to regulate the exploration , development , 
and utilization of geothermal resources in the state (see Appendix A for a copy 

of the law). The act provides general guidelines for the Industrial Comnission 

to follow; specific rules and regulations will be formulated by the Commission 

at a later date. 

residential heating and cooling p 

but permits will probably be requ 
geothermal energy . 

Geothermal nergy extraction facilities used for private 

oses are specifically exempted from the law, 

d for industrial and comercial uses of 

The Industrial Commission’s jurisdiction i s  not exclusive and does not 

affect the jurisdiction of other government agencies. The geothermal developer 

in North Dakota will also be subject to regulations and permit requirements 

related to water appropriation and discharge. The state commercialization team 

is presently compil i 

out1 ine local, state and federal regulations for geothermal energy development. 

The other two b 

information for an institutional handbook, which will 

d sections of the North Dakota C 

provide tax incentive the use of geothermal energy. Any North Dakota 

taxpayer, whether an dual or a corp , who installs a geothermal 
energy device on or a anuary 1, ism 
credit of five percent per year for three 

and installation of such a device. The 1981 legislature also approved an 

now claim a state in 
1 

he actual cost of acquisition 

L 

CI 
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expanded property tax exemption for geothermal energy sys LJ  
is valid for five years following the date on which the 

These Incentives should prove benefictal t o  North Dakotans by bringing the 

ini t ia l  costs for geothermal energy systems more i n  l ine  w i t h  in i t ia l  costs 

for  conventional heating and cooling systems. 

. 

* - 

2.7 Pub l i c  Outreach Program 

2.7.1 Outreach Mechanisms: 

The s ta te ' s  outreach program J's designed t o  inform the public of the 

potential and the advantages of geothermal energy 4n North Dakota. 

t o  providing Information t o  interest& indSvidua7 s and organizations upon 

request, the s ta te  commercialization team also actively seeks opportunities 

to promote the development of geothermal energy. 

In addition 
: .  

Exis t ing  outreach mechanisms include a monthly newsletter, formal and 

informal talks, and. distribution af  materials. 

' Newsletter 

The news1 e t te r  now reaches approximately 1500 individuals and businesses 

each month. Each edi t ion features current or proposed geothermal projects i n  

the s ta te ,  plus other items of specrat interest t o  North Dakotans. 

Talks 

Presentations concerning geothermal energy development potential i n  North 

Dakota were presented to  civic and business organizatfons, including the North 

Dakota Association of Professional fngineers. L 

5-15 
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,W North Dakota 's geothe 
s 

received statewide exposure as a result of a half-hour public service 
m television program aired in March. 

Pub1 ications 

The state comercialization team i s  actively promoting the development 

of geothermal-related commercial activities in the state. The number o f  well 

dri 1 lers , heat pump distributors, engin 
involved with or interested in North Dakota's g thermal development has 

increased dramatically during the past year. A list of these firms has been 

compiled and i s  being distributed to individuals 

on their geothermal project. A copy of the consultant's list is presented in 

Appendix B. 

Two brochures explaining the operation and advantages o f  the geothermal 
.I 

groundwater heat pump have been completed. "Geothermal Groundwater Heat Pump : 

An Efficient Way to Heat and Cool Your Home'' was published in January 1981 and 

has been widely distributed. The second brochure is more technically oriented 

and will be published in July 1981. 

ventures between the University of North Dakota, Engi 

Both brochures were written as joint  

g Experiment Station, . 

1 

L 
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i n  North Dakota, increasing numbers of  ci ty  officfals and private develope LJ 
L 

have requested information or assistance w i t h  district heating and cooling 

projects and industrial applications. - - 
The s ta te  comnercialization team recel'ved requests from twelve 

communities f o r  resource information or  technfcal asst'stance w i t h  d is t r ic t  

heating projects. The in i t ia l  construction phase of North Dakota's first 

district heating and cooling system has been completed i n  Jamestown, and i n -  

depth economic and engineering analyses are being conducted for the c i t ies  of 

LaMoure and Dickinson. 

In addition, Rolla c i ty  off ic ia ls  have contacted an architect to  design 

a geothermal system for heating and coollng the ci ty 's  new day care and 

senior citizen center. T.P.I., Inc., a Bismarck consulting firm, is proceeding 

w i t h  a feasibil i ty study for geothermally curing concrete products a t  the 

North Dakota Concrete Products plant i n  Menoken. 

A more detailed account of the s ta te  commercialization team's 

is presented i n  Appendix C. 

contacts 

i on 

L 

2.7.3 Overall Prospectus for  Future Geothermal Comnercialita 

The outlook for continued geothermal energy commercialization i n  North 

Dakota is excellent. 

A t  mid-year there were a total of 22 (19 residential, 2 c m e r c i a l ,  and 

1 agricultural) geothermal systems on-line i n  the state. 

expected to  quadruple by January 1982, and a comparable growth rate  is  

anticipated during the near few years. Communi ty-supported projects , such as 

those proposed for LaMoure and Rolla, will benefit other North Dakota c i t i e s  

This  number is 

by, providing successful working models . 
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During the past year the state commercialization team has been instrumental 



- 

* -  
id 3.0 SUMMARY OF MAJOR FINDINGS AND RECOMMENDATIONS 

on to completing several written tasks during the first half 
3 '  

of calendar year 1981, the state camnercialization team spent an increasing 

amount of time on project stimulation and implementation. Project stimulation 

activities included, but were not limited to, news releases (radio, television, 

and newspaper) ; speeches to civic, business, and educational groups; and 

distribution of brochures, newsletters, and lists of geothermal consultants. 

i 
The state commercialization team devoted approximately 50 percent of its 

time providing direct assistance to individual geothermal developers. This 

assistance included resource identification, technical assistance, economic 

analyses, identification of and assistance with government regulatory policies , 
and coordination of activities between project developers and consultants. 

The state commercialization team's initial efforts to promote the 

development of geothermal energy in North Dakota began at the grassroots 

level and focused on individuals and small businesses. 

and economic feasi bi 1 i ty of geothermal energy systems has been establ i shed, 

the state comnercial ization team's activities have been expanded to include 

comunity, industry, and government leaders. The value of this approach is 

evidenced by the number and scope of projects currently under consideration. 

Now that the technical 

Problems that continue to impede the effectiveness of the commercialization 

effort in North Dakota include: 

Lack of funding 

Individuals, small businesses, and communities often lack the front-end 
5 

capital necessary to implement large-scale projects. This problem will 
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%, undoubtedly be compounded by anticipated cutbacks in federal grant funds and 

loan guarantees ava'ilable for geothermal projects. 
. 
i The state comnercialization team is working to overcome at least some 

degree of this problem on the state level by informing bankers and community 

leaders of the benefits of geothermal energy development. As this segment o f  

society becomes more enlightened, they will be more willing to provide the 

financial and community backing necessary for large-scale geothermal projects. 

. Lack of economic incentives 
North Dakota is now one of four states that allow tax incentives for 

geothermal energy devices , including groundwater heat pump systems. A1 though 

the state's 15 percent tax credit and five-year property tax exemption provide 

some economic incentive, there is still a need for a concerted effort to change 

the federal tax laws to allow credits for systems utilizing groundwater heat 

pumps or geothermal resources below 50' C. 

. Technical assistance 
The greatest stimulation to 'growth and project success in North Dakota 

has been through the Department of Energy's technical assistance program. The 

changes in DOE'S itude and policy, which allow technical assistance efforts 

to be carried out in the state by qualified state personnel, have greatly 

enhanced geothermal opportunities, knowledge, and project implementation in 

North Dakota. Hopefully, a heightened level o nical assistance fun 

wi 1 

I 

provided to the state commercia 

. 





APPENDIX A 

1062 CHAPTER a77 MfNlNG 
,cc$ c 

CHAPTER 377 

HOUkE BILL NO. 1362 
(Kloubec) 

ERMAL RESOURCE DJWJ3-OPMENT 
REGULATION 

AN ACT providing fo the exploration, development, 
utilization of geothermal res by the industrial 
commission; and providing penalt 

STATE OF NORTH DAKOTA: 

SECTION 1. DECLARATION OF POLICY. It is hereby declared to 
be in the public interest to encourage, and promote the proper use 
of geothermal resources in a manner which will prevent waste; to 
authorize and provide for the operation of geothermal resource 
extraction facilities in such manner as will achieve the optimum 
utilization of the geothermal resource and protect the correlative. 
rights of all owners; to prevent contamination and pollution of 

hazards of a geologic nature. 

BE IT ENACTED BY THE LEGISLATIVE ASSEM THE 

* surface and ground water sources; and to avoid eation of secondary 

SECTION 2. DEFINITIONS As used in thi 

1.  commission* means the industrial commission of North 
Dakota. 

2. loGeothermal energy* means th internal energy of the 
earth, available to man as heat from rocks or liquids. 

3. %eothermal energy extraction facility" means and includes 
any drilled, bored, or excavated device or installation to 
provide for the extraction of geothermal energy but shall 
not include any device used for private residential 
heating or cooling purpos 

c 
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MINING CHAPTER S77 lob3 

6. wPtoductw means anything produced, whether usable or 
unusable, by means of a geothermal energy extraction 
facility . 

7. *Wastew means and includes the locating, spacing, 
drilling, excavating, or operating of any geothermal 
energy extraction facility in a manner which causes or 
tends to cause reduction in the quantity or quality of 
geothermal energy ultimately recoverable from a geothermal 
resource, or which causes or tends to cause unnecessary or 
excessive use, or degradation, of land surface. 

SECTION 3. JURISDICTION OF THE INDUSTRIAL COMMISSION. The 
industrial commission has jurisdiction and authority and is charged 
with the responsibility to enforce the provisions of this Act. This 
Act shall not apply to any activity regulated under chapters 38-08. 

The jurisdiction granted to the 
commission by this Act shall not be exclusive and shall not affect 
the jurisdiction of other governmental entities. The industrial 
commission acting through the office of the state geologist has the 
authority: 

’ 38-12, 38-12.1, 38-14.1, and 61-28. 

1. To require: 

a. Identification of ownership of all facilities, 
installations, and equipment used in the extraction o€ 
geothermal energy. 

b. The making and filing of all logs and reports on 
facility location, drilling, boring, excavating, and 
construction and the filing, free of charge, of 
samples, core chips, and complete cores, when 
requested, in the office of the state geologist. 

c. The drilling, boring, casing, excavating, plugging, 
and construction of facilities in a manner to prevent 
contamination and pollution of surface and ground 
water sources and unnecessary environmental 
degradation. 

d. The furnishing of a reasonable bond with good and 
sufficient surety, conditioned upon the full 

to the extraction of geothermal energy. 
, compliance with the rules of the commission relating 

e. Metering or measuring all products extracted from or 
by means of a facility regulated by this Act. 

f. That every person who operates a’geothermal energy 
extraction facility in this state shall keep and 
maintain complete and accurate records of the 
quantities and nature of products extracted from or by 
means of any facility, and the ultimate disposition of 
such products, which records shall be available to the 

r 
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MINIXC 1064 CHAPTER $17 

commission or its agents at a11 times, and that every 
such person file with the commission such reports 6s 
it may prescribe. 

g. That upon termination of the operation of any facility 
or activity regulated by this Act, the operator of the 
facility shall restore the surface as nearly as 
possible to its original condition and productivity. 

2. To regulate: 

a. The drilling, boring, excavating, and construction of 

b. Operations to assure *..e cptimun, performance of all 

limit and prescribe the nature, quantity, and source of 
geothermal energy to be extracted from any facility 
regulated by this Act. 

all geothermal energy extracticn facilities. 

facilities regulated under this Act. 

i 

4. To adopt rules and issue orders to effectuate the purposes 
of this Act. 

SECTION 4. PERMIT REQUIRED. It shall be unlawful to commence 
any operations for the drilling, borinp, excavrting, or construction 
of a geothermal energy extraction faciliry without first securing a 
permit from the state geologist, under such ruler as may 5e adopted 
by the commission and after paying to the commission a fee for each 
such facility in an amount to be prescribed by ?.!!= commission by 
rule. The fee set shall be related to the cost o r  regulation and 
inspection under this Act. . 

- SECTION 5. COMNISSION MAY EM?PLOY FXMIWERS. The industrial commission may use hearing examiners under such rules as the 
commission may adopt 

SECTION 6. ACTION To RESTRAIN VIOLAT.TGH OH THRFATENED 
VIOLATION. Whenever it appears that any percon io violating O r  
threatening to violate any provision of this Act., or aay rile or 
order of the commission, the commission may bring action against 
that person, in the district court of the county where tf..c violation 
occurs or is threatened, to restrain that person fro3 continuing the 
violation or from carrying out the threat of violaticn. In any such 
action, the court shall have jurisdiction to issue, without the 
filing of a bond or other undertaking by the co~~l~sliion, such 
prohibitory and mandatory injunctions as &re necessary, including 
temporary restraining orders, preliminary injmctionc, temporary, 
preliminary, or final orders restraining the person froa continuing 
the violation or from carrying out the threa violation. 

t 

Y 
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HINtNG CHAPTER m 1065 

SECTION 7 ,  PENALTIES. 

1. Any person who viohtts any provision of this Act, or any 
rule or order of the commission adopted or issued under 
this Act ,  shall be subject to a civil penalty of not more 
than twelve thousand five hundred dollars for each act of 
violation and for each day the-violation continues. 

E t  is a class C felony for any person, for the purpose of 
evading this Act, or any rule or order of the commission, 
to make or cause to be made any false entry or statement 
in a report required by this Act  or by any rule or order 
adopted or issued or promulgated by the commission, or to 
make or cause to be made any false entry in any record, 
account, or memorandum required by this Act, or by any 
rule or order of the commission, or to omit, or cause to 
be omitted, from any such record, account, or memorandum, 
full, true, and correct entries as required by this Act or 
by any rule or order of the 'commission, or to remove from 
this state or destroy, mutilate, alter, or falsify any 
record, account, or memorandum. 

3. me civil penalties provided in subsection 1 shall be 
remverable by suit filed by the attorney genera€ in the 
mme and tn behalf of the commission. in the district 
court of the county in which the defendant resides, or i n  
which aay defendant resides. if there is Piore than one 
defendant, or in the district court of any ccunty in which 
the violation occurred. The payment of the penalty shall 
not operate to relieve a person on whom the penalty is 
imposed from liability to any other person for damages 
arising out of such violation. 

SECTION 8. ADMPNISTRATIVE PROCEDURE AND JUDICIAL REVIEW. Any 
Frcccadings under this Act. for the adoption or modification of rules 
or arders, iac1udir.g emergency orders relating to extraction of 
3eothennal energy and dstesmining compliance w i t h  rules of the 
Comaksion, shall be conduct* in accordance with sections 38-08-11, 
36-3@-12, 38-00-13, and 38-08-18; F d  chapter 25-32 shall govern 
a'hinirtratiJe practice where consistent with the provisions of this 
Act and the above-referenced sections. 

SSCTION 9. DISPOSITION OF UNUSABLE PRODUCTS. Products for 
whish there is no beneficial use and which the commission determines 
to be hazardous, rust be disposed sf in accordance with the 
Provisions of chz.pter 23-20.2 of the North Dakota Century Code and 
other state laws and regulctions regarding the management of 
hazarcious waste. 

ApFroved March 11, 1981 

c 
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APPENDIX B 

$d 

2 I 

Bauer Plumbing and Heating 
Bismarck, ND pl umbing/ heat ing contractor . 

Bel 1 Geophysics 
Bismarck, ND testing 

Bismarck Heating and Air Conditioning 

Heat pump installation; 

Geological and geophysical 

Heat pump installation and 
sales 

Pf umbing/ heating co 

Eng i n eer 

mp Brothers Sheet Metal 
Bismarck, ND 

Kohl and Schwartz Engineering, Inc. 
Bismarck, ND 

T.P.I., Inc. Consultant 

Sherman Plumbing and Heating 

b Bismarck, ND 

pump installation and 
> Carrington, ND sa 1 es ; pl umbi ng/ hea t i ng 

contractor 

Western Mechanical , Inc. Heat pump installation and 
Dickinson, ND sales; plumbing/heat 

contractor 

Schall Plumbing and Heating Heat pump installation; 
Enderlin, ND plumbing/heating contractor 

Baker Wholesale, I Heat pump sal es (who1 esal e) 
1 

1 

* Border States Electric 
Grand Forks, ND 

Heat pump sales 

Gi 
. I  
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Neppel Engineering 
Grand Forks, ND . 
Fa1 k Brothers Well Drilling 
Hankinson , ND 

Jamestown, ND 

7r.aut Wells 
Jamestown, ND 

Jay Tee Elec 
LaMoure, ND 

loman Eng i neeri ng Co 
Man'dan, ND 
Willenbring Wells 
Mandan, ND 

Baker Who1 esal e , Inc . 
Minot, ND 

Lindsay Brothers Co. 
Minot, ND 

Solar Dakota, Inc. ' 

Minot, ND 

Earth Energy Systems 
Northwood , ND 

Oakes Electric Inc. 
Oakes, ND 

John T. O'Rourke & Associates 
Mountain View, CA 

Nestern Energy Planners 
Aurora, CO 

Lee Hurry Associates, Inc. 
Minneton ka , MN 

- 

.I Engineer 

Heat pump installation and 
sales; well driller 

Well driller 
* 

Heat pump installation and 
sal es ; pl umbi ng/ heat ing contractor 

Heat pump installation and 
sales; well driller 

Heat pump installation and 
sales; electrical contractor 

Eng Sneer 

Well driller 

Heat pump sales (who1 esal e) 

Heat pump sales (wholesale) 

Heat pump sales 

Heat pump installation and 
sales; ' plumbing/ heating contractor; 
well driller 

Heat pump installation and 
sales ; electrical contractor 

Engineer 

Planning and economic analyst 

Heat pump sales 

. 
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APPENDIX C 

SUMMARY OF MAJOR CONTACTS AND RESULTS 

-. 

Ir 

I 

Federal Government : 

Ray Butler 
U.S. Geological Survey 
Eisrnarc k 

Geot h e m 1  resource information 
$ 

! 

State Government: 

Don Mathsen 
Eng i neeri ng Experiment Stat ion 
University of North Dakota 

Roger Kos ki 
Dist. 32 State Representative 
Bismarck . 

Groundwater heat pump brochure 

Sponsoring geothermal tax 
credit legislation 

Francis Schwindt 
State Health Department 

I 

Rick Nelson 
State Health Department 

Water discharge regulations 

Underground Injection Control 
Program 

Mike Dwyer Water appropriation regulations 
State Mater C m i  ss ion 

Geothermal regulations Erl ing ,Brostuen 
N.D. Geological Survey 

Wallace Owen Natural gas information 
Public Service Commission 

Otto Bervik 
Land Department regul at Sons 

State prospecting and leasing 

Bill Delmore 
State Health Department 

Ken Harris 
N.D. Geological Survey 

Mater discharge regulations 

Geothermal resource in f orma t i on 

. 

f 

.c 
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Barry Z i  belman 
State Water Cmi ssion 

Randy Jorgenson Geothermal tax credit information 
Tax Department 

Lewis Lubka Requested resource information 
N.D. State University 

Joe Ziegler Requested gro dwater heat pump - . 
Dept. of Natural i n  formati on 

Helena, MT 

Requested resource inform t i on 
for ci ty  o f  Gackel--proposed 
d is t r ic t  heating system 

-u 

for Sioux County 

and Conservation 

John O'Leary 
Lewis and Clark ,18 

Counci 1 

Lewis and Clark 1805 Area 
Development P1 an 

a Mandan 

John Lee Requested resource information 
A . Mayor for c i ty  of Colfax--proposed 

d is t r ic t  heating/cool i n g  system 

Requested funding source informa- 
tion for proposed d is t r ic t  

LaMoure 

for Sioux County 

Sou thcentral Regional Counci 1 
Jamestown heating/cooling system i n  

Lynn Fundingsland quested resource information 
Lake Agassiz Regiona 
Fargo H 

B i l l  Bryant 
Rural Development C and resource information for 
Grand Forks East Fairfield 

North Dakota Central Re 

Requested groundwater heat pump 

, K i m  Nesv ested resource informat 
t Devils Lake 

. <  
rt  Baumgartner 

City o f  Dickinson 
* ayor 



Corn rci a 1 / I ndus tr i a1 

Richard Burns Associates 
Fargo 

Mon tana- Da ko ta Uti 1 i ties 
Bismarck 

Tom Trousdale 
Capital Rural Electric Coop. 
Bismarck 

Sparb Coll ins 
T.P.I., Inc. 
Bismarck 

Jerry Kainz 
Refrigeration Service 
James town 

Don Anderson 
Capital Realty 
Bi smarc k 

Tom Kambeitz 
Bismarck Plumbing and Heating 
Bi marc k 

Willy Williamson 
Leichty Mobile Homes 
James town 

Reuben Me1 and 
Earth Energy Systems 
Nort hwood 

Jim Haines and John Jennings 
North Dakota Concrete Products 

'-Bismarck 
I 

, 

Architectural firm involved in 
James town district heat ingl 
cooling project and Rolla 
community center project. 
Requested resource information 
for Osnabrock--proposed nursing 
home 

Natural gas rates and regulations 

Requested groundwater heat pump 
information and brochures for 
distribution to customers 

-_ 
L, 

r 

Consultant for proposed Cherry 
Street (Grand Forks) district 
heating/cool ing system 

Requested information on geothermal 
tax incentives; installed heat 
pump system for Jamestown 
d i stri ct heat i ng/cool i ng project 

Requested resource information for 
Bismarck--proposed 48-unit 
condominium development 

P1 an 
Lewis and Clark 1805 Area Development 

Requested information on geothermal 
development potential in Jamestown 

Geothermal developers in northeast 
North Dakota; requested slide 
presentation and brochures for 
distribution at Valley City 
Winter Fai r 

Requested feast bi 1 5  ty study for 
N. D. Concrete Products 

r 

3 

G 
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Vern Z i n k  Conducting feasi b i  1 i ty  study 
T.P.I.,  Inc. for N.D. Concrete Products 
Bismarck 

Dale Rogers 
First State Bank 
Cemmon, SD 

Roger Russel 1 
Russel 1 We1 1 Dri 11 ing  
Harvey 

Mike Robb 
G1 obe Devel opmen t 

Lemon, SD, dis t r ic t  heating project 

Has instal led geothermal slab- 
floor heating system i n  his 'shop 

Has installed groundwater cooling 
system i n  commercial bu i ld ing ,  

ha1 1 ow groundwater we1 1 s 
Man dan 

Bill Davis 
T.P . I . ,  Inc. heating program for Mayor 
B i marc k 

Terry Moore Genera 1 
O i l  and gas broker 

Dave Schaaf Requested groundwa 
Amoco O i l  Refinery information ' 

Mandan 

Dave Buc kmi 1 1 e r  
Solar Dakota 
Minot 

Rod Bohr and Jim Lindstrom 
Team Bu i 1 ders 
Fargo 

Les Nesvig LaMoure d is t r ic t  heati 
First State Bank 
LaMoure 

Bob McLeod 
KFYR Television 
B i  marc k 

for cooling purposes i n  Bismarck/ 
Mandan area 

Requested information on HUD d i s t r ic t  

of Lincoln 

Requested geotherm 
information 
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Harvey Schneider 
Toman Engineer i ng 
Mandan 

Hunter Grobe Architects 
Fargo 

Darrell Pierson 
LPC Systems, Inc. 

El Monte, CA 

Bi 11 Shamouri 
Basin Oil 
Wi 11 is ton 

Carlson Homes 
Bi marc k 

Requested information for city 
of Medora- - propo s ed d i s t r i c t 
heating system 

Requested engineering assistance 
for West Fargo school district 

Requested groundwater heat. pump 
information 

Reverse osmosis system for Dickinson 

General 

Requested information on geothermal 
potential in Dickinson 

,-- u 

C 

Larry Whi tcomb 
Western Mechanical, Inc. 
Dickinson 

Groundwater heat pump distributor 

Civic or Business Groups 

Bj smarck Exchange C1 ub Speech 

Bismarck Lions Club Speech 

Bismarck Rotary Club Speech 

Speech Bismarck Junior College 

N.D. Association of Professional 

Robinson Lions Club Speech 

Fessenden Kiwanis Club Speech 

Speech (annual meeting) 
Engineers 

* 

,---. 
L, 
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Individuals 
* 

Keith Osberg 
South Dakota 

Dave Poppke 
Grand Forks 

Ben Schaaf 
Mandan 

Requested groundwater heat pump 
information 

Requested groundwater heat pump 
and federal loan information 

Proposed heat pump installation 
south of Mandan 
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1.0 lNTRODUCTlDN 
1.1 Smp~ of P r o m  

,-. W The top p r i o r i t y  of the s tate geothermal team Is t o  replace con- 
vent I ona I f ue I s w 1 t h  geotherma I energy wherever possl b I e i n  South 
Dakota.Outreach and technical asslstance have been the maln vehlcles 

used t o  achieve t h f s  p r l o r i t y .  The physical aspects of the resource 

r e s t r l c t s  the use of geothermal energy I n  South Dakota. The low tem- 
perature and regional aspect of the Madison Formatton l l m l t s  i t s  use 
t o  space heating and agr lcu l tura l  purposes I n  an area t h a t  has l i t t l e  
Industry. The other shallower aqulfers t h a t  under l ie eastern South 
Dakota have t o  be groundwater heat pump asslsted, 

only use Is for l lvestock waterfng. Other wel ls l n  small cmmunities 
are not belng used for  any purpose. The past 6 months the s ta te  team 

has been t r y i n g  t o  make the owners of these wells aware o f  the 

benefi ts of geothermal energy. Dupree, Wesslngton, Faulkton, Eureka, 
and Verml l l ion are interested i n  varlous forms o f  space heatfng and 

have appl fed f o r  technical asslstance. Numerous indlvldual land 

owners have also asked f o r  assistance In  space heating t h e l r  bui ld-  
ings. A data needs sheet f o r  geothermal and heat pump appllcations 

was prepared by NMEl and the s ta te  team (Appendix A). This data sheet 
was f i l l e d  out by the requestor and returned t o  the s ta te  team. Data 

from resources t h a t  had temperatures lower than 3S°C were sent t o  NMEl 

t o  run on t h e l r  groundwater heat pump model study. 
ces wi th temperatures over 3S°C were sent t o  EG&G f o r  eva I ua 

. 

There are numerous ex is t ing  artesian wel ls i n  South Dakota whose 

. 
* 

I 

Data from resour- 

he l r  100 hour technical assistance program. A l i s t  of requestors I s  

2 00 

211 Geothermal Pr- l d . ~ ~ t i f  f c a t i m  
There s t i l l  Is no resource assessment team In  South Dako e .  

South Dakota Department of Water and Natural Resources and t 

Department of Energy are s t l l l  negotiat ing a contract. The la tes t  in- 

ventory of exfs t ing geothermal esources was Del Jensenfs study of 

central South Dakota t h a t  was f luded i n  the l a s t  semi-annual report. ’ 

I 

* 

U 
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31240 Ft . 125,760 

tP taps 2 800.00 Tap 1,600 

17,500 

3" Taps 53 600.00 Tap 31,800 
4n *aps 25 700 *a0 Tap 

2" Tags 40 600 o(X0 Tap 24.090 
Subt-ofat $408,980 

Mo&N Crtng t S  25,000 

v .  

Totat Cosf 
W 
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Midland and Phfllp are other prfme candidates for SSDA; 

Mtdland's datahmcetteen published i&prlor reports. PhllIp 
has been selected to rercetve commupf+y ssststarice from El lot 
AI len and Assoclates so that data4!& I I probably be updated. L+ 

2.4 P W  Pro&+ PI= 

The three demonstration projects i n  South Dakota have been 
operatlonaf since the faf f of 1980. A brlef descrfptton of the 
projects foi lows: 

t 

.L R i R  

This-dfrect use demonstratton sat lsf fes the space heating 
demands of two rnoblle homes, trro permanent resldences, a shop 
building, B bunkhouse, CT hospital barn, and drfes a l  f grain har- 
vested on the ranch. The 68OC water ts stso used to irrigate 
lawns, gardens, and frees wfthout af fectfng the sol I. A garage I s  

heated wlth a series of ptpes embedded i n  a concrete floor. AI I 
other heatlng i s  a c m p l  tshed vta water-te-alr he& exchangers, 
The graln dryer Is used to dry small g m n S  such 8s wheat, Oats, 
and barley In the summer and corn i n  the f e l l .  Approxtmately 100 

gialfons of geothermal flufd per mlnute flow tothe gretn dryer. 
~otat ,energy used i s  7.87 x 109 ~ f ~ / y r  replacing 185,288 Kwh of 

electrtcfty and 49#5 gaiions of propane. There have bem sme 
rnalntenance probfems wtth degassing! and wtth same of the lines 
freerlng. Totat cost of 4%e project uas$403,000 wfth a 62038% 
WE-owner s p l  it. - Maryfs HosDffal, Fret-- 

A 663 meter we1 I drllled tn f i e  Madlson aquifer suppl fes 42% 

ge&fwf=maI water at B rate of 375 gallons per mtnute for hospital 
;pace hating. This appffcatton sat1rfles 100 percent of the space 
heattng needs of B new 65,OW square foot wrng, and partial heating 
of tfte or191nal 83,000 square foof. kospl*af complex. Geothermal 
energy beats the htgh volme of outside af r  required to flow into 
=the hospftal for ventfta-ficm. The welt also provfdes energy to 
prehea* d&estIc hot wabr from 13% $0 38'62 before going to a con- 

. 
charged geothermal f tutd fs pumped Into the Mlssourf Rfver. 

-\ 

L d  
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Project  costs were 61i8,OoO wlth a 75-255 DOE-partlclpant spl It. - sal D l s t r l c t .  P h l l l v  

A 1300 meter well  wl th a flow ra te  o f  300 gpm and a tempera- 

tu re  of 69OC Is used t o  provlde heat and domestlc hot water for the 
5 bul I ding school complex. The geothermal water flows through the 

space and domestlc hot  water heat exchangez and then Is 
i n t o  the downtown business area. EIght business places obtain ap- 

_bl 

I 

. 

- 
proximately h a l f  o f  t h e l r  heating requfrements from the geothermal 

energy. The presence of  Radlum 6 In  the geothermal water 
requires a 10% aqueous so lut lon 

Ing I n  a chemlcal react ion t h a t  removes the radlum In  a s e t t l l n g  
pond. The chemical react lon creates a scal lng problem t h a t  
requires some malntenance. I amount of conventional energy 
replaced i s  e l e c t r i c i t y  - 1 9 Kwh, fuel  of1 - 54,729 gallons, 

and propane - 23,858 gal lons. Cost of the pro ject  was 1.2 m l  I I Ion 

dol lars  wl th a 78022% DOE-partlclpant spl It. 

bar i um ch I or 1 de be added resu It-. 

2.5 -+ion of P r a z p s ~ G e D + h e r m a l  Ut1  I 17atJ~11 
The demonstratlon projects descr lbed I n  the prevlous sectlon and 

the TA projects described i n  Appendix A are the major i ty of the 

. prospective geothermal users t h a t  are known a t  t h l s  time, The 
Mlssourl Basin Munlclpal Power Agency has a new o f f i c e  bu l ld lng under 

constructlon I n  SIOUX F a l l s  t h a t  Is golng t o  be space heated by a 

West I nghouse groundwater heat pump. No est1 mate of energy sav 1 ngs 

has been made a t  t h l s  tlme. N lndlv lduals have Ins ta l led  
groundwater heat pumps I n  the1 ences, however, energy data are 

s t l l l  incomplete. 
2 

eparhent  o f  Water and Natural Resou 

or  geothermal wel ls I n  the state. They have 
of geothermal development the past two years. 

and Natural Resources is ex . r water r l g h t s  and of  

e greater than t 
* s t ra te  t h i s  regard: +he lndi  

Chamberlaln was Issued a water permlt for  the Dakota Formatton only 

a f te r  agreelng t o  plug the same flow r a t e  ex is t ing  In  w l l d  wel ls as 

cipl 
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the school wants t o  use a t  the stte. temmon.has been issued water 

permfts f o r  the MadIson Formatton; the c t t y  has been t o l d  by the 
Department of  Water and Natural Resources personnel That permits for 
the Fox H I l l s  and Dakota w l l l  be refused. 

2.7 P- ProgUtM 

The- s tate teamsvs outreach program Is designed w i t h  two goals i n  

m1nd. The f I r s t  goal i s  to provtde the pespfe of South Dakota w1th 

a l l  the aval lable Infarmatton about geothermal energy. The second 
goal Is t o  match the user w I #  the resource and provlde the necessary 
technical asslstence and Informatton about fundfng sources t o  put 

proJects on- I Ine. 

The past SIX months the 100 hour Technical Assistance Program 
has been stressed I n  fhe outreach program. The Energy Newsletter and 
a l  I the South Dakota daf 1y newspapers have run feature a r t t c l e s  on 

the TA Program. The response fo the program was moderate. Numerous 

requests were received; howeverl *e maJorlty of them were from ln- 
dfvlduals t h a t  had 8 resource w l th  a fmperature of 5S0C or  less. 
Data sheets from low temperature resources were forwarded t o  NMEI t o  

be run I n  t h e l r  computer W e t  of groundwater heat pump heating sys- 
tems. Requestors t h a t  dtd not provtde sufficient data for -the com- 

puter model were sent heat pump Informatton by the s ta te  team. Data 

from resources wIth temperatures above 38OC was forwarded t o  EG&G for  

acceptance I n  the t r  Techntcal Asststance Program. 

February 26. The progrem wnsts ted of speakers from the pr iva te  and 
government sectors addresslng al I aspects of the geothermal f Ield. 

A geothermal energy user*$ conference was held i n  PIerre 

B i l  I Toth from EGG talked about WE*s r o l e  I n  promottng the use of 

geothermal energy. Dan Carda of the South Dakota School of  MInes and 
Technology talked o f  the act lve South Dakota geothermal projects and 

the engineering problems encountered durlng construction. Kefth 

Osberg of the Huron D r l  I 1 Ing Company tal ked about d r l  I I fng water 
wel ls I n  South Dakota. Reuben PastIans of  the Midwestern Energy 

Company explained the r o l e  of groundwater heat pumps In  the state, 
and John Hatch of  the South Dakota Department of Water and Natural 

Resources explalned the s tate laws and regulat ions pertaintng t o  the 

use of geotherma I water. 

6- 6 
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4 

1 

cted a serles of "Energy 

and the potential of 
I South Dakota ary 10-19. S I  ide shows 

explainfng the use 
geothermal energy 1 ed. The public broad- 
casting system showed a half hour program on alternative energy May 
28 and 31. Dr. Stan Howard explalned the geothermal system at the 
DIamond Ring Ranch. 

+ 
3 

am presented a talk o othermal energy at the 
y short course on the th Dakota State Universfty 

campus In June. 
The future of geothermal commercfallzation In South Dakota is 

primarily in the space heatlng and agriculture sectors. There are 
many deep artesian wells In western South Dakota that either are not 
belng used or are used for stock watering only. Ranchers are now 
showlng an Interest In using this resour 

District heating may be a possibfli 
tion density will be a problem. There are several small communlties 
that would llke to utilize exlsting wells for space he 

family dwel llngs and don't have the tax base to support a dlstrict 

e but popula- 

r . 
Ings and private homes. The towns,, however,, cons 

- 
heat1 ng system. 

Groundwater heat pumps have a great potential for space heating 
In eastern South Dakota. Groundwater temperatures range from 8-1 2OC 
north to south across the glaciated portion of the state. The out- 
wash plains and the river valleys have the resource to sustain space 

heatlng by groundwater heat pumps. 
3.0 M Y  OF W R  F I N D l l G S A D  RECOMMF- 

The state team actfvltles have been dlrected towards outreach 
and technical assistance. The sparse population, extreme weather,, 
and lack of industry in South Dakota dfctates that the most effi 
use of geothermal energy IS In the space heatlng and agricultural 
fields. The low to moderate resource temperatures, ( less than 84' 

I s  also best sufted for space heating and agriculture. 

educational and Informational program deslgned for the best ut1 I lza- 
tion of the resource aval lable. 

With these llmttations in mind, the state team embarked on an 

b+ 
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i n, newspapers, and radto were used tu farniltarize South 
Dakotans with the potenfiat sf geothemat energy, 
workshops featuring focal speakers knmtedgable In a l l  aspects of 
geothermal development are belng held tttmghout the state. 

Informational i 

! 

EGdGfs 100 hour Techntcaf Assistance Program and NMEIts 
Groundwater Heat Pump Mode! Study have received stateutde publfclty 
and have created a l o t  of Interest. 

The goal of getting B W S  r ~ n  f ine  v t f l  &e accompltshed if: 
- The general publlc 1s cowlnced geothermal energy I s  economically 

feasible: thls i s  being accompl lshed By pub1 Ishlng data from exlst- 
i ng geothermal proJects that show a mvI ngs when compared to con- 
venttonai fuel. - Funding i s  avallable a t  a r a t e  people can afford; the high Interest 
rates are dlscouraglng smaf I cummunItIes from developing existing 
reswrees. Most munictpalities are bonded to the llmlt and do not 
have the tax base to pay off high Interest loans. 

I 
I I 
I 
I 

The sot ution to +he f Inancial problem Is very camplex and beyond 
the scope of this report, The problem could be allevtated If there 
were low Interest loans available either thfwgh federal or state 
programs. 

,-.. 

u* 
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P r ice of Conventional Fuet SIWBTU's: $9.06 
Annual Heat Demand: 5.897 X t096TlJ 
Payback Period: 4 years 
Status: No act ion has been taken 

Eureka# South Dakota 

Resource 
Depth: 636 M 
~emperaturet DOC 

Ftow Rate: 3148 GPM 

Type of  Discharge: I n to  lake 

User 
Degree h y s  heating: 8,720 
Winter Desfgn Temperaturet -19% 
Type: Space heating and hot wafer, assisted by heat pumps, 

Bul ldtng Area: 64,000 f? 

Type of Conventlona t Fuel : 01 I 
Pr ice of Conventlon Fuel MM/BTU'st $9.06 
Annual Heat Demand: 5.369 X l0'6'TU 

Payback Period: 5 years 
Status: Data sent t o  city, no actfon taken 

for gymnaslm, elementary, and high school 

Dupree, South Dakoia 

Resource 
L 

Depth: lt372 M 
Temperature: SSOC 

Flow Ratet 66 GW 
Type of Dlscharge: Storm sewer 



- -  

User . .  

Degree Days Heating: 7,890 
Winter Design Temperature: -17OC 

, Type: D i rec t  use for space heating and ho t  water for school, 
W 

courthouse, f i r e  ha1 I, and municipal bar. 

Type of Energy: Fuel of1 

Price of Conventional Fuel MM/BTUts: $9.06 
Annual Heat Demand: 6.79 x 10 BTUts 
Payback Period: 9 years 

'I Bui ld ing Area: 85,931 f? 

9 

may prov 1 de techn 1 ca I 

Vetmf I I ion, South Dakot 

Resource 
Verm I I I ion proposes t o  use potable water stored 1 n a 1.5 m i  I I Ion gal Ion 
ground storage reservoir  t o  ass is t  in the heating and/or cool ing of the 
Verml l l ion Public Library. Rather than disch the water, It Is proposed ' 

t h a t  the wate 

' 

- . 
. 

Degree Days Heating: 7,700 
W I nter  Des 1 gn Temperature: -24OC 

Buf ld lng Area: 11,000 ft2 
Type of Conventional Fuel: Natural gas 
Pr ice of Conv 

* 



. . .  

. .  
Hot Spr lngs Veteran's Adm i n I s t r a t  f 00 

Resource 
The resource Is a sprlng that  has B flw rate of ?600 GPbl and a tempera- 

t u r e  of BOC. 
Type of Qischarget I n t o  seww w r t v e r  

User 
Degree Days Heatfng: 8,000 

r DesIgn Temperature: 42'G 
Use water t o  water heaf pumps t o  prodrr@e 60% hot water for both spuw 
heatlng and hot. water. OonventlQnal butler can be used as the back-up 
system +Q heat hosptfal and four pfex apartmet\+$. 

BuJ Idtng Areal 4033000 f-? 
Type of Conventtonal Fuel: #2 6 rS6 fuel 011 
Price of Oonrentional Fuel NM#8W*st $9+06 
Annual Heat Demand: 75 X IO9 BTU 
Payback Perf&: 2 
Status: No s c t b n  as yet  

In addltfon several other groJ&a are In +he plsnntng atsge and could 
r e s u l t  i n  v iab le geothermal energy US, EG&G Is negotlatfng wi th t # ~  ranchers 

who have ietpplfed for the Techntcai Asststance Prsgrgm. Ed Bruncier of Nisland, - .. _ .  , . 







I CONTERTS 

Page 
1,Q Introductton . . . . . . . . . . . . . . . . . . . . . . .  7-1 

2.1 Geothermal Prospect Identificatton. . . . . . . . . .  7-2 
2.2 Area Development Plans. . . . . . . . . . . . . . . .  7-4 
2.3 S f t e  Specfffc Development Analysfs. . . . . . . . . .  7-7 

2.3.1 Candidate Geothermal Sites and Applicatfons. 7-7 
2.3.2 SSte Specific Development Plans Completed 

or fro Preparation, . . . . . . . . . . . . . .  7-9 
2.4 Time-Phased Project Plans . . . . . . . . . . . . .  7-10 

2.4.1 Active Demonstratio ercfat itation 
Projects . . 0 . . . . . . . . . . . . .  7-10 

2.4.2 firn&Phas& ProJect Plans. . . . . . . . . . .  
2-5 State Aggregations o f  Prospective Beothermat 

Applications. . . . . . . . . . . . . . . . . . . . .  
2.6 Institutional Analysis. . . . . . . . . . . . . . . . .  
2.7 PttblIc Outreach . . . . . . . . . . . . . . . . . . .  

2.7..1 Summary o f  Contacts and Results. . . . . . . .  
2.7.2 Overall Prospectus for  Future Geothermal 

Commercialization. . . . . . . . . . . . . . .  
3.0 Sumry o f  Hajor Findings and Recommendations. . . . . . .  
APPENDIX A . Geothermal Resource Conservation Act . . . . . . .  

7-1 5 

7-16 
7-1 6 
7-1 9 
7-21 

7-21 

7-22 

A-7-1 

r-. 

L!. 

k 

C 



.bi UTAH GEOTHERMAL COMMERCIALIZATION PROJECT 

SEMIANNUAL PROGRESS RT, JANUARY-JUNE 1981 

1.0 Introduction 

The Utah Geothermal Commercialization Project is par t  of a regional 

program funded primarily by t h e  U.S. Department of Energy. The objective 

of the program is t o  fos t e r  the development of geothermal resources i n  

each s t a t e  through public information services, technical  ass is tance,  

planning, and public outreach. The program was a l s o  intended t o  provide 

DOE with program support information. 

I n  1977, the Utah Division of Water Rights contracted with the DOE 

to  perform these functions i n  U ah. 

pro jec t  a re  S tan le  Green, Directing Appr i a t i o n s  Engineer i n  

Division and Project  Supervisor f o r  the  commercialization program; 

Ward Wagstaff, planning and technical  analysis ;  and Connie Walk 

replaced Douglas Nielsen i n  January a s  the information and marketing 

s p e c i a l i s t .  

Personnel working on the  Utah 
* 

L. 

r y  benefit of the geothermal commerclalizatlon pro jec t  I n  

Utah has t h a t  po ten t i a l  develop 

they can t u r n  fo r  general information esource loca t ions  

e c h a r a c t e r i s t i c s  and f o r  advice i n  dealing w i  

g geothermal development. The S t a t e  - 
information which has been helpful  t o  various s t a t e  agencies i n  t h e i r  

regulatory a c t i v i t i e s .  The project  has provided the  U.S. DOE with data  

4 d  7-1 



from the state  l eve l  and has acted as a contact point within t h e  s ta te  

for the DOE. 

2.1 Geothermal Prospect Identification 

bring the period of danuary t o  June 1981, there. were no new deep 

exploratory wells driUed for electrical erploration: there were also no 

successful neu w e h  drilled far dire& user A number of reservoir tes t s  

were conducted, however, ineluding tests t a t  Roosevelt Hot Springs and 

Crystal Hot Springs. 

A t  Rmsereft Hot Springs, the rnsljor bigh-temperature prospect i n  

I contract has Utah, vot’k is progressing Into the development phase. 

been signed by P h i l l i p s  Petroleum Company, the major developer and U n i t  

operator, srnd Utah Power and Ugh%, the naJcrr utilfty in Utah, The 

cOrWact provides that P h i l l i p s  vi11 &ill the prC#Eue%ian and injection 
I wells and construct the wellhead facilities, and that Utah Power and 

L i g h t  u%3L buy the steam, operate M e  generating plants, and distribute 

the power. 
I 

Fhfllips and Utah Power and tight hare tmnounced plans t o  in i t ia te  

. 

pawer pradutatfon a t  Roosevelt w i t h  a 20 We pllot  plant. 

of‘ thks plant w i l l  enable the developers to study the reservoir during 

the tine that the larger oapacity plants are being designed, permitted, 

and constructed. 

The operation 

The p i l o t  plant will use aastfy existing wells for 
t 

produotion and injection. %vera1 addiEfons3! Well5 w i l l  be dril led for 
. .  

the in i t ia l  plant, including at  least two production wells which w i l l  

probably be dril led in l a te  1981 OT early 1%$2, 
I 



. *u 
A t  Crystal Hot Springs, near Bluffdale i n  S a l t  Lake County, a flow 

- l  

tes t  was conducted i n  February i n  a 1000 f t  well d r i l l e d  for the  Utah 

State  Prison space heat ing project. The well was allowed t o  flow under 

a r t e s i an  pressure a t  600 gpm for 15 hours, then was cu t  back t o  400 gpm 

f o r  11 hours. The well w then shut-in and the pressure recovery was 

measured; ninety percent of the 4 ps ig  i n i t i a l  pressure was recovered 

within 24 hours after the  flow had ceased. 

L 

. 

I n  May 1981, L. D. Haddock, a p r iva t e  landowner, d r i l l e d  an 

exploratory well i n  Midway, Wasatch County, t o  determine the po ten t i a l  

for space heating. Haddock intended t o  use heat from the well t o  heat 

one and possibly two homes. 
e 

The well was d r i l l e d  t o  a t o t a l  depth of 
0 '4, 0 

* about 260 feet, and encountered temperatures of about 75 F (24 C) .  The ' 

well had an a r t e s i an  flow of a 

qua l i ty  water. Unfortunately, the temperature was inadequate for the  

planned uses,  bu t  the owner may reenter  and deepen the well a t  a later 

date. 

. .  
P h i l l i p s  Petroleum Companf formed the Drum Mountains Geothermal Unit 

i n  a remote area about 30 miles west of Delta. 

approved by the USGS and by the Utah Division of State Lands. 

contains  64,523.50 acres, including 8,502.36 acres of s ta te  lands and 

56,021.14 acres of federal lands. Although the  are no surface 

manifestations of geothermal resources i n  the area, uno 

have indicated t h a t  favorable temperature gradients  have been 

encountered. P h i l l i p s  intends t o  d r i l l  a deep exploratory well i n  t h e  

Unit, bu t  has not ye t  specified when or where t h e  d r i l l i n g  w i l l  occur. 

The Unit has been 

- 

ka 
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Several companies coMuo€ed temperature gradient surveys during t h e  

Host of this exploration was i n  fa i r ly  remote areas first half  of 1981. 

of western Utah. 

permits were issued included Phi l l ips  Petroleum Company, Union O i l  

Companies for uMch temperature gradient d r i l l i n g  

companyl and Hunt Energy Corporation. 

A field inspection for a geothermal well within the Roosevelt Hot 

Springs U n i t  was held during March 1981. Geothermal Power Corporation 

applied t o  the USGS t o  d r i l l  m exploratory well on a 40-acre federal 

lease held by A. t. McDonald, The t r ae t  nearly straddles the Dome Fault, 

which is one of the major controlling struotural features i n  t h e  resource 

area. Extensive opaline deposits l i e  along the fau l t  and extend into the 

t ract .  Geothermal Power planned eventually to d r i l l  up t o  three wells 

including two production wells (on the south side of t h e  fau l t )  and an 

I injection well (north of the fault) .  Although the purpose of the field 

inspection was to discuss potential environmental impacts, the primary 

-7 

concerns revolved around safe ty  considerations involved with d r i l l i n g  

olose to  the fault .  An issue whioh was raised la te r  was whether a well 

dri l led i n  that  area should be oonsidered an exploration well or a 

development well. 

A number of new geothermal leases were issued by the Utah Division . 

of S t a t e  Lands. These are listed i n  Table I. 

2.2 Area Development Plans 
. 

c Area Development Plans (ADP's) were intended to  indicate, i n  a 

gefierafL way, the opportunity for hydrothermal development wi th in  a 

specific bwb-state area. /.-. u This is aceamplished by matching projected 
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TABLE P NEW STATE GEOTHERMAL LEASES, JANUARY - JUNE 1981 



energy for the area with the estimated energy p o t e n t i a l  of geothermal 

resources within the area.  

l i k e l y  si tes for geothermal’ development within the state, and would also 

This information could be used t o  t a rge t  

E 

be usefu l  t o  state, regional ,  and local planning agencies.  

The first s t ep  i n  the ADP process was to  d iv ide  the s ta te  i n t o  

appropr ia te  a r e a s  for ana lys i s ,  

b a s i s  of geographic, demographic, c u l t u r a l ,  and economic f a c t o r s  as well 

as the na ture  and d i s t r i b u t i o n  of the hydrothermal resources  within each 

county. 

Counties were grouped together on t h e  

After de f in ing  the planning areas, estimates of energy demand 

I n d u s t r i a l  energy p ro jec t ions  were made through the year 2020 were made, 

by the New Mexico Energy I n s t i t u t e  using i n d u s t r i a l  data from the  s t a t e .  , 

Resident ia l  and commercial energy p ro jec t ions  were made using past 

consumption data and population growth pro jec t ions .  

Estimates of t he  energy p o t e n t i a l  of t he  hydrothermal resources were 

made using known temperature and flow data. 

estimated i n  some cases.  Usually, the  energy p o t e n t i a l  of t h e  

hydrothermal resources  was very d i f f i c u l t  to  es t imate  with any degree of 

confidence,  and although the  use of su r face  temperature and flow d a t a  

yielded oonservat ive r e s u l t s ,  it provided a systematic  approach t o  the 

Reservoir capacit ies were 

1. estimates. 

Information generated by the ADP prooess has been published earlier * 

and will not be duplicated i n  t h i s  report, Maps of t h e  planning a r e a s  

and tables of the r e s u l t s  are found i n  the Semi-annual Progress Reports 
/- 

LJ for January 1980; Ju ly  1980, and January 1981 
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2.3 Site  Specific Development Analysis 

;u Site  Specific Development Analyses (SSDA's) are intended to  portray 

0 

the detai ls  of the development of a particular project a t  a specific 

geothermal resource s i te .  A s i t e  specific analysis generally includes 

the following features: a step-by-step outline of development procedures: 

general estimates of when each step would occur and how long it w i l l  

probably take to  complete; a preliminary analysis of the technical and 

economical feas ib i l i ty  of the project; and a fa i r ly  detailed analysis of 

t h e  i n s t i t u t  nal and other factors wh might hinder or prevent the 

successful completion o e specific development analyses 

are more detailed and t development plans, and are 

related to  a specific de i f i c  s i t e ;  as such, they offer 

* more i n s i g h t  into t h e  real  problems otential  for development a t  a 

given s i t e .  
* 

andidate Geothermal Sites and Applications 

entia1 resource s i t e s  may be candidat 

site-specific development analyses. "Provenn sites are 

presence of a commercial resource ed by d r i l l i n g .  

"Potentialvt s i t e s  are those where ble subsurface d 

.g., temperature gradients, stratigraphic d r i l l i n g  results,  e tc  

andidate s i t e s  for s i t e  speci yses are l is ted i n  Table 11. 

The s i t e s  are classified into two c s- those s i t e s  where projects 

appear to be go prospects for 
e 

development but have been announced. * 

- 
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fABL€ IT CANDIDATE SifES FOR SITE*SPECIFIC DEVELOPMENT ANALYSIS r--- u. 
Sites idhere-Development, i s .  ’t’n ?mgw.ss 

stal Hot Springs (Salt Cake County) Space HeatSng - State Prison 9. 

stal Hot Springs {Sa l t  Lake County) 

Belmont Hot Springs (Box Elder County] 

Newcastle (Iron County) Cree nhouses 

&enhouses - Utah Roses 

Pt’strl’ct Heating 

Midway (Wasatch County) Space Heating 

Other Pmjsf- 

Masakh Hot Springs (Salt  Lake Cwnty) 

Beck’s Hot Springs (Salt Lake County) 

Utah Hot Spdngs  (Weber County) 

moper Hot Sprtngs (I)avls bunty) 

Monroe Hot Springs (Sevier Count)b) 

Cove Fort (&aver County) 

Thenno (Beaver County) 

Escal ante Oesert (Iron County) 

Abraham [hker) Hot Springs [Juab County) 

Drum Mountatns ( M i l  lard County) 
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o b i  

i During the  period of J no new s i te  specific analyses  

ich was done i n  cooperat ion 

-evaluated i n  December 

sed for redevelopment by 

bui ld ings ,  wi 

. 

* The s i te  specific a n a l y s i s  which was performed by t h e  Geothermal 

Team examined the economic f e a s i b i l i t y  of a heat pump dis t r ic t  hea t ing  

system which would se rv ice  the bu i ld ings  on block. It w 

(3 
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Unfortunately, the project had capital  restrictions which precluded 

the consideration of the heat pump system. The Redevelopment Agency 

applied for a HUD d i s t r i c t  heating grant i n  an attempt to obtain the 

extra capital ,  but  the proposal was not approved by HUD. The f i r s t  of 

the  office bui ld ings  scheduled for the block, a s t a t e  office building, is 

now nearly complete and construction of the c i t y  offices has begun. 

..- 

u. 
L 

2.4 Time-Phased Project Plans 

A Timephased Project Plan is p! detsleled analysis of a specific 

development & . a  specific site. It I s  more s p e c i f i c  and detailed than a 

s i t e  specific development analysis. The time-phased plan analyzes a 
L 

pecific developent i n  terms of the specific steps necessary t o  br ing  

the development to  fruit ion,  their  sequence and relationship with each 

other, their duration, and actual-time estimates of when each step w i l l  

begin and end. The project is thus analyzed a t  e l l  stages of progress, 

inc luding  pre leas ing  act ivi t ies ;  leasing; exploration; reservoir 

confirmation and development; development negotiations such as 

partnership or u n i t  negotiations: permitting by s ta te ,  local,  and federal 

agencies; plant construction; and dis t r ibu t ion  system construction. 

2.3.t Active Demonstratfon/~ercialPzation Projects 

Active or firmly planned geothermal projects are candidates 

time-phased project plans, fable ;EzI is a listing of s i t e s  withl  

which are rml ida tes  for time-phased project plans. 

for 

.n Utah 

The major project i n  Utah is the power plant planned by Utah Power 
, 

and Uglnt for Boosevelt Mot Springs in Beaver m n t y ,  Permitting, 

planning, and design of the project are i n  ptogress. P h i l l i p s  submitted A 

w 





Site 
jfkweloper) 

4 

Application 
Resource 

Charac ler5 s t i  cs 

Hell drilled by 
unlon - abMlt 473% 

statas of 
mjut 

. Y h 



the  Plan of Operations for Developm on, and U t i l i z a t i o n  t o  the 

USGS August 1980, and t h o s  i n  t h e  process of review a n d -  

approval. 
-u 
3 

A s  part  of the f i e l d  development program, P h i l l i p s  plans t o  conduct 

tests on seve ra l  wells eptember 1981 t o  determine 

chemical and produ . A t  l e a s t  two production wells 

w i l l  l a t e r  he d r i l  a1 power p l an t .  

The Utah Roses greenho l e  were heated with 

hydrothermal resources  during the  1980-1981 heat ing  season. The second. 

set of greenhouses were constructed i n  the sp r ing  of 1981, which brought 

. 

c 

.. 

with the i n j e c t i o n  well. 

t es t  were not  conclusive wi th  regard t o  r e se rvo i r  capaci ty ,  the  test d i d  

provide da t a  for design of the project. the consu l t an t s  for u 
7-13 



. .  

the  prorgect, which BncLude Terra Tek an4 W H  B.W? are working wi th  the 

Utah h w g y  Office to  evaluate design alternatiues, particulwly for the 

the prorgect, which BncLude Terra Tek an4 W H  B.W? are working wi th  the 

Utah h w g y  Office to  evaluate design alternatiues, particulwly for the 

1, 

A t  Cove Fort-Sulphurdah, &xeIctpws hsd planned t o  use .an existing 

geothermal Well t o  provide enesgy far en ethmol p2ant. The wellt which 

was dr i l led  by Union Qil Ceqany during i t s  crpZoratory atctiivities in t h e  

Cove Fort area, was t.es6ed latie In tg8t. The rcsu8ts of the flow t es t  

were not made public,  but uwffioiaa and woctnf$rmed reports indicated 

that the well uas more prcrdqotlvs than prewisraxsly believed. However, i n  

l a te  1980 and early 1981 the developeps of the project had some internal 

disagreements and the projeot has apparengly become the subject of 

litigation. 

The Crystal Hot SpFings remrt at, Honegwtfle has completed the 

i n i t i a l  renovation of its fac i l i t i es ,  The Fesort has replaced the 

previous swimming and soaking pool, and scv%saZ smaller jacuzzi-type 

poolk, The resort owners plan additional tmprovements. 



> 

Time-Phased Pro Plans 

A time-phased p r o j e c t  plan f o r  the development of the Roosevelt  Hot jd 

Springs geothermal prospect  

plan ou t l ined  development of a 55 MWe power p l a n t  by P h i l l i p s  Petroleum 

s completed i n  t h e  summer, of 1979. The 
* 

Company and a u t i l i t y  (which was a t  t h a t  time unspecif ied) .  

after the time-phased plan had been completed, P h i l l i p s  announced t h a t  

they  planned t o  i n i t i a t e  development with a 

would be followed af ter  seve ra l  years  by f u  

smaller p l a n t  w i l l  provide opera t ing  experience,  r e s e r v o i r  data ,  and 

revenue during t h e  time i n  which the l a r  

constructed.  

Shor t ly  

l a n t s  were permitted and 

. The r e s u l t s  of the o r i g i n a l  time-phased p 

Hot Springs can be found i n  the Utah Geothermal Progr 

January-June 1979 and w i l l  not  be repeated i n  t h i s  rep0 

brief update of t 

c 

development w i l l  be included here.  

I n  t h e  i n t e r v a l  since 

announced, a numbe por t an t  milest 

s e v e r a l  yea r s  of nego t i a t ions ,  a u n i t  a 

P h i l l i p s  Petroleum Company and t h e  AT0 Consortium (AMAX Explorat ion,  

r o rde r ly  developme he resource  

.. September 1980 
\ 

u n i t ,  signed a marketing ag r  

agreement, P h i l l i p s  w i l l  d r i l l  the we 

Light ,  and d ispose  of the spent  f l u i d s .  

supply steam, t o  Utah Power and 

Utah Power and Light  w i l l  



Subsequent to  these events, the major permit applications were / 

submitted to  the appropriate regulatory agencies. P h i l l i p s  Petroleum W J  

Company has submitted the  plans for bevelopment, Injection, and 

Utilization to  the USGS. Utah Power and Light is i n  the process of 

obtaining s i t h g  permits from the BLM. 

* - 

Other major steps i n  the development of the resource which are 

planned far the near future are the testing of several wells ( f a l l  19811, 

commencement of construction on the 20 We plant  ( la te  1981 or early 

19&E), rand the dr i l l ing of additional produotin wells ( la te  1981 or early 

1982) b 

2.5 State Aggregations of Prospeetive 

Geothermal Applleatians 

Using information supplied by €he Utah Geothermal Team, the  Physical 

Scienee Lab a t  New Mexico State University made geothermal energy use 
I 

projections to , the year 2020. 

amount 6f new geothermal energy which would became economical each year 

under a given se t  of assumptions, 

These grojecti6ns Were estimates of the 

"he results of the  PhysioaP Soience Lab projections were presented 

i n  the Semiannual Report of the botherma1 Commercialization Project for 

July 1980. 

plotted results of the aggregeited projections. 

The reader is referred to tha t  report for the tabulated and 

e 

2.6 ZnstPtutXanal Analysis 

bne of the deepest needs of geothermal development in Utah has been 

a clear end effective law regulating geothermal development. The 

? 
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or ig ina l  law deal ing w geothermal development , -  i n  Utah was a brief 

sec t ion  attached t o  t h e  Utah Water Law which assigned regulatory for 

geothermal development t o  the Division of Water Rights. 

t h e  S ta te  Engineer, as administrator of t h e  law, were not stated and 

regulatory guidel ines  were not given. 

-bd 
The powers of 

+ 

With the  advent of t h e  geothermal commercialization program the 

s t a t e  team became involved i n  the effort  to  d ra f t  e f f ec t ive  geothermal 

leg is la t ion .  In  1978, after making presentations t o  a l e g i s l a t i v e  

committee, an advisory group was established t o  formul e geothermal 

l eg i s l a t ion  for proposal to  the 1980 session the  legislature.  Members 

of the advisory group included Stanley Green of the  State 

Commercialization Team, representat ives  from the Legis la t ive Analyst 's 

Office legal advisors from the  National Conference of S t a t e  Legis la tures ,  

c and representat ives  of the  major companies involved i n  geothermal 

development i n  Utah, including P h i l l i p s  Petroleum Company, AMAX, Thermal 

Power, O'Brien Resources, 

supported by a l l  of the adv 

who apparently opposed any 

amended before passing t h e  Senate; the osed by Utah Power 
U 

* 

re-amend and introduce t h e  he end of the  session. 

7-17 
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Throughout 1979 work m the proposed fegis1ation continued. The 

advisory gr6Up modified the l e g i s l a t i o n ,  but Utah Power and Light  s t i l l  

opposed it on p r inc ip l e .  The. b i l l  which bras introduced t o  the  1980 

re was e s s e n t h d f y  the sane a8 wad introduced the previous year, 

with the exception of aertcriri msdifiaattons ail& printar i ly  i n  an attempt 

t o  ga in  t h e  support  of Utah Pwor avld Lfght, However, when the  b i l l  was 

introduaed to the  l e g i s l a t u r e ,  Utah Poner and t ight  aa t fve ly  opposed it. 

The b i l l  wd8 eventua l ly  tab led  because of t h e  controversy and confusion 

surrounding it, 

R& 1980+ work on the %egislatien aantinued. After Utah Power 

hed signed the  Rodsevelt Hot Springs marketing con t r ac t  with 

P h i l l i p 8  Petroleum Company, they @greed t o  drop t h e i r  appos i t ion  t o  the 

l e g i s l a t i o n .  The b i l l  whicrh was subsequently introdused to  the  1981 

l e g i s l a t u r e  was e s s e n t i a l l y  the ~ame as the 1980 b i l l ,  but: it passed wi th  

no opposi t ion.  

.-. 

~ The majoi provis ions 6f' the  b i l l  are as follotra: 

-4 geothermal resourae is d e f i p d  8s t h e  n a t u r a l  hea t  of the  

Eorm, which may be extracted from t h a t  na tu ra l  heat, 
Gesthermal resources do not inelude geothermal f l u i d s  I whiah 
a r e  defined as water or stem rit tetnperatures i n  excess of 120' C 

, 
I 

I e a r t h  a t  temperatures above 120 C end t h e  energy, in whatever 
, I 

which may be n a t u r a l l y  present  in a geothermal system. 

--Correlative r i g h t s  ere defined as t h e  r igh t s  of each 
getkhermdl owner ta ptoduee h i s  j u s t  and equ i t ab le  share of the 
geothermal resource whiah unde r l i e s  the geothermal area.  
h e r s h i p  of a geothermal resource derives from an i n t e r e s t  i n  
land 3nd not from an appropr ia t ive  r i g h t  t o  geothermal f l u i d s .  

-Because of the  p o t e n t i a l  r e l a t i o n s h i p  between geothermal 
f l u i d s  and groundwater relrortrces an approved app l i ca t ion  t o  

p r i a t e  geothermal f lu id& is required prior t o  t h e  
c t i o n  of geothermaf fluids From a ueL1. The 

CzgprGprlaticm, however, does not guarantee ownership of the 
r'eiiotireep 



-The law assigns regulatory authori ty  t o  the S t a t e  Engineer 
(Division of Water Rights) and out l ines  h i s  powers and 
respons ib i l i t i es .  Among other things,  the State Engineer is 
authorized t o  hold hearings, t o  enforce ‘irnitization, and t o  
regulate  exploratory and development a c t i v i t i e s .  The law is 
very specifiu about some of the . regulatory and uni t iza t ion  

$4 

. 
provisiions.  

The entire geothermal law has been included i n  the  appendix t o  t h i s  

repor t  . 
, .  

A number of i ssues  related t o  geo ermal development still should be 

addressed by l eg i s l a t ion ,  but t o  da te  

proposed or suggested. Among the i ssues  remaining t o  be resolved a re  tax 

incent ives  for geothermal developers, pa r t i cu la r ly  for direct use: 

exemption of small district  heating systems from public u t i l i t y  

regulation: and the  authorizat ion or municipal i t ies  and other 

governmental or quasi-gove e n t i t i e s  t o  for strict heating 

such 1egis la t ion .has  been 

1 

c energy systems. 

for geothermal developers and reg 

disposal of spe mal f lu ids .  Reinjection may not be a 

a t t r a c t i v e  method of d 

environmental reasons. 

a l t e rna t ives  t o  r e i n j e  ulatory agencies 

& 

The public outrea 

* component a c t i v i t i e s .  

geothermal resources and the poten t ia l  for the i r  development i n  Utah: a 

second is more specific response t o  information requests from 
Ld 
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ind iv idua ls ,  governmental agencies,  researchers, geothermal companies, 

and government cont rac tors :  a t h i r d  is t echn ica l  a s s i s t a n c e  t o  

prospec t ive  users; 

i n d u s t r i a l ,  p r iva t e ,  and publ ic  users ,  both d i r e c t l y  and through 

appropriate s ta te  and local agencies;  and a f i f t h  is ass i s t ance  i n  

preparing geothermal l e g i s l a t i o n .  

a fourth is marketing, or an a c t i v e  effort t o  reach 

I n  January 1981 Douglas Nielaen l e f t  t he  project t o  take other 

employment and' was replaced by Connie Walker, who directed and 

coordinated t h e  outreach program for Utah. 

The. outreach a c t i v i t i e s  for Utah for  1981 included t h e  following: 

-Legislation: Stanley Green, the S t a t e  Team Leader, worked 
u i t h  t h e  l e g i s l a t i v e  and advisory committees to  coord ina te  and 
advise  i n  the prepara t ion  of the geothermal b i l l  which was 
passed i n  February. 

--Newsletter: 
t h i s  year under the  d i r e c t i o n  of Connie Walker. 
is d i s t r i b u t e d  t o  over 250 r e c i p i e n t s  each month and has 
received good response. 

-Energy Fa i rs :  
Display and d i s t r i b u t e d  information a t  seve ra l  energy f a i r s  
throughout the state. The S t a t e  Team pa r t i c ipa t ed  i n  energy 
fa i r s  a t  H i l l  Air Force Base, Orem, Mount P leasant ,  and seve ra l  
i n  Salt  Lake City. 

The "Utah Water/Geotherraal Report" continued 
The newsle t te r  

The State Team exhibited the Utah Geothermal 
* 

-Presentations:  Presenta t ions  on geothermal energy i n  Utah 
were made to the  Utah Water Users' Association i n  February. 
S tan ley  Green spoke to two workshop sess ions  about the  r ecen t ly  
passed geothermal l e g i s l a t i o n ,  and Ward Wagstaff gave an 
overview of geothermal resources  and their u t i l i z a t i o n  i n  Utah. 
I n  Apr i l ,  S tan ley  Green, along with s e v e r a l  other s t a t e  
off ic ia ls ,  pa r t i c ipa t ed  i n  a workshop i n  Denver, Colorado, 
e n t i t l e d  "Energy Development i n  t he  1980's: A Par tnersh ip  
between Government and Industryn.  
served on a panel which discussed geothermal development. 

A t  the workshop, Mr. Green 

Plans for upcoming outreach e a t i v i t i e s  Include the  following: 



-County Fairs:  
Geothermal Display a t  several  county Fa i r s  during t h e  l a te  par 
of the  summer. 
include Washington, Utah, and Sanpete Counties, In addition t o  

The s t a t e  team has s t o  exh ib i t  the  Utah 

A t  t h i s  time, firm plans for the  display 
:u 
* t he  d isp lay ,  s l i d e  presentations w i l l  be shown 

11 be d i s t r i b u t e d .  

-Geothermal/Industrial Packet: Current plans include t h e  
preparation of a Utah Geothermal Information Packet, which 
would be made ava i lab le  for use by indus t r i a l  commissions or 
multi-county agencies to  inform new industry about the  

o t e n t i a l  for geothermal u t i l i z a t i o n  i n  the  s t a t e .  

-Utah Geothermal Pamphlet: The s e team plans t o  put 
together a pamphlet dealing with the use of geothermal- energy 
i n  Utah. The pamphlet is intended f o r  general  d i s t r ibu t ion  t o  
t h e  public. 

-Technical Assistance: 
ass i s tance  t o  the public t o  assist i n  the development of new 
projects and t o  demonstrate t he  f e a s i b i l i t y  of geothermal 
u t i l i z a t i o n  i n  Utah. 

The s t a t e  team plans t o  use technical  

c 2.7.1 Summary of Contacts and Results 

c The s t a t e  team has continued t o  work closely with new and on 

projects, including t h e  power plant a t  R o t  Springs, the Utah 

S t a t e  Prison Project, and developers and rs a t  numerous hot  

spr ings,  resorts, and gre ouses throughout t h e  s t a t e .  The 

has a l s o  responded t o  a la rge  number of 

hermal u t i l i z a t i o n  i n  Utah 

e 

t 

The l a rges t  project  i n  Utah continues t o  be the  Phi l  

Power and L i g h t  v ure  a t  Roosevelt Hot Springs., Ac t iv i  

project during t h  irst pa r t  of 1981 
7-2 1 
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permitting, developer negotiations, planning, and design. P h i l l i p s  has 

submitted permit applications for the additional production wells, which 

f w i l l  probably be dril led i n  l a t e  1981 or early 1982. 

doubt that  the resource a t  Roosevelt w i l l  be developed, although the 

There is l i t t l e  

t iming of that development is somewhat uncertain. 

The Utah Roses greenhouses a t ’c rys ta l  Hot Springs are now i n  f u l l  

operation and are an impressive demonstration of geothermal uti l ization. 

One drawback to  the success a t  Crystal has been an excess of interest  i n  

partiouler resource by other developers, a situation which has led 
’ t o  competition for the resource a t  that  s i te .  Since the resource 

capacity does not appear t o  be sufficient to  supply a l l  t h e  needs of the 

would-be users, some regulatory restrictions on development are 

inevitable. 

Other projects have not progressed so readily. This s i tua t ion  is 

probably due to  several factors, inc luding  the general slowing of t h e  

economy, high interest  ratea, and the withdrawal of federal support of 

geothermal projects. 

some time, probably u n t i l  the eoonomy improves, and w i l l  probably affect 

smaller projects such as small d i rec t  ut i l izat ion projects more than 

large electr ical  projects. 

3.0 Summary o f  Major Findings  and Recommendations 

T h i s  slowdown is generally expected t o  cont inue for 

t 

A short aummary o f . t h t  more fmporte conclusions are included here. 
? 

-The potential. for geothermal development i n  Utah is 
substantial, bu t  barriers t o  development still exist. 
rewurce is owned by someone who doesn’t have the financial 
backing or interest  t o  develop it, Along the Wasatch Front, 
for example, geothermal oacurences are evidently related to  

Of ten  a 
7 
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deep c i r c u l a t i o n  
are high temperat /high q u a l i t y  resources.  Development so 
f a r  has  clustered around the  best resource sites, while lower 
q u a l i t y  resources  a r e  not well developed. 
i n  l i m i t a t i o n s  of development a t  t he  better resource a reas  and 

ough f a u l t  systems, and only a few of them 

These f a c t o r s  r e s u l t  
JJ 

. slow development a t  o thers .  
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GEOTHERMAL RESOURCE CONSERVATION ACT 

1981 

GENERAL SESSION 

, Enrolled Copy 

S. B. No. 43 By Fred W. Finlinson 
Glade M. Sowards 

AN ACT RELATING TO THE DEVELOPMENT OF GEOTHERMAL RESOURCES IN 

THE STATE: DEC NG THE PUBLIC INTEREST IN THIS 

DEVELOPMENT AND SIGNING REGULATORY AUTHORITY REGARDING 

THIS TO TEE DIVISION OF WATER RIGHTS; BEFINING THE 

RESOURCE AND ITS RELATIONSHIP TO WATER; PROVIDING FOR THE 

PROTECTION OF CORRELATIVE RIGHTS AND THE PREVENTION OF 

w WASTE; AUTHORIZING AND 

UNITIZING OF GEOTHERMAL AwD PROVIDING FOR 

PROCEDURES TO GOVERN REGULATION BY THIS DIVISION. 
I 

THIS ACT ENACTS TEE UTAH GEOTHERMAL RESOURCE CONSERVATION ACT 

in the State of Utah i n  such manner as w i l l  prevent waste, 

protect correlative rights, and safeguard the natural 
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environment and the public welfare; t o  authorize, encourage, 

and provide for the development and operation of geothermal 

Zesource properties i n  such manner that  the maximum ultimate 

econom5c recovery o f  geothermal resources may be obtained 

through, mong other things, agreements for cooperative 

I development, productien, injection, and pressure maintenance 

operations. 

Section 3. SecUon 73-21-3, Utah Code Annotated 1953, is 

enacted t o  read: 

73-21-3. As used i n  this cRaptert 

(1) ."Correlative zightstt mean %he rights of each 

geothermal m e r  i n  a geothermal area 'to produce without waste 

his j u s t  and equi-le share of the geothermal resource 

underlying the geothermal area. 

42) UDivihionN means the division ,.of water rights, 

department af natural Eesources . 
(3) "Geotkcrmal area" means #e general land area which 

i s  Ynderlaia or  reasonably appears to be underlain by 

geothermal xesources. 

(4) uGeothemal fluid" means water and steam a t  

tunperatUreS greater *an 520 degrees centigrade naturally 

present i n  a geothermal system. 

( 5 )  %eothermal t'esoarce" means: (e) the natural heat 

of the earth at temperatures greater than 120 degrees 

centigrade; and (bt #e energy. i n  whatever form, including 

pressure, present in ,  resulting from, created by, or which may 

be extracted from that natural heat, directly or through a 

material medium. Geothermal resource does not include 

geothermal fluMs. 

(6) Weotherma1 syskmw mean5 any st rata ,  pool, 

reservoir, or other geologic fowation containing geothermal 

resources. 

A- 7- 2 
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(9) Wwnertt means a personwho has the right to drill 

into, produce, and make use of the geothermal resource. 

'Persongt means any individual , business entity 

(corporate or otherwise), or political s ivision of this or 

any other state. 

(11) HWastett means fficient, excessive, or 
improper production, use, or dissipation of geothermal 

resources. Wasteful practices include, but are not limited to: 

(a) transporting or storage methods that cause or tend to cause 
unnecessary surface loss of geothermal resources; or (b) 

locating, spacing, constructing, equipping, operating, 

- producing, or venting of any well in a manner that results or 

tends to result in unnecessary surface loss or in reducing the 

ultimate econarnic recovery of geothermal resources. 

- 

(12) ItWelltl means any well drilled, converted, or 

, reactivated for the discovery, testing, production, ' or 
subsurface injection of geothermal resources. 

Section 4. Section 73-21-4, Utah Code Annotated 1953, is 

enacted to read: 

73-21-4. (1) Ownership of a rmal resource derives 

from an interest i and not fro 

geothermal fluids . 
(2) This chapter shal 

Utah, including federal and 

by law. When ,these lan 

z 

* involving lands subject to federal 

division may, with respect to the unit agreement, deem this 

chapter complied with if th 

ei 
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the United States and the division finds tha t  csonservation of 

geothermal resources and prevention of waste are accomplished 
under the unit  agreement, 

Section 5. Sectiw 73-21-5, Utah Code Annotate& 1953, is 

enacted to  read: 

73-21-5. ( 3 )  me division is graated jurisdiction and 

authority over a l l  persons and property, public and private, 

necessary ta enforce the provierions of this chapter and shall 

have the power and authority to adopt and enforce rules, 

regulations, and orders and do #hatever may reasonably be 

necessary to  carry out this chapter. 

( 2 )  Afiy af€eecte& person may apply for a hearing before 

the division, or  the divisicm may h i t i a t e  proceedings upon any 

questioh selating t o  &e administration of this chapter, and 
jtVi6dictioh is conferred upon the division to hear and 

determine the same anb enter it6 rule, regulation, or order 

w i t h  respect to tbe matter. 

( 3 )  lshe division shal l  have the power to summon 

witnesses, to admini~ter oaths, and to require the production 

of teeoras, bookB, and tbeuments €el: cxaminatioh a t  any hearing 

6r investigation conducted by it. 

( 4 )  In  case of failure or refusal on the part  of any 

gerson t o  comply with a 6ubpoena iSSUed by the division, or i n  

case of refusal of any witness to tes t i fy  as t o  any matter 

regarding which he may be interragatea, any district court i n  

the s ta te ,  upon the application of the division, may issue an 

order compelling the person to comply w i t h  the subpoena and t o  

attend before the division and produce any records, books, -and 

documents covered by the subpoena or  'lo give testimony or both. 

!l%e court shall  have ?31e power to punish for contempt as i n  the 

case of disobedience to a Xike subpoena issued by the court, or 

for: refusal t o  testiry in the court. 

. 

L, 
i 

t 
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(5) Wheneve appears that any person is violating or 
threatening to vi0 

rule, regulation, is chapter, the 

division may bring,suit in the name of the state against that 

person in the district court in the county of that person's 

residence, in the county of the residence of any defendant if - 

there be more than one defendant, in the county where the 

violation is alleged to have occurre 
from continuing the ation or from carrying out the 

of violation. In the 

(6) Nothing i 

. 

restrain that 

\ 

division, and no violation charged or 

person under this chapter, or any rule, regulation, or order 

issued under it, shall impair or abridge or del any cause of 

action for damages which any son may have o ssert against 

&y person violating this ch any rule, regulation, or 

order issued under it. Any person damaged by the vi0 

recover such damages as he 0th 

entitled to receive. 

(a) Identification 

(b) Filing with 

i 

* 

requests, in writing, that the records be held confidential. 
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u, The period of coafidtntiality shall &e tstablished by the 

division, not to exceed five years from #e date of production 
or injection €ox other than testing purposes ox five years from 

#e date of aban&ment, whichever uccurs first, as determined 
by the division. Well records held con€idential by the 
division a& open to inspection by those pefsons authorized in 
writing by the Owner or operatot. Confidential status shall 
not restrict inspection by 6t&te officers charged with 

regulating w e l l  operations or by authorized officials of the 

Utah state tax couunissien for purposes of tax assessment. 

( d )  The spacing, drilling, casing, testing, operating, 
producing, and abandonment of w e l l s  SO as to prevent: (i) 

geothermal resoauces, rater, gases, or other fluids from 
eocwing into btmta other ann the strata in which they are 
found (unless in accerUance with a subsurface injection program 

approved by the division); (Si) pollution of surface and 

P 

groundwater; (iii) premature cooling of any geothennal system 

by water encroachment er otherwise which tends to recluce the 
ultimate economic recovery of the geothermal resources; (iv) 

blowoUts, caving$, and eeepager and (v) unreasonable 
disturbance or injury to neiqhboring properties, prior water 
rights, human life, health, and the environment. 

(e) The operator to file cash or individual surety bonds 
w i t h  the division for each new well drilled and each abandonea 

well redrilled. The amount of surety required shall be 

determine4 by the division. Sa lieu of bonds for separate 

wells, the operator may f i le  a blanket cash or individual 
surety bond in an amount set by the division to cover all the 

operator's drilling, redxilling, deepening, maintenance, or 

abandonment activities for w e l l s  in the  state. Bonds filed 

with division shall be executed by the operator, as 
principal, conditioned an compliance w i t h  division regulations 

in drilling, redrilling, keepening, maintaining, or abandoning 
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(2)  The division sha l l  Qake an order providing for the 

cooperative or unit operation of pqrt or a l l  of a geothermal 

area if the division finds tha t  a developable resource exists 

and that  thisoperation is  reasonably necessary to prevent 

waste, t o  protect correlative rights, or  t o  prevent the 

dr i l l ing of unnecessary wells and w i l l  not reduce the ultimate 
economic recovery of geothermal resqurces. 

(3) An.order for cooperative or uni t  operations shall be 

upon terms and conditions that  are j u s t  and reasonable and 

sat isfy the requirements of  subsection (2). 

44) An order by the division for unit operations shall  

prescribe u plan, including: 

(a)  A description o f  the geothermal area t o  be so 

operated, termed the unit area. 

(b) A statement of the nature of the operations 

contemplated, the time they w i l l  commence, and the manner and 

circumstances under which unit  operations 6hall terminate. 

( c )  An allocation t o  the separately-ome4 t racts  i n  the 

unit  area of the geothermal resources produced and of the costs 

incurred i n  uni t  operations. The allocations shall  be i n  

accord w i t h  the agreement, if any, of the affected parties. If 

there is no such agreement, the division shall  determine the 

allocations from evidence introduced a t  a hearing before the 

division. Production shall  be allocated i n  proportion t o  the 

relative value that  each tract bears to the value of a l l  tracts 

i n  the unit area, The acreage of each t r ac t  i n  proportion to 

the total un i t  acreage shall  be the measure of relative value, 

unless the division finds after public hearing that  another 

method is l ikely to resul t  i n  a more equitable allocation and 

protection of correlative rights. Resource temperature, 

pressure, f l u i d  quality, geological conditions, distance t o  

place of use, and productivity are among the factors that  may 

be considered i n  evaluating other methods. The method for 

, =  
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LJ. 



. .  

S. B, No. 43 

allocating production in unit operations shall be revised if 

after a hearing the division finds that the revised method is 

likely to result in a more equitable allocation and protection 

of correlative rights. The division shall hold a hearing to 

,w 
1 

consider adoption of a revised allocation method upon the 

application of any affected person, but the application may not 

be made until three years after the initial order by the 

division or at less than two-year intervals after that. 

(d) A provision for adjustment ardong the owners of the 

unit area (not including royalty owners) of their respective 

investment in wells, tanks, pumps8 achinery, materials, 1 .  

equipment, and other things and services of value attributable 

e unit operations. The amount to be charged unit 

ions for each item shall be determined by the owners of 

the unit area (not including roy owners), but if the owners 

of the unit area are unable to a upon the amount of the 

* charges or to agree upon the correctness of same, the division 

- 

. 

shall determine them after due notice and hearing, upon the 

application of any affected party. The net amount charge 

against the owner f a separately-owned tract shall be 

considered an expense of unit operation chargeable against that 

tract. The adjustments provided for in this subsection may be 

treated separately and h 8 separate from the 

unitization agreemen 

A provision providing how the costs of unit 

operations, inclu capital investments, shall be determined 

and charged t arately-owned tracts and how these costs 

shall be paid, g a provision 
0 

om the unit production 

pay the share of the cost of 

* 

The operator of 

shall have a first and prior lien for costs incurred the unit 

A- 7-9 
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h 

Lt, 
pursuant to the plan of unitization upon each owner's 

thermal rights and his share of unitized production to 

secure the payment of the owner's proportionate part of the 

cost o f  developing ating the unit area. This lien may 

be established and e in the game manner as provided by 

* 

sections 38-1-8 through 36-1-26. For these purposes any 

nonconsenting owner shall be deemed ta have contracted with the 

unit operator €or his proportionate part of the cobt of 

developing and operating the unit area. A transfer or 

conversion of any owner's Lnterest or any partian of it, 

however accomplished, after the effective; date of the order 

creating the unit, shall not relieve the transferred interest 

of the operator's lien on the interest for the cost and expense 

of unit operations. 

(f) A provision, if  necessary, for carrying or otherwise 

financing any person who elect6 to be carried or otherwise 1 

financed, allowing a reasonable interest charge for this 

service payable out of that person's shate of the production. 

(9) A provision for the supervision and conduct of the 

unit operations, in respect to which each person shall have a 

vote with a value corresponding to the percentage of the costs 

of unit operations chargeable against the interest of that 

person. 

(h) Such additional provisions that are found to be 

appropriate for carrying on the unit operations. 

( 5 )  No order of the division providing for unit 

operations shall become effective unless and until the plan for 

operations prescribed by the division has been approved in 

writing by those persons, who r the divirion's order, will 

be rewired to pay 66% of ts of the unit operation, and T 

also by the owners of 66% of the production or proceeds of same 

that. &re free of costs, such as royalties, overriding 

royaltits, and uction payments; and the division has made a 

. 

f 
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finding that the plan for unit operations has been so approved. 

If the persons owning the required percentage of interest in 

the unit area do not approve the plan within six months from 

*u 
* 

L 

the date on which the order is made, the order shall be 

ineffective and shall be revoked by the division unless for 

good cause shown the division extends -this time. 

( 6 )  A n  order providing for unit operations may be amended 

by an order of the division in the same manner and subject to 

the same conditions as an original order for unit operations; 

but if this amendment affects only the rights and interests of 

the owners, the approval of the amendment by the owners of 

royalty, overriding royalty, production payments, and other 

interests which are free of costs shall not be required. 

Production allocation may be amended only according to 
* subsection 73-21-7 (4) (c). 

v2 

(7) All operations, including, 

. commencement, drilling, or operation of a well upon any portion 

of the unit area shall be deemed for all purposes the conduct 

of such operations upon each separately-owned tract in the unit 

by the several owner6 of tracts i 

the unit production allocated to a heparately-owned tract in a 

unit area shall, wh produced, be deem 

have been actually produced from that tra a well drilled 

Good faith operations conducted pursuant to M order of 

the division providing for u 

complete defense to any suit alleg 

ontractual 

extent that . 

+ 

be the property 
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t o  whose credit, the same are allocated or payable under the 

order providing for unit operations. 

(9 )  Except t o  the extent that  the parties affected so 

agree and as provided i n  eubsection 73-21-7 (4)  (e) ,  no order 6 

providing for unit  operations shall  be construed t o  result  i n  a 

transfer of a l l  or any par t  of the t i t l e  of p y  person to  the 

geothermal resource rights i n  any tract  i n  the unit area. A l l  

property, whether real  o r  personal, that  may be acquired i n  the 

conduct of unit operations shall  be acquired for the account of 

the owners within the unit area and shall  be the property of 

these owners i n  the proportion that  the expenses of unit 

operations are charged. 

< 

, 

Section 8 .  Section 73-21-8, U t a h  Code Annotated 1953, i s  

enactea t o  read: 

73-21-8. (1) Geothermal fluids are deemed t o  be a 

special kind of underground water resource, related to  and - 
potentially affecting other water resources of the state.  The 

uti l ization or distribution for the i r  thermal content and 

subsurface injection or disposal of 6me shall constitute a 

beneficial use of the water resources of the state.  

b 

(2)  (a)  Geothermal m e r 6  shall, prior t o  the 

commencement of, or increase in,  production from a w e l l  or 

group of wells t o  be operated i n  concert, f i l e  an application 

w i t h  the division to appropriate such geothermal f lu ids  as w i l l  

be -extracted from the w e l l  or group of wells. Publication of 

applications shall  be made as provided i n  section 73-3-6, and 

protests may be filed as provided in section 73-3-7. The 

division shall  approve an ication if it finds that  the 

applicant is a Spothe O w n e r  and &at the proposed 

extracaon of geothermal .fluids’*will not impair existing rights 

t o  the waters of the state. ‘ 

* 

(b) The division may grant the quantity of an application 

on a provisional basis, to be finalized upon stabilization of 
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w e l l  production. Flow testing o discovery well shall  n 
require an application to  appropriate geothermal fluids. 

* 
(3) The date of an application to  appropriate geothermal 

f lu ids ,  when approved by the division, shall  be the priority 

date as between the geothermal owner 

to  water other than geothermal f lu ids .  No prior i t ies  shall  be 

created among 

application to appropriate geothermal fluids. 

section 9. Section 73-2i 

enacted t o  read: 

73-21-9. Rights t o  geothe 

fluids t o  be extracted i n  the co 

geothermal resources acquired under section 73-21-8 shall  be 

based on the principle 

- section 10. Se 
L 

is enacted to read: 

73-21-10. (1) Any person adversely 

regulation, or order issued under th i s  ch 

days a f te r  the effective date of the rule or regulation or  

entry of the order bring a c iv i l  s u i t  

the d i s t r i c t  court of Sal t  Lake County 
of the county in w h i c h  the complainin 

the validity of the rule, regulation, 

injunction or  to obtain other appropr 

rights of appeal. 

. 

the d i s t r i c t  court 

regulation, or order issued 

be determi as expeditiously as feasible. The t r i a l  c 
4 ues on both questions 

e t  aside the rule, regu 

or remand the cause t o  the division 

The court is authorized to  enjoin p 

by the division of t h i s  chapter, or any act  done or  threatened 

* 

kd 
I 
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under it, if the plaintiff shall show ?hat as to him the act or 

conduct complained of Is unreasonable, unjust, arbitrary, or 

plmintiff or if the plaintiff shows that the act complained 

- 

L'. 
capricious, or violates any constitutional right of the 

of 
con s or results in waste or does not in a reasonable 
rnanntir accomplish an end that is the purpose of this chapter. 

5 

' (3) Any person who, for t he  purporse of evading this 

chapter or any rule, regulation, or order of the division 

h u e d  under it, shall make or cause to be made any false entry 

In any report, record, account, or memorandum required by this 

chapter, or by any rule, regulation, or order issued under it, 

or shall omit or cause to be omitted from the report, record, 
unt, or memorandum, full, true and correct entries as 

required by this chapter, or by the rule, regulation, or order, 

or shall remove from this state or destroy, mutilate, alter, or 

falsify the record, account, or memorandum, is guilty of a 

class A misdemeanor. 

, (4) No suit, action, or other proceeding based upon a 

violation of this chapter O r  any rule, 'regulation, or order of 
the division issued under it shall be commenced or maintained 
unless same shall have been commenced within two years from the 

date of the alleged violation. 

Section 11. If any provision of this act, or the 

is 
the remainder of this act shall not be affected 

application of any provision to any person or circumstance, 

held invalid, 

thereby. 

Section 12. Section 73-1-20, Utah Code Annotated 1953, as 
enacted by chapter 169, Law6 of Utah 1973, is repealed. 
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1.0 INTRODUCTION 

* L . l  Purpose of Project  

The purpose of t h e  Wyoming Geothermal Commercialization Program 

is t o  match known geothermal resources with po ten t i a l  u se r s  and 

appl icat ions.  The program o f f i c e  provides t h e  public with a l l  

types of geothermal information and serves  as a communications 

l i n k  t o  t h e  Wyoming thermal resource assessment data ,  I 

1.2 Obj ect ives % 

The objec t ives  of t h e  WGCO are: 

derstanding and use  of geothermal energy i n  Wyoming, C2) To create 

a working re la t ionship  and exchange of information with o ther  

state or f ede ra l  agencies involved in geothermal development, 

(1) To bring about a general un-. 

* 

ent of na t iona l  geothermal 
v 

(41 To develop us- 

a b l e  plans that w i l l  help t o  pred ic t  and encourage geothermal de- 

velopment i n  Wyomin 

states,, and ( 6 )  To assess and attempt t o  reduce t h e  i n s t i t u t i o n a l  

b a r r i e r s  and o the r  obs t ruc t ions  t o  

energy i n  Wyoming. 

c5) To maintain regional t s with other 

l a 3  

1 
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c i t i z e n  groups t o  develop a general  awareness of geothermal en- 

ergy. Development plans produced by t h e  WGCO provide spec i f i c  - 
information that w i l l  a i d  in t h e  development of geothermal re- u* 
sources i n  Wyoming. 

t 

The team members are: 

E. Gerald Meyer &-Principal Inves t iga tor  
Rick James Program Director 
Karen Marcotte Research Associate 
P a t t i  Burgess-Lyon Graduate Research Assis tant  
Ruth Tebbutt Senior Secretary 
Keith Bray Work-Study Student 

Project  Benefi ts  t o  t h e  S t a t e  and DOE 

Increased overall. awareness of geothermal energy development po- 

t e n t i a l  bene f i t s  both t h e  state of Wyming and DOE. The.s ignif-  

icant  s t eps  towards developing a d f s t r i c t  heating system f o r  t h e  

town of Thermopolis a r e d f r e c t l y  r e l a t ed  t o  WGCO e f f o r t s  i n  t h i s  

d i rec t ion .  The co l lec t ion  and dissemination of geothermal tech- 

n i c a l  da ta  t o  po ten t i a l  developers increases t h e  pace of ac tua l  

development dramatically. 

WGCO is the continuing input of da t a  t o  t h e  ove ra l l  aggregation 

a 

1 

An addi t fona l  benef i t  t o  DOE from t h e  

2.0  

of geothermal development information in  t h e  United S ta t e s .  

SPECIFIC TASK DESCRIPTIONS AND PRODUCTS 

2 .I Geothermal Prospect Iden t i f i ca t ion  

TABLE 1: 
PROVEN DIRECT THERMAL PROSPECTS 

* 

Resource Temperature (OC) Depth (meters) 

Thermopolis 32 - 70 < 666 - 
c 

Cody -38 - 47.5 185 - 500 i 

8-2 



(Source of information in Table 1: Heater, Henry P. A 
Summary of Geothermal Poten t ia l  and Development in-Wy- 
oming, prepgred .43 Midyear Meeting 

* 
TABLE 2 

POTENTIAL DIRECT THERMAL PROSPECTS 

Resource Temperature ('C) Depth (meters) 

S a l t  Creek (Midwest) 49 - 77 300 - 1,500 
Countryman W e l l  50 1.500 
L i t t l e  Sheep Mountain Spring 18, 20 Hot Spring 
Sheep Mountain Springs ' 21 Hot Spring 
Saratoga Hot Springs 30 - 54 Hot Spring 
Douglas Warm Spring 30 Hot Spring 
Conant Creek Springs 16 Hot Spring 
Ft. Washakie Hot Springs 44 Hot Spring 
Jakeys Fork Spring 20 Hot Spring 
L i t t l e  Warm Spring 25 Hot Spring 
Sweetwater S ta t ion  Springs 30 - 31.5 Hot Spring 
Warm Spring Creek Springs 29 Hot Spring 

Johnson Springs 46 Hot Spring 
Alcova Hot Springs 54 Hot Spring 
Horse Creek Springs 23 - 24 Hot Spring 
Immigrants Washtub 21 Hot Spring 
Kendall Warm Springs 29.5 Hot Spring 
Steele Hot Springs Hot Spring 
Big F a l l  Creek Springs Hot Spring 
Abercrombie Warm' Springs Hot Spring 
Astor ia  Springs 37 Hot Spring 
Boyles H i l l  Springs 30 Hot Spring 
Granite Falls Hot Springs 45 Hot Spring 
Huckleberry Hot Springs 61 Hot Spring 
Jackson Lake Hot Springs 24 - 72 (1966-1972) Hot Spring 
Kelly Warm Spring Hot Spring 
North Buffalo Fork Springs Hot Spring 
Teton Valley Warm Springs 18 Hot Spring 

9 Auburn Hot Springs 62 Hot Spring 

z 



TABLE 3 
INFERRED DXRECT THERMAL PROSPECTS 

Re  source Temperature (OC) Depth (km) 

Bighorn Basin 
Wind River Basin 
Green River Basin 
Powder River Basin 
Great Divide Basin 
Washakie Basin 

usual ly  a l l  
90 - 1so over 3 

A descr ipt ion of these  basin resource areas is  as follows:. "Hot 

water is found i n  these  basins  due t o  t h e  Earth 's  noma1 increase 

i n  temperature with increasing depth ( the  increase i n  temperature 

with depth is  ca l l ed  t h e  geothermal gradient) .  Certain water- 

bearing rock u n i t s  in these  basins  are folded deep enough (us- 

u a l l y  over 3 km (10,000 feet)) such that t h e  surrounding rocks 

heat t h e  water. 

This type of geothermal system exists only i n  t h e  deep cen t r a l  

por t ions  of t h e  basins  where d r i l l i n g  f o r  a moderate temperature 

geothermal resource is uneconomical. However, since many of t h e  

water bearing rocks such as t h e  Madison Limesane, Tensleep Sand- 

stone, o r  Mesaverde Formation a l s o  sometimes contain o i l ,  deep 

holes are d r i l l e d  i n t o  these rock ungts. I f  hydrocarbons are 

not encountered, t h e  d r i l l  holes  are plugged even i f  hot waters 

are found. What would be extremely usefu l  i n  Wyoming is  a stream-' 

lining of regulat ions t h a t  would e a s i l y  allow t h e  t r ans fe r r ing  of 

these  o i l  exploration holes  t o  munic ipa l i t i es  o r  individuals  f o r  

ter u t i l i za t ion . "  

<Source: Heasler, Henry P, A Summary of Geothermal Po ten t i a l  
and Development in Wyoming, prepared f o r  t h e  Interstate 
O i l  Compact Commission, Midyear Meeting, June 28-30, 1981, 
pp. 2-3.) 



2.2 Area Development Plans 

2.21 S t a t e  Geothermal Planning Areas 

See Figuze 1. 
.gr 
* 2.22 Spec i f ic  ADP's - Completed o r  in Preparation 

See Fkg.2 (shaded area has been completed). 

a. Big Horn Basin ADP 
b. Fremont County ADP 
c. Converse/Natrona ADP 

2.3 

a. Midwest/Edgerton 

(i) Resource da ta  f o r  MidwestlEdgerton area is summar- 

ized as follows: 

Creek O i l  F ie ld  is a conspicuous thermal anomaly, 

Within t h i s  10 - 12 m i l e  f i e l d ,  bottom hole temp- 

e ra tu re s  between 1,000 and 4,500 f e e t  (.3 - 1.4 km) 

are i n  t h e  range 120 - 170'F (49 - 77'C), and maxi- 

mum ca lcu la ted  gradien ts  are between 40 and 

10O0F/1, 000 f e e t  (72 - 182'C/km) . Additionally, 

water in j ec t ion  w e l l s  t h a t  penetrate t h e  Madi,son 

(71 - 79'C) waters 

t e8 excaedfng 7,000 

"It is c l e a r l y  shown that t h e  S a l t  

7 2 

* 

u 
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. r  

nonpotable waters, and t h e  question of whether 

AMOCO Production Co., Wyoming, or  t h e  federa l  

government owns t h e  geothermal resource." 

(Source: Header, Henry P. A Summary of Geothenn- 
a1 Potent ia l  and Development i n  Wyoming, pre- 
m a r n A  for t h e  I n t e r s t a t e  Oil Compact Commission, 
Midyear Meeting, June 28-30, 1981,) 

Proposed uses f o r  MidQest /Edgerton area : 

--greenhousing 
--aquaculture 
- -d is t r ic t  heating f o r  pa r t  or a l l  of these  s m a l l ,  

(ii) 

adjacent communities 

b. Auburn/Afton 

(i) Resource da ta  f o r  Auburn/Afton area: "Auburn Hot 

Springs, 62'C. The Auburn Hot Springs cover approx- 

imately th ree  acres around a pr iva t e  residence.  In- 

cluded i n  t h e  area are over 100 separa te  vents  which 

E 

2' 

form mud pots,  t i n y  terraces, l a r g e  terraces, weak 

geysers, cones, s u l f u r  veins, and two l a r g e  pools. 

Flow is  accompanied by profuse bubbling, a strong 

hydrogen s u l f i d e  smell, and a lush  growth of multi-  

colored algae. " 

NOTE: 

* 

Additional 'resource assessment work on t h e  
Auburn/Afton area is' present ly  underway by 
t h e  Wyoming bstkrce Assessment Team and t h e  
Earth Sciences Laboratory of UlTRI. 

(Source: Brocgnridge,  R. and B. Hinckley, Thermal 
Spr ings  of Wyominpl, Bul le t in  60, Wyoming Geo- 
l o g i c a l  Survey, 1978 .) 

c 

(ti) Proposed uses  f o r  t h e  Auburn/Afton area: 

-dairy industry process heat 9 

--greenhousing 
--aquaculture 
- -d is t r ic t  heating of one or both of these  s m a l l  

--space heating of any p r iva t e  and commercial 
- towns 
u 
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. .  

buildings that 
Hot Springs. 

be located near t h e  Auburn 

2.32 S i t e  Spec i f ic  Development Plans - Completed o r  i n  Preparation 

a. Thermopolis/East Thermopolis S i t e  Spec i f ic  Development 
Analysis (completed and tmadS.&& i n  f i n a l  form frem'-cbe 
W)wming-Geothermal Commercialization Office. 

(i) Population : 4,000 (1979 f igure)  

> 'CJ 

. 

a t i o n  of Thermopolis increased about 30% 
I 1  

1979. The majority of t h i s  in- 

Approxi- curred between 1975 and 1979. 

mately 30% of t h e  t o t a l  population cons i s t s  of 

sen ior  c i t i z e n  Thermopolis has become a popul- 

ar retirement spot i n  recent years  and that t rend  

is  expected t o  continue. 

Geot hemal  Resource Information 

Temperatures, g rad ien ts  an egional geology have 

been compiled f o r  a 1 ,900 m i  area that i s  

roughly centered on t 

The r e s u l t s  d 

occurs a l l  along t h e  central p a r t  of t h e  Thermop- 

r 

0 2 

hermopolis Hot Springs. 

t t h e  thermal anomaly 

R. 93 W, and t h e  

* 
and tabulated 

4 

Inasmuch as downward continuation of t h e  lower 

'u 
8-9 



between 3,500 and 4,000 E t  (1.1 - 1.2 Ian), w e  , 

consider a l l  of t h e  region t o  be a "viable" low 

temperature, hydrothermal resource p e a .  

The Red Springs Anticline area in T. 43 N., R. 93 W. 

may be a "marginal" resource area. Here t h e  calcul-  

. a ted  gradients  are in t h e  range 24 - 59°F/1,000 ft 

(43 - 1Q7°C/km). Consequently, 4SoC waters might 

be encountered at 3,900 - 4,500 f t  depth (1.2 - 1.3).  

A t i g h t l y  folded syncline is located immediately 

south of t h e  Thermopolis an t i c l ine .  It $6 believed 

that waters from t h e  Owl  Creek Mountains are heated 

a t  t h e  bottom of t h i s  syncline. Subsequent upward 

movement of these  waters along t h e  northern f lanks  0 

of t h e  syncline could explain t h e  high gradien ts  

in t h e  anticline. 

t o  be i n  t h e  Tensleep and/or Madison Formation-two 

formations with po ros i t i e s  and permeabi l i t ies  suf- 

f i c i e n t  t o  y i e ld  t h e  flow rates ( ~ 2 , 8 0 0  gpm; 

Breckenridge and Hinckley, 1978) of t h e  spr ing sys- 

t e m  i n  Hot Springs S t a t e  Park. 

pa r t  of t h e  ant ic lhe,  t h e  "tops" of t h e  Tensleep 

and Madison range from 200 - 2,800 f t  (.06 - .85 km) 

and 800 - 3,450 f t  (.24 - 1.08 Ian), respect ively.  

It is  possible ,  therefore ,  t h a t  these  aqui fe rs  

could be reached with economical d r i l l i n g  in some 

p a r t s  of t h e  s t ruc ture .  

* 
The thermal waters are most l i k e l y  

Within the c e n t r a l  

t 

* 

/-- 
I 

'6d Referring t o  "practical" aspec ts  of resource 

8- 10 



. .  . .  

development, one question that must be answered 

is  whether dr i l l ing  and lar  scale  development 

1 bd would change temperatu and flow rates  of the 

Thermopolis Hot Springs. data on poros- 

ities and pemeabi l i t ies  of the regional subsur- 

face units  also could impede development, a s  

* 



Ethan-ol Production - A small scale ethanol pro- 

duction plant  has been proposed by one of t h e  p r i -  

vate w e l l  owners in Thermopolis. 

p lan t  was included in t h e  SSDP as an example of 

poss ib le  uses. 

The ethanol 
- .  

Because temperatures of about 
0 

300 F are needed f o r  ethanol production, (and 

t h e  well's water temperature is  129'F, 54 'C) ,  t h e  

geothermal heat source would have t o  be supple- 

mented. 

t h e  use  of heat  pumps and solar energy as supple- 

mental heat sources t o  t h e  ex i s t ing  geothermal 

The owner of t h i s  w e l l  is considering 

w e l l .  

District Heating - Three case s tud ie s  of d i s t r i c t  . 

heating systems f o r  Thermopolis were included i n  

t h e  SSDP. 

by NMEI and the t h i r d  by WEPL, Ltd. The e n t i r e  

cos t  estimate schedule and notes  on assumptions 

were included in  t h e  SSDP. I n i t i a l  investment 

c o s t s  ranged from $2.5 mil l ion  t o  $10 mi l l ion  de- 

Two of t h e  case s tud ie s  were completed 

pendent upon assumptions made. An annual heat de- 

mand of 55,000 MMBTU/yr. was  assumed i n  a l l '  cases. 

(iv) Community Interest and Recent Developments 

A grea t  dea l  of communicy interest present ly  ex- 

ists i n  t h e  t o m  i n  regard t o  a d i s t r i c t  heating 

system. 

f ixed  incomes and a recent 40% increase  i n  l o c a l  

n a t u r a l  gas  rates contr ibutes  s i g n i f i c a n t l y  t o  t h i s  

interest. 

The l a r g e  number of persons l i v i n g  on 

. .  

8-12 
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The town of Thennopolis recent ly  applied f o r  

d received a f e a s i b i l i t y  study grant through 

t h e  cooperatively funded DOE/HUD District Heat- 

ing System Project .  

a t o t a l  of $50,600. 

f e a s i b i l i t y  study w i l l  cons is t  of labor  provided 

by in t e re s t ed  c i t i z e n  groups and l o c a l  exper t i se . ,  

A p r iva t e  consultant w i l l  be h i red  t o  assess t h e  

economic and engineering f e a s i b i l i t y  of t h i s  pro- 

ject. The consultant w i l l  be sel t e d  by t h e  Town 

Manager, County Planner and t h e  City Council, wi th  

guidance and ass i s tance  from an Advisory Work 

Group. Consultant se on has not been corn- 

pleted at  the t wri t ing but should be 

forthcoming du 

8 k) 

Thennopolis' grant  is f o r  

Much of t h e  work f o r  t h i s  

i 

.' 

I f  the f e a s i b i l i t y  of t h i s  p 

.. Commercializatio 

(i) Population: 
1 

The Census Retrieval Information Service (CRIS) 

bd 
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, .  
. .  

when t h e  census counted 5,16l*persons i n  Cody. 

A t  the t h e  of t h i s  wri t ing,  age dis t rdbut ion of 

t he  p p u l a t i o n  had not been released f o r  1980. 
- 
L 'e 

(ii) Geothermal Resource Information: 
0 

This poten t ia l  resource area is hunded by t h e  

Debris Bot Springs (27 - 39OC (80 - 96'F) 1,700 

gpm) j u s t  west of Cody and the Horse Center an t i -  

c l i n e  about 7 miles t o  t he  south. The f;trst evi-  

dence for a low-temperature resource was provided 

by t h e  49 - 205OC/km (27 - 112°F/1,000 f t )  grad- 

i e n t s  calculated using bottom hole temperatures 

i n  eleven dry oil w e l l s  In t he  anticline. Down 

hole measurements by Wyoming personnel agree with 

t h e  o i l  w e l l  data ,  For example, least-squares e 

gradients and maximum temperatures based on mea- 

surements i n  f i v e  shallow o i l  wells are i n  t h e  

ranges 96 - 190°C/km (52 - 104°F/1,000 f t )  and 38.4 - 

(I 

47.5OC (101 - 117 0 F), respectively,  a t  subsurface 

depths i n  t h e  range 185 - 50Om (607 - 1,640 €t) . 
Data from six shallow temperature gradient wells 

d r i l l e d  by the Department of Geology i n  ear ly  1980 

suggest that t h e  area of greatest  po ten t ia l  use is  

in T. 52 N., R. 102 W., S% of sect ion 2, and W% of 

sect ion 11. In t h i s  area, warm waters (34OC (93OF)) t. 

can be reached at  shallow depths (51 t o  300 meters 

(168 t o  1,000 f t ) ) .  

t h i s  system may approach 55 t o  65'C (131 - 149°F) 

f 

The maximum tempera ture  of 

depths of 260 t o  50Om ( 853 t o  1,640 f t ) .  warm 

8- 14 

,-. 
SJ 



. >  

waters w i l l  be found at the shallower depths in  

re western port f t h i s  potential use 

area. 

Y The main aquifers for the Cody-Horse Center hydro- 



depths . 
- *  

(Source: Heasler, H.P. and E.R. Decker, 1981). 

L, 

(ill) Proposed Process/App~icat ions of Cody Resource: B 

P r e l i m h a r y  Data from Six Temperatare Grad- 
i en t  Holes near Cody, Wyoming, Department of 
Geology, University of Wyoming, 35 pp.) 

Three hypothetical  d i s t r i c t  heating systems f o r  

Cody w e r e  developed. 

t i o n  of t h e  city of Cody, and t h e  o ther  t w o  are 

the is for t h e  central por- 

€or r e s i d e n t i a l  subdivisions outs ide  t h e  c i t y  l i m -  

its. 

Case I - Cody Heating District 

The Cody Heating District is a 15 square block 

area of central Cody. This area includes t h e  hos- 

p i t a l ,  Buffalo B i l l  H i s to r i ca l  Center, high school 
F 

complex, 75 homes, and 210 businesses including 

c i t y  and county buildings.  
* 

This heating d i s t r i c t  is not now cos t  e f f e c t i v e  

, due t o  t h e  unus&tlly low p r i c e  ($1.9O/MMBTU) of 

na tu ra l  gas i n  Cody. 

geothermal f u e l  f o r  t h i s  heating d i s t r i c t  is 

$3.34/WTU, with an estimated annual energy de- 

The expected cos t  of t h e  
I 

9 
I mand of 29.4 x 10 BTU/year. 

Cody has an agreement f o r  a guaranteed supply of 

n a t u r a l  gas a t  a guaranteed pr ice .  

agreement expires,  t h e  p r i ce  of n a t u r a l  gas i n  

Cody w i l l  increase dramatically due t o  deregul- 

a t i o n  and in f l a t ion ,  

When t h i s  

A t  t h a t  point in time, 

8-16 



~ 
~ 

geothermal energy w i l l  be cost  competitive. 

0 1_, 

.* 

Homes Annual Demand 

100 9.47 x 10 

200 18.94 x 10 BTU/yr 

300 28.41 x 10 BTU/yr 

68% 

69% 

w 400 39.77 x 1 0  BTU/yr 7 0% 

9 

9 

9 

T 

from $353 t o  $586 per year depending on t h e  num- 

ber of homes on 1 This cost  is very attrac- 

t ive  compared t o  $943 per year f o r  elect 

* .  
k: 

t r i c i t y  and propane as fue l s .  

savings f o r  a goeth 

The estimated cost  

a 1  system over 20 years  is 

8-17 . 



73X. Xn t h e  f i r s t  year alone, geothermal energy 

would cos t  $484 compared t o  $1,062 f o r  convention- 

a l  fue l ,  Payback ca lcu la t ions  f o r  t h i s  system show 

a f i v e  year breakeven period, 

Community Interest and Recent Developments: 

mere are two types of  energy Consumers in  Cody: 

t hose  served by inexpensive n a t u r a l  gas, and those 

who consume higher priced e l e c t r i c i t y  and propane 

due t o  the unava%labi€ity of  na tu ra l  gas. The 

etwork of t h e  Cody Gas Company is not 

viewed as being expandable at  t h i s  time. 

many of t h e  new r e s i d e n t i a l  subdivisions (especi- 

a l l y  those south of town) are served only by pro- 

pane or e l e c t r i c i t y .  

Therefore, 

;4 

Understandably, those  consumers paying t h e  high 

p r i c e  f o r  energy are very In te res ted  in u t i l i z i n g  

t h e  comparit ive ly  less expensive geothermal energy 

source. Several  pri\;ate developers are in t e re s t ed  

in  f inding funding sources f o r  subdivision dis- 

t r ic t  heating p ro jec t s  of up t o  200 homes each. 

Attendance at  WGCO sponsored meetings i n  Cody has 

been high, with inqu i r i e s  d i rec ted  towards t h i s  

o f f i c e  from Cody r e s iden t s  s t e a d i l y  increasing over 

time. 

P 
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2.5 
\ 

3 hi ADP s 

Big Horn Basin 
Fremont County 20 40 45 50 
Converse/Natrona 10 25,000 50,000 50,000 
Carbon/Al bany 15 15 30 30 
Powder River Basin 15 25 45 60 
Western 15 25 150 2 75 
Southeast em 10 10 
Northeastern 10 10  
Southwest ern 5 10 

Total from ADP's 220,445 

F 

> I  

1981 1985 2020 
SSDP's MMBTUIyr MMBW/yr 

Thermopolis 5,000 00 9 000 125,000 
Cody 5,000 45,255 60,000 85,000 
Midwest 0 

0 Afton/Auburn V - 
Total SSDP's 10,000 

T 

2.6 Ins t i t u t iona l  Analysis 



HB282 - gives t h e  S t a t e  Board of Land Commissioners t h e  

au thor i ty  t o  lease state lands o r  school lands f o r  geo- 

thermal development. 

HB283 - spec i f i e s  that t h e  extract ion of heat is a bene- 

f i c i a l  use of water, 

- 

I 

House Bill 283 passed both the state house and senate  and was 

signed into l a w  by Governor Herschler on February 26, 1981. 

HB282 - gives t h e  S t a t e  Board of Land Commissioners t h e  

au thor i ty  t o  lease state lands o r  school lands f o r  geo- 

thermal development. 

HB283 - spec i f i e s  that t h e  extract ion of heat is a bene- - 
f i c i a l  use of water, 

I 

House Bill 283 passed both the state house and senate  and was 

signed into l a w  by Governor Herschler on February 26, 1981. 

House B i l l  282 died in commfttee in t h e  senate  a t  t h e  termin- 

a t ion  of t h e  regular  l e g i s l a t i v e  session, It w i l l  probably 

be reintroduced during t h e  next regdlar  session. 

I n  addi t ion t o  l e g i s l a t i v e  ana lys i s  and monitoring, t h e  WGCO 

is  cur ren t ly  invest igat ing the i n s t i t u t i o n a l  procedure f o r  

, t u rn ing  an unsuccessful mineral exploration hole i n t o  an acces- 

s i b l e  geothermal w e l l  i f  hot water is found. A streamlining of 

t h i s  procedure and c l a r i f i c a t i o n  of t h e  i ssues  and agencies in- 

volved could be very helpful  t o  po ten t i a l  geothermal developers 

i n  t h e  state. 

2.7 Public Outreach Program 

2.71 Outreach Mechanisms 

1. Distr ibut ion of published information produced by t h e  

WGCO and t h e  Wyoming Resource Assessment Team. 

2. Responses t o  informatfonal requests  that come into t h e  

WGCO by m a i l  and telephone. 

3. V h e  Geothermal News," a monthly WGCO newslet ter  with 

a c i r cu la t ion  of 600. 

4. Toll-free tn-stat phone number. 

5 .  Public  presentat  professional,  public,  c i v i c ,  
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c organpa t ion  

6 .  Radio interviews and n 

panded use of info 

y of Contacts and Results 

1. Numerous t r i p s  have be de t o  Thermopolis by t h e  

p o l i s  City Council voted t o  apply €or 

ing Program Grant upon recorn- 

i n  an advisory 

i 

given to:  t h e  Cody C i t  ounty Planning 

I * 

3. An a l l  day state wid ormational workshop on geo- 

! 
shop was w e l l  a 

II 

1 



Henry Header of t h e  University of Wyoming Department 

of Geology; Richard T. Meyer of Western Energy Planners, 

Ltd.; Richard Stockdale, S t a t e  Groundwater Geologist; 

CI Richard Deery, Bureau of Land Management; and Steven 

Goering of Glenn Coury and Associates. 

A presentat ion w a s  made on geothermal energy t o  t h e  

University of Wyoming student body on Apri l  1 7 ,  1981. 

This presentat ion was par t  of a week long Appropriate 

Technology conference sponsored by t h e  University Women's 

Center and Student Activities Council. 

4. 

3 Overall Prospectus f o r  h tu r r e  Geothermal Commercialization 

Additional geothermal development is l i k e l y  t o  occur i n  

t h e  Thermopolis region in t h e  near  fu ture .  

submitted a community p r o f i l e  of Thermopolis t o  the DOE 

in an attempt t o  acquire  financing advice t o  t h e  town 

through t h e  Community Assistance Contractor: 

and Associates of Salem, Oregon. 

The WGCO has 
;j 

e 

E l l i o t  Allen 

The WGCO w i l l  remain 

c lose ly  involved with Thermopolis as a member of t h e  Work 

Assessment Group f o r  t h e  BUD/DOE District Heating Program 

G r a n t .  

The Cody area a l s o  shows a grea t  dea l  of promise. 

thermal energy u t i l i z a t i o n  w i l l  most l i k e l y  occur a f t e r  de- 

regulat ion of t h e i r  n a t u r a l  gas  p r i ces  go i n t o  e f f e c t .  

Geo- 

are two p r iva t e  developers i n  Cody t h a t  are beginning 

t h e  developmental process by f i l i n g  f o r  water r i g h t s  and 

studying financing opt ions f o r  t h e  geothermal subdivisions 

I they have planned. 
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ton and Auburn/ 
Ad 
b- 

c u l t u r a l  i ndus t r i e s  of these 

3.0  SUMMARY OF MAJOR FINDINGS AND RECOMMENDATIONS 

Awareness of geothermal energy and its p 

Wyoming has increased dramatically,  as s 

q u i r i e s  received by t h e  WGCO, high attendance at  public meetings and 

t h e  continued growth of our newslet ter  mailing list.  

support is continuing from t h e  Mineral Division of t h e  Department of 

en t i a1  f o r  u t i l i z a t i o n  i n  

wn by t h e  increase in in- 

Some state 

conomic Planning and Development. 

I 

I 
1. Increase financing opp istrict heating pro- 

I 

1 
1 
I 

I 
i I 
1 



I 
capital-intensive "in perpetuity" bonding regulations. 

Continue providing federal funds for s tate  planning and re- 

source teams. 

an alternative to  fossil fue ls .  

ness of the alternative energy choices available, changes 

cannot be made. 

6 .  

Without data, there is no sure awareness of 

Without the public aware- G 

I 

i 
1 
I 

I - 
I 

1 -, * 
I 

! 

I 

1 
I 

I 
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