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W SUMMARY OF DEPARTMENT OF TE GEOTHERMAL 

COMMERCIALIZATION PROJECT IN THE ROCKY MOUNTAIN BASIN 
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1.1 Background 

The Rocky Mountain Basin and Range Regional Hydrothermal Commercial i-  

zation Project was ini t ia ted i n  1977 t o  stimulate geothermal commercializa- 

tion th roughou t  the region. T h i s  program is  a cooperative e f for t  involving 

the U. S.  Department of Energy (DOE) and seven s ta tes  in the Rocky Mountain 

The Department of Energy is cooperating w i t h  other groups of s ta tes  

overnments throughout the country i n  similar geothermal commer- 

programs t o  ensure that  the program elements re f lec t  

11 as  national goals. 

DOE has provided support for  s t a t e  geothermal programs through coopera- 

t ive  agreements w i t h  s t a t e  agencies that  were selected by the respective 

governors' offices.  
\ 

The cooperative agreements support ac t iv i t i e s  i n  plan- 

ning,  analysis, and marketing of geothermal energy and technical assistance 

to prospective users and developers. The s t a t e  commercial ization program 

i s  closely intertwined w i t h  the DOE-sponsored state-coup1 ed geothermal 

resource assessment programs, which provide inventories and reservoir data 

about the geothermal resource areas i n  each s ta te .  Coordination of these 

two closely-re1 ated programs of resource assessment and commercial i t a t ion  - . -  

helDs assure that  these e f for t s  are a l l  directed toward the single goal of 

stimulating the uses of geothermal energy. Now tha t  the s t a t e  commerciali- 

zation programs are  we1 1 -estab1 ished, s t a t e  and local governments have the 

expertise available t o  continue programs t h a t  provide bo th  technical infor- 

mation and assistance to  prospective developers and users. 

. , .. . . .- . 



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

cooperative agreements w i t h  seven Rocky Mountain Basin and Range s ta tes  

(col 

Wyoming) to  conduct s ta te  geothermal commercial ization programs. These 

seven s ta tes  provide a portion of the funding and t h u s  share the cost of 

, Montana, New Mexico, North Dakota; Sou th  Dakota, Utah, and 

.r this program w i t h  the D 

The s ta tes  are assisted i n  their  effor ts  by additional contractors who 

rs i ty  of Utah Research Insti tute,  Earth 

Science 'Laboratory (UURI 

New Mexico Energy Insti  

preliminary engineering assistance, 

and other support services. 

EG&G Idaho, Inc., now coordinates the s ta te  team efforts.  A new 

emphasis has been placed on these efforts.  

e f for t s  toward achieving long-range plans,  the State Teams have been solicited 

as  t o  which effor ts  
seen i n  the accompli ious teams. In s ta tes  where geothermal 

Rather than directing their  

use is not large remains on long-range planning. In other 

s ta tes  where geothermal resources are more pronounced and more available for 

- 

r 

w 
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I 

I I n  order t o  ass i s t  i n  t h i s  l a t t e r  e f f o r t ,  technical information and 
I 

i c a l  assistance, which previously had been handled more o r  less inde- 

pendently by the regional technical assistance center, EG&G Idaho, has been 

coordinating more c lose ly  w i th  the s ta te  teams. Requesters o f  informa- 

d assistance are re fe r red  back t o  the s ta te  teams f o r  i n i t i a l  
1 
I 

I 

ce. Only when the s ta te  teams f i n d  t h e i r  resources l i m i t e d  are 
4 

requests forwarded t o  EG&G Idaho. 

the s ta te  teams and the technical assistance center. 

teams have become more involved general ly i n  d i r e c t  outreach a c t i v i t i e s ,  thus 

This r e s u l t s  i n  c loser  coordination between 

As a resu l t ,  the s ta te  

I 

g requests t o  EG&G Idaho. Conversely, the number o f  requests t o  the 

assistance center has been reduced markedly from i t s  r a p i d  growth; 

however, the nature o f  the  requests has required more extensive involvement 

by EG&G Idaho engineering s t a f f .  

involve both the s ta te  team and technical assistance center expert ise i n  

s t imulat ing i n t e r e s t  i n  geothermal energy use. 

This arrangement seems t o  more e f f e c t i v e l y  

1.2 Objectives 

Several major object ives are i d e n t i f i e d  t o  achieve the goal o f  

increased geothermal commercialization through the a c t i v i t i e s  o f  the s ta te  

commercialization program. They include: 

O Match geothermal s i t e s  w i t h  po ten t ia l  markets t o  i d e n t i f y  and rank 

" targets  o f  opportunity' '  where s ta te  commercialization e f f o r t s  



l 

W e actions needed by both private and 

geothermal comnerci a1 i za ti on: 

O 

. in geothermal commercialization. 

Stimulate interest and cooperative action among the participants - 

. .  
I 

O Stimulate development of geothermal resources in the private 

ector by providing technical information, including permit 

conomic, engineering, and resource 

O Help stimulate economic development through identification of 

nergy potential for-industrial and utility use and ' 

coordination with state economic development agencies. 
s 

O Identify the constraints to geothermal commercialization, and 

eas. Both quantitative and qualitative 
c 
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formed. A1 though the spec i f i c  tasks vary i n  scope and d e t a i l  a l l  the 

orporated ten tasks i n t o  t h e i r  contracts w i th  DOE. The nature of 

i s  l i s t e d  below; progress on each w i l l  be found i n  the respective 

State Sections. 

1.3.1 Outreach 

ach programs are conducted by each s ta te  t o  promote the use 

energy by industry, u t i 1  i t i e s ,  p r iva te  c i t i zens ,  business, 

vernment, and communities. A technical assistance program 

ec t ive  geothermal users and developers w i th  informat ion about 

o f  development, inc lud ing laws and regulatory processes , pre- 

o f  

ag r i  - 
pro- 

1 iminary economic and engineering f e a s i b i l i t y ,  and the geothermal resource. 

1.3.2 Prospect I d e n t i f i c a t i o n  

Data about geothermal resources and s i t e s  are documented i n  order t o  

i d e n t i f y  the po ten t ia l  geothermal energy resources. These data include a 

c l a s s i f i c a t i o n  o f  the resources as e i t h e r  e l e c t r i c a l  power generation o r  

d i r e c t  thermal appl icat ion,  and whether the resource i s  proven, po ten t ia l  , 
o r  inferred, on the basis o f  d e f i n i t i o n s  f o r  those terms tha t  were establ ished 

i n  previous studies (Meyer and Davidson, 1978). 



W 

a are collecte 

energy demand. This in 

turn i s  used t o  estimate the market demand for geothermal energy. Energy 

= consumption i s  described or estimated by type of use a 

! 

. I t  i s  a source 

o f  energy and econ 

- 

c 
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include examination o f  a variety o f  issues, including the technological, 
LJ 

nvironmental , institutional, developmental, and use considerations. 

ith the prospective users and developers is established and 

maintained to assure real ism and implementation. 
t 

If additional detailed planning is required beyond the SSDA document, 

detailed project management plans showing specific activities and deadlines 

are prepared. These plans are completed for a limited number of sites that 

anced stages o f  development or commercialization. They reveal 

both private and government sectors needed to achieve commercial 

operation, and they stimulate cooperative interactions to accompl ish the 

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

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

the governmental entities is required and produced during the process. 



- ‘= 

kd 

The geothermal prospects included I n  a l l  three types o f  plans-?are 

to obtain estl’ma amount of geothermal energy that  can 

the year 2020 
c 

s 

1.3.9 Identification o f  Constraints and Recommended Actions 



oOHer fossil fuels can either directly or indirectly affect  that  goal. 

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

emal energy on l ine,  gives a conservative estimate of benefits. 

when funds are spent w i t h i n  this country rather than b i n g  exported, I 

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

developer or user are an additional benefit to  the government. 

LJ 

For nationai planning, programming, and budgeting purposes, the infor- 

oduced by State Commercialization Projects is essential. 

vide rea l i s t ic  assessments of how much geothermal energy can and 

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

sectors. From t h i s  information, p u b l i c  and private expenditures congruent 

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

thermal production and use. 

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

users and economic development stimulated by the lower cost of energy. 

Furthermore, the assurance that  a supply of energy 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, the actions of these State Geothermal Com- 

mercial ization Teams and various pub1 i c  and private resources have heightened * 

the awareness of of f ic ia l s  and residents, and have stimulated many projects 

that  may have a significant effect  on the energy uses w i t h  



- 

r *  

W 2.0 SUMMARY OF ACCOMPLISHMENTS 
- .  

Identification and stim ation of geothermal commercialization 

thesis of three elements. The geothermal resource must be 

quality and magnitude; A user must be avail 

I d at the resource site or willing to locate 

f, including institutional economic, demog 

be suitable for the propos 

es were directed toward first rev 

ffect such three-way es and then actively p 

Resource Identification 

b: 

nd categorization of geothermal resource p 

is a continuing process in each, 
1 

* 

c 
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TABLE 1-1. NUMBER OF GEOTHERMAL RESOURCE SITES 

High-Temperature E l e c t r i c  Prospects 

Proven Potent ia l  In fe r red  Total 

New Mexico 

North 0 0 0 0 0 .  71 0 71 71 

South Dakota 0 0 0 56 12 NA 58 58 

Utah 1 1 2 3 6 9 35b 50 53 

37 
4 

4 I Wyoming 0 0 0 0 2 29 6 37 

- - N - - - - d - - 
Total  2 5 12 19 81 161 143 373 351 

a. Th is  includes on ly  those s i t e s  t h a t  have been inventor ied by the Colorado Geological Survey. 

b. Heat repo r t  data used. 

c. The Madison, Dakota, Fox H i l l s ,  He l l  Creek, and other less extensive aqui fers are cur ren t ly  being 
surveyed f o r  geothermal potent ia l ,  and the l i s t  i s  continuously being revised. 

d. The Madison Formation i n  the western p a r t  of South Dakota o f f e r s  geothermal potent ia l ;  t h i s  r e f e r s  
t o  those s i t e s  where towns are located. 



,- 1 

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

of October 1977, some 1402 federal g thermal lease awl  ications had been 

submitted. By 1979, only 1,0 1 leases had been issued- 

interest  may indicate a large inferred potential for  high-tempe 

resources. In any case, detailed investigations of leasing act ivi ty  have 

indicated that  the major pa r t  of that  act ivi ty  is  directed toward the iden- 

t i f icat ion of s i t e s  for  power generation. Too few leases have been issued 

and too few s i t e s  have been explored to conjecture how many s i t e s  will 

ultimately prove t o  be su i t ab le  for elec 

w 

E 

There are many locations where geothermal resources are a valuable 

source of energy for space and water heating and fo 

tural ,  and industrial uses. 

suitable for these uses, 

Table 1-1 shows that as many as 369 s i t e s  are 

. 
,- 
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TABLE 1-2. GEOTHERMAL LEASING ON PUBLIC LANDS I N  THE ROCKY MOUNT 

Acres Leased 

S ta te  Federal 

Colorado 3,200 22,999 

- 

New Mexico 21,184 225,710 53 140 508b 

Nor th Dakota -0- -0- -0- - 0- -0- -0- -0- 

--I South Dakota -0- - 0- -0- - 0- -0 -0- -0- 
I 

657b 
4 

P Utah 243,184 459,l 38b 248 27 

5 92 

To t a l  s 281,928 951,692 284,404 346 565 196 1,910 

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

a. Noncompetitive and compet i t ive Federal leases, 
r e p o r t  o f  Colorado. 

b. Las t  r e p o r t  data used. 

SOURCES: Uses and S ta te  Geothermal Commercialization Teams. 

o f  October 1977 (Bee1 and, 1978) , pl us 

C" ' U I 4 c 



these accomplishments, some of  the more important achievements are high- 

l i g h t e d  below. Please refer t o  the appropriate s ta te  section for more bd 
a i l  on these achievements. 

a 2.2.1 Colorado 

0 
O The City of Alamosa dr i l led a well w i t h  fund ing  from the User 

Coupled Drilling P 

space heat i ng a 

he well are 

O A t  Glenwood Springs,  two commercial developers, Wright Water 

Engineers and t h  r planned 

wells. 

O An analysis of the Colorado geothermal instituti 1 

was published. 

2.2.2 Montana 

O About 67 

i n  the Butte Montana Standard newspaper i n  Nov 

Personal cont 

ca l l s ,  visits, or  l e t t e r s  is proving t o  be the best information 

d i semina t ion method 

geothermal developers through telephone 

1-15 
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2.2.3 New Mexico 

O Construction began July 1 on a hot water heating system 

fo'r 30 campus buildings a t  New Mexico State University a t  

Las Cruces. $829,000 was appropriated d u r i n g  the 1981 

gislat ive session to  finance the construction. 

l 

Program personnel located funding fo r  several geothermal 

studies and helped 10 developers apply fo r  public and private 

i financial assistance. 

~ 

I The State  Industrial Commission received the authority to 

i 
I 
I 

I 

regulate the exploration, development and ut i l izat ion of geo- 





O The first  e lectr ical  power generated from geothermal 

resources i n  Utah was fed from the Roosevelt Hot Springs 

instal la t ion to an electr ical  uti1 i ty .  

0 design work was finished for the 

ro j n the Utah State Prison. 

2.2.7 

final si te-specific development analysis for  Cody was 

finished dur ing  the reporting period. 

O Thermopolis was selected for  DOE-sponsored community assis-  

tance for  the i r  d i s t r i c t  heating system project. 

O A comnercial greenhouse for  vegetable production began 

u s i n g  126°F water for  heating. 

0 "Opportunities for  Use of Geothermal Energy i n  Wyoming 

Industries," a packet of materials, was issued i n  N 

O A U.S. Senate subcommittee held a hearing i n  Casper con- 

cerning geothermal leasing i n  areas adjacent to  Yellowstone 

National Park. 

1-18 
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3.0 ERVATIONS AND CONCLUSIONS bd 

O The techn 

the growth o f  geothermal energy use, and>to project success. 

The distribution of heat pump l i t e r a  w i t h  personal con- 

tac t s ,  continues t o  cause a def ini te  increase i n  

area of application tha t  4s promising t o  become a s i g n  

appl ication. S t a t e  agencies and organizations are s tar t ing to  encourage the i r  

members to  actively particfpate i n  geothermal energy commercialization. 

O Public awareness created by the varied outreach ac t iv i t i e s  of the s t a t e  

eams continues t o  increase favorably. The use of newsletters appears to  

be generating the g 

and groups a re  also 

development o f ,  ge 

O Informjng ban 

making them more w 

* 

r 

programs, and the Appropri 

t o  e l i c i t  positive 

thermal legislation will continue t o  encourage the use of geothermal energy. 

L.’ 
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U 
3.2 Conclusions 

tacts  w i t h  geothermal developers continues to  reveal that  they are  

eed of help, including receiving general information and technical 

The s t a t e  teams are s h i f t i n g  toward more technical assistance stance. 

v i t ies .  T h i s  is producing significant results.  T h i s  e f fo r t  should be i 

and the services of especially qual if ied geothermal persons 

ade available on a periodic basis, say 30 to  90 days, to  the 

s t a t e  teams to strengthen the i r  position. 

icant contributors to  the development of geothermal energy 

to be the R&D and the demonstration programs of New Mexico. 

0 

con The 
~ 

, 
I 

funding provided by the s t a t e  has had a substantial impact on development, 

~ 

I 

technology transfer and outreach. 

f u n d i n g  to  increase this type of outreach act ivi ty .  

Efforts should be directed to  obtaining 

~ 

I 
I 

O Interest  is running h i g h ,  b u t  inadequate legislation, the r isk associated 

w i t h  "first holes," funding 1 imitations, the lack o f  financial incentives, and 

the need for  technical assistance a re  l i m i t i n g  development. Restriction of 

Federal funding i s  tempering the enthusiasm for  development. Therefore, 

removal or mitigation of these items should occur to  accelerate geothermal 

energy development and use. 
1 

O The appropriate technology smal l-grants program has been effectively 

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

I 
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NOTICE 

Th is  r e p o r t  was prepared t o  document work sponsored by t h e  U n i t e d  S ta tes  
Governoient. N e i t h e r  t h e  U n i t e d  S ta tes  nor  i t s  agent, t h e  U n i t e d  S ta tes  
Department o f  Energy, no r  any Federa l  employee, makes any warranty ,  express o r  

imp l i ed ,  o r  assumes any l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  t h e  accuracy, 
completeness, o r  u s e f u l  ness.of any i n f o r m a t  ion ,  apprara tus ,  p roduc t  o r  process 

. d i sc losed ,  o r  represents  t h a t  i t s  use would no t  i n f r i n g e  p r i v a t e l y  owned 
r i g h t s  . 

Reference t o  a company o r  p roduc t  name does n o t  imp ly  approval  o r  

recommendation of t h e  produc t  by t h e  Colorado Geo log ica l  Survey o r  t h e  U.S. 
Department of Energy t o  t h e  e x c l u s i o n  o f  o t h e r s  t h a t  may be s u i t a b l e .  





S P r i  n g s  , Ouray , A1 amosa , Buena V i s t a  , Sal  ida and G 1  enwood S p r i n g s .  These 
a c t i v i t i e s  are  t o  include the development of educational and informational 
mater ia ls  applicable t o  a wide range of potential  users.' Work t o  be performed 
include the preparation and m a i l i n g  of a monthly newsletter.  The newsletter i s  
writ ten monthly and mailed t o  approx 
Sta tes .  

L; 

pamphlet t i t l e d  "Groundwater Heat Pumps i n  Colorado-An Ef f i c i en t  and 
Cost Effect ive Way t o  Heat and Cool Your Home" was writ ten by G a r i n g  and Connor 
(1981) o f  the firm Coury and Associates. T h i s  report  was reprinted i n  
December, 1981. 

1.4 Project  Benefits  t o  the  S t a t e  and DOE 

Ci t izens of the  S ta t e  a re  becoming aware t h a t  the  geothermal resources o f  

Colorado can be are  a valuable resource and can be p u t  t o  beneficial  use. D.O. 

E, benef i t s :  Geothermal energy use increasing, energy dependence of the nation 
decreasing. 

2.0 SPECIFIC TASK DESCRIPTIONS AND PROJECT 

2.1 Geothermal Prospect Iden t i f i ca t ion  

2.1.1 Elec t r ica l  Generation (over 15OoC1 

NO s i t e s  i n  Colorado have been proven ye t  f o r  e l e c t r i c a l  generation. A t  
Mount Princeton, one of the potent ia l  s i t e s  noted i n  the  July-December, 1980 
Semi-Annual Report, (Pear l ,  1981) AMAX Exploration, Inc. a f t e r  completion of 
exploration e f f o r t s  has  reassigned t h e i r  l eases  t o  Petro-Lewis Corp. As a 

. 
- 
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potential (Table 2 ) .  

JBTU's x 10151 Depth 

47 Cebolla Hot Springs 

Subsurface Heat Content 
Temp. ( " C )  (BTU's x 1015) Depth 

02 Craig Water Well 
03 Routt Hot  Sprin 

05 Brand's Ranch Well 0.004-0.016 
06 Hot Sulphur Springs 



~ ~ 

INFERRED DIRECT THERMAL AREAS (<15OoC) (CONTINUED) 
itpi 

H i g h e s t  Es t ima ted  Es t ima ted  
Measured Probab le  Probab le  
Sur face  Subsur face Heat Content  
Temp. (.Cy Temp. ("C) (BTU's x 1015) Depth 

, 

25 30-60 0.013-0.066 ? 

27 30-60 0.002-0.006 ? 
18 Rhodes Spr ing  24 25-35 0.043-0.200 ? 
19 H a r t s e l  Hot  Sp r ings  52 NA 0.047 ? 

Canyon Spr ings  25 50-100 0.226-0.486 ? 

l e  Warm Spr ings  33 35-50 0.009-0.015 - ?  

25 Swissva le  Warm S p r i n g  28 35-50 ? ? 

Don K Ranch 28 NA 0. 035 ? 

C l a r k  Warm Water Well 25 25-50 0.008 ? 

32 V a l l e y  View Warm Spr ings  3 40-50 0.056 ? 
33 Shaws Warm Spr ings  30 30-60 0.015 ? 
34 Sand Dunes Wel l  44 NA 0.155 ? 
35 Sp lash land  Wel l  40 40-100 0.155 ? 
36 Dex te r  Warm Spr ings  20 20-50 0.034 ? 

37 M c I n t y r e  Warm Spr ings  14 20-50 ? ? 

38 Dutch  Crowley Wel l  70 70-80 0.026-0.062 ? 
, 39 S t i n k i n g  S p r i n g s  27 40-60 ? ? 

40 E o f f  Well 39 40-60 0.017 ? 
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. 30 35-52 ? ? 

48 O r v i s  Warm Spr ings  52 NA 0.028-0.131 ? 

50 Lemon Warm Spr ings  33 NA 0.015 ? 
51  Dunton 42 50-70 0.007 ? 

52 Geyser S p r i n g  28 60-120 0.007 ? 

53 Parad ise  Hot  Sp r ings  46 NA 0.023 ? 

I 

t 

* 
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TABLE 2. INFERRED DIRECT THERMAL AREAS-(<150"C) (CONTINUED)-- - 
W 

Highest Es t imated  ~ - Est imated  
Measured P robab le  P robab le  

Subsur face  Heat Content  
Temp. ( " C )  (BTU's x 1015)  Depth 

c 

0.010-0.021 ? 
* 

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

Measured P robab le  . Probab le  
S u r f a c e  Subsur face  Heat Content 

Temp. ("Cy (BTU's  x 1015)  Depth S i t e  Temp. ("C) , ,  

23 Poncha Hot S p r i n g s  ? 
305 

7 Fremont Well t o  
1 ,524  

? 
? 

? 

br 
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PROVEN DIRECT THERMAL AREAS (<15OoC) 

H ighes t  Measured Es t imated 
Me as u r e d  Subsurface Probable 
Sur face  Temp ( " C )  Heat Content 
Temp. ( " C )  (BTU's x 10151 Depth - 

LJ 

51 60 0.38 30- 100 

58 150-200 0.389-1.167 ? m  * 

i M t .  P r i n c e t o n  56 150-200 ? 
Wr ight  Water We1 1 72 , 150-200 ? 

82 150-200 ? 
39 150-200 ? 

: 

41 Paol 

C l a s s i f i c a t i o n  o f  t h e  above systems i s  based on t h e  f o l l o w i n g  c r i t e r a :  

o Proven. Tes t  and/or p r o d u c t i o n  w e l l s  have been d r i l l e d .  L i m i t e d  

use o f  waters  be ing  made f o r  d i r e c t  uses. 

o P o t e n t i a l .  Some t y p e  o f  resource  assessment work has been done by 
t h e  Colorado Resource Assessment Team o r  p r i v a t e  companies have 
re leased  t h e i r  e x p l o r a t i o n  da ta  t o  t h e  genera l  p u b l i c .  Based on 
t h i s  i n f o r m a t i o n ,  an es t ima te  can be made o f  t h e  s i z e  and magnitude 
o f  t h e  resource. , 

o I n f e r r e d :  A s p r i n g  o r  thermal  w e l l  has been loca ted ,  f i e l d  





TABLE 6 ,  F E D E R A L  COMPETITIVE LEASES IN COLORADO, DECEMBER,  1981 

Date 
Issued 

Township 
and Range County 

49N, 8E Chaffee 7 /75  

t 

, 

Issued 

PetrocLewis Corp. 
Petro-Lewis Corp.* 3 , 226.61 50N, 8E Chaffee 

C . A. Underwood 2,840.00 41N, 10E Saguache 

Chaffee Geothermal 360 .OO 49N, 8E Chaffee 
Total 3,200.00 

* Dropped 2/82 
Source: Colorado State Board o f  Land Commissioners 

7 

.1 

,- 

L, 

2-8 



2.2 Area Devel opment P 1  a n s  

2.2.1 S t a t e  Geothermal Planning Areas 
There are  no Geothermal P l a n n i n g  Areas i n  Colorado. 

2.2.2 Speci f ic  ADPs completed or  i n  preparation: 
No s p e c i f i c  Devel o P l a n  repor t s  were t o  be pre red i n  1981. 

ADP' s  were t o  be Outreach and Market 

Devel opment programs 

oupled Dr i l l i ng  Program funded 
h t  Water Engineers and 

the  Redstone Corp. d r i l l ed  planned geothermal we1 1 s 

No S i t e  Specif ent P l a n s  were required t o  be prepared 
d u r i n g  this  period 

2-9 



Tab le  8 l i s t s  the current'uses of geothermal  resources i n  Colorado  

TABLE 8. USES OF GEOTHERMAL ENERGY IN COLORADO 

USE AREA . 
Recreation Juniper Hot S p r i n g s  

Steamboat  Hot S p r i n g s  
Hot Su lphur  S p r i n g s  
E l  do rado  Warm S p r i n g s  
Idaho Hot S p r i n g s  
G1 enwood Hot S p r i n g s  
Cement Creek Hot S p r i n g s  
M t .  Princeton Hot S p r i n g s  
Poncha Hot S p r i n g s  
V a l l e y  View Hot S p r i n g s  
Shaws Warm S p r i n g s  
Spl ash1 and Hot Water We1 1 
Pagosa Hot S p r i n g s  
Wagon Wheel Gap Hot S p r i n g s  
Waunita Hot S p r i n g s  
Ouray Hot S p r i n g s  

Baths  Juniper  Hot S p r i n g s  
Hot Su lphur  S p r i n g s  
Idaho Hot S p r i n g s  
Glenwood Hot S p r i n g s  
M t .  P r i n c e t o n  Hot S p r i n g s  
Val 1 e y  View Hot S p r i n g s  
Pagosa Hot S p r i n g s  
C e b o l l a  Hot S p r i n g s  
Orvis Hot S p r i n g s  
Ouray Hot S p r i n g s  
Lemon Hot S p r i n g s  
Dunton Hot S p r i n g s  

Cottonwood Creek Hot S p r i n g s  
M t .  Princeton Hot S p r i n g s  
Hortense Hot  Spr ing  
Poncha Hot S p r i n g s  
Sand Dunes Hot Water Well 
Rober t  Owens Warm Water Well, West * 
si d e  o f  A1 amosa 
Pagosa S p r i n g s  
Ouray Hot S p r i n g s  
Waunita Hot S p r i n g s  

Sw i mm i ng 

Space  Heat ing  

1 L 
2-10 
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TABLE 8. USES OF GEOTHERMAL ENERGY I N  COLORADO (CONTINUED) 

Other 
'Laundry Hot Sulphur Spr ings 

A1 gae growing 
I r r i g a t i o n  Dutch Crowley 
B o t t l e d  Water C1 a r k  A r t e s i a n  
F i s h  Farming Sand Dunes Hot  

P i g  Farms M ine ra l  Hot Spr ings 

Greenhouses Penny H o t  Spr ings 
Wright Hot Water Wel ls . 
k l e l l s v i l l e  Warm Spr ings  

c 

1 South o f  Alamosa 

Water Wells sou 

G1 enwood Hot Spr ings  

Ouray Hot Spr ings 

Under Development 
Space hea t ing  A1 amosa 

I 

resources i n  Colorado. T 

- 
Colorado O i l  a 

c 

CI, 
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hoped t h a t  some pos i t ive  action will be taken i n  the near future .  

LJ 
2.7 Pub1 i c  Outreach Program 

2.7 .1  Outreach Mechanisms 
The Colorao Commercialization Team's outreach a c t i v i t i e s  d u p i n g  the  l a s t  6 

months of 1981 consisted of:  Newsletter, an advertisement i n  Area Development 
meetings w i t h  individuals  e i t h e r  i n  t h e i r  or our o f f i c e s ,  answering 

. 
nd telephone c a l l  s of inquiry. 

2.7.2 
The following contacts  were made d u r i n g  the report  period. 

Ju ly :  
e i s t e r ,  Buena Vista 

Robert Schutte,  Buena Vista 
Charles A. Harmon, Buena Vis t a  
Mari j o  Hicks, Sal ida 
Jim Treet ,  Sal ida 
Terry Huntley, Alamosa 
Guy Miles, Alamosa 
Fraser Goff, Los Alamos Sci. Lab. 
Leroy Payne, A1 amosa 
D.H. McFadden, Alamosa, Colo. Dept. of Water Res. 
Jay Kunze, Idaho F a l l s ,  ID 
Petrol eum Pioneers G r o u p ,  Denver 
Margaret Pet ty ,  Mayor of Ouray, Colo. 
Walt Gorrod, Ouray 
Je f f  Wiengard, Rancho Santa Fe, CA 
Anthony and Edward Vagnino, Denver 
Peter  Kwass, Cambridge, MASS. 

John Hess, Steamboat S p r i n g s  
Herb Ventker, Canon City 
Western S ta t e  College, Gunnison, CO, 
Western Energy P1 anners 
Four Corners Regional P1 a n n i n g  Comm, 

Augus t :  

c 

* 

L 

ti 
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Alex S i f f o r d ,  E l l i  Allen and ASSOC,  . . 

Steamboat S p r i n g s  Pub1 i c  Meeting. 
Col o r a d o  Mount a i  n Col 1 e g e ,  Steamboat 
J. D r i s l a n e ,  Peabody, Maine 
Kenneth Kunda, Chicago 
Energy and Man's Environment, Colora  

Ruedi Bear ,  T r i p p  Hot S p r i n g s  
Park Funding Corp, Denver. 
Spa Motel ,  Pagosa S p r '  

W Mike Uberauga, C i t  a n a g e r ,  S t eamboa t -Spr ings  

I 

Curbside Flowers ,  Denver 

s 

a v i d  Woodward, Morr i s0  
t a n  Harwood, Morr ison 
i c h a r d  Fo lk ,  L e a d v i l l e  

Cindy Cray, B a i l e y  
Sam Madich, Colorado  S p r i h g s  

S t e v e  Blohm, Golden 
Frank J. Ehko, Englewoo 
Gene Warren, Arvdda 

Bruce A. Boo 

Mr. and Mrs. 
Thomas Leone 
Mr. and Mrs. 

G.O. E l l i o t t  



Oec . 
Denver Mining C1 ub 

I n  a d d i t i o n  t o  the  above,  c o n t a c t  was made a lmost  d a i l y  w i t h  o t h e r  S t a t e  
a g e n c i e s  such a s  the Oil and Gas Conse rva t ion  Commission, and t h e  Division of 

I t  was r e p o r t e d  i n  the Jan.- J u l y ,  1981 Semi-Annual Repor t  t h a t  the  
Colorado  Commercial i z a t i o n  Team bel ieved  t h a t  geothermal  development  i n  
Colorado  was on the  edge o f  a break  through.  However, due t o  t h e  downturn i n  
the  economy and the d e c l i n i n g  envolvment o f  the  Federa l  Govt. i n  the  
development  o f  low t o  modera te  temperature geothermal  ene rgy ,  i t  i s  bel  i eved  
t h a t  t h e  future of  geothermal  energy  development Sn Colorado  i s  not b r i g h t .  
While some small projects may be developed  by i n d i v i d u a l s ,  i t  is  f e l t  t h a t  any 
1 a r g e  s c a l  e commercial devel opment o f  geothermal  energy  i n  Col o r a d o  w i  11 no t  ! 

o c c u r  f o r  many y e a r s .  

During the p a s t  s e v e r a l  y e a r s  the  Fede ra l  Govt. has  p layed  an impor t an t  
r o l e  i n  the development o f  geothermal  r e s o u r c e s  i n  Colorado.  For example,  w i t h  
D.O.E. User Coupled D r i l l i n g  f u n d s ,  l a s t  f a l l  t he  City o f  Alamosa d r i l l e d  a 
deep ( >  7,000 f t )  geothermal  well. I f  upon comple t ion  adequa te  amounts o f  
thermal  w a t e r s  a r e  found t h e y  will be used i n  a new m a l t i n g  p l a n t .  T h i s  well 
would not  have been d r i l l e d  w i t h o u t  D.O.E. f u n d s .  T h e  c i t y  o f  Pagosa S p r 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  systems i n  
the coun t ry .  T h i s  p r o j e c t  was funded by a D.O.E. PON g r a n t .  Other p r o j e c t s  i n  
Glenwood S p r i n g s  and Ouray have  b e n e f i t e d  from D.O.E. f und ing  or t e c h n i c a l  
a s s i s t a n c e .  

T h e  S t a t e  of  Colorado has  an economic development program t o  encourage  
i n d u s t r i a l  development i n  economica l ly  d i s t r e s s e d  a r e a s .  F o r t u n a t e l y ,  o r  



unfortunately now i n  l i g h t  of the  federal  budget cu t s ,  most of the  b e t t e r  
W thermal areas a re  located economically d i s t  b e d  counties. The successful 

devel opment of geot her es i n  these areas will  g rea t ly  enhance the 
economic outlook of t i t h  the  lack 'of Federal f u n d s ,  e i t h e r  f o r  
development or  f o r  advice and ass i s tance ,  i t  i s  f e l t  t h a t  the development of 
Colorado's geothermal resources will  be ser iously impacted. 

E 
t i  

SUMMARY OF MAJOR FINDINGS AND RECOMMENDATIONS: 

The d i r e c t  technical ass i s tance  has  brought the Colorado team in to  contact  
w i t h  developers , d was t h u s  Me are  ab le  t o  provide a wide range of advice and 
assis tance.  T h i s  type o f  e f f o r t  will 0 more t o  b hermal on 1 ine 

uickly,  than anything else attempted. Unfortunately, i f  the use of geothermal 
resources is  t o  occur rapidly t h e n  d i r e c t  governmental f inancial  and technical 
ass i s tance  i s  necessary. This ass i s tance  may take many forms. For example, 
someone should be ava i lab le  l o c a l l y  on" the  S t a t e  level t o  provide general 
information and 1 imited technical ass i s tance  when needed. Financial grant 
ass i s tance  should be a i lab le .  The  two most' useful grant programs a r e  the  
Appropriate Techno1 og Program and t h e  User Coupled D r i l l i n g  
Program. Both of these being used extensively i n  Colorado, 1 

I 

I 

U 
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MONTANA GEOTHERMAL COMMERCIALIZATION PROJECT 

SEM I-ANNUAL REPORT 



1.0 INTRODUCTION 

1.1 Purpose o f  Pro ject  

.Montana has enormous geo i t s  . 
rugged western moun t a  ins and 

basins i n  the eastern por t ion  o f  the state. 

thermal developers i n  using t h i s  valuable energy source, the Montana 

Geothermal Program was created i n  1979. This program provides geo- 

thermal users w i t h  information on a l l  phases of geothermal develop- 

ment -- explorat ion, financing, engineering, and regulation. 

Montana Geothermal Program has 

information clearinghouse f o r  geothermal energy developers throughout 

the state. 

d beneath the open sedimentary 

To ass is t  potent ia l  geo- 
7 

The 

nd w i l l  continue t o  be a~va luab le  

1.2 Objectives o f  the Project  

The object ives o f  Geothermal Program have changed since 

the program's inception as a resu l t  o f  both changes i n  program s t a f f  and 

i n  program needs. 

broad development scenarios and energy on-1 ine predict ions. 

i t i a l  work developed the program s t a f f ' s  f a m i l i a r i t y  w i th  geothermal 

s i t e s  i n  Montana and w i t h  the technology involv 

energy. 

L 

The f i r s t  year o f  the program was spent preparing 
I 

This i n i -  

n using geothermal 

Area development plans were prepared for several mu1 t i -county 

prel iminary s i te-s  

plans. 

ec t ion  o f  our e f fo r t s .  l ns t  

i lans, we have concentrated 

i c  gkothermal projects. 
r 

TEAM MEMBERS 

Jef f  Birkby i s  Program Hanager f o r  the project, and as o f  July 1981 

has been the sole team member o f  the project. -L/ 



2.0 SPECIFIC TASK DESCRIPTIONS AND PRODUCTS 

2.1 Geothermal Prospect I den t i f i ca t i on  

Approximately 67 thermal springs and 30 thermal wel ls  have been 

recorded and analyzed by the Montana Bureau o f  Mines and Geology. 

resources are shown on Figure 1 and Table 1. 

These 

2.2 Area Development Plans 

b 

No ADPs were completed during th is -work  period. No further work on 

ADPs is ant ic ipated under the current contract. 

e f f o r t s  w t l l  continue t o  be devoted t o  outreach. 

Most o f  the program's 

2.3 S i te  Speci f ic  Development Plans 

No s i t e  spec i f i c  development plans were completed during th t s  time 

period. 

any fu r ther  work w i  11 be done on s i t e  specif ic'development plans. 

Redirection o f  our e f f o r t s  t o  outreach makes i t  doubtful that  

2.4 Time Phased Project Plans 

No time phased pro jec t  plans were done during t h i s  work period. No 

fu r ther  TPPPs are plannned f o r  t h i s  program. 

2 . 5  State Aggregation f o r  Prospective Geothermal U t i l i z a t i o n  
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TABLE 1. PRESENT AND PLANNED USES OF MONTANA HYDROTHERMAL RESOURCES 

Uses Thermal Spring or Well 
A1 hambra Hydronic space hearing of a nursing 

home -- gravity feed-piping in con- 
crete slab 

Unused Anaconda 

Anderson's/McLeod Pool and spa 

erson's Pasture Irrigation 

I r r i ga t ion 

(to be completed Fa1 1 1982) 

Apex 

Avon Planned solar/geothermal greenhouse 

Bear Creek Unused 

Bearmout h Unused 

Beaverhead Rock 

Bed f o rd 

Blue Joint 1 and 2 

I r r i gat i on 

I r r iga t ion 

Unused -- elk wallow on Forest 
Service land 

Resort, pools, and plunges; Hotel 
Geothermally heated 

Resort, pool, space hear in campground 
faci 1 i ty building, warehouse, shop 

Boulder 

Bozeman 

Bridger Canyon Fish hatchery 

Broadwater Athletic club -- pool, eater-to-air 
space heating. One house on site 
heated, also another about & mile 
away. Expansion is planned. 

Brooks I rr iga t ion 

Brown's 

Camas Pool and spa. Further exploration 

Carter Bridge Informal recreational use 

Planned i rr igat ion (information 
uncertain) 

planned for summer 1982 



Chico Resort, pool -- planned use wi th  
water source heat pump to heat . 1 odge 



TABLE 1. PRESENT AND PLANNED USES OF MONTANA HYDROTHERMAL RESOURCES 
(Con t i nued) 

Thermal Spring o r  Well Uses L' 

Love1 1 ' s 

McMenomy Ranch Some ag r i cu l tu ra l  use 

New Bil tmore 

Nimrod Informal recreat ion - 

I rr i ga t ion 

Resort; pool and plunge; home heating 

Norr i s Po0 1 

P i  pes tone Unused, o l d  resor t  

I r r i g a t i o n  

Space heating of house (radiant 
s lab heating) 

Pu l le r ' s  Old resort,  unused 

Qu 5 nn ' s Pool, whir lpool. space heatlng of 
severa 1 bu i Id  i ngs 

Renova Informal recreat ion 

S i l ve r  Star 

Sleeping Chi I d  Resort, pools 

Sloan Cow Camp 

Resort, pool, water-to-air space 
heating 

Bathing, stock watering 

Staudenmeyer Ranch I r r i g a t i o n  

Sun River  Po0 1 

Tos ton I r r i g a t i o n  



TABLE I .  PRESENT AND PLANNED USES OF’MONTANA HYDROTHERMAL RESOURCES 
(Cant inued) 

(ri 

Whl t e  Sulphur S 

Campaqua 

‘Space heated ‘bsnk; space heated motel ; 
pool; planned water preheat for  hospi ta l  
laundry; planned four-bui ld ing  heating 
system f o r  publ ic  bui ld ings 

Pools, baths, spa; planned ethanol 
f a c i l i t y  

Unknown 

Exploration wel l  -- now plugged 

Informal recreation 

Showers and bath a t  hotel 

Po0 1 



TABLE 2. SPRINGS, INVENTORY DATA 12 
Estimated 
Reservoir Observed 

Spring Name Temp. C Temp. C TDS 

96 55.6 0 

An a cond a 75 21.7 2310 
t 

Bedf ord 30 

Blue Joint  1 45 

Blue Joint  2 45 

Bou 1 der 136 

Boteman 80 

I dger Canyon 25 

Broadwater 118 

, Brooks 25 

Browns 30 

Camas 100 

Carter 's  Bridge 40 

Chico 58 

Deer Lodge Prison 40 

Durfee Creek 30 

E l  khorn 65 

26.0 

25.0 

25.5 

24.0 

400 

340 

650 

2000 

30 25.0 270 * 

Anderson's Pasture 45 

76 
-- Avon 

*- 

35 ' 20.2 

27.0 

23.6 350 

29.0 145 

29.0 145 

76.0 

54.6 

20.2 

Beaverhead Rock -- 

62.0 

19.9 

23.7 

45.0 

28.0 

45.0 

26.0 

48.5 

480 

423 

433 

270 

596 

622 

480 

330 

606 
* 
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TABLE 2. SPRtNGS, INVENTORY DATA 
(Continued) 

Est imated 
Reservoir 0 b se r ved 

Spring Name Temp. C Temp. C T DS 

Plunkets 20 165 260 

Potosi 1 60 49.5 330 

Potosi 2 E 3 60 37.0 360 

id 

4 

Pul l e r ' i  90 44.4 1160 

Quinn's Hot 
Springs 99 43.4 192 

Renova 30 56.0 655 

Si lver  Star 131 71.5 610 

Sleeping Chi ld  125 52.0 390 

Sloan Cow Camp 85 23.5 260 

S taudenmeyer Ranch 45 28.0 390 

Sun River 35 30.4 890 

Targhee Sulphur 18 18.0 3 70 
, 

Tos ton 20 15.2 330 

Trudau 45 22.7 540 

Vig i lan te  30 

Warm Springs 
State Hospital 79 

Warner 23 

West Fork Swim- 
mlng Hole 30 

Spings 125 

Wolf Creek 77 

White Sulphur 

23.5 400 

. 

. 



TABLE 2. WELLS INVENTORY DATA 
(b’ (Continued) 

Angela Hot Springs -2496-2530 



TABLE 2. WELLS INVENTORY DATA 
(Continued) 

Produc I ng Estimated 
Depth Reservoir Observed 

We1 1 Name ( M I  Temp. C Temp C Lab TDS 

Symes 76’ 88 39.0 290 

Two Dot .274 22 20.0 392 

Uranium Test 50 15.5 1226 



L9 
2.7 PUBL IC OUTREAC 

2.7.1 . Outreach Mechanisms 

t 

Outreach mech little in the past year. Pers 

contact with geothermal developers, either through phone calls,aletters 
or on-site visits, had the mo 

mechanisms were also used. S 
development appea r 
in the Butte Standard i n  Nove 

fol lows. 

- 
t on development. General outreach 

pets, including a 

summary of contacts and results 

acts (June-December 1981) 

Walt Garrison, Attorn 
Virginia City 

Gary Moiken 
Silver Star Hot Springs 

Connie F l a m  
Roy High School 

Frank Smoyer 
He 1 ena thermal source 

Dr. DennJs Blac 
Mechanical Engi 
Montana State U 

William Dressler Geothermal regul at i o 
Hastings law Journal 

Michael Grove 
1st National Bank 
White Sulphur Spring 

Thor Jackola 
Jackola Engineering ethanol plants 

The Wilderness Society ear Yellowstone 

sisted in negotiating water rights 
for hot springs well 

Regulatory, geological and engineering 
informat ion 

i 

I 

. 
Information on goethermally heated 

i l l  Cunningham 

U 



Con tac t  Assistance Given 
td 

George Ochenski nhouse construction 
Southern Cross 

Je f f  Renz 
Patten and Rent law f i r m  f o r  groundwater heat pumps 

Ed S h e i t l i n  
V i rg in ia  C i ty  Pumps 

Letter o f  support re tax c red i ts  

9 

Soi l  warming and groundwater heat 

c 

Assistance i n  marketing Hunter's 
Real Estate West, Livingston Hot Springs 

Tom Ba terd dge Geothermal Explorat ion techniques 
Tr iba l  Hydrologist f inancing options 
Flathead Reservation 

O i l  wel l  conversion t o  geothermal 
Fairview 

Ed M i l l s  Greenhouse heating options 
State Nursery, Helena (d i rect-use and groundwater) 

Charles Page P r  i c i ng geotherma 1 resources 
Bozeman Hot Springs 

I r a  Fonshi l l  Montana s i t e  data base 
Fonshi l l  E Co., Boise 

Al lan M i l l e r  Cr i t ique f o r  grant proposal for  
Mult i tech, Inc., Butte space heating Warm Springs Hospital 

B i l l  Valach Groundwater heat pump information 
Montana Power Company 

Darrel Pearson . Cr i t ique  o f  d r a f t  heat pump 
LPC Heat Pumps, Inc. brochure 

E l i o t t  A l len  E Associates 
Salem, Oregon 

Ron Wilcox, ed i to r  Montana geothermal regulat ions 
Solar Law Reporter .r 

Viv ian Brideham Information on marketing f o r  
Go1 dcres t Rea 1 t y  

Frank Gruber Rankfne Cycle turbines 
He 1 ena 

West Energy Planners 
Aurora, Colorado 

Enertech Solar Designs, Inc. Groundwater heat pumps brochure 
Blaine, Minnesota 

Arrangement f o r  f inanc ia l  workshop 

-- 
Norr is  Hot Springs . 

Baker feas ib i  1 i t y  study for 
geothermal d i s t r i c t  heat 

b 
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Contact Assistance Given 

Coury 6 Associates 
Lakewood, Colorado 

2.7.3 

D i s t r i c t  heating i n  Ennis and 
and White Sulphur Springs 

gi 

Overal l  Prospectus f o r  Future Geothermal Development 

c. 
The pred ic t ion  for  geothermal development I n  the s tate remains the 

in te res t  i n  development i s  s t i l l  strong i n  the state, but a lack same: 

o f  financtng, engineering know-how and r e l a t i v e l y  low f o s s i l  fue l  energy 

pr ices i n  some areas may prevent geothermal from advancing rap id ly  i n  

the state. 

shared d r i l l i n g  program, the appropriate technology grants program, and 

the technical  assistance program w i l l  fu r ther  hinder the ra te  of devel- 

opment. 

c 

Recent federal budget cuts in such programs as the cost- 

Our own program w i l l  continue t o  provide geothermal information a t  

Emphasis w i l l  continue t o  be on ass is t ing spec i f i c  least  through 1982. 

geothermal developers w i t h  spec i f i c  projects. I n  addit ion, we plan t o  

produce several geothermal publ icat ions and audiovisual mater ia ls that  

w i l l  increase the awareness o f  the general publ ic  as t o  the potent ia l  

f o r  geothermal energy I n  the state. 

assistance program and the reduction in  our o f f i c e  s t a f f  t o  one f u l l -  

time employee cannot he lp but a f fec t  our outreach e f fo r ts .  

continue, however, t o  promote the development o f  geothermal i n  the s tate 

as much as we possible can. 

The loss o f  the E G f G  technical 

We w i l l  

. 
e 
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1. hi 

* 
This project was developed as a missim-oriented program aimed at acceler- 

ating the carmercial uti3 of geothermdl resaurces. The project 

prwides the Deparbnent of ~nergy ,  the State of New hkxico, and the private 

anic guide for cannercializaticm direction 

proposals. These objectives are 

accanplished through the lwketmg ' strategies of pblic outreach, -brokerage 

functions, and mimi-engineering evaluations of specific resources and the 

applic S. 

1.2 objectives 

In this market pl fort of the New Mexico gsthem& energy can- 

mercializatim progr the potential gecr 

thermal energy use, the avail-& prospective 

possibilities for geathermal 

junction with the New Mexico 

has identified major energy oansumers, 

w i t h  specific emphasis on ial  m-site geothermdl users and-the 

appcpriate site-specific 

pmvided a basis for pmmtional- 

resouTce sites and potential adopters of Qeathermal energy. 

c 

at specific 

potential or 
L 4  
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current end-users of geothermal energy have been supported w i t h  technical 

assistance on an as requested basis. This effort has provided the New 

Mexico state Team w i t h  good experience and greater insight into the market- 

@ needs and demands - end-users. 

1.3 S t a t e  Canmercialhation Team Members 

ic; 

, Principal Investigator and Project Manager; ~ s a u r c e s  

Bureau, Ehergy and Minerals Department, Santa Ek, New E. 

Ray anniff, State Geathermal Program coordinator; Chief E n g w ,  NMSU 

C m p s  Project, physical Science Laboratory, NMSU,  as Cruces, ~ e w  

Mexico. 

Dr. Larry Icerman, NMSrnI ccxrdma ' tar; D F r e c t o r  , New Mexico State 

University Energy Institute, Las Cruces, New Mexico. 

Dennis Fedor, EMD cbxdlna * tor; ~nergy Cbnsultant, New Mexico Energy 

and Minerals Department, Geotkmd Camercialization O f f i c e ,  NMSU, 

Las cruces, New Mexico. 

KayHatton, Mining and Minerals Division coordinator; Geologist, 
Mining and Minerals D i v i s h ,  and Mherals Department, Santa 

Fe, New bkxico. 

. 



-2.1 Gd3Emal  Prospect Identification u 
-_ 

An estiamte of the geathermal energy potentially wailable f r a n  New Mexico 

prospect areas and sites has%?en cunpfied in Tables 1 through 3, In this 
I 

canpilation, areas and sites of geothermdl prospects in the state of ~ e w  

Mexico have been identified by various criteria for both electric and . 

 he prospecti. sites aria areas are 
(2) potential, or (3 )  inferred. 

ized in Tabie 1 (1) proven, 

or camercialization by a wivate ccrrp?any Or by governmerrt far speci- 

fic +plications or trations, ar able , 
quantitative data measured subsurface s, volume, and 

water flows are ava 
i 

on which there is exploraticm or develop 

c 

such as wells or q d n g s ,  (2 )  chdcal 

to potential or 

.c$. 
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TABLE 1 

NEW MEXICO IDENTIFIED GEOTHERMAL PROSPECTS 

ELECTRIC L 150°C 

PROVEN POTENTIAL INFERRED 

Baca Location Animas Area 
Kilbourne Hole 
Radium Springs 
San Diego Mountain 

Closson 
Columbus Area 
Guadalupe Area 
Jemez Reservoir 
Lordsburg 
Lower Fr i sco  Hot Springs 
P r e w i t t  Area 
Socorro 
Southern Tularosa Basin 
White Sands Missile Range 

PROVEN POTENTIAL INFERRED 

Animas Area Albuquerque Crown Point  
East Mesa Geothermal Black Mountain-West Mesa East San Augustin P la in  

F i e l d *  C l i f f  Area Fort  Wingate 
Faywood Hot Springs Derry Hot Springs Garton Well 
Gila Hot Springs Mesquite-Berino J icar i l la  Indian 
Jemez Springs Mimbres Hot Springs Reservation 
Montezuma Hot San Diego Mountain L i t t l e  B l u e  Mesa 

Springs San Ysidro Area Mamby Hot Springs 
Ojo Cal ien te  Socorro Mancisco Mesa 
Ponce D e  Leon Turkey Creek Hot Springs Southern Tularosa Basin 

Springs Upper Fr i sco  Hot Springs Tohatchi 
Truth o r  

Consequences 
Radium Springs 

1 . .  

'*The area o r i g i n a l l y  named Las Al turas  has  been r e c l a s s i f i e d  as t h e  East Mesa 
Geothermal F ie ld  s ince  recent  research has  proven the  f i e l d  t o  be f a r  more 
extensive than i t  was o r i g i n a l l y  an t i c ipa t ed .  



TABLE 2 s, STATE OF NEW MEXICO 

PROVEN, POTENTIAL AND INFERRED DIRECT THERMAL APPLICATIONS 

. 

. 
0.0359 0.4102 

aywood Hot Springs 32" 33' 

Gi la  Hot Springs 

Jemez Springs 0.OM6 * 0.6150 

Ojo Caliente 

108' 12' ' 

106" 58 ' 1 .  

' 0.0368 - - Radium Springs 32' 30' 30-85 130-198 3.3 

107' 58 ' 
San Diego Mountain 32" 37'  52 125 

106'. 59' - - * -  

50 80 San Ysidro 35" 30' 
106' 40' 

106' 56' 

- - - - 
- 

0.0206 

0.0135 

0.0269 0 .4563  

- - 1 . 0  

- 33 35 3 .  Socorro 34' 02' 

.. T or C 33' 09'  36-46 100 1.0 

TOTAL 0.0834 2.1608 

*The area o r i g i n a l l y  named Las Alturas has been r e c l a s s i f i e d  a s  the East Mesa Geothermal 
i e l d  s i n c e  recent  research has f i e l d  to be fa= Inore extens ive  than it was 

w r i g i n a l l y  ant ic ipated.  

ce: PSL/NMSUEI Data Fi le ,  - 



~~ ~~~ 

~ 

I 
I 

I , 
I 
I 

1 TABLE 3 

STATE OF NEW MEXICO 

f 

LATITUDE/ TEMPERATURE ("C) ESTIMATED ESTIMATED POWER &we f o r  31 
SITE LONGITUDE SURFACE SUBSURFACE VOL . (km3) PROVEN POTENTIAL TOTAL 

3.30 - 5 20 , Animas 32" 08' 102 170 
(Lightning 108' 50' 
Dock) 

3 50 1942 Baca Location 35" 54' 260-315 125.00 L50 - , 
106' 32' 

155 3.50 - 5 25 Kilboutne Hole 31" 5 7 '  45-83 
106" 58' 

Radium Springs 32" 30' 30-85 93-130 
106" S8' 

San Diego Mountain 32" 37' 

TOTAL 

m -  
3.30 - 5 30 

- 125 5 20 - - 1.00 

106" 59' L. so 370 2037 

Source: PSL/NMSUEI Data File, 1980 

- 
I ,  

. 

. 
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2.2 Area Developnent P l a n s  

2.2.1 State Geotknd Planning Areas 

* 

The New M3dm State Team has defined one geographical area for which the 

c develapnent an3 ut i l izat im of Prospects are l * d Y  be- 

target == for -ap 

2.2.2 Specific Area Devel Plan: DmaAnaQunty 

Dona Ana caunty has emerged as the first 

activity for’direct thermal use by gr 

plus the ecananic growth pattern * -w, 
.provided the basis of selection for plan. A number 

of research bve 
been d u c t e d .  K G F W  the : Fladimspringsand 

KilbaurneHole. The Kil 

a Geothermal Field 

considerable potential for direct heat 
. 
. 

The Dcma Ana m a  

area attrikrtes su& as geography, poplation, 

ation of the 

itudes of 
-W 
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the residents; (2) the energy d m w %  of current and r-d 
pjeCted needs by Standard Industrial codes and fuel types; and 

current and future 

( 3 )  the 

. 
of developnent is largely 

of the private sector, which are influenced by marry factors 

resource availability. 

Dona Ana Qunty has the second largest heat potential in the 

state, next to the Baca Location in Sandoval County. The 

ous hot tiells located cutside of the two KQIAS' and the E a s t  k 

Field. The geothermdl all sites is estimated to be 

0.9899 quad for 

' 

Dona Ana oounty is one of the * a r e a s h N e w  

t o ta l  county poplatim hdustrlal and gatern- - 

mental sectors are a -st'eoanany in the mty. 

Large-scale greenhow operation 

ththeuseofheatfran 

geathermal water depending on the 

in the dwelapnent pl 



I 

2.3.1 candidate Geothermal Sites  a .  

% specific resource sites and energy applications (i.e., residential, 

c-ial, industrial, and agricultural), whi& are candidates for the 

site specific developnent plans ( s ~ P )  are hriefly described as follows: 

1. Albusuersu e 

Current Application: &at pnnp space heating of ninestory Sandia 

savings office building. 

ications: Large user space heating: West &sa Air-  

part, Wst Mesa H i g h  School, University of Albu- 

querque camps weheat boiler systen, district 

heating of future subdivisions 0 ~ 1  the West Mesa. 

Resource Data: Surface Tenperatwe 27OC 

Subsurface Temperature 3OoC 

Est imated Energy Potential: 0.04 quad 

D 

2. Animas Lightmng * D o c k  

t 

Current Applicatians: Space heating for one buse. Two geathermally- 

H e a t e d  greenhouses with a Of 70,000 Square 

feet. ceothermdl irrigation and soil warming 
Lid 

systan for fruit  orchard. 

4 - 10 
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4. Jemez Spr i n g S  

Current Applications: Bathhouse. 

Projected Application: Greenhouse space heating, space heating of the 

heating. 

Resource Data: Surface Tgnperature 

Subsurface Temperature 

Ektbted Energy Fatentid: 0.64 quad 

73OC 

103OC 

Cunmt Application: No current application, 

i w e d  Alrplications: Space heating for greenhause 

zndustridl process heat for ethanol 

f acuities rn 

Resance Data: Surface Temperature 

Subsurface Temperature 130 - l98OC 

canplexes. 



Estimated Re h.’ 

6. anxth or QnSeqUen CeS 

c 

. 

. 

I 

i 

Mexico Energy and 
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Minerals Deparhnent and cost-shared with f e d a d  and private funding 

sources. Five of these pjects resulted in active direct thermal demon- L.i 

stration wtems. 

l. New Mexico State University (NMSU) Camps Project. The system de- 

about 10 million Btu/hr for hot water heating Ln 30 campus 

buildings, including 5 multi-structure domitories, space heating of 

the natatorium and football stadium, and heating of tbe indoor and 

Ovtdoor pools. The project had a tutal installed cost of about $1.5 

million and the annual savings on expenditures for natura gas w i i l  

approximately $300,000 in  1982. leae cperathg System uses tm 

260 rn (860-ft) pmducticm wells capable of producing a total of 2,270 

liters/& (600 gal/&) of water at a tenperature of 61 t o  63OC (142 

to 146OF). The hut wam is tranprted via a double insulated cement 

asbestos pipe to a heat exchanger prior to being reinjected 788 m 

(2,600 ft) away. mesh water fran the camps watex supply is heated 
I 

a t  the heat &anger and transported by the same type of pipeline 

1,820 m (6,600 ft) to a central distribution point, arriving a t  a 

tenperatme of 58OC (137OF). The not fresh water is then distrilxlted 

t 

to hildings w i t h h g  a radius of a b u t  1,210 m (4,000 ft). The pro- 

ject was initiated in Febsuary 1980, construction began Jbly 1, 1981, 

and the systm w i l l  becane operational i n  early 1982. This  project 

advanced through the spectmn fran basic research to oarmercidlization 

in approximately six years, w i t h  the financial support of the State of 

= 

* 

New Mexico Energy Researdh and Develapnent program and the u. s. De- 

of ~nergy. when canpleted, this system w i l l  be one of the 

ion's largest direct-use applications of geothemd . 
L 
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bd 

East &sa Field which underlies the building. The space- 

heating systm uses 48OC (ll8OF) water  fran a depth -of 137 meters 

0 f t )  at a flw -r project 

28, 1979, the construction was ted in September 

build occupied ‘in December 1980. Mcolitorhg 

reporting a d v i t i e s  w e  scheduled to continue m i l  June 1982. 

3. The 

resource is the ScIUtheast of 

5 litershin (35 yal/min) at a 

greenhouse uses runoff 
I 

greedmuse was co&cted and is 

s for W- 

Native 

i 
aperated by handicapped 1 

capped fiildren and Adults, which also ow~ls the greenhouse. 

This retrofit 

a 



100,000 Btu/hr during peak demand periods. The design, installation, 

and m i t o r i n g  of the space heating system was canpieted by February 

The project cammced on June 28, 1979, and mnivring and re- . 1981. 
Parting ended Decanber 31, 1981. 

.5. solar-assisted geath analgreenhaus e, Ranchos de Taos. The resource 

is the Pence de Leon Hut Springs near Ranchos de Tam. The springs 

discharge 1,305,977 l i terdday (240 gal/&) at a temperature of 35OC 

) and an e l e v a t b  of about 2,256 m (7,445 ft). The project 

es a geothermal heat recovery system to provide thermal energy 

greenbuse space heating far gr&g cash crop ard other can- 

mercia~ processes,  his project used technology transferred.frm 

pmx plant waste heat recovery systems and yas a d ~ & 3  by Solar 

America, Inc., of Albuquerque. !be project began May 22, 1979, and 

was dedicated at  a ribbon-cutting cermw on October 28, 1980. Mrmi- 

toring and reporting are IYIW canplete. 

6. Carrie Tingley Hospital, Truth or cbnsequen ces. Thisprojectconsists 

of a geathermally preheated hot water system designed, installed, and 

operated by the BDM corporation. The project utilized an -g 

d l  SyStEm that provided natural b t  water for bm therapeutic pools. 

The project camnenced on September 18, 1980. The systm was d t o r e d  

l'he system is quipped to handle 169,000 liters/ 

day (31 gal/&) of continuouSly pimped well water a t  a temperature of 

43°C (lW°F), which contahs a useful heat content of 12,000 Btu/&, 

to the relocation of hospital oprations to AlbpJWe, the geo- 

thermal system and ghysicdl plant are jnactive and w i l l  zemdin so 

=til the property is sold and operations restarted. 

il June 31, 1981. 

4 - 16 
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This project evaluated the po- 

ired engine.& needed io king geothermal 

inaustri& process ireat' at the hosiery mnufactur- 

1,800 ft) test was drilled bn the plant site 

No usable re&ce was found b t  a bottan-hole 

W 
al resouTce d 

on May 12, 1980. 

. eable increase 

of the ble.  A series of 

be e c o d c a l l y  

idlization activit 

With the eazeption of sane historical frot spring resort spas, most private 

hsiness enterprises utilizing geothemal'eneqy in New Mexico started h 

the 1960s. The mst significant developnentS are listed belaw: 4 

dminated reservoir is a calculated 1.8 x 

reservoir fluid temperature is 

. 
8 

onion f likely to terrmna te the woject. 
,W 
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es. Thetwocmnercialgreen- The mimas Valley geathermal CTreenhaUs 
/ I  

2. 
. . r  

houses, operated by Tan and D a l e  Burgett, *are wether because 

have the same urderlying resources, identical charactaristics, 

The re-- use applications, and geothermdl energy-requirements. 

source is the nAninas hotspot", a shallaw ancmalous &fer, 

ak.mdant water of lO2OC (217OF) iS obtaued ' at  depths of less 

The thennal m y  has no surface manifestations, 

ically cortSpiCUDUS i n  a one squar-nile section, and is 

29 m (96 ft). 

y a fault-controlled feature adjoining a sediment-filled 

basin. 

use 36,000 ~tu/min and 17,000 Btu/min w i t h  no thermal drawdown. 

The two greenhouse operations overlying the thermal ananaly 

The 

L' 

thermal energy is used in the prcductim of various high-price 

floral plants, particularly roses. 

T m  aquifers, at 27 and 8 1 m  (90 and 270 f t )  of depth, supply cool and 

wirm waters, respectively, accading to the seasonal demand. Two 

wells are involved i n  this cperation. The shallow wle l l  supplies cool 

water w i t h  a temperature range fran 17 to 21OC (60 t o  70OF). The 

deem hell supplies warm mter at about 27OC (81OF). The water is 

withdrawn fran either the axil or warm w e l l ,  depending on the season, 

and hjected into the other well. A heat exchanger and three 100- 

horse- canpressors are used to boost or lover the water teqera- 

tures for Winter h t i n g  o r o s u m n e r  cooling. Heating requires . 
2,518,000 Btu/hr and cooling requires 3,467,182 Btuhr. 

I 

1 

1 

0 

L d  
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~~ ~~~~~ 

E s t i m a t e s  have of the total on-line for the planning 

area as a sumariz& in Table 4. 
iJ 

- 

. 
2.6.1 Overview of State Legislation 

Legislation regarding regulatory conflicts, geothermal leasing, and dis- 

trict hea- authority was mt amsidered during the 1981 legislative 

session. -, it is possible that sane difficult+ in  the relation- 

ship be- appropriative rights and correlative rights for geothermal 

resources may putentially be resolved through administrative action. 

D i s t r i c t  heating legislation and amerdmmts to state geothemd leasing 

policies have nut been examined in recent legislative sessions. A review 

of state statutes and extensive discussians & correspondence w i t h  Steve 

Reynolds and D.E. Gray of the State Ehegheer's office identified the 

I 

I 

foIlawing findings: 

* Indec1aredgrOmdwam icts between aprxropriative rights 

and correlative rights resources may potentially be re- 

solved aaministrativel State Engineer's the resolution 

fluid a m  thra~gh conditions placed on 

s-a-vls other aplpapriations. 

The State Engineer's j ictim does not extend outside of declared 

g r e t e r  basins. h t e  rights/carrelati= rights cm- 

flict, therefore, cannut be resolved in these areas by mans of am- 
-&id 
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’ TABLE 4 

POSSIBLE ECONOMICAL GEOTHERMAL ENERGY ON-LINE ( Btu) 

e: 

YEAR YEAR YEAR YEAR 
1985 1990 2000 2020 - - - - COUNTY 

Dona Ana 2.47 8.09 23.00 48.70 

Bernalillo, Torrance, and Valencia - - 0.77 0.81 

Los Alamos, Rio Arriba, Sandoval, Santa Fe, and Taos 1.87 5.37 13.13 26.10 



~ 

to resol= the 

provisions (872-12-25 NMSA (19781 ) # 

epths of 2,500 feet 'a more is exmpt  fr~m 

Although the State Engineer questions the force of a declared basins. 

this pr0vision# it may remne most hinderances d d a p n e n t  of del? 

resources. Geothermal develapnent is clouded by this pmision in the 

ative review. 

in the b 8 0  session and is *of great 

called drapter 134 Of Laws 1980, h 2, was am&& to provide $600,000 

I 

awardsbemadeonlyonthe 

constru&ion of 

goal of the Public 
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was designed to expedite the dinxt  applications of geathermal energy by: 

(1) identifying geothermal application concepts and potential resource end- 

users, (2)  ida t i fy ing  potential funding sources by serving as a hr0ke.r 

between &-users, goverwnent, and private resouzce develapers; an3 (3)  

providing engineering and technical assistance to potential end-users. 

I 

I 

Outreach Program is oriented pnniarily toward assisting 

potential end-users. outreach mechanisms utilized include: 

New kkxico Camnercialization Office Technical Assistance Program 

New Mexico Energy Research and D w e l o p t  Program 

* New Mexico G w t k z m l  Demnstratim Program 

* New Mexico State University Ehergy Insti tute fiow Temperature 

Regional Operations Programs 
Resmrce Assessnent (through DOE and NMERDI funding) and Geothermal 

* DOE Region VI Appropriate En- Technclogy 3nall=Grants Program 

* DOE 1OO-Haur Engineering Assistance, D i r e C t  Heating, and Resesvoir 
Engineering Assistance Progrmns 

* NewMexicoEnergyExtensionServiceOutreachProgram 

New M c o  &tm?rcializatbn O f f i c e  Technical Assistance Proqram. 

cal assistance and infom~tion was distributed t o  23 canpaniesi with 

potential geathermal canmercialization activities in Dona Ana County. The 
1 

I 
l I 

collpanies were either interested i n  resource assessment and ptent ia l  de- 

ar end-user applications. These anpanies include: 

fee Geothermal, Ltd., Jay D i d c  - Cost shared resource assessment 

- resoultce assessnent do owxnty Industrial Developnent Oanani 
for Animas Valley 

4 - 22 
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Hunt Energy COrporatiOn, Geathermal Division, mer Bakers - resou~ce c11 assessment 

assessment 

Charles o%onnell 

animal shelter 

. -  greenhouse heating 

Good Samaritan 

solar Mesa Greenbuse = 

Alhquerque Federal - res 



New Mexico Research and Developnent Prog ram. Six demnstration 

and/or camxcialization projects have been funded under the New WxiW 

&search and Developnent Institute (IuMEmI) Research and DeveloFaneIlt . _ _  

program. 
* 

- base support 

New U r n  State miversity camp;rS ~ D e m o n s t r a t i o n P m j e c t  - 
detailed engin=- co- ' cost estimate and eval~a-  
tion of low temperature geot.hermdl energy application for the NMSY 

Moslitorjng En- tal and Related &rformance Parameters for a 

mental effects, if any, fran the o p r a t i a  of a 10-kw Rankme- ' 

le Turbine E l e c t r i c  Generator Utilizing Enemy 
a t  the G i l a  H o t  Spr ings, New U c o  - an evaluation of the environ- 

cycle . 
generator in a rural location. 

New Mxirn Geathermal Dmonstratim Progr am, In 1979, six projects were 

funded for goetknnal e a t i n g  damnstrations under the o r i g b d  

$200,000 man. ~aur  of these damnstratian systems -in in opratim 

a d  tho have becane inactive, 
L 

senior Citizen Center 

, Las cruces 

b 
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- -- 
e Nurseries for a $175,000 drilling man in April 1981 -awald- 

C 

ment activities and me for ec0mn.i 

statewide low temperature resource assess- 

Campbell at the G i l a  Hot 

assist in the testing of 

provide electrici 

assistance was 



Oio cdziente Mineral Springs Cmwq , Coupland, ,man & Associates - 
to assess the potential far space heating in a resort canplex. 

DOE D i r e c t  Heating Proqram, D'XG technicdl aSSiStaXi? was dtained for an 

additional tm end-users: * 

, Eliot Allen & Associates - to assess the distr 
heating potential in Las cruces. 

Eliot Allen & Associates --to assess 

was obtajned for faur end-users: 

city of Las cruces - gradient m 1 1  d r i l l  

- pnnp testing a well at the G i l a  Ebot Springs. 

Karl Kortemeier - 
Randy -gh - future  g e o t k m a l  usage in T or C. 

heating of a T or C condawu ' 'm carp?lex. 

. mergy Extension 

Service (E) state and regional offices assisted in the dissmimtim of 

geothermal information and referral of potential end-users to the New 

W c o  State Canmercialization Team. 





, 
I 

technology declines. 

inn Prcgrm has 

to geathermal devel wtia $200~0 

in tfae near future. % ~ e w  ~ e r t i c o  state miversity &s 

geothermdlenergyuseinNewt@&o. 

y-financed geathermal project, which  is likely 

calendar par# w i l l  trigger a wry rapid 

grawth in the utilizatian of geathermal energy 

be placed on reauCing the d i spmpr th t e  risk associated w i t h  

t; 

Lid 









il 1,365.44 1 m s ,  R2w 03/19/79 

2 522 17 2 T20 & 21s, RLE & 1w 061 29/79 

9 1568.61 5 5 & 26S, F!lE 06/11/73 

13 730 68 6 T27St R l  & 2W & 05/29/75 
06 / 2 6 / 79 
01/25/80 

1 ,28O.00 1 ’ T28S, R2W 05 /29/ 79 

T20 & 2ls, Rlw 

15 ,536.00 7 T26s, Fa & 2w 

81306.94 4 ’  TBS, Rl & 2W 

2,440.00 1 n o s ,  Rlw 04/27/79 

Ramma Sands 4,307.79 3 n o  & 21s, R I W  04/27/79 

lbpf,  Jr. 9,636.92 3 T17 & 28S, R2w 

and wty CO. 14,263.29 7 Tl9, 20 & 21SR R1E 06/15/79 

HIDAUX) 

chevroslusA, mc. 5,814.13 4 T26S, R2OW 09/11/79 
11/01/79 

533 68 1 T26SR R D W  12/28/76 

1,280.00 2 T2%, mow 10/24/79 

2 T25s, Rl9w 07/07/77 

Carp. 2,954.57 2 T25 & 26S, R l 9  & 20W 7 

SANDOVAL 

Occidental Geathermdl 2,817.95 4 Tlm, Rl & 2E 07/07/77 
Inc. 06/21/79 

Sunoco ]Energy Dev.00. .1,542.32 2 Tlw, R3 & 4w 08/19/77 
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prepared by: 

Dennis M o r  
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REMARKS/EXPEWIISE 

(505) 646-2021 
Director, Agricultural Engineering 

NMSU 
P.0. Box 3268 
Las (mlces, New 

m i c m  Ground-water   lo gists 
contact: Dr, Willialnnuner 
2300 Candelaria R x d ,  Nw 
Albuqueque, New Mexico 87107 

GOA. Baca and k w o c i a t e s r  Ltd,  
330 Garfield S t r e e t  
Suite 207 

(505) 983-2594 

New &exim 87501 

mgheers, I n c a  
Contact: Mr, Rank H. Brid 
213 RNman S-8 NoEo 

- r r l l x l q u e r s u e , N e w ~ O  87 

, 
I 

221 West Griggs 
 as Cmces, New Wxim 88001 



NAME 

cH2M Hill Engineers 
'Mr. Bob Dart 

P.O. Box 22508 
orado 80222 
tin 

Box 8748 
bise, Idaho 7 
'3620 WYQning 

Coance, C.A. & Associates 
Contact: Mr. P a t  OoOnce 
12324 Pineridge, N.E. 
Albuquerque, New Mexico 87112 

Coupland & !bran ides 
contact: M r .  BnRanero 

Al-, New Mexico 87123 

State ~ t h e n n a l  hrog.coordinator 
Physical science Laboratory 
Box 3-PSL 
W U  
Las Cruces, New NeXico 88003 

DuMars, Dr. m l e s  
College of Law - U W  

Alhquerque, New Mexico 87131 

9733 Wrs Blvd., NOW. 

Electrkal Engineer 
200 Altar S.E. 

' W f ,  -0  

1117 Stanford, N.E. 

E&.& G., Inca 

contact: m, L. Dale Clark, Pres. 
833 East Arapaho Rmd 
suite 202 
Richardson, Texas 75081 

mergy &sources Exploration, Inc. 
mtact: m. Bob Grant 

Albuquerque, New MeXico 87112 
9720 candelaria, N.E. 

(303) 771-0900 O&gines, planners, 
econanists & scientists 

(208) 345-5310 OOonsultant on Boise 
~daho District 

(505) 292-1262 

(505) 296-1089 QWter systm engineers 

(505) 296-5573 oElec tr i caZ & mechdnicdl 
engineering 

(505) 522-9349 OPI on NMSU cipnpus spat@. 
heating project 

O ~ e c h n i c a l  advisor for 
all state denonstration 
projects 

(505) 877-7444 OLaw practice in water 
and mineral resouIcces 

(505) 898-8000 

(214) 783-4731 

(505) 296-6226 OGeologist . 



~~ 

~- 

FSMARKS/MPEKTISE . 

LJ 

Gebhard, m. manas " P l A g  & feasibil 
consulting Ehgineer studies 
5819 Wstmnt Drive OInstitUtional issues 

W ushg hybrid concepts 

Austin, Texas 78731 

Geo-products Qrporation 
contact: m, Kenneth Baren, Pres. 

(415) 893-8365 O A  resource developer 

w i t h  bianass 

OHeatflow & gradient hole 

and, California 94612 

Ias Cruces, New Mexico 88001 

(702) 892-2700 

Mr. Paul OQmnor, e. Mktg 
001 Jefferson Davis Highway 

Richard L. mhs? 
Geothermal Field.mg 
New Mexico Energy In 

. 

. P.O. Box 3450 

~ 

R & D Associates 
6400 BlVd., N.E. 
Suite 398-W 

hd' abqueque, New Mexico 87110 
~ 

~ 

I 



ceothermdl, Inc. (213) 945-3661 
M r .  Gerald Juttrer, 

Exploration Manager 
P.O. Box 3388 
Santa Fe Springs, California 90670 

shain 
1519 Pachem 
Santa Fe, New Mexico 87501 

I 

I 

2620 San Ma-, N.E. 
Albusuersue Mexico 87110 

P.O. Box 684 
-s, W.K. & A s s o ~ b t e S ,  I n c a  

S.E. 
New Mexico '87801 

(505) 983-1297 

(505) 883-0959 OProject design, engineer- 
ing & management for 
geothermal greenhouses 

g e m  energy Po- 

oHydrologY & geology 

(505) 835-2095 oconducted study on Gila 

tent ia l  

swanberg, Dr. Chandler A. 
Physics Department 
P.O. Box 3D 
New F k x k o  State University 
Las Cruces, New Mexico 88003 

mtact: Mr. Jeryy Yowell 
2500 Central A v e n e ,  S.E. 
Albuquerque, New Mexico 87131 
wEsIM:senrices, Inc. (505) 243-2835 oContra&or for Baca Geo- 

thermal Demonstration -tact: Mr. Peter Sherwod, 
Regional Manager Project Data Management 
505 Marquette Avenue, N.W. 
suite 1500 E l  Centro, CA. D i s t r i c t  
Albuquerque, New Mexico 87102 heatbg & cooling d-- 

stration 
, 'Feas ib i l i ty  studies for 

geothermal grain dryins, 
tungsten ore processing, e 

ethanol & amrw#ria prod. 

econanic & mginetxing 

(505)  646-1920 

Technology Application Center (TAC) (505) 277-3622 o ~ u c t e d  state energy 
consamption study for 
New Mexico 

Qprogram management fox 

wstern Energy Planners,  Ltd. (505) 296-4070 0Energy systems inC1llclh-q 
Contact: M r .  Jerry Tuttle 
U O O O  Candelaria, N.E. Syst- 

. 
Suite 112 W 
A l b u q u q ,  New Mexico 87112 
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. 7100 West 44th Avenue 
-t Ridge, Colorado 80033 

American Drilling & 

: Mr. Claude Jenkins 
P.O. Box 11279 
Santa Msa, California 95406 

Bailey, Harry N. 
. 25256 ~erreno Drive Mission Viejo, California 92576 wants r e m  

O r n i l l e d  wells on land 

clhaffee Geothermal, Ltd 

calvert Exploration Canpany 
1000 city center Building 
oklahanacity, aklahana 73 

lsa, oklakrana 74101 

-tact: J m S  H. - 
8 Geological Advisor 

P.O. Box 120 , Qlorado 80201 

luid mergy corporat 
Contact: Mr. Hdl BemiS 
Denver, Qlorado 80210 W 



RESOUXE DEVELOPERS (EXPIDRATIm AND LEASE-HOLDEZS) (Cont'd) 
REMARKS/-1SE b NAME FHcw 

Geo-mucts corporation (415) 893-8365 O W u m  to law tenperatme 
contact: Mr. Kenneth Bren, Pres. resource developer 

residue electrical genera- 
tion - ethanol pmduction 

1330 Emadway "Hybrid geothennald 

Gulf Mineral F!esmwxes canparry (303) 758-1700 O s o C a r r o  

oakland, C a l i f O d  94612 . 

Oontact: Mr. G l e n  Campbell 
1720 south Bellaire 
Denver# Oolorado 80222 

~ n e r g y  Corporation (214) 748-1300  radium springs 
OKilbowme Hole 

2500 1st N a t ' l  Bank -ding 
1401 Elm Street  

!kxas 75202 

WCullock GeothdJmal corporation (213) 879-5252 ODOm Ana county 
Contact: Mr. H.R. Chantkr oSocorro 
10880 W i l s h i r e  Blvd. 
Ios Angeles, California 90024 

contact: m. mbert Crewdson 
5000 Stockddle Highway 
Bakersfield, California 93309 

Contact: Mr. Richard Lemer 
P.O. Box 239 

occidental Geothermal, m. (805) 395-8000 O S a n d O v a l  CQUnty 

Phillips Petroleum Canpany (801) 364-2083 OLightning Dock, KGRA 

S a l t  Lake city, Utah 84110 

(817) 390-9200 ORadium springs 
O L a s  Cruces southland RayaltY CanPanY 

-tact: Jere Denton 
1000 Ft. worth Club Imer 
Fart mrth, TeWS 76102 

(214) 233-2600 O J ~ I I ~ Z  mtians sunow Energy Devel CanPanY 
Contact: M r .  John KnOX 
12700 Park Central 
P.O. BOX 9 - Suite 1500 

t 

Dallas, Texas 75251 L 

'Ikxaco, BE., oodl & Energy -S 
contact: Mr. Ih;zss criswe11 
P.O. Box 2100 

(303) 861-4220 

 lora ado 80201 

Lid 
I 
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T 

AMDM: Qrp. (formerly under Western OLarge hcme developer seek- . 
Developnent carp.) ing potential district 

division. High mils 
Estates (a- the East 
Mesa 

Cruces, New Mexico 88001 heating systen for sub- 
c 

(505)526-6641 O W  industrial process 
550 No heat 

s, New Mexico 88001 

(303) 832-2144 itable locality ture Products 
& resource for shrimp contact: M r .  Michael Annison, Pres 

1754 Iafayette Street prOdUCtiOn 

milding meactor space-heating 

Colorado 80218 

I mc., Randy (505) 894-7215 o p o t e n t i d l  residential 

T or C, New W c o  87901 

Bailey, EEarry N. 
25256 ~erreno m i -  
Mission Viejo, California 92576 

B a k r ,  Mr. Don H. . (505) 835-3979 
701 Mesa Place, N.W. 

(505) 526-1404 o r n i l l e d  wells on land he 
uwns at Radium Springs. 
wants resource user. 

, New W c o  87801 

w;lrgett Floral Canpany 
-tact: Mr. Dale Burgett 
S t a r  Route P.O. Box 265A 
Animas, New Mexico 88020 

(505) 548-2353 OOperates 100,000 sq.ft. 
geathermdlly heated 
greenhause 

Campbell, m. Doc (505) 534-9340 OIkveloper of Gila Hot 
Rrrute 11 - BOX 80 
Gila Hot Springs 
Silver City ,  New Mexico 88061 ture electrical generathn 

chaffee Gec)thermal, La.. (303) 692-9496 O L a s  crcl~es/~ast E a  

1776 S. Jadcsan, Suite 1000 
Denver, Colorado 80210 

Contact: Mr. Brian E’ritz and land for biness ~ 

bucadia, California 92024 

Springs district heating 
sysbm and low tapera- I 

venture capital 

antact :  Mr. Jay D i c k  -Y 

~ G r e e n h a u s e s ,  Inc. (714) 436-0194 oseeking good resaurce 

1235 U r d  Avenue L& 
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REMARKs/ExpEKIIIsE - h.' 

Cl-, Mr. Clifford R e  

221-25 Manor iaoad 
meens Village, New York 11427 - - 
Geathermal- Resources 'fnternat'l (213) 821-8802 O I n  partnership w i t h  
centact: Mr. Dmenic Falcone Mirador carp. . 4676 Aamiralty Way, Suite 503 specti .  fuel 
wina Del ~ e y ,  Califorrrin 90291 Ford& 

Samaritan Village 

3025 Terrace Dr 
Las w s ,  New 

amtact: Mr. Dick Hildebaand 

, California 92083 

Hildebrand Greenhouses  seeking good resource 
and land for hsiness 

2008 EZigehil1 Road ~ 

Jamaica, New York 

lup, New tkxico 87301 

P.0. Box 788 
Mesilla Park, New 

, 

I 



PRIVATE AND O l M E X l X  USERS (CURKEN2 OR FWTENTIAL) (Cont'd) 

EXPERTISE t 
PHONE 

contact: m. Arne 
P.O. E?ox 69 
Watsodle,  California 95077 

ONeeds process heat for 

OHaS relocated in Dona 
beef 

- -+TI 

(517) 339-9544 ONationaZ clearinghouse 
Contact: Mr. James C. Krone, Ex.V.P. for rose growers 
1152 H a s l e t t  Faad OReSearching geothermal 

. Haslett, Missouri 48840 energy option for its 

S t . A M  spital O p r o s p e c t  far retrofit 
Contact: W.Dee Rush, Adm. spaceheating 
800 East Ninth 
"ruth or Consequences, New W c o  87901 

Sandyland Nurseries (505) 684-5441 Omopsed major expansion 
contact: Mr. Frank C&b, Pres. 
P.O. Box 546 production vie11 
W s i l l a  Park, New Mexico 88047 

3890 B i a  Real 
Carpenteria, California 93013 

Schaefer Wholesale Florists, Inc. (717) 741-3841 OSeeking suitable resource 
Contact: m. Karl J. Schaefer 

Yo&, Pennsylvania 17402 

silver &sa Greenhouses (303) 573-9251 ~see3iing flood resource 
Cbntact: Mr. Jim Hutton 
P.O. Box16301 hsiness preferably in 
Denver, Colorado 80216 Dona Ana county 

Southwestern Services to (505) 388-1976 'Faymod Hot Springs 

contact: Mrs. Jewel1 Burk 
309 West College Avenue 
Silver ~ e w  Mexico 88061 

memo 

to include drilling for 

Headquarter S: 
Sandyland Nurseries (805) 684-5441 

and land for business 
ROD. 3 

and land position for 

Handicapped children and 
Adults, Inc. stration project 

greentzouse state d m -  

1 
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€lEmmc3/mPERTIsE 

osuwivision dewAapnerit 
atap ~ n s  Alturas ananaly -tact: H.B. 

8 P.O. Bax 1318 
Las  Cruces, New Ekxico 88001 

* Traylor, a. C.L. 
1555 Candlelight wive , New Mexico 88001 

316 Austin 

P l a c i t a s ,  New Mexico 87043 

Cruces, New Mexico 88001 



SUPPLIERS (CrJRPmT AND PmsPECrIvE) 
Lid 

Heat Exchangers : 

(415) 326-6875 
P.0. 8ax 11189 c 

Palo  Alto, California 94306 

m inery Corporation (201) 377-7997 
23 Main Street & Green Village EM, 

t 

. (201) 6841800 

' H e a t  ezhangers for the 
Carrie Tingley H o s p i t a l  3200 North Austin Avenue , Illinois 60053 Demo Project 

ell (319 1 399-3200 
2400 Sixth Street, S.W. 

Graham Manufacturing carrpany, Inc. 
Department G 
170 Great Neck Fbad 
Great Neck, New Yo& 11021 

Rapids, Iowa 52406 

(800) 645-3757 

ial Systems Corporation (216) 725-8500 
1025 Lake mad 
Medina, Ohio 44256 

D i v i s i o n s  of H A E C 0  Corporation 
115 Burson S t r e e t  
E a s t  S t m d s h r g ,  Pennsylvania 18301 

Process Equiplleny Supply (801) 278-9944 

(801) 486-7114 

Patterson Kelly Canpany (717) 421-7500 

salt Lake city, Utah 

Skyline Sales Canpany 
SaltxakeCity ,  Utah 

Water Inc, 
TeWS D i v i s i o n  campls project 
P.0, Box 2289 
W i c h i t a  Falls, T e w s  76307 

(817) 723-7125 * H e a t  exchanger for NMsu 
* 

Ld 
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FaAWs 

ODistributor for Higgh 

Box 6907 
&lbuqUerque, New IWcbo 87197 
H b g h  Energy AssOCi.a&S (301) 885-2172 OBTU meter for the Carrie 
P.O. Box 7317 

wal scientific Inc. 
P.O. Box 5905 
 onc cord, California 

. 4200 Broadmare, N.E. 

- 

, Delaware 19711 

Lucal Rep: Mr. Joe WeCkerly 

Albuquerque, New t42xic0 

Barber-Nichols Engineering Can- 

Demrer, Oolorado 

(3mtact: Mr. Wally Brawn 
Sarasota, Florida 

K h t i C S ,  InC. 

wuilleumier Ed Associates (513) 271-7001 . ThnWuilleUmkr, 

e plaza - suite 
719 South Lane1 Circle 
alt m City, Utah 84115 



, 

, 

SUPPLIERS ((XIRRENT AND ~ P E C ~ I ~  (cont'd) 

P i p e  & F i t t i n g s :  
I 

NAME moNE F!R@ms 

I fnc. A l - 8  . 
1 

I (505) 294-1158 

New kkxico 
1 

I 

205 Rxsmor Road, S.W. 
Albuquerque, New Mexico 87102 

Berkeley Pmps 

Allxxpeque, New bkxico 87105 

centerlift, mc. (213) 598-9711 

Huntingbn Beach, California 92649 (714 1 893-8511 

Cole Drilling Canpany (915) 859-9889 

Fbdw & -8 InC. 
1615 I s l e  Blvd. Sew. 

5421 Argosy Avenue or 

801 Delhi Street 
El Pas08 Texas 79927 

~arnrers Pump Supplies (915) 562-3785 
512 North Copia 

Gould water Systems 
Ucas Drilling Canpany 
10058 Ncnrthloop 

El Paso, Texas 79927 

El Pas08 Tews 79927 

J m s ,  coake & Habson, =* 
2817 E a s t  Ydell 

TP AHnp & Pipe Capany 

I Albqueque, New Me- 87102 

El P a s 0 8  TewS 79925 

1842 W, N.W. 

(505) 325-4648 m - m  -. 
P.0, Box 131 Ld 
Farmington , New ~x ioo ,  

Contact: W .  Wgh Sosbee 
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m m  

(505) 522-7220 
1210 Foster Road 

New W o  88001 

(505) 524-9614 

(505) 524-1241 
221 North water 

(505) 526-6622 

I Rental oenter (505) 524-1372 
1635 ,South Valley Drive 

Rick's wading (505) 526-5412 
P.O. Box 1107 
LaS s, New Mexico 88001 

Val1 ders Supply CQ. (505) 524-3554 
1700 South Valley Drive 
Las Cruces, New -0 88001 

N.O. Nelson (505) 523-7401 
614 &st Amador Avenue 
Las Cruces, NaJ t4zxico 88001 

zia Masonry (505) 524-0705 
201 Unim Avenue 
Las Cruces, New Mark!O 88001 

East Xdmn Avenue L 

Las Cruces, New I!ldco 88001 

so*& crafts, LTD (505) 524-2886 * 
990 Narth cluesenberry 

s, New M&co 88001 

irre- (505) 522-6974 

I 

, New Mdco 88001 

L d  

- .- 



STJPPLIERS mR WSU QNPUS m m  
El Pasor 

h/ 

MIME P h E  RmfmKs' 

K- St@y, B E m  (915) 779-7473 
1041 Eastside 
El Paso# Tews 79915 

vinton Pipe & Supply 
P.O. Box 9858 
El Paso, Texas 79989 

6914 Industrial 
El Paso, Texas 79989 

Nu-'l!ex Pipe & supply 
P.O. Box 17967 
El Paso, Texas 79917 
Boyd Engineering supply (915) 533-7575 
P.0. Box 3605 
El Paso, Texas 79923 

C l m  & cuwan of El paso, mc. 
11221 mjas 
El Paso, Pacas 79915 

P.0, Box 27107 

Wisco Supply, Inc. (915) 544-8294 
802 South Virg in ia  
El Paso, Texas 79915 

7344 Stiles nrive 

(915) 886-3914 

(915) 779-4932 

(915) 859-9151 

(915) 593-8833 

W.W. Grainger, Inc. (915) 598-1180 

E l  Paso, Texas 7993s 

Willard Am Selle Insulation (915) 772-8525 

c Baker Plastics 
P.O. Box 3896 
El Paso, Texas 79923 

960 'bny Lama 
FaStening service 

El Pas08 Texas 79925 

Triangle Electric SL@y Canmy 
3815 t k m o  
El Paso, Texas 79915 

(915) 533-5981 
ai 
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Unlike much of the western United States, North Dakota is not 

ergy, such as vol 

The North Dakota State Commercialization Program was established 
I 

in September 1979 as a coo 

of Energy and the State of North Dako 

ch was employed 

the goal of geothermal commercialization in North Dakota. These are: 



. Identify prospectitre geothermal users and developers 
in the state. 

Match geothermal sites with potential markets. 

Stimulate interest and cooperative action among 
participants in geothermal commercialization. 

Identify the constraints to geothermal commercialization 
and recommend ways to alleviate them. 

Provide information to prospective users and developers, 
including permit requirements and financial, economic, 
engineering, and resource information. 

Conduct a state-wide outreach program to educate the 
public and to stimulate interest. 

. 

. 

. 
, 

. 
e state commercialization team's initial efforts at commercializing 

energy in North Dakota began at the grassroots level. In 1981 / 

the emphasis of our program switched from planning activities to more advanced 

technical assistance to communities and private developers interested in 

. 

geothermal district heating and cooling systems and larger-scale commercial 

and community projects. 

projects initiated by the state commercialization team since 1979. 

This report briefly summarizes the achievements and 

1 

1.3 Technical Approach and Team Members 

To evaluate the possibilities for geothermal commercialization, the 

state commercialization team investigates substate regions and specific sites 

in the state. The necessary data for incorporation into the reports are 

obtained from the assessment of available geothermal resources; current and 

projected residential growth and industrial development; institutional, 

technical, and environmental considerations; current and projected energy 

demand; and economic activity. This information provides the basis for the * 

pecific tasks: 

' U  
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. Prospect identification Lj 

and economic assessments 

A. Gaugler, Progr 

1.4 Project Bene 

The North Dako 

state with a planning and assistance program to impart information and advice 
2 

to state agencies, local 

uals. Increasing the understanding regarding the nature and advantages 

of geothermal energy will encourage its use and lessen reliance on fossil 

1 businesses and individ- 

, fuel energy sources. 

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

economic, instituti ce conditions that affect the timing and 

extent of geotherma in North Dakota. This information is 

essential for long-range n energy development planning and will indicate 

ion that Nort othermal resources can 

= , J  national energy demand. 

At this time we to acknowledge the efforts of several 

individuals and org e willingness and enthusiasm for geothermal 
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energy prospects in North Dakota have made this task an easier one: 

. Don Mathsen and other members of the University of 
North Dakota Engineering Experiment Station staff 
provided invaluable technical advice on groundwater 
heat pumps and system design. 

Ken Harris of the North Dakota Geological Survey, 
who also headed up the North Dakota Resource Assessment 
Team,,was our major source of geothermal resource 
information. 

Ray Butler, United States Geological Survey, Water 
esources Division, has been involved in mapping the 
uality, depth, and temperature of several major 
quifer systems in the state and often provided us with 
p-to-the-minute data on those formations. 

P 

. 

. 

. Francis Schwindt and Rick Nelson of the North Dakota 
State Health Department have worked closely with us 
on developing guidelines for geothermal fluid disposal 
'regulations. 

The North Dakota State Water Commission provided maps 
and county groundwater studies, plus advice on permit 
regulations for water use. 

Also our thanks to other state and local agencies and 

our reports and plans would be without substantiation. 

. 

. 
I personnel, too numerous to mention, but without whom 



2.1 Geothermal,Prospect Indentification 

AssesBment Team was.es shed in . 
. Energy and the North Dakota 

resources of North Dakota. 

en f evaluat otential hydro- hase I 

the oil and gas we 

evaluate the hydro 

and to generate a 

Phase I activit 

aquifers are low to med 

and other Palea-zoic 
i 

epth and poor wat 

significant hydrothermal aq 

I During Phase 11, the Resource Assessment Team concentrated on 

geothermal gradient and he studies, stratigr 

sand/shale ratio maps of the C 

Kara Formation is a widespread 

- 
U 
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I . 
e Inyan Kara is likely to be 

Temperature data currently available for this formation indicates 

important hydrothermal aquifer in much 

of NorthrDakota. 

The Resource Assessment Team is presently evaluating two oth’er 

potential hydrothermal aquifers of Mesozoic Age--the Fox Hills and Hell 

tions. Phase I11 activities will also include assembling a 

catalog of potential hydrothermal aquifers in the state. 

ost of the shallow alluvial and glacial drift aquifer systems that 

used for domestic purposes are also good sources of geothermal 

e sources are more local in extent than the Mesozoic and Cenozoic 

ide low temperature groundwater resources that can be 

used effectively in groundwater heat pump applications. 

shallow aquifers is readily available from county groundwater studies. 

Information on these 

e United States Geological Survey is also compiling hydrothermal 

e state. 

a for all major Mesozoic and Cenozoic aquifer systems. 

They are summarizing depth, temperature, and water 

This 

information has not been published but is available to the geothermal 

commercialization team on a site specific basis. 

2.2 Area Development Plans 

One of the first tasks of the state commercialization team was to match 

up the potential geothermal prospects in the state with the potential applications 

of the geothermal energy. The state was divided into eight substate regions 

for analysis, and area development plans were completed for the Roosevelt-Custer 

Region and the Lewis and Clark 1805 Region. 

L 
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The area development pLans indicate'that several aquifer systems The area development pLans indicate'that several aquifer systems 

LJ with geothermal potential underlie both regions.. The geothermal fluids are 

l o w  to moderate temperature and are most suitable for residential and 

commercial space heating and cooling, agricultural uses, and low temperature 

industrial processes. a The plans also outline the permit requirements for 

geothermal development in North Dakota, environmental concerns, and the 
8 

* economics of geothermal energy systems. .- 

Since the characteristics of North bakota's geothermal resources 

are similar throughout the state, area development plans were not written 

appropriate applica- 

installations for residential and 

commercial space heating purposes continue to account for the greatest 
t 

implementation of geothermal energ 
I 

roximately 160'F 



i 

residential and commercial development on Dickinson's west edge. 

investigated the feasibility of treating the water after the heat had been , 

I , removed to provide a source of potable water to help meet the city's domestic 

needs. 
I 
I 

The study substantiates both the economic and technical feasibility 

of a combined geothermal district heating and water supply system for the 

son when compared to conventional energy sources and alternative 

aining potable water in the area. 

LaMoure 

The city of LaMoure operates a community health care facility, which 

.houses a clinic, dental and optometric offices, and the county nursing services. 

Concern over rising fuel oil prices prompted city officials to seek a more 

efficient, less costly system for heating and cooling the 5,000 square foot 

building. 

abundant quantities of 45 to 47°F groundwater and is an excellent site for 

utilizing a water-to-air groundwater heat pump system. 

LaMoure is situated over a shallow groundwater aquifer that produces 

To encourage the implementation of this community demonstration project, 

the geothermal commercialization program has awarded the city of LaMoure a 

matching grant amounting to $5,000.00. Local contractors and suppliers will 

provide the equipment and labor, thereby benefiting the local economy and 

providing local experience with geothermal energy systems. The estimated 

completion data for the project is March 31, 1982. completion data for the project is March 31, 1982. 
* 

North Dakota Concrete Products, Menoken 
* 

North Dakota Concrete Products produces concrete products, such as 

concrete culverts, pre-stressed bridge beams, pilings, and miscellaneous items. 

enoken plant uses a steam curing process to accelerate the concrete 

bv 
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curing time so that 28 day strength is obtained within 24 hou 
s* The 

boilers used to produce this steam are oil fired. U 

TPI, Inc., a Bismarck consulting firm, awarded a grant in lg80 

by the United States Department of Energy to evaluate the economic feasibilty 

of utilizing warm water from the Dakota Sandstone Formation (estimated at 

97OF) as an alternative energy source. 

investigated to replace the existing boiler system. 

I 

A water-to-water heat pump system was 
a 

TPI concluded that, although operating costs 

are considerabley lower than those for the fuel oil system 

substantial enough to provide an acceptable rate of 

investment at today's 

be re-examined if a n 

found to utilize the geothermal waste water and off 

or if the price of energy continues to rise at a r 

of inflation. 

enterprise can be 

I Oakes - 

to meet the total 

new 15,000 square foot gymnasium. 

e requirement. 



Hotel, Bismarck 

The Patterson Hotel is a 70 year-old historic landmark located in C? 
downtown Bismarck. After two years of delay, developers have finally 

guarantees of Housing and Urban Development funding and are proceeding 

with plans to renovate the structure into elderly housing units. These plans 

onverting' the present natural gas heating system to geothermal 

energy 

ibility study conducted by Kohl and Schwartz Engineering, a 

Bismarck engineering firm, in July 1980 indicates that geothermal energy can 

of the building's heating requirements. A 3,000 foot.wel1 drilled 

ndstone Formation would provide approximately 86OF groundwater, 

. and a groundwater heat pump system would be used to heat and cool the building. 

The geothermal fluids beneath the Patterson are also under artesian pressure 

to 60 pounds per square inch at the well head and could conceivably 

eliminate the need for well pumps. 

Rolla - 
The city of Rolla will become the first North Dakota, and possibly the 

first United States, city to establish a dual-purpose community water system. 

I (Ephrata, WA, has initiated a similar project, but project engineers anticipate 

that Rolla's project will be on-line at an earlier date). 

A groundwater heat pump system will extract energy from Rolla's munici- I 

, 
I 

I pal water supply system (estimated between 44 and 48'F) to heat and cool the 

city's new 8,500 square foot senior citizen and day care center. 
I 

The estimated 



were provided by a Housing and Urban 

tractors are involved in the design 

letion date of the project is April 1, 1982. 

* 

nted several strategies for educating and 

informing a large segment of the North Dakota populace. 

mon 

zations, and personal contacts with individuals and businesses. 

Among them are a 

ewsletter, news media releases, speeches to civic and business organi- 

,. 
2.4.1 Outreach Mechanisms 

September 1980 

individuals and businesses e 

proposed geothermal projects in the state plus other items of special interest 

to North Dakotans. 

a mailing of 600;'it now reaches approximately 1,300 

res current Or 

I 

The geotherma 

received statewide news media coverage on several occasions. These included 

news articles on geothermal 

from Belcourt and Bismarck, and one-half hour public servi sion inter- 
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During the past two years, team members have made presentations 

at 14 civic and business organizations including the annual meetings of the 

North Dakota Association of Professional Engineers and the North Dakota Home 

Builders Association. The team has also attended geothermal project open 

houses in Jamestown and Hankinson to distribute information and answer 

questions and have participated in a one-day workshop on geothermal groundwater 

c- 

heat pumps in Fargo, North Dakota, in January 1982. 

2.4.2 Consultants Llst 

One of the methods employed to encourage the geothermal industry 

in North Dakota was to compile a list of well drillers, heat pump installers 

and distributors, engineers, and other professionals involved or interested 

in geothermal development. This list is distributed to individuals seeking 

advice or assistance with their geothermal projects. 

2.4.3 Groundwater Heat Pump Brochures 

In cooperation with the University of North Dakota Engineering 

Experiment Station, North Dakota has published two brochures on groundwater 

heat pumps. The first brochure, "Geothermal Groundwater Heat Pump: An 

Efficient Way to Heat and Cool Your Home", is a general explanation of 

groundwater heat pump operation and economics for the North Dakota homeowner. 

The second brochure, entitled "Geothermal Groundwater Heat Pump Equipment 

Selection Procedures for Architects, Designers, and Contractors", is more 

technically oriented. 

of state. 

Both brochures have been widely distributed in and out. 

. 
2.4.4 Groundwater Heat Pump Monitoring Program 

In November 1980 the University of North Dakota Engineering Experi- 

ment Station received funding from the Old West Regional Commission to conduct 



a one-year mon 

state. Operat etermined by the program included 

undwater heat pump installations in the 

I 
I 

and variations in system performance 

groundwater temperatures. 

.4.5- Sys tems Inventory 



House Bill 1362, which bec Ld 
State Industrial Commission the authority to regulate the exploration, 

development, and utilization of geothermal resources in the state. The act 

provides general guidelines for the Industrial Commission to follow; specific * 

rules and regulations will be formulated by the Commission at a later date. 

Geothermal energy extraction facilities used for private residential heating 

and cooling purposes are specifically exempted from the law, but permits 

will probably be required for industrial and commercial uses of geothermal energy. 

The Industrial Commission's jurisdiction is not exclusive and does 

not affect the jurisdiction of other government agencies. The geothermal 

developer in North Dakota is also subject to regulations and permit requirements 

related to water appropriation and discharge. 

federal regulations for geothermal energy development are outlined in this 

handbook entitled "Geothermal Institutional Handbook for the State of North 

Dakota" . 

All of the local, state, and 

North Dakota now has the distinction of being one of only four 

states that allow tax incentives for geothermal energy devices. 

of sponsoring legislators, North Dakota geothermal team members were actively 

involved in providing information and economic statistics on geothermal 

energy and in testifying at legislative committee hearings in support of the 

bills. 

At the request 

Any North Dakota taxpayer, whether an individual or a corporation, 
0 

who installs a geothermal energy device on or after January 1, 1981, may now 

claim a state income tax credit of five percent per year for three years for 

the actual cost of acquisition and installation of such a device. The 1981 

legislature also approved an expanded property tax exemption for geothermal 

energy systems. 

- 

The exemption is valid for five years following the date on b 
5-14 



system I s  Installed, These incentives should prove beneficial to 

tans by bringing the Initial costs for geotheyl energy sy 

costs for conventional hea and cooling systems. 

Project Description * 
a Funding Source 

.S. Department of Energy 

Utilization of Geothermal, 
Energy by North Dakota 
Concrete Products Company" 

Feasibility Study 
"Geothermal HVAC Mechanical 
System Feasibility 
Evaluation for Patterson 
Hotel, Bismarck, M)" 

erformance Study 

ment Station lect Groundwater 

and Economic 



City of LaMoLre North Dakota Energy Office Provided for $5.000.00 
I Geothermal Program matching grant for 

community demonstration 
project 

Patterson Hotel Geothermal Loan Guarantee Assisted hotel owners 
1 
I develop their geothermal , Developers Program 
I project and write a 

funding proposal 

, , 
St. Mary's High School 
New England private funding sources 

Identified potential 

LJ 

Maryvale Convent Assisted convent director 
in contacting private 
funding and engineering 
firms 

Carlson Homes Helped owners develop 
Bismar a geothermal demonstration 

project and write a 
grant proposal to the 
Department of Energy 

City of Lemon, SD Assisted South Dakota 
Energy Office personnel 
in trying to locate 
financial aid for a 
district heating system 
project in Lemon 

. 
2.4.8 Groundwater Heat Pump Industry Development6 

Probably the most significant achievement of the State Commercialization 

Program has been the establishement of a flourishing, new industry in North Dakota. * 

When the program was initiated in September 1979, there was only 

one groundwater heat pump installation on-line in the state. That first beat 
- 

to be purchased directly from a manufacturer in Florida because there 

5-16 



were no groundwater hea t  

t h a t  modest beginning, over 

t he re  are now groundwate 

gv in  North Dakota* Since 

have come on-line, and 

d i n s t a l l e r s  located across  

l the  state. 

With a t y p i c a l  i n s t a l  c o s t  of a P P r o x i ~ t e l Y  $5~300*00, the  . groundwater hea t  

this figure 

l i o n  i n  1983. This economic 

ties i n  the  w e l l  d r i l l i n g ,  

e l e c t r i c a l ,  plumbing, r e l a t e d  f i e l d s -  

Dakotans as t o  the.adv 

as much energy as would 

provides an estimate of 

f i g u r e s  are based on th s of June, 1981 



I 

1984 

4.2xlO lo 

(608) 

1.6~10 lo 

(64) 

5.8~10 lo 

Residential 

1985 

7 . 6 6 ~ 1 0 ~ ~  

(1108) 

2.85~10~' 

(114) 

1 . 0 5 ~ 1 0 ~ ~  

9 1.32~10 

VI 

03 
& Commercial a 5.0xlO 

( 2) 

9 Total BTU's I 1.a2x10 

Dec . 
1981 

9 5 27x10 

9 2.0xlO 

(8) 

9 7.27~10 10 1.45~10 

2. lXlOl0 

(304) 

8 0x10 9 

(32) 

2. 9X1O1O 
I 

1990 

11 2.5~10 

9 1x10 10 

(364) 

11 3 . 41x10 

1995 

4 . 2 3 ~ 1 0 ~ ~  

il 1 . 54x10 

11 5 77x10 

2000 

11 5 96x10 

(8608) 

11 2.17~10 

11 8.13~10 

NOTE: The numbers in parentheses represent the projected number of home8 or commercial establishments that will be 
utilizing geothermal energy to meet their total space heating and cooling needs. 





1.1 Scope of Pro jec t  

The scope of t h e  South-Dakota commercialization 

. e f f o r t  is t o  inform and assist the  people of the  
s ta te  i n  the  use of geothermal energy. Th 

i s  t o  match the  user with the resource and t o  

Technical and co ty  ,ass is tance combined with a 
s t rong outreach program were the vehicles used the  
l as t  6 months of 1981 t o  achieve the scope. 

from E l i o t  Allen and Assoc a tes . '  Ph i l ip  i s  looking 
f o r  funding sources t o  fu r the r  develop d i s t r i c t  heat ing 
from the  discharg 
Lemmon is  t ry ing  t o  put together a f inanc ia l  package 

Lemmon submitted a UDAG proposal t o  HUD August 31, 
1981 which ,would.require funding of $2,158,000. 
t i t l e  and descr ip t ion  of the  proposed p ro jec t  is  
"Development of t h e  f i rs t  phase of a mul t i - t i e red  
geothermal u t i l i t y  t h a t  w i l l  provide lower-cost energy 
f o r  ex i s t ing  residences and businesses and concomitantly 
s t imula te  new commercial and i n d u s t r i a l  investments". 
Geotherml/terra-heat workshops sponsored by the  
Office of Energy 
October 9 th  and WI. F a l l s  October 10th.  Other 
s i g n i f i c a n t  events occurring i n  the  l a t te r  h a l f  of 
1981 are: (1) The seven Rocky Mountain Basin and 
Range state commercialization teams he ld  t h e i r  m e e t -  
ing i n  Custer S t a t e  ark September 9-10, 1981. 

Indian School, Chamberlain, South Dakota went on-line 
October 29th. The cascade type system uses two 
cent r i fuga l ,  hea t  pumps t o  boost the heat ing water t o  

* 

the  geothermal-BTU's on-l ine as soon a s  possible .  

Ph i l ip  and Lemmon a r e  receiving community assis tance 

from the  Haakon County School. 

e space heat ing t o  a 14 block downtown area. 

The 

I 

l i c y  were presented a t  Rapid City 

. (2) The geothermal sting system a t  S t .  Joseph's 

3 .: 
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design temperature. (3) A loca l  groundwater heat 
pump d is t r ibu tor  has ins ta l led  41 groundwater heat 
pumps i n  the p a s t  few months. 

2.0 SPECIFIC TASK DESCRIPTIONS AND PRODUCTS 

2 . 1  

Baseline data for  geothermal prospect ident i f ica-  
t ion i s  itemized i n  Tables I,  11, and 111. 
was developed from a resource inventory conducted 
during the summer of 1980 by the Stanley County 
Extension Service and contained i n  an as ye t  unpublished 
report .  
f u l  P.O.H. projects i n  South Dakota. 
itemizes data collected from technical ass is tance 
requests received by the s ta te  team. 
prospects have temperatures less than 15OoC and are 
proven resources. 

The leasing regulations have not changed s ince 
the South Dakota Geothermal Energy Handbook w a s  
published. 

Table I 

Table I1 i s  data developed from the 3 success- 
Table I11 

A l l  the 



TABLE I 
DEL JENSEN'S INVENTORY - SUMMER 1980 

" _  

Temp. Flow 

(OC) (GPM) 

56 200 
46 60 Heat Buildings ' 

Stock Pond 
. _  

ti Swinrming Po0 
7-6-25 41 75 Heat Home . -  

7 1  Heat School 
66 

38 40 Space Heating 
23-104-72 22 40 
28-104-74 , 38 5 
34- 105 - 7 7 41 40 
6-6-8 27 
6-6-18 2 1  Domestic & . 

Stock Water 
Stock 

Space Heating 

15. Haakon 
Stock Wate 
Space Heat 
Home with GWHP 

. 

pump 
26. Sul ly  19-114-79 27 15 
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Table I - Cont'd 

County N a m e  Location Temp. Flow 
'& Type S T W P R  (OC> (GPM) 

27. Su l ly  12-114-78 29 50 
28. Stanley 33- 3- 25 51  30 
29. Su l ly  19- 114- 80 24 - 80 

21 15 
6- 8- 26 44 . 40 

32. Stanley 26-8- 25 41 150 

34. Stanley 5- 8- 25 44 42 
35. S tan ley  28-5- 25 44 60 
36. S tan ley  5-5-26 57 60 
37. S tan ley  25-3-26 40 15 
38. Stanley 10- 3- 26 54 80 

33. Stanley 3-5-25 53 100 

39. S tan ley  1- 3- 26 27 10 
40. Stanley 36-3-29 56 30 
41. S tan ley  18-4-31 40 72 
42. Stanley 29-105-8 10 Pumped 
43. S tan ley  9-109-79 32 90 
44. S tan ley  7-109-79 10 10 
45. S tan ley  36- 109- 79 10 50 
46. S tan ley  36-109-79 21 50 
47,  Stanley 20-109-79 42 70 
48. Stanley 20-109-79 38 60 
49. Stanley 35-109-76 32 25 
50. Stanley 26-109-76 32 - 
51. S tan ley  35-109-76 34 20 

52. Stanley 26-109-76 32 70 
53. Stanley 23-9-27 36 66 
54. S tan ley  27- 7- 26 35 42 
55. Stanley F t .  P i e r r e  33 90 

30-9-27 41 100 
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Corrosion Problems 

Pipes i n  Shop 

s 

Floor  5 

Pipes i n  Home 
Heats Shop 
Heats 2 Homes 
Corrosion Problems 

Pipes i n  Base- 

Stock Watering 
Stock Watering 
Stock Water 
Stock Water 
Stock Water 
Domes t i c  
Stock Water 
Domes t i c  
Stock Water 
Pipes i n  Door 
Domes t i c  
Stock Water i 

Groundwater Heat 

Stock Water 
Stock Water 

Heats Home With 
Gas i n  Water 

Stock Water 

ment F loor  

P=P 



distr ic t  heating 

375 Domestic 'water 

. 

U 
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RESOURCE DATA 
TABLE I11 

FROM TECHNICAL ASSISTANCE REQUESTS 6.i 
Depth Flow 
Meters - GPM Proposed Use 

Dupree 1370 59 66 Space Heating For . 
1 School Complex 

0 

, Spring 28 2500 Space Heating . 
I 

Spring 27 1600 Space Heating 

1350 52 1400 Space Two Houses 
Nisland, SD Rancher and a Shop 

C i t y  of Polo 483 36 100 District Space 
Hand County Heating 

Vermillion, S D  Reservoir 11 Pumped Heat Library 
Clay County 

Wessington, SD 335 27 50 Space Heating 
Hand County Public Buildings 

Eureka, SD 636 21 348 District Space 
McPherson County Heating 

Faulkton, SD 366 22 225 Space Heat 
Faulk County School Complex 

Eugene Boettger 85 12 Pumped Space Heat Home 

Rural Baltic S.D. Horse 
Breeder, Minnehaha Co. 
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2.2 Area Development Plans 

L 2 . 2 . 1  State Geothermal Planning Areas 

The state geothermal planning areas w e r e  
redefined i n  the July - December 1980 semi-annual 
report  to  6 areas. 
Dis t r ic t  Planning and Development Commissions 
(COGS) in South Dakota (Figure 1 ) .  
t ion w i l l  f a c i l i t a t e  the flow of information from 
the COGS to  the energy of f ice .  

The p r i o r i t i e s  fo r  the present contract  year 
w i l l  be to  analyze the data obtained from N . M . E . I .  
and the State Planning Bureau fo r  areas 5 and 6 .  
These areas ove r l i e ' t he  Madison Formation which i s  
the only resource providing geothermal energy for  
d i r ec t  use. 
the present contract  year.  

obtained from the S ta te  Planniag Bureau are 
shown i n  Tables I V  and V.  

These areas conform with the 

This modifica- Li 

ADP's 5 and 6 will be completed i n  

Population projections fo r  the two areas 
I 

2.3 S i t e  Specific Development Plans 

Prospective candidates fo r  SSDP's a re  Lemmon, 
Phi l ip ,  Midland, Polo and St. Joseph's Indian School 
a t  Chamberlain. Lemmon, Phi l ip ,  and Midland have 
been described i n  previous reports .  
the  Geothermal Feasibi l i ty  Analysis fo r  the Polo 
School District #29-2 prepared by Hengel Associates 
contains essent ia l  data for  a SSDP. 

The d r a f t  copy of 



-- 
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However, t h e  r epor t  a l so  ind ica tes  two obs tac'les 
t h a t  may c u r t a i l  the  developmen of a geothermal 
system. 
The ex i s t ing  483 m e t e r  w e l l  i s  located i n  the  Dakota 
Formation. The South Dakota Department of Water and 
Natural Resources c a n ' t  f i n d  a record of a water use 
permit being issued f o r  the w e l l .  The DWNR has been 
r e s t r i c t i n g  the  use of w a t e r  i n  the  Polo area f o r  
domestic purposes only. The w a t e r  pressure i n  t h i s  
formation has been dropping a t  a rate of 1 foo t  of 
head per  year.  Therefore, the issuance of a permit 
f o r  geothermal use w i l l  not  be automatic. 

The second obs tac le  is  t h a t  expanding the 
geothermal system from heat ing the school t o  a d i s t r i c t  
heating concept is  economically marginal. 

on-line October 29, 1981. The funding f o r  the  p ro jec t  
came e n t i r e l y  from donations and from the  Catholic 
church. 

a square footage of 150,000. 
w a s  IF2 o i l  pr iced a t  $1.25/gal. 
151,000 gal lons of f u e l  annually. 

24OC water a t  1200 gpm. 
school t o  plug "wild" w e l l s  equal t o  1000 gpm t o  

The f i rs t  obs tac le  i s  with the  resource. 

The S t .  Joseph's Indian School geothermal went 

. 

The school complex cons is t s  of 7 buildings with 
Conventional f u e l  replaced 

The school was  using 

The resource i s  from 300 meter w e l l s  y ie ld ing  
The S.D. DWNR required the  

replace the w a t e r  required f o r  the  p ro jec t .  
The system i s  a two s tage  cascading type using 

two cen t r i fuga l  hea t  pumps. The f i r s t  s t age  uses the  
source w a t e r  t o  hea t  1222 gpm of domestic water t o  
54OC (COP 4.22) .  
water t o  88OC using the  1222 gpm from s tage  1. 
COP of t he  system with both pumps i n  operat ion i s  2.44 
derived by: 

The second s tage  hea ts  791 gpm of 
Overall 



r = $142,000' - 

Payback Period = 7 years 
Power Costs = 5.56~/kw 
Power Escalation Rate = 10% 
Alternate Fuel Escalation Ratio = 15% 
Installed Cost = 1,072,908 
COP = 2.44 

ntrol for heat pumps. 

I 

. 

follows : 

** b) 



1. Haakon School District 27-1 

L Location: Ph i l ip ,  South Dakota, 80 m i l e s  eas 
Rapid City,  Population 1000 

Resource Data: 
Well Depth: 1300 meters 
Date Completed: 2-23-79 
Completion Techniques: Open hole  
Well Temperature: 69OC 
Flow Rate: 300 gpm (18.9 1/S) 
Summary: The Madison Formation extends under the  

western ha l f  of South Dakota and i n t o  the  
bordering states of  Wyoming, Montana, and 
North Dakota. Most Madison w e l l s  i n  South 
Dakota are na tu ra l ly  flowing with temperatures 
ranging from 4 3 ' ~  t o  77 '~ .  

Application: Space, water, and d i s t r i c t  heat ing.  
Heat Load: 5.5 x lo6 BTU/hr 
Yearly Ut i l i za t ion :  9.53 x 10 BTU/yr 
Energy Replaced: E l e c t r i c i t y  - 122,989 KWH 

System Features : 

9 

Fuel O i l  - 54,729 gal lons 
Propane - 23,858 gal lons 

F a c i l i t y  Description: 5 school and 8 business 
d i s t r i c t  bui ldings.  

Summary: 
stimulated the  development of a business 
d i s t r i c t  heat ing system. 
Scotchman Indus t r i e s ,  t he  c i t y  water p l an t  
and county maintenance use geothermal f l u i d s  

The school heat ing p ro jec t  has 

I n  addi t ion ,  L i t t l e  

from o the r  w e l l s  f o r  space heating. 

2. Diamond Ring Ranch - 

Location: 50 m i l e s  west of Pierre i n  Haakon County. 
Resource Data: 

W e l l  Depth: 1253 meters 
Date Completed: 1959 
Completion Technique: Open hole 
W e l l  Temperature : 67OC 
Flow Rate: 170 gpm (10.7 1/s) 

/ 

L 
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The Madison n' extends under 
ti ern half-of Dakota and .into 

the bordering states of Wyoming, Montana, 
and North Dakota. Most Madison wells in South 
Dakota flow with temperatures varying from 

_ . r  

4 3 O C  kd 7 7 O c .  ' "  

I 

I 

l/hr grain'dryer. 
Summary: Two heating loops circulate water 

1 

f 



System Features: 
Application: Domestic water prehea'ti 

Heat Load: 5.55 x 10 
9 Yearly Uti l izat ion:  11.44 x 10 BTU/yr 

Energy Replaced: Fuel O i l  - 115,000 gallons 
Fac i l i ty  Description: The 7710 m hospi ta l  

and a new 6038 m addition a re  served. 
Summary: Three plate-type heat exchangers 

provide make-up a i r  heating, space heating 
v ia  fan c o i l  uni ts  and domestic water 
preheating. 
i s  designed to  u t i l i z e  the geothermally 
heated water i n  the hot deck c o i l  of the 
a i r  handling uni t s  and the heat pump. 

space heating. 

2 
2 

The new addition heating system 

2.5 State  Aggregation of Prospective Geothermal Uti l izat ion 

blem concerning the w e l l  permit i s  overcome. 
problem i s  fu l ly  described i n  Section 2.3. 

The energy savings, monetary savings, and pro- 
j e c t  milestone chart  are taken from the H e m e 1  
Associates TA report .  
A. 

Polo could be a TPPP i f  the in s t i t u t iona l  pro- 
The 

Using w a t e r  from the exis t ing w e l l  and a new w e l l  
fo r  d i s t r i c t  heating the energy and monetary 
savings would be: 

Energy Savings (assuming conversion to  heat  pumps 
and an e l ec t r i ca l  consumption of 11,600 BTU/KWH) 

NET SAVINGS 
High school: 101,934 KWH/yr 1.18 x lo9 BTU/yr 
Residences: 

6 with e l e c t r i c  heat 91,218 W / y r  1.06 x IO9 BTU/yr 
5 with fue l  o i l  2,590 gal /yr  0.02 x lo9 BTU/yr 
6 with propane 4,512 gal /yr  0,024 x l o9  BTU/yr 



Commercial: 
W 78 ~ / h r  0 . 6 6  * &  lo9 BTU/yr 

81 gal/yr 

2 with propane 
TOTAL ENERGY SAVINGS 

Monetary Savings: (Net after deducting cost of 
heat pump operation) 



2.6 Institutional Analysis 
The institutional factors have not ch 

since the publication of the South Dakota 
Energy Handbook in 0 ober of 1980. 

2.7 Public Outreach Program 

2.7.1 Outreach Mechanisms 

Every form of communication has been used 
to provide information and technical assistance 
to the people of South Dakota. The geothermal 

Association's groundwater heat pump slide pro- 
gram have been shown to service clubs across 
the state. Geothermal/terra heat workshops 
were held in Rapid City and Sioux Falls. 
heating resources were discussed at both loca- 
tions by experts from WEPL and EGG. Items 
included earth tubes, solar panels, and ice 
ponds. Jim Winterton of the S.D. Department 
of Water and Natural Resources covered the 
institutional aspects of direct use and ground- 
water heat pumps. Dr. J. P. Gries, Dr. Dan 
Carda and Fred Steece gave talks on the South 

, slide program and the National Water Well 

Terra 

Dakota geothermal resource and environmental 
aspects of development. The demonstration 
projects were described by consultants that 
worked on the projects. 
sented a presentation on the groundwater heat 

, pump for residential applications, A panel 
discussion was moderated by Phil Lidel in 
Rapid City. A tour of the Missouri Basin 
Municipal Power Agency was co 
Simmons in Sioux Falls. The 
Westinghouse Templifier geoth 

Virgil Herriot pre- 



?. * 

proximately 45‘ people attrended the - 

Sioux Falls‘and 30 people in Rapid 
city. 

been publicized widely in the state. 
and Ed Brunner 

on their ranches. 

The EG&G Technical Assistance 
Ray Herman. 

ve received’technical assistance 

‘- The citie f Polo and Lemmon have received 
technical assistance in the form of feasibility 

and Associates are providing colrmiunity assistance 

two cities is to put together a finan- 

tate team has given groundwater heat pump 

41 units in 

of Wessington, 

6-  19 
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2.7.3 Overall Prospectus for  Future Geothermal 
Commercialization 

The future  development of geothe 
l ies within the pr ivate  sector .  The completion 
of the geothermal system for  an of f ice  building 
i n  Sioux Falls and a school complex a t  Chamberlain 
with pr ivate  funds is an encouraging indicator  
fo r  future  projects within the s ta te .  The 
outreach program and the demonstration projects  
are the tools that  created the in t e re s t  i n  
geothermal energy i n  the s ta te .  

dis t r ibutors  across South Dakota w a s  caused by 
the demand for  groundwater heat pumps from 
private individuals. This demand was  promoted 
by the  s t a t e  outreach program. 
consultants across the s t a t e  now have the 
expert ise  t o  i n s t a l l  systems i n  South Dakota. 
This expertise was  developed with the help of 
the s ta te  commercialization e f fo r t .  

The range of geothermal energy projects  
tha t  w i l l  develop i n  South Dakota i s  as follows; 
(1) d i s t r i c t  heating, (2) crop drying, (3) space 
heating, (4) feed l o t  warming, (5) l ivestock 
pen warming for  poultry and hogs, (6) paper 
and pulp, (7) dairy farming (milk ch i l l ing  
and pasteurizat ion) ,  ( 8 )  wool drying, (9) baths,  
(10) bot t l ing,  (11) greenhousing, (12) i r r i ga t ion ,  
(13) aquaculture , and (14) hydroponics . 

The prol i ferat ion of groundwater heat pump 

Geothermal energy 

3.0  Summary of Major Findings and Recommendations 

The goal of the state team has been t o  inform 
and educate the pr ivate  sector  i n  the advantages 
of using geothermal energy within the state.  
achievement of t h i s  goal would ease the dependency of 

The 
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South Dakotans on conventional fuels and give them 
an alternative that is a local resource. 

and outreach programs have given the private sector 
The technical assistance, community assistance, 

lb’ 



APPENDIX A 
CONTACTS AND RESULTS La 

1. Gerald Beutler 5. Eileen Byrne 
1203 J Avenue HUD 
Eureka, SD 26th Floor, 1405 Curtis St. 
Phone: 284-2334 Denver,, CO 80202 

n: Asked for T.A., Phone: 303-837-5121 
ived NMEI’s ‘ground- Reason: Presently working 

with Lemon UDAG grant. water heat pump program. 

2, George Halder Gerald Cerfoss 
Design & Construction Wessington, SD. 
P.O. Box 69069 Phone: 458-2255 
St. Paul, MN 55169 Reason: Town board member 

: 612-725-7302 interested in geothermal 
Reason: Asked for and energy. 
received resource informa- 
tion for Hot Springs. (He 7. Bob Clark 
is conducting a feasibility Dupree School Superintendent 
study for post office.) 

3. Gene Boeptger 
Box 28A RR 1 
Baltic, SD 57003 
Reason: Ran NMEI Heat 
Pump Model for him. 
(Not feasible. ) 

, 
4. George Budney ETEC 

Energy Systems Group 
P.O. Box 1449 
Canoga Park, CA 

6- 22 

Dupree, SD 
Phone: 365-5140 
Reason: Lead man for 
Dupree technical assistance. 

8. Eliot Allen & Associates 
5006 Commercial St. SE 
Salem, OR 97306 
Phone: 503-371-’4561 
Reason: Experts on financial 
packages for geothermal 
development. Working 

- with Philip and Lemon. 



13. Jerry Lang 
bi Enter Tribal Court of Appeals 

Box 617 
hompson, SD 57339 

Reason: Asked about geo- 
1 alcohol production 

at Lower Brule. 
, ,  

10. Ken Gibb 
- 

David Miller 

Mitchell, ' SD 573b1 
Reason: Received information 
on groundwater heat pumps. 

one: 394-268 P. 

15. Chuck Mize 

a1 I 

Resources . r  . .  
Foss Building son: Lead engineer for 

Lemon technical assis- 

Reason: Negotiating with 
DOE for resource asse 16. Joe Mu 
contract. 

12. Jim Hutmacher 
Box 294 
Chamberlain, SD 
Phone: 734-6631 

. Reason.: Well drill 
Joseph's School, 17. Keith Osberg 
thermal energy i Huron Drilling Company 

Huron, SD 57350 
Phone: 352-3538 
Reason: Driller gives talk 
on geothermal groundwater 
heat pumps. 

6-23 



18 .. Robert Patterson 
P.O. Box 149 
Philip, SD 57567 
Reason: Requested information 

geothermal alcohol plants. 

19. by, Quintal, Everson 

Phone: 996-7543. 
Reason: Consultants on St. 
Joseph's School geothermal 
project . 

20. Bob Schoon 
Science Center 
USD Campus 
Vermillion, SD 
Phone: 212-5895 
Reason: Subsurface geologist 
and driller for SDGS. 

21. Vic Simmons 
Missouri Basin Municipal Power 

100 N. Phillips 
P.O. Box 984 
Sioux Falls, SD 57101 
Phone: 338-4042 
Reason: Conducted tour of 

Agency 

office building that 
geothermal system. 

has 

6- 24 

22. Terry Stofferahn 
State Engineer's Office 
Foss Building 
Pierre, SD 57501 
Phone: 773-3466 
Reason: Interes n geothermal 
system for capitol complex. 

23. Lowell Thomas 
Administrator 
St. Joseph's Indian School 
Box 89 
Chamberlain, SD 57325 
Phone: 734-6021 
Reasoh: Has data on 
geothermal system installed 
in the school. 

24. Herb Vandelman 
USGS 
Huron, SD 
Phone: 352-8651 
Reason: Resource assessment. 



GEOTHERMAL DIRECT USE CONSULTANTS 

Banner Associates , Dunham Associates 
528 Kansas City Stree P . O .  Box 1140 
Rapid City, SD 
Larry Bechi th , 
Phone: 348-185 

Rapid City, SD 57701 
Phone: 343-0222 



GROUNDWATER HEAT PUMP CONSULTANTS 

, L*. 
A r t  deWi t 

1113 East 14th S t ree t  
Sioux Fa l l s ,  SD Edward Eullen 
Phone: 339-4157 Rapid City, SD 

Midwest Resource Energy Supplies 
I DeWild, Grant, Reckert & Assoc. Co. Madison, SD 

Phone: 342-6407 
c 

, Quintal & Everson 
321 West 6th 
Mitchell, SD 57301 
Ray Roby, Bob Quintal 
Phone: 996-7543 

Virgi l  Herr iot t  
Sioux Valley E m p i r e  Electr ic  
P.O. Box 216 
Colman, SD 57017 
Phone: 534-3536 

Midwest Geothermal Energy Inc . . 
P.O. Box 1422 
Huron, SD 57350 
Reuben Pas t ians  
Phone: 362-6145 

Ed Lacey 
Trent, SD 57065 
Phone: 428-5636 

Merriman Dri l l ing 
Beresford, SD 

Marvin Fry 
Pierre ,  SD 
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1 

The Utah Geotherm Commercialization Project is part of a regional 

program funded by the U.S. Department of %Energy and the State of Utah. The I 

objective of the'program is t d T o  

resources in each' st rmation services, technical 

the development of geothermal 

ch. The program was also intended 

In 1977, the Utah Division of Water Rights contracted with the DOE to 

perform these functions in Utah 

Stanley Green, Directing Appropriations Engineer in the 

Project Supervisor;, L. Ward Wagstaff, engineering and 

and Connie Walker, information and marketing specialist 1 

Personnel working on the Utah project are 

eothermal commercialization project in 

ormation which has bee 

7- 1 
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2.1 Geothermal Prospect Identification 

During the period of July to December 1981, no new deep wells were 

drilled for high temperature exploration or for direct heat. 

temperature gradient wells were drilled and several companies conducted 

temperature gradient surveys. 

were conducted and in November the first electrical power produced from 

geothermal resources entered the Utah Power and Light distribution grid. 

Several deep 

At Roosevelt Hot Springs, several well tests 

Phillips Petroleum Company, operator for the Roosevelt Hot Springs 

geothermal unit, tested several production and injection wells at the 

evelt prospect in preparation for the planned 20 W e  power plant. 

Phillips used portable sledcmounted test equlpment to monitor the pressure, 

flow, temperature, and chemical characteristics of each well. 

tests, which were conducted in August and September, the hot steam and 

During the 

i' 

water were discharged into closed sump pits. 

In conjunction with tests on Phillips well RHS 54-3 at Roosevelt Hot 

Springs, a new turbine which is designed for use in wet steam geothermal 

applications was tested. Steam and hot water from the well were used to 

power a prototype rotary separator turbine. The separator turbine 

separated the steam from the water and generated about 1.6 W e  from the 

water component. During the test the steam was vented to the atmosphere 
, '  
1 and the water was reinjected. A more detailed discussion of the test and * 

, the rotary separator turbine is included in Section 2.4.2 of this report, 

"Time-Phased Project Plans". 

, 

.s. 

I Exploratory activities were also conducted at other areas in the 

. Union Oil Company of California drilled deep temperature gradient, 
id 
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years, but these wells were th 

drilled. U . 

resources, but P h i l l i p s  

gradients are high enov 

agreement, P h i l l i p s  committed 

rights on the resource. However, the production capacity and areal extent 
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of the  resource has  not  been determined. A short-term . a r t e s i an  flow t e s t  

was conducted on S t a t e  well USP/TH-1 e a r l y  i n  1981, bu t  the results were 

inconclusive.  In  J u l y  1981 a group of  consul tan ts ,  s ta te  agency 

n t a t i v e s ,  and developers met t o  d iscuss  the  r e s u l t s  o f  the  ' 

t h a t  po in t  and t o  o u t l i n e  t h e  d a t a  gsps which still 

r a l  conclusion of  the  meeting was t h a t  even though 

extensive s t u d i e s  have contr ibuted to  an understanding o f  t h e  resource and 

t h e  geologic s t r u c t u r e s  which account f o r  it, a long-term pump tes t  is 

n order  t o  determine the  production and recharge capac i ty  of  t he  

e Utah Energy Office and the  Utah Division of  F a c i l i t i e s  

Construction and Management a r e  i n  the  process  of s e t t i n g  up a long-term 

pump test of well USP/TH-1, t h e  proposed production well f o r  t h e  State 

Prison space hea t ing  pro jec t .  

summer of  1982 and should provide needed da ta  about t h e  resource a rea  i n  

general  and the  pr ison well i n  p a r t i c u l a r ,  

The test w i l l  probably be conducted i n  e a r l y  

New s t a t e  geothermal l ea ses  issued by t h e  Utah Division of S t a t e  

Lands a r e  found i n  Table I. 

resources is found i n  Table I1 and Figure I. 

of  moderate temperature resources  i n  the  state.  

A s h o r t  summary of high temperature geothermal 

Table I11 is a brief summary 

2.2 Area Development Plans 

Area Development Plans (ADP's) were intended t o  i n d i c a t e ,  i n  a genera l  

way, t h e  opportuni ty  f o r  hydrothermal development within a spec i f  

s t a t e  area.  

t h e  a rea  with t h e  estimated energy p o t e n t i a l  of geothermal resources  

This is accomplished by matching projected energy demand 

h in  the  area.  This information could be used t o  t a r g e t  l i k e l y  sites fo r  

7-4 
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Table 111 Moderate Temperatures & Geothermal Resource Sites in Utah 

Christensen greenhouses ' - in operation. 
4. Honroe Resort in operation; City ~ 

district heating abandoned. 

5 ,  Cove Fort Planned ethanol plant has 
been postponed indefinitely. 

149 ' Deep exploratory well , 

8. Crystal &adsen's) 

rently abandoned. 
Mot in use; heavily min- 11. Becks Hot Springs 

12. Uasatch Hot 'Spring 

15. Saratoga Hot Springs Inferred 

Hot springs used by small 21. Laverkin (Pah Temp 

2 
-u 
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geothermal development within t h e  s t a t e ,  and would a l s o  be usefu l  t o  s t a t e ,  

reg iona l ,  and l o c a l  planning agencies. 

' The first step i n  t h e  ADP process was t o  d iv ide  the  s t a t e  i n t o  

appropr ia te  a reas  f o r  ana lys i s  Counties  were grouped together  on 

eographic,  demographic, c u l t u r a l  and economic f a c t o r s  as well as 

and d i s t r i b u t i o n  of  t h e  hydrothermal resources  within each 

r def in ing  the  planning a reas ,  es t imates  of energy demand through 

t h e  year 2020 were made. I n d u s t r i a l  energy p ro jec t ions  were made by t h e  

Energy I n s t i t u t e  using i n d u s t r i a l  da ta  from t h e  state.  

Resident ia l  and commercial energy pro jec t ions  were made using pas t  

consumption data and population growth pro jec t ions .  

Estimates of  the energy p o t e n t i a l  of  t h e  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 ve ry  d i f f i c u l t  t o  es t imate  with any degree of confidence,  and 

although the  use of  sur face  temperature and flow da ta  yielded conservat ive 

r e s u l t s ,  it provided a systematic  approach t o  t h e  est imates .  

Reservoir c a p a c i t i e s  were 

Information generated by t h e  ADP process  has  been published earlier 

and w i l l  not be dupl icated i n  t h i s  report .  

t a b l e s  of the r e s u l t s  are found i n  t h e  Semiannual Progress R 

January 1980, Ju ly  1980, and January 1981. 

Maps o f  the  planning a reas  and 
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Site  Specific Devel (SSDA's) are intended to  portray 

a i l s  of the development particular project a t  a specific 

s i t e  specific analysis generally includes the geothermal res 

following features: a opment procedures; 

5 general estimates of when how long it w i l l  

robably t a k e  t o  corn the technical and 

a i r ly  detailed analysis of the 

tutional and o t  observed and which might 

or prevent the succe completion of the project Si te  specific 

nalysis are more detailed technical than area developmeht plans, and 

pecific s i t e ;  as such, they 

f fe r  more i n s i g h t  into potential for development a t  

I 

Proven or potential 

s are those 



are already in progress, and sites which appear to be good prospects for 

development but for which no specific project plans have been announced. 

2.3.2 Site Specific Development Plans 

Completed or in Preparation 

During the period of July-December 1981 no new site specific analyses 

aken. 

It Lake Redevelopment Agency was re-evaluat 

of that study and of the re-evaluation are 

The cost/benefit analysis which was done in cooperation 

in December 1980- 

reports for July-December 1980 and January-June 1981, 

2.4 Time-Phased Project Plans 

A Time-Phased Project Plan is a detailed analysis of a specific 

development at a specific site. It is more specific and detailed than a 

site specific development analysis. 

specific develspment in terms of the specific steps necessary to bring the 

development to fruition, their sequence and relationship with each other, 

their duration, and actual-time estimates of when each step will begin and 

end. The project is thus analyzed at all stages of progress, includ 

pre-leasing activities; leasing; exploration; reservoir confirmation and 

The time-phased plan analyzes a 

I development; development negotiations such as partnership or unit . 
I 

I 

negotiations; permitting by state, local, and federal agencies; plant 

construction; and distribution system construction. I 

I 

I 
1 , 
i - 

L, 
I 
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4 2.4.1 Active De e rc i a l i za t ion  Projects  

Active or f i  

time-phased pro je  

which a re  candida 

rmal pro jec ts  a r e  candidates f o r  

is a l i s t i n g  of sites within Utah' 

hased project  plans. 

Utah Power and 

Light f o r  Roosevelt 

the  project  a t  

The Utah Roses greenh da le  were 

greenhouses was constructed, bringing 

the  t o t a l  area unde 

e of the  spent 

l u i d s ,  bu t  the  well was not u 

. 
T 

of S a l t  Lake 

the  production well fo r  the  prison, well USP/TH-1, is planned for  ear ly  -u 
11 



Table IV Active Geothermal Projects 

Site Resource 
(Developer) Application Characteristic 

Crystal Hot Springs 
(Utah Roses) 

Crystal Hot Springs 
(State of Utah) 

Greenhouses 

Space Heating 

Reported Artesian 
flow at 90'0 

Artesian flow up 
to 600 ggm at 
about 80 C. 

Sandy City Greenhouses 1,527 m well witho 
(Utah Roses) slight flow of 50 C 

water. 

Newcas tle Greenhouses Two wells: 152 m 
4 (Christensen Bros.) we&l producing at 
I 

hr similar. Water 
96 C, other well 

quality good. 

Flow about 100 Ips. 

* .  

Crystal (Madsen's) Resort Hot Springs, 56OC. 
Hot Springs 

Midway Space Heating Maximum measured 
(Several Individuals) (Homes) . temp. 46OC. Hot 

Utah Valley Greenhouses 
(Arrowhead Green- 
houses) 

groundwater system. 

Warm well supplie8 
water at about 35 C. 

Status of 
Energy Requirements Project 

Geothermal 

Development a8 su ported About 130.000 ft 2 of greenhouses in by resou ccs, up eo about operation, 234 x 10 6 Btu'sfyr. 
Initial phase, minimum Preliminary design has been completed, 
secu5ity building, 10.9 production well has been drilled. Well 
x 10 Btu'siyr. Possible to be tested in surmer 1982. Project in 
eventual pvelopment to operation by fall 1982. 
55.7 x 10 Btu'slyr. 

Greenhouse conversion 
from natuqal gas, about 
70.0 x 10 Btu'sl yr. 

Development expected to ' First set of greenhouses in operation; 
grow as supported by the 
resource. Christensen Bros. and also by major 

es base load heating to about 
six acres of greenhouses. 

additional greenhouses planned by 

hydroponics firm, 

Multiple use for recre- 
ation and space heating. 

Water from springs now A number of resorts and private homes 
used for several resorts currently use water from the springs for 
and homes. space heating and recreation. Several 

individuals plan to drill in order to heat 
homes. 

Initial renovations have been completed. 

Small greenhouse opera- A small, family-run greenhouse operation 
tion. uses warm water from shallow well, has. 

been in operation for about 5 years. 



summer 1982. 

phase of the' test 

observation wells 'will . The pump test should provide needed 

During the-30-day pumping phase and the 7- to lO-day recovery 

11 and several other. springs and W 

information about the prod ion capacity of the well, the production and 
- recharge characteristics of the system, the areal extent of the resource, 

and'the potential for interference between the various wells at the site. 

fluids from a 5000 fo 

successfully oper I 

t with Union Oil 



LI Springs, Monroe Hot Springs, Yeyo Hot Springs, and La Verkin (Pah Tempe) 

Hot Springs, Table IY conteins a summary o f  these projects. 

2.4.2 Time-Phas Project Plans 

A time-phased project plan for the development of the high temperature 

resoume at Roosevelt Hot Springs was completed and published in the summer 

o f  1979. The plan outlined the steps of exploration, permitting, and 

5 MWe power plant by Phillips Petroleum Company and a 

utility (whiuh at that time unspecified), Shortly after the 

tirne-phssed plan was completed, Phillips announced plans to initiate 

development with a 20 W e  pilot plant which, if @uccessful, would be I 

followed after several years by full-sized 55 MWe plants. 

will provide operating experience, reservoir production data, and revenue 

while the larger plants are being permitted and oonstructed. 

The small plant 

The time-phased project plan for Roosevelt Hot Springs was published 

in the Utah Geothermal Progress Report for January-June 1979 and is not 

included in this report. However, the current status of the project will 

be briefly reviewed. 

Major milestones in the development of the resource were reached in 

9980 when the AT0 consortium (AMAX Exploration, Inc., Thermal Power 

Company', and O'Brien Resources Corporation) signed the unit agreement with 

Phillips. 
s 

Later that year Utah Power and Light company signed a contract 

to buy steam from Phillips and to generate and distri 

A third major milestone for the development of the resource at 

Roosevelt and for Utah in general was reached in November 1981 when the 

first electrical power generated from geothermal resources In Utah entered L' 
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the Utsh Power and Light distribution grid. Hot water and steam from 

Phillips well RHS 54-3 was used to power a prototype rotary separator 

turbine, which in 

- 

ich produced the electricity, 

ich was tested 

- 
The rotary se 

* 

at Roosevelt Hot llips Petroleum 

Company, Utah Pow 

Power Research Institu e utilizes both the 

liquid and steam 

and hot water are 

the flow is divided and injected into the.separator through four nozzle 

jets. 

rator turbine where 

The water impinges on a plate wheel rotor spinning at the same speed 

impinges against a 

The steam is se 

L 

from a given geothermal well than a conventional steam turbine by itself. -& 

\ 



To formally announce the Installation and operation of the rotary 

separator turbine, the companies sponsoring the test held an open house and 

tour of the geothermal facilities at Roosevelt Hot Springs. Utah Governor 

Scott M. Hatheson was the guest of honor and the keynote speaker at the 

About 300 state, federal, and fficlals, together with 

s, attended the open house. 

In addition to testing the rotary separator turbine, Phillips 

leum Company tested several wells for production and injection 

characteristics. 

to the 20 W e  power plant. 

will be drilled. 

The wells which were tested may be used to supply steam 

In addition, at least two new production wells 

The 20 W e  power plant is scheduled for operation in the spring of 

The developers will use the results of the rotary separator turbine 

tests and the operation results from the initial plant to determine whether 

or not large central power plants are more economical than wellhead 

generators such as the rotary separator turbine. 

2.5 State Aggregations of Prospective 

Geothermal Applications 

Using information supplied by the Utah Geothermal Team, the Physical 

Science Lab at New Mexico State University made geothermal energy use 

projections to the year 2020. 

amount of new geothermal energy which would become economical each year 

under a given set of assumptions. 

These projections were estimates o 

k 
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f o r  Ju ly  1980. The 

. 
.6 I n s t i t u t i o n a l  Analysis 

are aquired,  de f ine  the  re1 

r i g h t s ,  ,specify the  cond i t i  

t h e  State Engineer, and pro for t h e  appeal process  

geothermal. l e g i s l a t i o n  e p  i n - f a c i l i t a t i n  

development of  the  s ta te ' s  geo 

between geothermal r i g h t s  and water 

ov is ions  fo r  enforced u n i t i z a t i o n  by 

e passage of t he  

? 

a 1  resources,  p a r t i c u l a r l y  t h e  high 

r a t u r e  resources.  t e  discussion of 
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geothermal development in Utah has progressed, a number oblems 

related to regulation have become apparent. 

with the disposal of spent geothermal fluids. 

been accepted as the best method of disposal because it avoids problems of 

contamination of surface waters, maintains pressure and water levels in the 

One of these is associated 

Reinjection has generally 

hydrothermal reservoir, and extracts the energy of the resource more 

efficiently through recirculation. However, experience has demonstrated 

njection may not be attractive for various technical, hydrological, 

onmental reasons. 

a1 well, which has become a major economic concern for most 

Also, reinjection requires the drilling of 

projects. 

On the other hand, if reinjection is not used for disposal, then 

usually surface disposal is the next likely alternative. Surface disposal 

avoids many of the technical difficulties associated with reinjection, but 

carries environmental and hydrologic problems as well as the administrative 

and regulatory problems associated with them. 

major consideration, since the developer must obtain discharge permits from 

both the Utah Bureau of Water Pollution Control and the U.S. EPA. 

Environmental impacts are a 

In 

addition, surface disposal must be approved by the Division of Water Rights 

as being consistent with the water right application and with water right 

policy for the area. 

reinjection, and applications for surface disposal have been considered on 

an individual basis. 

To date, applicants have been encouraged to use 

Another potential problem which has arisen, particularly for high 

temperature resources or where the fluids are highly mineralized, is the 

application of air quality regulations. In January 1982 the Utah Bureau of 

7-18 
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Air Quality took 

enforcement of 

. 

.- 

geothermal resources a 

I 

I 

agencies; and 

over 250 recipients each month and has received continued reader 
response and.support. 

--Displays and Energy Fairs: 
Geothermal Display and distributed informati 

The State Team exhibit 
-b 

at several energy 
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fairs and county fairs throughout the state. 
participated in fairs at Mount Pleasant (Sanpete County), Spanish 
Fork (Utah County) , and 
--Public Contacts and Information: The State Team has continued 
to disseminate geothermal information, respond to information 
requests from various sources, and to advise potential geothermal 

The State Team 

Hurricane (Washington County). 

developers. 

The funding for the Utah Geothermal Commercialization Program will end 

in mid tg82. €or this reason and because the staff for the 

as been reduced, outreach activities will be limited. Plans for 

1982 to continue the newsletter, probably until about midsummer; to 

curtail the use of the display for energy fairs; and to continue to give 

presentations and distribute information on request. Some functions of the 

lfzation project, such as information requests, will be continued 

vision of Water Rights as part of its general regulatory 

responsibilities. 

2.7.2 Summary of Contacts and Results 

The state team has continue o work closely with new and on-going 

projects, including the power plant at Roosevelt Hot Springs, the Utah 

State Prison project, and developers and operators at numerous hot springs, 

resorts, and greenhouses throughout the state. The state team has also 

responded to a large number of inquiries about specific or general 

geathemal utilization in Utah. Many of the contacts and interactions will 

continue after the Commercializaton Program has ended. 

* 

c 
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The general n 

substantial1 

operation). Although a number pot 

of the Drum Mountains 

* * line in direct u 

* 

rect use will b 

- w  
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3.0 Summary of  Major Findings and Recommendations 

Short  summaries of  t h e  more important conclusions are as follows: 

--The p o t e n t i a l  f o r  geothermal deve 
s u b s t a n t i a l ,  b u t  b a r r i e r s  o r  hindrances t o  development still 
exist. 
f i n a n c i a l  backing or  i n t e r e s t  t o  pursue development himself, bu t  
who a n t i c i p a t e s  making a for tune  from the  resource and t h u s  is 
very d i f f i c u l t  fo r  a s e r ious  developer to  deal with.  
Wasatch Front ,  f o r  example, most geothermal occurences are 
apparent ly  r e l a t ed  t o  deep c i r c u l a t i o n  through fau l t  
systems, and few of them a r e  high temperature and high q u a l i t y  
resources.  Development so f a r  has  clustered around the  resource 
sites which appear t o  be the  bes t . ( such  as Crys ta l  Hot Spr ings) ,  
b u t  lower q u a l i t y  resources a r e  not  developed. 
development m u s t  be l i m i t e d  a t  t h e  better resources  areas while  
other s i tes  remain undeveloped. 

-Some issues still  need t o  be resolved by l e g i s l a t i o n ,  as 
mentioned e a r l i e r .  Geothermal development, p a r t i c u l a r l y  direct 
hea t  u t i l i z a t i o n ,  would be enhanced by tax incent ives ,  exemption 
o f  small  district  hea t ing  systems from publ ic  u t i l i t y  regula t ion ,  
and au thor iza t ion  for mun ic ipa l i t i e s  and other governmental and 
quasi-governmental enti t ies t o  form district  heating systems. 

--An organized and cont inuing geothermal advocacy group is needed 
i n  Utah. A number of regula tory  b a r r i e r s  t o  geothermal 
development exist, some of which might best be handled through 
l e g i s l a t i o n  and others by close work with the  respec t ive  
regula tory  agencies. 
developers have already or w i l l  encounter appear t o  be 
unnecessary i n  terms of a reasonable i n t e r p r e t a t i o n  of the  
regula t ions ;  however, a t  t h i s  po in t  no mechanism exists ( a t  least 
within s t a t e  government) t o  reso lve  these problems. A t ask  force 
or ad hoc committee set up by the l o c a l  s ec t ion  of  t h e  Geothermal 
Resources Council might be able to  work f o r  these changes; 
however, the  support  of the geothermal community i n  Utah would be 

e n t  i n  Utah is 

Of ten  a resource is owned by someone who doesn ' t  have t h e  

Along the  

A s  a r e s u l t ,  

Several problems which geothermal 

i a l  t o  any e f f o r t s  of t h i s  kind. 
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L i V  
The WGCO approach i s  primarily a planning and advocacy effort. Tech- 

nical assistance on specific geothermal developmental problems is provided 
upon request within the limitations of available time and capabilities of 
staff members. The office works in cooperation with state agencies, busi- 
nesses and concerned citizen groups to develop a general awareness of geo- 

. 
a t  will aid in the development of geothermal resou 

Development plans produced by the WGCO provide 

earn members are: 
E. Gerald Meyer rincipal Investigator 
Karen Marcotte Program Director 
Patti Burgess-Lyon Research Associate 
Ruth Tebbutt Senior Secretary 
Janice Roman (replaced R. Tebbutt) 

1.4 Project Benefits to the State and - DOE 

Increased overall awareness of geothermal energy development potential 
benefits both the state of Wyoming and DOE. 
developing a district heating system for the town of Thermopolis are directly 
related to WGCO efforts in this direction. The collection and dissemination 

The significant steps towards 

of geothermal technical data to potential developers increases the pace of 
actual development dramatically. 
is the continuing input of data to the overall aggregation of geothermal 
development information in the United States. 

An additional benefit to DOE from the WGCO 
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Resource. Temperature ("C) --. Depth (m) 
* Thermopolis c 666 

'Potential and Development - in Wyoming, prepared for the Inters 
-- 

- Resource 
1---- 

1 

Countryman Well I 

Little Sheep Mountain Spring 
Hot Spring 
Hot Spring 

Little Warm Spring 

cova Hot Spring 
rse Creek Sprin 
igrtmts Washtu 

Steele Hot Springs 
Big Fall Creek Spri 

Astoria Spring 

24-72 (1966-19 72) 



1 

Kelly Warm Spring 27 Hot Spring 
North Buffalo Fork Springs 33.5, 45 Hot Spring 
Teton Valley Warm Springs 18 Hot Spring bpi 
NOTE: Both the potential and proven resource lists exclude all thermal 

features of Yellowstone Park. 

(Source of springs list in Table 2: Breckinridge, R. and B. Hinckley, 
Thermal Springs of Wyoming, Bullet in 60,  Wyoming Geological Survey, 

TABLE 3.INFERRED DIRECT-USE THERMAL RPOSPECTS 
3_.11_.11_ 

Resource Temperature ("C) Depth (xu) 

Bighorn Basin 
Wind River Basin 
Green River Basin all=- usually 

. Powder River Basin 90 - 150 over 3 
Great Divide Basin 
Washakie Basin -- 

cription of these basin resource areas is as follows: 
is found in these basins due to the Earth's normal increase in temperature 
with increasing depth (the increase in temperature with depth is called 
geothermal gradient). 
folded deep enough (usually over 3 km (10,000 feet)) such that the surround- 
ing rocks heat the water. 

"Hot water 

Certain water-bearing rock units in these basins are 

This type of geothermal system exists only in the deep central portions 
of the basins where drilling for a moderate temperature geothermal resource 

economical. However, since many of the water bearing rocks such as the 
n Limestone, Tensleep Sandstone, or Mesaverde Formation also sometimes 

contain oil, deep holes are drilled into these rock units. 
are not encountered, the drill holes are plugged even if hot waters are 
found. 
ulations that would easily allow the transferring of these of1 explo 
holes to municipalities or individuals for hot water utilization." 

If hy 

%at would be extremely useful in Wyoming i s  a streamlining ? 

c 

r, Henry P. A Summary.0 
, prepared for the Interstate Oil Compact Commission, Midyear 
-30, 1981, pp.2-3) - 

L d  
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----I Thermopolis/East ~ I_----_ Therm3olis --_I_ SSDA. The Thermopolis SSDA was completed 

and published by the DOE. 

L+ Recent developments in Thermopolis subsequent to publication of the SSDA 
are as follows: 

Advisory Work Group of the DOE/HUD district heating project met August 19, 
1981 for the first time. Subsequent meetings were held once a month 
throughout the reporting period. 
Thermopolis was selected to receive Community Assistance from the DOE 
contractor Elliot Allen and Associates. 
A proposal submitted by the town of Thermopolis for some limited hydro- 
logic tests was approved by the Wyoming Water Development Commission on 
October 29, 1981. 

c 

\ 

' The DOE/HUD feasibility study is scheduled for completion on June 1, 1982. 
The proposed district heating system would have the following heat load 
parameters: 

1. Residential Load-180,600 MEfBTU/yr. 
2. Business Load-73,800 MMBTU/yr. 
3. Public Building Load-63,800 MMBTU/yr. 
4. Total Annual Expected Geothermal System Loading-318,200 MMBTU/yr. 

Source: Steve Goering, Coury and Associates, Denver, Colorado 

-- Cody ----. SSDA. The Cody SSDA was completed in final form during the reporting 
period, but has not yet been published by the DOE. 

The Cody report includes major sections on site description, resource 
evaluatfon, potential applications of the resource, heat exchangers, corrosion 
prevention, and a discussion of the leasing, permittins and financial consid- 
erations involved in geothermal development. 

The Cody SSDA also contains a detailed economic analysis for three district 
heating scenarios that have been proposed for development in the Cody region. 
The estimated annual energy demand for each of the proposed district heating 
systems is listed below: 

e- 

f O Case I - Small Cody Heating District 
annual heat demand = 29,400 MMBTU/yr. 

Case I1 - Large South Fork Subdivision 



28,410 MMBTU/yr. (300 homes) 

~ 3 9 , 7 7 0  NMBTU/yr. (400 homes) 

ENERGY-USE SUMMARY 
-e&-4---ll----LI- 

B i g  Horn Basin - 
1 

Powder River Basin 



2.6 Institutional Analysis 
------------_I- - 

The major emphasis of the WGCO's institutional effort went into an (c 
attempt to secure funding for geothermal energy through the Wyoming state 
government. 
mal effort in Wyoming, including program goals that would incorporate re- 
source assessment, and planning/commercialization. 

A proposal was developed for funding of a cooperative geother- 

Additional institutional analysis has been required for the ongoing 
The Wyoming Resource district heating feasibility study in Thermopolis. 

Assessment Team and the Town officials of Thermopolis did receive a grant 

L 

.1 

from the Wyoming Water Development Commission. 
cedural questions in regard to hydrologic testing has also been obtained 

Clarification of many pro- 

through the appropriate state offices. 
An investigation into geothermal insurance and the availability of 

tax incentives for geothermal development was conducted by WGCO staff 
during the reporting period. 
in the monthly newsletter of the WGCO. 

Results of those investigations were printed 

A U.S .  Senate subcommittee hearing on geothermal leasing in areas 
adjacent to National Parks was held in Casper, Wyoming on December 12, 
1981. The purpose of the hearing was to hear testimony in regard to 
Senate bills 1516 and 669. These two bills were being studied by the 
Subcommittee on Public Lands and Reserved Water. 
by Senators Wallop (Wyoming), and Melcher (Montana). Most of the dis- 
cussion concerned geothermal leasingain the Island Park area, and sub- 
sequent potential effects on the thermal features of Yellowstone. 
Wyoming Geothermal Resources Assessment Team members and WGCO staff 
members attended the hearing. 

The hearing was chaired 

The WGCO has also been investigating the institutional procedure 
for turning an unsuccessful mineral exploration hole into an accessible 
geothermal well if hot water is found. A streamlining of this proce- 
dure, and clarification of the issues and agencies involved could be very 
helpful to potentialgeothermal developers in the state. 

c 
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I 
-Sawmills and Planing Mills 

-Fluid Milk Processing 
-Ready-Mix Concrete 
-Industrial/Commercial space heating of buildings that are 
20,000 Ft. or larger 

Descriptions of the industrial processes, and the potential applica- 
L 

tions for geothermal energy are discussed for each of the industries listed 
above. In addition, a preliminary economic analysis was completed for each * 
industry. 
' Twa geothermal energy meetings were held in Cody, Wyoming during December, 
1981. 
the Cody and South Fork regions of Park County. 
was t o  the Cody Chamber of Commerce, and the second presentation was a 

town meeting open to the public. Both presentations were well attended. 
A citizens ad hoc committee has been formed in Cody to further interest 

The topic of both meetings was the geothermal energy potential of 
The first presentation 

in the potential geothermal developments there. 

The WGCO has received a great deal of publicity through news releases 
and radio interviews with staff members. Use of these two forms of the 
media appear to be very effective in Wyoming. 
mational requests was noted after each of the media news events. 

A large increase in infor- 

2.7.3 Overall Prospectus for Future Geothermal Commercialization 
--_I I--. . 

O Additional geothermal development is likely to occur in the Thermopolis 
and Cody regions in the very near future. 
occur in the form of space heating provided by district heating systems 
in these two communities. 

In addition, significant space heating and agribusiness developments may 

occur in the MidwedEdgerton and Auburn/Afton areas. The WGCQ will continue 
to work with these communities in regard to the impact that geothermal energy 

Development will largely 

may have an the dairying, greenhousing, and potential aquaculture industries t 
of these areas. 

Individuals working for several major oil companies have been working t 

with the WGCO in regard to their electrical power needs in Wyoming oilfields. 
It appears probable that development of a geothermal p e r  system using a 
Rankine cycle generator will be the solution to oilfield power needs. Large 

W 
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3.0 SUMMARY OF MAJOR FINDINGS @D-RECOMMENDATIONS 
- 

Awareness of geothermal energy and its potential for utilization in L- 
Wyoming has increased dramatically, as shown by the increase in inquiries 
received by the WGCO, high attendance at public meetings and the continued 
growth of our newsletter mailing list. 

WGCO recommendations of actions that could be taken to facilita L 

I geothermal energy in Wyoming are as follows: 
O Increase financing opportunities for district heating projects (i.e. 9 

continue existing programs into fiscal years 1982 and 1983, and initiate 
other community assistance programs aimed at locating funding sources 
for geothermal development). 

Create financial assistance for retrofit to geothermal from fossil fuel 
sources. 
users to convert fuel systems. 

This would be a major incentive for industries and residential 

' Increase state support of geothermal energy development. 
' Streamline state and federal leasing requirements and legislatively 
create a uniform definition of a geothermal resource. 

Create a simpler method for potential geothermal developers to utilize 
abandoned mineral exploration wells without the capital-intensive "in 
perpetuity" bonding regulations. 

I ' Provide state and federal funds for planning and resource teams. Without 

the public awareness of the alternative energy choices available, changes 
in energy form selection cannot be made. 
the infant geothermal industry of Wyoming on it ' s  own, without public 
sector assistance, is premature. 

I 

, I The current attempt to launch 

I 
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