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PREFACE

Thé continuing efforts of the seven Rocky Modntain Basin and Range
Commercialization teams in areas of public outréach, creative technical
app]icatidns; innovative ihstitutthgT arrangemenps, and positive encourage-
ment in the use of geothermal energy‘is c6htributihg’to the'awareneSS and

development of this va]uab]eﬂg]ternative energy source. This document

~ describes and attests to the’acéomp]ishmentS‘and'findings of these seven

, commercialization teams during the last‘half oficaIehdgr year 1981.




SUMMARY OF DEPARTMENT OF ENERGY STATE GEOTHERMAL

COMMERCIALIZATION PROJECT IN THE‘ROCKY MOUNTAIN BASIN
'AND RANGE REGION

1.0 INTRODUCTION

- Th1s report chapter contains three sections that describe the activi-
'ties and findings of the seven state commerc1alization teams partic1pat1ng
in the Rocky Mounta1n Bas1n and Range commerc1a11:ation program The per1od
covered is July through December, 1981. Section 1.0 provides background
information, discusses program objectives and the technical approach that
is used, and describes the benefits of the program; The summary of findings
is found in Sectidn 2.0. Prospect identification, area development plans,
site specific development analyses, time-phased project plans, the aggréf
gated'prospective geotherma] energy use, and institutiona] analyses are
discussed. Section 3.0 covers public outreach activities and summarizes

findings and recommendations.

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

teams.
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1.1 BackgrOund

The Rocky‘Mountain Basin,and RangevRegidnaltHydrotherma1 Commerciali-
zation Project was initiated in 1977 to stimulate geothermal commercializa-
tion throughoot the regjon. This program is a cooperative effort involving
the U. S. Department of Energy (DOE) and ‘seven states in the Rbcky Mountain

“region. The Department of Energy is‘CQOperatithwithiother‘groUps of states
e and local governmehts thrbughoht the country in similar geotherma1 commer-
cialization programs to ensure that the program elements reflect state and :

1oca1 as well as nat1ona1 goals.

DOE has provided support for Stateageothermal'programs throUghvcoopera-
tfve agreements with state”agehcies that were selected by the respective’
governors off1ces The cooperative agreements'support'activities in plan-
n1ng, ana]ys1s and marketing of geotherma] energy and technical ass1stance_
‘to prospect1ve users and developers. The state commerciallzatlon program
is closely intertwined with theiDOEssponsored state-coupled geotherma] |
resource assessment programs. wh1ch prov1de 1nventor1es and reservo1r data
about the geothermal resource areas in each state. Coord1nat1on,of these
two closely;related programs of resource assessment and commercialization
helps assure that these efforts are a]]‘directed'toward'thetsingleigoal of
st1mu1at1ng the uses of geotherma1 energy Now that the state commerCiaTi-'
zation programs are we11 estab]ished state and Tocal governments have the
'expert1se ava11ab1e to cont1nue programs that prov1de both techn1ca1 1nfor-’

“mation and assistance to prospect1ve deve1opers and users;"




'The Idaho Operations Office of:the Depertment of Energy_(DOE-ID) has
coOperative agreements with seven Rocky Mountain Basin and Range states
(Colorado, Montana, New Mexico, North Dakota, South Dakota, Utah, and
wyoming) to conduct state geotherna! commercia]izat1on programs. These‘.
sevehistates,prov1oe:a,portion of the funding and thus share the cost of

this program with the Department of Energy.

~ The states,are,assisted in their efforts by additional contractors who
provide technical -support: The University of Utah Research Institute, Earth
‘Science;Laboratohy“(UURI/ESL) provides resource assessment assistance; the
' NeW'MeXico Energy Institute (NMEI) provides preliminary economic analyses;
and EG&G.Idaho, ihc. (EG&G) provides‘preliminary engineering assfstance,

‘coordinatioh’with other DOE programs, and»other support services.

During the last reporting period, the coordination of the stéte team
effOrts was turned over to EG&E Idaho, Inc. A new emphasis hashbeen}pIaced
on'these'efforts~ Ratheh<than divecting their efforts toward achieving
1ong range plans, the State Teams have been soiicited as to which efforts
wou1d,be,the most productive. As a result, a variatwon is seen in the
accomplishments of the various teams. In states where geothermal energy use
is not large, the emphasis remains on long-range planning. In other states
‘where geotherma] resources are more,pronounced and more available forvimme-
diate use, the emphasis of the teams has shifted toward outreach in order
to a1low interested parties access .to data and 1nformation that is of more

1mmediate use.,



In order to'assist in this 1atter”effort, technica]binformation and
technical ass1stance, which prev1ous]y had been hand1ed more or less inde-

pendent]y by the regional technical a551stance center, EG&G, has been

~coordinating more closely with the state teams. Requesters of informa-

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

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

requests forwarded to EG&G. This resultsdin closer coordination between

the state teams and the'technicalvassistance center. As a result;gthe-statev
teams have become more involved genera]lyrin direct~outreach activities, thus
reducing requests to EG&G. Conversely, the number of requests to the'technical
assistance center has been reduced marked1y from its rap1d growth however, the
nature of the requests has requ1red more extensive involvement by EG&G eng1neer-
ing staff. Th1s arrangement seems to more effect1ve1y involve both the state
team and techn1ca1 ass1stance center expert1se in st1mulat1ng 1nterest in

geothermal energy use.
1.2 Objectives

Several major obJect1ves are ident1fied as' means to effect the goal of

1ncreased geotherma] commerc1a11zatlon through the act1v1t1es of the state

‘commercialization program. They~1nc1ude.

° Match geothermai‘sites with potentia1 markets;tO'identify and rank
"targets of opportUnityf where state commerCia]ization.efforts'

will be concentrated.




- °  Identify and_describe the’ébtions,needed by both private and

public participants for geothermal commercialization. o | —

LS Stimulate interest and cooperative action among the pérticipants

in geothermal commercialization.

°  Stimulate development of geothermal resources in the private
-sector by providing technica1fihformation, inc]dding permit
‘requirements and financial, economic, engineering, and resource

information.

'5’:'.He1p stimulate economic development through identification of

geothermal energy potential for industrial and utility use and

o .

_coordination with state economic development agencies. -

° Identify the constraints to geothermal commercialization, and

recommend ways to alleviate them where appropriate.

1:3 Technical Approach

The technical approach of the State'Commercializatioh Projects hés—been
to use existing informatioh and data from available sources whenever possible.
 Interviews and discussions with a variety of state and local participants
| contribute data, direction, and ideas. Both quantitativefand.qualitativé ; | .
~analyses are performed as necessary. Within these parameters and the objeé-

tives indicated in Section 1.2, a number of specific tasks were defined and
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performed. Although the specific taSks'vary in scope and‘detail, allvthe
states 1ncorporated ten tasks into their contracts with DOE The nature of
veach task is listed be]ow, progress on each W111 be found in the respect1ve o

"State Sect1ons.
-1.3.1 Outreach

| Outreach programs are COnducted»byleach:state’to'promote'the use of
- geothermal energy by 1ndustry, utilities, private c1t1zens, bus1ness ang-
_culture, government,: and commun1t1es. A technical assistance program pro-
vides prospect1ve geothermal users and developers with 1nformat1on about
all aspects of development, 1nc1ud1ng laws and regulatory processes, pre-

liminary economic and engineering feasib111ty, and the geothermal resource.

| 1.3.2 Prospect Identification

Data about geothermal resources and sites are documented 1in order to
identify the potential geothermal energy resources. These data include a
c]ass1f1cat1on of the resources as either electr1cal power generat1on or

d1rect thermal app11cat1on, and whether the resource. 1s proven, potent1a1

or inferred, on the bas1s of def1nit1ons for those terms that were estab11shed :

in prev1ous studies (Meyer and Davidson. 1978)
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1.3.3 Energy and Economic Analyses

 Energy consumption and ecohomic data aré ﬁollected'ahd analyzed to

: p%dvide a basis for céTculatingucurrent and future energy démahd. This in
turn is used to estimate the market demand‘for geothermal energy. Ehergy V
conSumptioﬁ is described or estimated by type of use and by commercial,
residential, and industrial secfdrs. ‘Industrial users are des@ribed by

 four-digit standard industrial classification (SIC) codes.

_1.3;4 Area Development Plans (ADPs)

This task proVides‘an assessment of the possibié geothermal supply and
| demand over time. ,It ébvers a bfoad area, either a county or several
counties in'moét cases,vand includes the known resource sites and the
identified prospectfve energy users within that area.. It is a source of
energy and economic data fdr'the New Mexico Energy Instituté anaiyses as
well. The Area Development Plans generate the targets for the Site Specific

Development Analyses.

1.3.5 Site-Specific Development Analyses (SSDAs)

Us1ng targets identif1ed by ADPs or other select1on processes, the
Site-Specific Deve]opment Analyses are written as tools for market1ng geo-'
thermal energy. They identify specific app]ications of the energy for
business, industry, government, and residentia] Séctors. Analyses are pre-

pared for major geothermal resource prospects and uses or users. They
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include examination of a’variety of issues, inc]uding the techno1ogi¢al :
economic, env1ronmenta1, 1nst1tut1ona1 deve]opmental and use cons1derat1ons.
Communication w1th the prospective users and’ developers is establ1shed and |

ma1nta1ned~to assure rea]1sm and 1mp1ementat1on.

1.3.6 Time-Phased Commercialization Project Plan (TPPPs)

If additional deta11ed p]ann1ng is requ1red beyond the SSDA document,
deta11ed proaect management plans show1ng spec1fic act1vit1es and dead11nes
~are prepared These plans are comp]eted,for a limited number of s1tes,that )
~are in advanced stages of development orvcommercialtzation. They reveal
“actions by both private and government sectors needed to achieve commercial
operation, and they stimu]ate cooperative interactions to accomplish the
: project milestones. Step-by-step procedures are described and Shown-on a
- time-1ine chart. Direct communication between the: geotherma! developer and

the governmenta] entities is requ1red and produced dur1ng the process

1.3.7 Institutional Analyses and Handbooks

. The local, state,}and federal regulatory systems and practiceS»fOr,
. geothermal activity are documented and analyzed to understand the effects‘

- on the rate of cdmmercia]ization.
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- 1.3.8 -State and Regional Adgregations of Deveiopment’Plans

- The geothermal prospects included in all three types of plans are
.aggregated to obtain estimates of the amount of geothermai'ehergy that can

be developed and used between now and the year 2020.

1.3.9 Identification of Constraints and Recommended Actions

~ Technological, environmental, economic, and institutional constraints
that might delay or preclude the'deve1opment of geothermal energy are
‘examined. 4Possib1e'soiutions are,gva1uated,'1ead1ng to recommendations for
actions, to be taken by Tocal, state, and federal governments and by the

private sector.

1.3.10 Marketing .

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

energy within the states.
1.4 Benefits
The benefits to be gatned from geothermal commercialization projects

ére humerous. The ultimate goa1 is the replacement of energy from fossil

fuels with energy from untapped domestic resources. Conserving'natura1 gas

IR



and other fossil fuels can either directly or fnafrectly affect that goal

The value of the convent1onal energy saved less the tota] project costs tov

put -geothermal energy ‘on line, gives a’ conservative estimate of benef1ts

- However, when funds are Spent with1n th1s country rather than‘being exported,
they have a mu]t1p]1er effect that shou]d be con51dered ~Taxes paid by the

-deve]oper or user are an addit1ona1 benef1t to the government

For national planning, programming, and budgeting purposes,'the infor-
mation produced by State bommércia]ization Projects is essential. The pro-
- jects provide realistic assessments of how muchhgeotherma] energy can and
is 1ikely to be produced within a specific time frame and by'what consuming'
sectors. Fromvthis information, public and private expenditures’congruent |
| with the amount of energy can be appropr1ate1y allocated to st1mu1ate geo-

thermal production and use.

Indirect benefits include Tocal values suchZaS-IOWer fuel bills for
users and,economic,uevelopment;Stimulated:by»thellower cost of energy.
v»Furthermore,.the.assurance,that a supply-of~energy‘wi11vbe availab1e7at a
icomparative1yfstab1e price;can'helpvboth[the private and public sectors to

plan for their’futures..,

vDuring this reportrperiod -the actions-of these State GeothermaIACOm—
merc1a11zat1on ‘Teams and various public and pr1vate resources have heightened
the awareness of off1c1a1s and residents, ‘and. have stimu]ated many prOJects

that may have a significant effect on thelenergy uses‘w1th1n the region.




2.0 SUMMARY OF ACCOMPLISHMENTS

Identification_@ndfstimulatibn of geotherma1,commercia11zation projects .
requires the synthesis of three elements. The geothermal resource must be
of aisuitable quality and:magnitude. A-user must be available who is either
a1ready‘]ocated at the resourée site or w1111ng-to locate at or near it.

The site itse1f, including institutiona1 economic, demographic, environ-
" mentai and other facets, must be suitable for the proposed use. The tasks
accomplished by the states were directed toward first revea]ing the oppor-
tunities to effect such three-way. matches and then actively participating

,1n 1mp1ementation."

2.1 Resource Identification

The identification and categorization of géotherma1 resource prdspects
is a continuing process in each state. The most current information
regarding the number of prospects in the seven states is summarized in
Table 1-1. This indicates that there are presently a total of 19 geothermal
sites in the region that have electrical power generation potential. Two
of these sites have been classified as proven, five aé potentia]Q and twelve
~as inferred. These numbers will continue to change as exploration and -
reservoir confirmatioh continues. On the basis of exploration results, some
areas are added and others are reclassified into another category. In some

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

"HigH-Temperéture E1éctric ProSpects ) >‘ .. Low-Temperature Direct Thermal Prospects
o IR | ) . . ~ Grand
State Proven  Potential Inferred Total Proven Potential Inferred  Total Total
Colorad® 0 o112 9 s 69 70
Montana 0 0 » 0 0 3 22 4 7 7
New Mexico 1 4 10 15 8 12 12 2 a7
North Dakota® 0 0 0 0 0 n o 7N N
South Dakota® 0 O 0 0 7 18 M 3 3
Utah 1 | 1 0 2 6 | ‘ 8 3B 49 51
Wyoming =~ ,°,:, 0 0 0 2 29 6 37 37
Totals 2 5 M 18 38 169 157 364 382

a. %This‘in¢1ude5'0n1y thosé sités'that have been:inVentoried by the Colorado Geb1ogica1 Survey.

b. The Mad1son, Dakota, Fox Hills, Hell Creek, and other less extens1ve aqu1fers are current]y being
surveyed for geotherma] potential, and the 1ist is continuously being revised.

c. The Mad1son Format1on in the western part of South Dakota offers geothermal potential; this refers
- to those sites where towns are located




but federal lease applications have been submitted. ‘As Table 1-2 shows, as
of October 1977,‘some 1402 federal geothermal lease applications had been
_submitted. :By 1979, only 1,058 federal Iéases had been issued. The lease
inte{est‘mayvindicgte‘a large inferred potenfial for high-temperature

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

indicated that the major part of that ;ctivity‘is directed toward the iden-

tification of sites for power generation. Too few leases have been issued
and too few sites havé been explored to conjecture how many sites will

ultimately prove to be suitable for electrical power.

There are many locations where geothermal resources are a valuable |
source of enérgj‘for space and water heating and for commercial, agricul-
tdral;'ahd induStria] uses. -Table 1-1 shows that as many as 364 sites are
suitable for thésé useS, not counting the large but undefined Dakota and

Madison aquifers that underlie much of the Northern Plains.
 Additional details about the geothermal resource prospect development
are discussed in the individual state Summary reports. Further definition

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

2.2 Highlights of State Accomplishments

1In the chapters that follow, each of the state teams has;presented its =

activities and dtéompiﬁshments for this reporting period. To accentuate

1-14
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TABLE 1-2, GEOTHERMAL LEASING ON PUBLIC LANDS IN THE ROCKY MOUNTAIN BASIN AND RANGE REGION
Acres Leased | | Number of Leases Issued ~ Number of
. . } s L . Federal Lease
State Fedéré]' . Total State Federal Total Appications®
Colorado 16,728 34,926 51,654 4 7o 2 a8
Montana® - 10,687 10,687 -0- 6 6 97
New Mexico 13,210 225,710 238,920 41 123 164 508
"North‘bakoﬁa o - -0- . 0 -0-  -0- ,,Qo- -0- - -0-
‘South Dakota f!;O-'  : _fo; - -0-  -0- L0 . -0-
Utah l239,746 459,138 698,884 244 275 519 687
Wyoming 1,150 7,048 o858 1 4 5 92
Totals - 270,834 737,99 1,008,743 200 425 - 75 1,802

a. Noncompe
report o

t1t1ve and compet1t1ve Federa] 1eases, as of October 1977 (Beeland 1978), plus update
f Colorado. : : : : ;

SOURCES: 'Uses and_Stéte Géothermal.Commercia]ization Teams.
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these dceonmplishments, some of the more 1nportant achievements are high-
lighted below. Please refer to the appropriate state section for more |
detail on these items. ' 3 -

{v

2.2.1 cciorado ' *
°  The Pagbsa Sprihgé digtrict heatifig system; a major geotherma]
_ suceess, was dedicated Noverber 21,

5 The Glenwood Springs well drilidng was successful. The 155 £t deep
well produced 1200 gpi 6f 122°F water for office, townhomes, and

conmercial building heating,

°  The City of Alamosa Spudded a geothertial well November 8. Planned

w

uses are for space heating and barley malting applications.

i

2.2.2 Montana

° A feasibility sfudy for geotherial distriet heating in the
city of Barber was completed.

6 Interest is increasifig by greenhouse operators t6 use geothermal

energy due to rising enérgy €osts.

° "bay to day responses t6 individual QUe§tions continued to be the
168t effective outrééeh meehanism



- 2.2.3

2.2.4

New Mexico

| The c1ty of Truth or Consequences Senior Citizens Center retrofit
space heatlng systen was completed in February 1981 :
An area Deve]opment Plan was prepared for Dona Ana County where the
_ greatest 1nterest in geotherma] deve]opment is be1ng shown in
the state | | | |
The New Mexico R&D program has spent about $T 7 m1111on for geothermal
research and deveTopment o | - o
The Energy and M1neraTs department awarded $175 000 to Sandyland :

Nurser1es for a dr1111ng program

North Dakota

Area DeveTopment Plans have been‘compTeted for the Roosevelt-Custer
and the Lew1s and CTark regions. | | o
Site-specif1c deve]opment pTans are be1ng prepared for the c1ty of
LaMoure, the Menoken pTant of the North Dakota Concrete Products '
firm, and the c1ty of D1ck1nson. R 1 o S
The Jamestown d1str1ct heat1ng and cooT1ng proaect, the state 3

'f1rst, went on Tlne

Three - bills affect1ng geotherma] deve]opment were. passed by the

1981 1eg1s]ature o BT
Ind1v1dua1 groundwater heat pump 1nsta11at1ons continued to account

for greatest geotherma] use, wh11e d1str1ct heat1ng systems 1nterest

is increas1ng
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2.2.5 South Dakota

° Development emphasis continued to be on space heating and agri-
 cultural users | ' | '
o ° The city of Lemmon is 2 prime candidate for the deveiopment of a
district heating system, '
° A geotherma] energy user's conference was held February 26 in Pierre.
. °‘ : Groundwater heat pumps have a great potentiai for space heating in

the eastern part of the State.
2.2.6 Utah

° A major geothermal bill was passed by the legislature. | -

° Phillips Petroleum and Utah Power and Light announced'pians to
,initiatespower production at Roosevelt Hot Springs with a 20Mi(e)
pi]ot}p1ant.' - | | |

° The Orum Mountain Geothermal Unit, west of Delta; was formed by
Phiiiips Petroleum Company.A Permitting, planning, and design are in
progress. ‘

° SiteuSpecific Development Anelyses are:in progress for Crystal Hot

- Springs, Belmont’Hot Springs. New tastle. and Midway
° The Crystal Hot Springs Resort at Honeyvii]e completed initiai

renovation work.

° . Utah Roses placed a second set of greenhouses under geothermal opera-

tion.

1518
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2.2.7 MWyoming

T

~°  Area Development Plans were completed for the Big Horn
Basin, FremontvCounty, and Converse/Natrona.
° S1te spec1f1c deve]opment data for the Mldwest/Edgerton area shows
, the Salt Creek 011f1e1d to be a conspicuous thermal anoma]y

9‘ A Site Spec1f1c Deve]opment Plan was comp]eted for the Thermopo]is

‘_ ”area | SR | _ ,‘ , o | ,
° A study of the South Fork subd1v1s1on near Cody shows that a d1str1ct

| heat1ng system will be cost compet1t1ve '
° HBZB3, spec1fy1ng that the extract1on of heat is a beneficial use

of water, passed the 1eg1s]ature on February 26
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3.0 OBSERVATIONS AND CONCLUSIONS

3.1 Outreach Mechanisms

e vpubliciauarehess'cbéated by the varied outreach activities of the state
teams-coniiRQes to_incfease favorn&iy., Thé use of néwsietters‘appeérs to

bé ggnerating thé greatést bespenéé.r Pefsondlicontacts with tndividuals
~and groups are a)sokcontributing significantly to the'interest in,:ynd the

development of, gedthermallenergy.

. 7,Thé'di$tvibuttan of heat pump l‘terafdre,,éoupled'wifh persoﬁi1 con-
tacts, continues to cause a definite ihcreaselin the use of heat pumps, an area
of application thgt is promisiug to become a significant geothermal application,
Statelagencies and erganizations are starting to encourage their members to

actively participate in geothermal'energy commercialization.

° Informing hunkers'and comunity leaders aboyt geothermal energy is making

them more willing to Support development.

®  The technical assistance program has contributed significantly to

the growth of geothermal energy use, and to project success.

°  State research and development programs, state geothermal demonstration
prograns, and the Apprdpriateufechnalogy small Grants program are continuing

B to:elicit pesitite responses. Assistance being provided in preparing geo-

~ thermal \eg%slitien will centinue to encourage the use of geothermal energy.
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3.2 Conclusions

° ' Contacts with geotherma1~developer5—contihues'toirevea1~that they are
~in much need of help, 1nc1uding receiving general 1nformat1on and techn1ca1
assistance. The state teams are shifting toward more technical ass1stance

activities, and future efforts should 1nc1ude more of this type of outreach

0 'Signif{cant contributors to thé&é&éiobﬁeht6f‘géathefma1 energy continues
to be the R&D and'the'demonstration:proﬁramsvof New'MeXico” The funding brouided
by the state has had a substant1a1 1mpact ‘on development techno]ogy transfer |
~and outreach Efforts should be directed to obtain1ng fund1ng to lncrease this |

type of outreach act1v1ty.

° - The state team activities COntinué to_gravitate;to technical_assistance
act1v1t1es and away from p]ann1ng This is producing‘sighificant results;“
ThlS effort should be 1ncreased, and the serv1ces of espec1a11y qua11f1ed

geothermal persons should be made}ava11ab1e on a periodic basis, say 30 to

90 days, to the state teams to strengthen:their position.

° Interest is running high, but 1nadequate 1egis]at1on, the r1sk assoc1ated
| w1th "first holes," funding 11m1tations, the lack of financ1a1 1ncent1ves, and
:the need for technical ass1stance are limit1ng deve]opment Therefore, removal ~1.
‘or'm1t1gat1on of these 1tems should occur to accelerate,geothermal energy :

' deve]opmeht,and‘use.'
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° The interest in geothermal development is,increasing, but it is
tempered with the realization that restriction in federal program anding

will limit development activities.

°  The appropriate technology small-grants program has been effectively

used as an outreach mechahism to encourage geothermal energy deyelopment.

e Commun1ty supported projects should benefit not only the commun1ty, but

rothers as well. because they will serve as successfu1 working models.

° Efforts need to be directed to change the federa] tax 1aws to a11ow

credits for systems us1ng groundwater heat pumps.

° A simpler method is needed to allow potentfal geothermal developers to use
abandoned mineral exploration wells ﬁithout the capital-intensive in pertetuity

bonding regulations.
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COLORADO GEOTHERMAL COMMERCIALIZATION PROJECT SEMIANNUAL

PROGRESS REPORT, JANUARY JUNE 1981

1.0 INTRODUCTION

1.1 Purpose of Project

The Colorado Geotherma] Commerc1al1zation Project exists to promote the :
development of geotherma] energy in Co]orado.. :

'1.2 objectives_“

To assist and educate potential users of geothermal energy through outreach
mechan1sms and technical ass1stance. ‘ '

1.3 Team Members and Approach

1.3.1 Team Members:

Richard H. Pear],}project coordinator, Kevin P. McCarthy,igeologiSt, and -
Ms. Becky Nelson, secretary. PR '

1.3.2 Approach

: Produce a monthly newsletter and perform market deve]opment tasks. .
Market development activities are to be concentrated in the communities of -
Steamboat Springs, Ouray, Alamosa, Buena Vista, Sa]ida and Glenwood Spr1ngs.
These "activities are to include the development of educational andA'
informational materials applicable to a wide range of potential users. Work to
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be performed included. the preparation and mailing of a monthly newsletter and a
groundwater heat pump pamphlet. Both of these requirements have been meet . The
newsletter 1is written monthly and mailed to approx1mate1y 275 persons
throqghout the United States., A pamphlet titled "Groundwater Heat Pumps in
Colorado-An Efficient ‘and Cost Effective Way to Heat and Cool Your Home" was
written by Garing and Connor (1981) of the firm Coury and Associates.

1.4 Pfoject Benefits to the State and D.0.E.

Citizens of the State are becoming aware that the geothermal resources of
Colorado can be put to beneficial use. Industrial base of Colorado is
increasing due to new industries using geothermal energy. D.0.E. benefits:
Geothermal energy use increasing, energy dependence of the nation decreasing.
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2.0 SPECIFICvDESCRIPTIONS AND PROJECTS

2.1 Geothermé]”PFoSpeét*Idenfification_

Electrical Generation (over 150°C)

2.1.1

No sites in Colorado have been proven yet for electrical generation{ At
‘Mount Princeton, one of the potential sites noted in the July-December, 1980
1981) AMAX Exploration, Inc. after completion of

Semi-Annual Report,

(Pearl,
exploration efforts has reassignéd their leases to Petro-Lewis. Corp.

As a

result this area has been downgraded from electrical potent1a1 to direct use:

potent1a1 (Tab]e 2).
figure 1. '

TABLE 1.

ELECTRICAL POWER GENERATION AREAS (>150°C)

(AN areas classified as 1nferred)

In the fo]low1ng tables (1-4) the s1te numbers refer to

Highest Estimated Estimated
Measured Probable ~ Probable
Surface ° Subsurface  Heat Content
_Site Temp. (°C) _Temp. (°C (BTU's x 1015) Depth
47 Cebolla Hot Springs 40 ’ N . 0.088 . ?m
TABLE 2. INFERRED DIRECT THERMAL AR;-:As_;:»(_<150°C)
Highesta,f-v};EStimated Estimated
Measured - = Probable ~ Probable -
, Surface . Subsurface  Heat Content :
Site Temp. (°C) Temp. (°C) (BTU's x’1015) Depth
03 Routt Hot Springs 64 - 125-176  0.111-0.166
04 Steamboat Hot Springs 39 ~125-130 . 0.049
42 0.004-0.016

05 Brand's Ranch Well

42-55
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TABLE 2. INFERRED DIRECT THERMAL AREAS (<150°C)V(C0NTINUED). A

Eétimated

40

2.4

Highest Estimated
, Measured Probable Probable
A ' . -Surface “:-Subsurface Heat Content
. Site Temp. (°C) Temp. (°C) (BTU's x 1015) Depth

06 Hot Sulphur Springs 44 ~ 75-150 0.070 ?
07 Haystack Butte Well 28 .50 10.006-0.017 ?
08 Eldorado Warm Springs 26 26-40 0.015 ?
09 Idaho Warm Springs 46 NA 0.171 ?
10 Dotsero Hot Springs’ 32 - 32-45 0.005 ?
13 Penny Hot Springs 56 160-90 0.166-0.486 ?
14 Col. Chinn Well 42 M ~0.018 7
- 15 ‘Conundrum Warm Spring 38 40-50 0.004 ?
16 Cement Creek 25 30-60 0.013-0.066 ?
17 Ranger Warm Springs 27 30-60 0.002-0.006 ?
18 Rhodes Spring 24 25-35 0.043-0.,200 ?
19 Hartsel Hot Springs 52 NA 0.047 ?
22 Brown's Canyon Spfings 25 50-100 0.226-0.486 ?
?4 Wellsville Warm Springs 33 35-50 0.009-0.015 ?
25 Swissvale Warm Spring 28 35-50 ? ?
29 Don K Ranch = 28 NA 0.035 ?
.30 Clark Warm Water Well 25 25-50 0.008 ?
32 Valley View Warm Springs 37 40-50 0.056 ?
‘33 Shaws Warm Springs 30 30-60 0.015 ?
34 Sand Dunes Well 44 NA 0.155 ?
35 Sptlashland Well 40 40-100 0.155 ?
36 Dexter Warm Springs 20 20-50 0.034 ?
37 -McIntyre Warm Springs 14 - - 20-50 2 ?
38 Dutch Crowley Well 70 70-80 0.026-0.062 ?
-39 Stinking Springs 27 40-60 ? ?
Eoff Well | 39 40-60 0.017 ?
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TABLE® 2. INFERRED DIRECT TRERMAL'AREAS:(<150°C)”(CONTINUED) |

 Estimated

‘ Estimatedr

WOOTmington Well

2.5

‘Highest .
‘Measured Probable Probable '
“Surface .. - Subsurface . Heat Content SRR
Site " Temp. (°C) . Temp. (°C) (BTU's x 1015)  Depth
42 Rainbow Warm Spring 40 40-50 0.047-0.094 ?
43 Wagon Wheel Gap Spg. 57 NA  0.063-1.429 7
44 Antelope Warm Spg. 2. 35.52 0.011-0.088 7
45 Birdsie Warm Spg. 30 . 35-52 « 7 7
48 Orvis Warm Springs 52 " NA 0.028-0.131 7
50 Lemon Warm Springs 33 CNA 04015 ?
51 Dunton 42 . 5070 - 0.007 ?
52 Geyser Spring 28 60120 0.007 ?
53 Paradise Hot Springs 46 CONA 0.023 ?
54 Rico | 44 CNA 0.174 7
55 Pinkerton Warm Spring 33 7 75-125  © 0.010-0.021 1
56 Tripp/Trimble = 4 45-70 0.036 7
57 Stratton Warm Spg. ? ? ?
- 58 Piedra River Spg. ? ? ?
TABLE 3. POTENTIAL DIRECT THERMAL AREAS (<150°C)
Highest ‘ Estimated Estimated
1 Measured = - Probable . - Probable
S . Surface - -Subsurface - Heat Content -
Site Temp. (°C) - Temp. (°C) - (BTU's x 1015) Depth
20 Cottonwood Springs 58 150-200  0.389-1.167 T m
21 Chalk Creek , R E E o
 Mt. Princeton 56 ~ 150-200 A 7
 Wright Water Well 72 150-200 7
~ Hortense Hot Spring 82 - 150-200 7
39 150-200 ?




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

Highest Estimated Estimated

Measured Probable Probable
. . Surface -Subsurface Heat Content

Site . : = Temp. (°C) Temp. (°C) (BTU's x 1015) Depth
23 Poncha Hot Springs 71. © 115-145 0.141-1.91 . - ?
26 Canon City = = . 40 NA © 0,003 - 305
27 Fremont Well . © . - 35 35-50 . 0.010 to
28 Florence Well - 28 34-50 0.008-0.043 1,524
31 Mineral Hot Springs 60 . 70-90 v 0.949 ?
46 Waunita Hot Springs 80 175-225 0.061 ?

49 Ouray | 69 70-90 0.226 ?

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

Highest Estimated Estimated
Measured Probable Probable
' Surface Subsurface Heat Content .
Site Temp. (°C) Temp. (°C) (BTU's x 1015) Depth
11 Glenwood Springs - 51 6@ - 0.38 30-100 m

41 Pagosa Springs 58 - 80-150 0.023 90-200

'ClassfficatiOn of the above‘systems is based on the following critera:

0 Inferred. A psing or thermal well has been located, field.
measurements of pH, temp., or discharge made, and in most
instances geothermometer model analysis run, '

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

2,6



L1

»

N

0 M; Test wells have been drilled, and the product1on wen
may have been drﬂled. R :

2.7




8°¢

'~C‘)l

Zss0 anmicn smvie 5 WYOMING . R ‘ ‘ NESRASKA
ra. g L b ¢ Z
) Ris . 1)
. h Y . 5 1 Eodeani
a.-"‘:“L 22 o mieiy J-l M0 18 alai” ”'-u - : | - 1~
} 2 » \., ,ﬂ{ﬂ__‘#;.ﬂl&&%_ﬂmn " - l
AR NN Lo 2 \ - g P 4 LIPS
- ihH ,’, !
N : Y, ‘
P F o Nl !
e S o 2
-1 DY st 4
1 RO E 5 - .:.
y. 8 H Y
! PV f AY
[ I y & [.. ADAMS! o
] ) b, o |
D EAR Che .} ) ey y
w2 1 eane 1 -
; l y; '
YaE 2 '
T o r\( ; odoota o wor| cany i
P1 Tk
./ pI ﬁl . H =
N s A -
- - .L_—
K LlE L lu Al o] ] < !
DELIA ] 3 71 mel . 3 TELLER nomaeo | [ - -
J . . raso | Juwcon £ ,:
%A% £y :_ Y17¥ '|! Yy & YN & n"‘ " " - .Jg '
Gureson | "* b 4 't
i " ;op
1 : . : 3
- - = ALy )_ | Kowa ja
»-q :
- ol el Er”l"
*kﬂ hd B T 3 = ‘
— (| \ed TEn [~ b ] :
l  sacuncre X ' N -y
AT WA N Tk : ANK
Yt L n 7 i b
P44 2 -1 - o
AN J"‘ - . . o P A
_.f INERAL ' *q» HUERF A
- R0 JGRANDE - "
TR NN 5 R ~
-5, 2§y H 7 | d : ;
il B 1 gr“l N S ”I IPsruak e nfon]e fe vlmloiwlolewinfeeln]n alnlela PR e
ANHaA: Po!
Toc) {‘1‘ ] A .} ;e = Pl
EXAN ¢ d
NEW MEXICO I OKLAHOMA
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2.1, Leasing

(- Table 5 lists current non- COmpétitive leases on Federally owned lands,
- | Table 6 lists current competitive Federal leases [Known Geothermal Resource
Areas (KGRAs)]. Table 7 lists current leases to Colorado State. owned lands.

TABLE 5. FEDERAL NONCOMPETITIVE LEASES IN COLORADO, DECEMBER, 1981

Lessee

Occidental Pet. Inc.

Occ1denta1 Pet. 50%

Acres

Petro-Lewis Corp. 50% 1,280.00

Occidental Pet. 50%
Petro-Lewis Corp 50%

Geothemal Kinetics

Utah Inter. Inc.

Buttes Resource Co.

Total“

2,113.30

1,795.11

1,203.15
320.00
642.88

1,335.99
- 2,326.89

2,335.22

781.32

2,226.88

1, .804.57

1, ,040.04

1,970.30

272,082.96

. Township -
- —_and Range
49N, 8E

49N, 8E

49N, 788E
37838N

12 & 13E

29S, 73W
38N, 12E

37N, 12E
- 38N&29S
1E & 73W

295, 73W

40&41N, 1E
40&41N, 1E

49N, 2W

46N, 1&2W

46N, 1 1/20

46847N, 2W

46847N, 20

Source: U.S. Bureau of Land Managementv 
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,3Countx ,
 Chaffee

Chaffee

Chaffee
Alamosa
'AlémoSa
~Alamsoa
Alamosa
-Alamosa

Alamosa

Mineral

Mineral

Gunnison -

Gunnison
Gunnison
Gunnison
“Gunnison

Date

Issued

11775

11/75

- 11/75
11/75

11/75
8/79
8/79

11/75

11/75

8/79
8/79

177

1717
1/77
1/77

oy




TABLE 6. FEDERAL COMPETITIVE LEASES IN COLORADO, DECEMBER, 1981

_ : , ; Township - Date
Lessee . Acres _and Range ~_County _Issued
Occidental Pet. 50% . | S
Petro-Lewis Corp. 50% = 915.84 - 49N, 8E Chaffee : 7/75
| Source: U.S. Bureau of Land Management
TABLE 7. COLORADO STATE GEOTHERMAL LEASES, DECEMBER, 1981
, - Township- - Date
Lessee Acres and Range County ,, _Issued
Petro-Lewis Corp.  1,560.00 49N, 7 Chaffee 5/74
Petro-Lewis Corp.  3,226.61 50N, 8t Chaffee ~  5/74
C.A. Underwood 2,840.00 41N, 10F Saguache
Chaffee Geothermal* 360,00 49N, 8E Chaffee
- Total 7,986.61 acres

Source: CoTorado State Board of Land Commissioners

* Acreage assigned from Occidental Petroleum
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2.2 Area Develbpmenf Plans

2;2.1 State Geothermal Planning Areas
There are no Geothermal Planning Areas in Co]orado.

2.2.2 Specific ADPs Completed or in Preparation

No specific Area Development P]an‘}eports were ‘to be prepared in 1981.
ADP's were to be prepared in close support of the Outreach and Market
Development programs. '

2.3 Site Specific DeVelopmentvPlané |

© 2.3.1 Candidate Geothermal Sites/Applications

The City of Alamosa started planning the drilling of their User Coupled

Drilling Program funded well. At Glenwood Springs two commercial developers,

Wright Water Engineers and the Redstone Corp. initiated plans for the drilling

‘of_geotherma1 wells.

2.3;2'Site Specific’DeVe]opment P'Iéns-Comp'leted' or in Preparation

No specific site deve]obmént plans were required to be prepared during this
period. : ’ . , ;
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2.4 Time Phase Project Plans

No plané.were prepared during this period

2.5 Site AggfegationSJOf Prospective Geothermal Use

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

TABLE 8. USES OF GEOTHERMAL ENERGY IN COLORADO

USE o ____MREA
Recreation Juniper Hot Springs
Swimming Steamboat Hot Springs

- Hot Sulphur Springs
Eldorado Warm Springs
Idaho Hot Springs
Glenwood Hot Springs
Cement Creek Hot Springs
Mt. Princeton Hot Springs
Poncha Hot Springs
Valley View Hot Springs
Shaws Warm Springs
Splashland Hot Hater Well
Pagosa Hot Springs
Wagon Wheel Gap Hot Springs
Waunita Hot Springs
Quray Hot Springs

Baths : Juniper Hot Springs
' Hot Sulphur Springs

Idaho Hot Springs
Glenwood Hot -Springs
Mt. Princeton Hot Springs
VYalley View Hot Springs
Pagosa Hot Springs -
Cebolla Hot Springs
Orvis Hot Springs
Quray Hot Springs
Lemon Hot Springs
Dunton Hot Springs

2.12
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TABLE 8. USES OF GEOTHERMAL ENERGY "IN COLORADO (CONTINUED)

USE

Space Heating

Other
. Laundry
Greenhouses

Algae growing
Irrigation

Bottled water
Fish Farming

Pig farms

Under- development
Space heating

TN

‘AREA

Cottonwood Creek Hot Springs

. Mt. Princeton Hot Springs
- Hortense Hot Spring
" Poncha Hot Springs

Sand Dunes Hot Water Well :
Robert Owens Warm Water Well, West
side of Alamosa

Ouray Hot Springs

Waunita Hot Springs

B Hof:Sulphur Springs

Penny Hot Springs
Wright Hot Water Wells
Wellsville Warm Springs

- Dutch Crowley

Clark Artesian Well

Sand Dunes Hot Water Well
Wellsville Warm Spring

Warm Water Well South of Alamosa

Mineral Hot Springs

Warm Water Wells south of Alamosa

G]ehwobd Hot Springs
Alamosa

* - -Ouray Hot Springs
~Poncha Hot Springs
- Warm Water Wells east of Castle

Rock (Park West Corp.)

2.6 Institutional Analysis

Coe and Forméq (1980) prepafed and published an analysis of the Colorado

geothermal institutional framework.
- will not be summarized. here.

others.

“This is a lengthy document, 27 pages, and
_Copies have been distributed to D.0.E. and

2.13




-4_‘._.__.__._'__,,

In the July-December. 1980 Semi-Annual Proéress Report it was noted that

several problems had developed which were affecting the development of
geothermal resources in Colorado. These problems related to the permitting of
grouﬁdwater heat pumps wells, and a temperature definition. As of yet these

' problems have not been resolved although meetings have been held with the staff

of the Colorado 011 and Gas Conservation Commission, (the agency responsible

for permitting geothermal wells), in an attempt to resolve these problems, It is

hoped that some positive action will be taken in the near future.

2.7 Public Outreach Program

2.7.1 Qutreach Mechanisms

Outreach *actiéitig; iduring ‘the first 6 months of 1981 consisted of:
Newsletter, meetings with individuals either in their or our offices, answering

Jetters and telephone calls of inquiry.

2.7.2 summary of Contacts and Results

Following contacts were made during the period January-June, 1981

January The project was shorthanded during January, and a staff member
was actively sought. Help was provided to the City of Ouray
regarding its desires to develop the geothermal resources located
within the city. _

February: Advice and/or assistance was provided to the following:

Craig Sabatke David Carpenter

Forward Delta County, Inc. Western Slope Energy Research

P.0. Box 1129 - Center

Detta, Colorado 81416 ' Hotckiss, Colo.

Ray Kitayama ‘ -~ - 'Loyd Hershey, Consulting Geolog1st
P.Q. Box 537 _ Canon City, Colo.

Brighton, CO : Greenhouses

Greenhouses

2,14
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?% Allen _
onsu ing Engineer
Durango, CO

Royal Gorge Flower Farms F"‘"
1313 South St.

- Canon City, CO 81212

Cascadia Exploration Corp. .
3358 Apostol Rd.
Escondido, CA 92025

March:

Mr. Roy Haubert
WESTEC Services, Inc.
3511 5th Ave.

~San Diego, CA-
San Luis Valley

Meetings: :
Wright Water Eng1neers

 Glenwood Springs

Dk. David Bachman
Ridgway, CO

Norma Swanson
Lake City, Co.

Apr11

Lew Hunt1ngton '
1312 W. 4th Ave. #304
Broomfield, CO 80020

May:

U.S. Bureau of Reclamation '
Hydrosalinity Prob. Id. and Quantif.
Dotsero-Glenwood Springs Unit

, Meeting, GlenwOod Springs

'(,Mr. Reeves, owner
Waun1ta Hot Springs, CO.

2.15
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Informat1on about Mineral Hot
Spr1ngs.

‘Dav1d c. Bachman

242 County Rd. 12B
Ridgway, CO 81432

Dr. Jay Kunze

Energy Services, Inc.

Idaho Falls, Id and

City of Alamosa

Regarding City of Alamosa well

. funded by D.O.E.

George Gault

Box 760

Cedearedge, CO. 81413 :
Ouray '

" Forward Delta, Inc.

Delta, CO

City of Ouray Officials

Chet Rouviere

- Cebolla Hot Springs, CO.

Peggy Wrenn

Div. Renewable Energy Resources
Colo. Office of Energy Conserv.

George Gault,
Cederedge, co.

Dr. Feachou, Prof.

~ Western State College
,»Gunn1son, C0. ;




"Bill Ray e : o Cap Allen, Consulting Engineer

City Manager, . - - - ‘ Durango, CO ,
Pagosa Springs, co.
Tim Hale, V. Pres. - ' Michael Hercules, Owner
Pikes Peak Greenhouses : Eldorado Springs, CO
Colorado Springs, C0. , o ; o
William Sageser = - . Bob Wright, Rancher
Tdmarron Resort : L Fairplay, CO.

~ Lee Wooderson, Consultant - Jack Green

Canon City,aco. e . Denver Mayor's Office
. ' : - Denver, CO."
June:
Meeting with Marketing Advisory Comm.
Denver, co.

Sunshine Fair . Tim Haley

Alamosa, CO. - - Pikes Peak Greehouses
S Colorado Springs, CO.
Dr. Jay Kunze, Roberta Edwards
Energy Services Inc. : Box 12225
Idaho Falls, ld. , Oklahoma City, 0Ok
erght Water Engineers Mr. David Crockett
Glenwood Springs, CO. 4301 S. 1500 E.
- Salt Lake City, UT
Michale Wellund Armand Van Velthoven
ARCO Exploration Heritage Flowers
P.0. Box 2819 3159 M. Colarado Ave.
Dallas, TX - Colorade Springs, CO.

Herb Ventker

Royal Gorge Greenhouses
Canon City, CO.

In additian to the above, contact was made almost daily with other State
agenc1es such as the 0il and Gas Censervatten €omm1551on, and the Division of

. Water Resources.

2.16
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2.7.3 Overall prospectus for Future Geothermal Commercialization

It was reported in the July- December, 1980 Semi-Annual Report that the

'Colorado Commercialization Team strongly believed that geothermal development

1n Colorado was on the edge of a break through. While the Team st1ll harbours
those thoughts they are: tempered with the realization ‘that due to Federal
budget cuts the development of geothermal resources in Colorado could be
curta1led. : ‘ ‘

This is seen in recent developments in the’San'Luis'Valleyg—and at Pagosa

Springs. With D.0.E. User Coupled Drill1ng funds the City of Alamosa has just o

drilled a deep (> 7,000 ft) geothermal well. If upon complet1on adequate
amounts of thermal waters are found they will be used in a new malting plant.
This well would not have been drilled without D.0.E. funds. The city of Pagosa

, Spr1ngs has just brought on line one of the most successful dlStrlCt heating B
-systems in the country. This project was funded by a D.O.E. PON grant. :

The State of Colorado has an economic development program to encourage‘
industrial development in economically distressed areas such as the San Luis
Valley and Pagosa Springs. Fortunately, or unfortunately now in light of the
federal budget cuts, most of the better thermal areas are located in
economically distressed counties. The successful development of'geothermal

resources in these areas will'greatly'enhance the economic outlook of thek
areas. With the -lack of Federal funds, either fdr‘development or for advice and
aSSIStance, it is felt that the development of Colorado [ geothermal resources
will be seriously impacted. ‘

3.0 Summary of Major Findings and Recommendationsb

The more d1rect technical assistance type work undertaken in late 1980 and

1981 was a maJor step in the proaect S evolut1on. This action brought the team

in contact with more potent1al developers and was thus able to prov1de a wide

2,17




range of advice and assistance. It appears that this type of effort will do
more to bring geotherma] on 1ine quickly, than anything else attempted.
' Unfortunately, if the use of geothermal resources is to occur rapidly then
direct governmental financ1a1 and ‘technical assistance is _necessary. This
assistance may take . many forms. “For examp1e, someone shou]d be ava11ab1e
locally on the State Ievel to. provide general information and 11mited techn1ca1
' ass1stance when needed., Financial grant assistance should be ava11ab1e. The
two most useful. grant programs are the Appropriate Technology Small Grants
Program and the User Coupled Drilling Program. Both of these programs are being
used extensfvely in COIorado.

c-15
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1.0 INTRODUCTION

Since its inception in 1978, the Montana Geothermal Prograﬁ has
realized substantial and tangible results in promoting,geothermal,energyv‘
within the state. Originally the program provided little technical
assietancevor outreach. Instead, the original goals of the program were
to develop energy scenarios for what might happen in the future, and to
gather baseline data on the state's geotherma1 resources. Gradualiy the
state's efforts have turned more toward site~specific assistance and

public relations efforts, with noticeable results. Work on Area Devel-

- opment Plans and Time Phased'Project Plans'has been‘completed or stopped,

and almost all of the team's efforts are now spent on ind1vidua1 project

assistance and publlc relations efforts.,

staff changes occurred during this reporting period. Gary Lippert{‘
who was hired in October 1980, left the progrem in March 1981 to return
to North Dakota. Jefvairkby,'who had been with the program since 1979
and 1980, was rehired after he‘finished1a six-month stint in graduate

school. Michael Chapman left the program in June of 1981 to work full-

‘time on solar energy projects for the state. Currently Jeff Birkby is

the only full-time member of the geothermal program, and with thé, ‘
reduced funds available from federal sources, it is doubtful that add1tiona1

staff will be hlred in the near future.

Clearly the state geothermal program has benefits both to Montana

‘and DOE. Montanans - are much more aware of the potential that direct

use geothermal and groundwater heat pumps have for the state.‘ Requests
for 1nformatlon on geothermal have 1ncreased steadlly since the pro—’”
gram's 1nceptlon. and several projects have come on—llne in part due to
the support of the geothermal program. DOE has benefitted directiy from
our efforts by hevihg a wellfdocﬁmented baseline analysis of the state's
geothermal resources. These analyses have been used by regional end‘
federal offices of DOE in prepariné buégece and national energy esti- .

mates.




2.0 SPECIFIC TASK DESCRIPTIONS AND PRODUCTS

2.1 . Geothermal Prpspect Identification

A list of flow rates, surface temperaturesband reservoir temp-

‘eratures for the major Montana geothermal resources is presented in

Table 1. A summary of current uses and project utilizations for all of
uontana's geothermal resources will be presented in the next mid-term

report.

2.2 -Area Development Plans
No ADPs were completed during this work period. No further work on
ADPs'is—antiéipated under the current contract, as most of the program's

efforts will be devoted to outreach.

2.3  site Specific Development Plans

A major feasibility study for the city of Baker was completed in
April. The city of Baker was awarded a $5.000_Apprbpriate Technology
grant to study the feasibility of using Madison Formation water for
diétrict heating. The geothermal program was instrumental in acquiring
this grant, and visited Baker seversl times to promote interest in the

project.

The engineering study found that at the present time cheap natural
gas rates make a district heating system econemically unattractive.
However, projected increases in natural gas rates may make the system
feasible as early as 1989 ‘ ‘

2.4 Time Phased Project Plans

" 'No time phased project plans were compiled during this work period.
No further TPPPs are planned Montana's state geothermal program.
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‘kTabie~l.*-Surféce Temperature, Observed'Flows,»and Calculated
Reservoir Temperatures of Selected Montana Geothermal
Resources o . S

Observed Surface 'OBServed Flow Calculated Reservoir

‘Resource Temperature ( C) (liters/min) Temperature (°C)2.
Proven |
Ennis 33° 5T 129°

New Biltmore ' 530 - 380 71°

Camp Aqua 500 . 1900 100°
Potential . _‘ ' »

 Alhambra - - s6° | .57 96°

Boulder _ | ki75° o v: 930 136°

Bozeman o 55° 3800 80°

Broadwater R 62° : , 285 | 118°

Camas 45 S 200 | 100°

Chico , FE A 500 58°

Elkhorn | 48 400 65°

Granite 51° 10 80°

Gregson 9° . 1000 e

Hunter's - 59° 5000 78°

Jackson Y- 1000 125°

La Duke 65° ~se0 . 1°

Lolo . , 44° 100 ‘ - 8°

Norris - 52° 334 107°

pPipestone 1, 2~ .57° 300  g8®
Hot Spring.

Potosi 1, 2, 3 . 50° S 230 . 60°
silver Star 12 228 m®
- Sleeping Child < Y A 125°

Warm Springs oo ‘;,féOO | S 'f_59°v

White Sulphur Springs = 46° 1500 125°

Wolf Creek = - 68° 1189 7

(e}

Marysville KGRA 103% : —— 122

33




" Observed Surface Observed Flow Calculated Re

3.4

. 8 i gergoir
Hot Spring Temperature ( C) (liters/min) Temperature { C)
Infe££e6>Resourdés ‘

o Anaconda 22° -— 75°
Anderson's 2507 —— 30° .
~ Anderson's Pasturek a '260 340 45°
CApex T g0 - 76°
~ Avon 26° — —
Bear Creek 24° . 114 e
Bearmouth 1 -20° e 35°
Bearmouth 2 ,20° — - 35°
Beaverhead Rock 27° 380 —
 Bedford 24° 5700 30°
Blue Joint 1 29° 1020 45°
Blue Joint 2 29° 850 45°
g Bridge£ Canyon 20° —— 25°
Brook's 20° 304,000 25°
Brovn's 24° 12,914 30°
Cartexr Bridge 26° J_— 40°
Deer dege 26° —— 40°
Durfee Creek 21° 57,000 30°
Gallogly 4° 456 56°
Garrison - 25° - 35°
Green'Springs 26° -—
Greyson 16° ——— 25°
Landusky 1 21° 2280 35°
Landusky 2 ——— —— _—
Landusky Plunge 24° 11,400 30°
Little Warm Springs 1  =e= —— ———
Little Warm Springs 2 22° 4560 35°
Little Wam Springs 3 23° —— 35°
Lodgepole 1, 2, 3 30° 10,260 35°
Lowell's 19° 4275 30°
McMenomey Ranch 10° - —
Nimrod 20° 760 30°
Plunkett's 1° 15,200 20°
puller's 44° 570 90°

O



Observed Surface = Observed Flow Calculated;RegergoirA

Hot Springs Temperature (°c) ' (liters/min) Temperature ( C)

»

.

L 1]

Montana. unpublished data.
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Quinn's - 43° 247 99°
Renova 50o , - —
Sloan Cow Camp 30° -— 85°
Staudermeyer Ranch _'28° 6796 45°
Sun River 30° 1900 35°
Toston 16° 33,984 20°
' Trudeau 23° — 23°
Vigilante 24° 1900 35°
'Warner 180‘ —— 23°
West Fork Swimming “o , -
Hole 26 1869 30°
Lucas'’ 42° S 60°
Ringling 48° —-— 60°
Symes"' 40° - 102°

Source: Sonderegger, 1979, Montana Bureaﬁ of Mines and Geology, Butte,




2.5 - State hggregatioﬁvof Prospective Geothermal Utilization

A summary of current and predicted geothermal use in Montana will -
be presented in the June-December 1981 report{ Several changes in

(3

earlier predictions {(most notebly Bozeman HBot springs and Camp Agua)

will be reported on in that report.

2.6 Institutional Analysis

Mo work was done on institutional analyses during this time period.
a steaay mmxber of requests have been fillzed for the newly pubhshed :
Montana Geothermal ﬁandbook.

2.7 _Pgblic Ou reach Pr ms

The outreach mechanisms used during this period were similar to

those used in the past. Perscnal contact with geothermal developers -
continued to have the most impact on the rabe of geothermal activity
within the state. Television interviews were also effective in sparking .

interest in the potential geothermal developers. Geothermal presen-
tations to large groups such as county fairs were effective, as wére
presentations to small organizations. Day-to-day answering of specific
questions phoned in to the office continumed To be one of the most effec-
tive iénd time-consuming} outreach activities.

2.7.1 Summary of Contacts &nd Results

JANUARY

Interviewed on Missoula TV station. Discussed drilling in progress at
Camp Agua. - As a a:esult of the appearance, received several letters and .
deﬁelopment_ Sent out several geothermal direct use brochures to
‘interested developers.

3.5
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Met with representatives frOm the town of Hot Springs in northwestern
Montana.‘ The . town 1s seeking funding for a district heatlng system.

Put them in touch with several fundlng sources, and conducted a pre-

liminary assessment of the feasxb;lity of converting to geothermal.

Provided techncial assistance to a geothermal‘greenhouse builder from

Avon. Assisted with heating system design.

‘Gave two slide showipresentations to area high schools on geothermal.
- FEBRUARY

, Geheral ~- Many requests for information on geothermally heating

greenhouses were received. We sent out a questionaire to members of the

state nuseryman's association to assess the interest 1n geothermal.

‘Many greenhouse operators are concerned about their heating bllls, and

would consider u51ng heat pumps or- direct use geothermal Will try to

\schedule a greenhouse workshop later in the year.

Assisted the town of Ennis in a feasibility study for geothermal district
heating (with the help of NMEI). A grant for the project has been
submitted to the Institutional Buildings Grants Program.y

Visited White Sulphur Springs to encourage them to epply to the Insti-

‘tutional Buildings Grants Program for design money for a geothermal

district heating system. TheAtown is COnsideringbsubmitting‘the pro-

posal.

Gave two presentations on geothermal eﬁergy at the Montana Agri-Trade

Exposition.
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MARCH

Held a meefiﬁg:on gedfherm&l energy“options_in Ronan. Followup reéﬁests
on sﬁe@ific information on heat pumps and poderate temperature well
development were answered. BAssisted in the design of a closed-loop
piping system for low-capacity wells.

Assisted the owner of Broadwater Health Club in locating a heavy duty
pump to test his wells for maximum sustainable flow.

Answered two requests for geothermal inforwation from high school sci-

ence classes.
APRIL

Spent much of the month on the road delivering several talks on geo-
thermal energy and the problems of financing systems. Received several
thank you letters from people attending energy fairs where geothermal

presentations were given.

MAY

Provided technical assistance to the Sleeping Buffalo Resort in narth-
eastern Montana. Coordinated technical asssitance for the resort with
EGSG Idaho. Determined that a flow test would be necessary prior to
final system design. ’ ' '

Visited the qut Belknap indidh Reservation to assess geothermal poten-
tial. The tribe has a 100 degree F well that they would like to develop
for greenhouse heating or soil warming. Sent them several studies done
on related systems elsewhere in the nation.
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Visited Hot Springs, providéd technical assistance on how best to devel-
op an exploration program to increase the flow of the exiStingisprings

for possible use in space heating.

-~ JUNE

Attended a conference on small business enterpreneurs;'sponsored‘by the

‘Montana Small Business Association.

Presented a seminar on geothermal energy to a statewide méeting of

Extension Service personnel in Bozeman.

Met with developers of a geothetma11y heated ethanol plant near Camas to

discuss reinjection permits and other legal requirements.
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1.0 INTRODUCTION

1.1 Purpose of Project .

This project was!developed as a mission-orieﬁted ﬁrdgrsm aimed at accelerating
the commercial utilization of geothermal resources. It provides‘the Department
of Energy, the State of.New Mexico,rand the piivate sector with a technical

and economic gﬁide for commercialization direction and actual implementation

of devélopment proposals. fhisfwas_accqmplished through the marketing strategies
of public outreach, brokerage functions, and mini-engineering evaluatigﬁs'of

specific resources and the appropriate direct-heat applications.

1.2 Objectives

In this market planning effort of the state geothermal energy commercializa-
tion, critical evaluation is made of the potential geothermal energy use, the

availability of geothermsl_energy, and prospective user needs and applications.

In order to explore and assess all marketing possibilities for geothermal com-

mercialization, thé New Mexico state team, in,sonjunctiqn with NMEI, is inves-
tigating both'on;site and off-site ensrgy coﬁsumsrs with special emphasis on
colocafed users and the appropriate‘site—spéqific direct-hsat applications;
This project mode has providedia basi51fof prdﬁbtional'marketing activifies'

aimed at specific}resourCe sités and pbtential adoptees of geothermal energyf

and‘concurrently supporting‘potential or current end-users ofkgeothe:mAI energy

with technical assistance. This éffoft has inevitably provided good experience

and greater insight into.the marketing needs and demands by the end-users.




1.3 State Geothermal Commercialization Team Members

George Scudella, Principal Investigator and Project Manager; Resources

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

-~ Roy Cunniff, State Geothermal Program Coordinator; Chief Engineer, NMSU

Campus Project, Physical Science Laboratory, NMSU, Las Crucés,'NM

Dr. Larry Icerman, NMEI Coordinator; Directér of New HexicokEnergy '

Institute, Las Cruces, NM

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

and Minerals Department, Geothermal Commercialization Office, NMSU,

Las Cruces, NM

" Kay_Hattoh, Mining and Minerals Division Coordinator; Geologist, M & M

Division, Energy and Minerals Department, Santa Fe, NM

2.0  SPECIFIC TASK DESCRIPTIONS AND PRODUCTS

2.1 Geotherﬁal Prospect ldentification

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

-now and the year 2020.
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Tables 1 to 3 list areas and éites of geothermal prospects inrthe state oerew

Mexico as these have been identified by Variqus criteria;'for‘both electric

and direct thermal uses.

The prospective sites and areas are broken down in the first list to those

which are (1) proven, (2) potential, and (3) inferred.
The definitions used’arevthose,recommended'By’MeYer'(December 1978):

Proven sites are those: (D) ﬁhiCh are in an~adva#ced stage of devélbpﬁent
or commercialization by a’private companj or by government for sﬁecific.
applicatioﬂé, or demonsﬁfations, Or.those (2) on which is availablé’
favorable quantitative daﬁa on the measured subsurface,temperatures,

volume, and water flows.

Potential sites are those on which (1) there is exploration/development
activity, or (2) some favorable quantitative subsurface data have been

estimated or measured.

Inferred sites or,éreas are those identified by (1) surface manifestations
such as wells or springs, (2) chemical fhefmometry, or (3) prbximity fo,

potential or proven sites.




TABLE 1

NEW MEXICO IDENTIFIED GEOTHERMAL PROSPECTS.

ELECTRIC > 150°C

- PROVEN

POTENTIAL

INFERRED

Baca Location

Animas

Kilbourne Hole
Radium Springs

San Diego Mountian

Closson

" Columbus Area

BGuadalupe Area
Jemez Reservoir

liordsburg
Lower Frisco Hot Spring
- Prewitt Area

Socorro

Southern Tularosa Basin

White Sands (Town)

DIRECT THERMAL (20°C <

T > 150°C)

PROVEN POTENTIAL INFERRED
Animas Albuquerque  Closson
Faywood Black Mtn, « W. Mesa Crown Point

Gila Hot Spring
Jemez Springs
Los Alturas
Ponce De Leon
Truth or
-Consequences

‘Radium Springs

Cliff Area
Derry K.S.
Mesquite=<Berino
Mimbres H.S.

0jo Caliente

San Diego Mtn.
San Ysidro
Socorro

" Turkey Creek H.S.

Upper Frisco H.S.

E. San Augustin Plaih
Fort Wingate

Garton Well

Jicarilla Apache Res.
Little Blue Mesa

‘Mamby H.S.

Mancisco Mesa

. Montezuma H.S.
Southérn Tularosa Basin

Tohatchi

Source: - Swhnbétg, C., 1980

~ PSL/NMEI, 1980

O
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TABLE 2

STATE OF NEW MEXICO

PROVEN, POTENTIAL AND INFERRED DIRECT THERMAL APPLICATIONS

LATITUDE/ ~ TEMPERATURE (°C) - ESTIMATED ESTIMATED POWER (MWe -30 YRS

.

SITE | LONGITUDE SURFACE/SUBSURFACE VOL.(km®) - PROVEN/POTENTIAL/INFERRED
Albuquerque =~ 35° 05' = 27 "~ 30° 3.0 ~ ' , 0.0449
' . 106° 45! »

Faywood H.S. = 32° 33" 54 1.0
108° 00'

Gila H.S. -~ 33° 12! 68 125
108° 12!

Jemez Springs  35° 47' 73 103 3.0 , 0.0206  0.6150
106° &' , :

Los Alturas 32° 16" 55 120 3.0 0.5635
106° 42! : ;

Ojo Caliente 36" 18' 45  122-161 3.3

- : 106° 58' o

Radium Springs 32° 30'  30-85 130-198 = 3.3 ... 0.0368
107° 58" S

San Diego 35° 37" 520

San Ysidro 35° 30 50 80 1.0 : 0.0206 .

: 106° 40' ' :
Socorro %° 2" 33 35 3.0 0.0135
|  106° 56 RO 3 , o
TorC - 33° . 9'  36-46 100 1.0 . 0.0269  0.4563
: 107° 15' ' : : : :
Animas 32°8 5 102 144 3.0 ©.0359  0.4102

0 0.083 2.1508

Source: PSL/NMEI Data File, 1980

f




TABLE 3

STATE OF NEW MEXICO

PROVEN AND POTENTIAL ELECTRIC APPLICATIONS

o - LATITUDE ~  TEMPERATURE (°C)  ESTIMATED  ESTIMATED ENERGY (MVe)
SITE ' LONGITUDE - SURFACE SUBSURFACE VOL.(km®) PROVEN POTENTIAL TOTAL
Animas 32° 8s5'. 102 170 3.3 5 20
(Lightning
Dock) . 108° 50’ _
Baca Location ~35° 54 "260-315  125.00 50 350 1942
106° 32' ’ :
Kilbourne Hole 31° 57' 45-83 155 3.50 S 25
’ © . 106° 58 :
Radium Springs 32° 30'  30-85  93-130 3.3 5 30
107° 58’ . :
San Diego Mtn 125 1.00 . 5 20
: : - 50 370 2037

Source: PSL/NMEI Data File, 1980
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2.2 Area Development Plans

2.2.1 State Geothermal Planning Areas

The New Mexico State Team has defined 1 (one) substate geographical area for
Wthh the development and utilization of geothermal energy prospects are

likely between now and ‘the year 2020

The first-priority target areas for development planning are centered on the

Rio Grande River Valley throughout its entire 1ength Within the state.

2.2.2 Specific Area Development’Plan:, Dona Ana County

This county is emerging as the first area of intense studyvandiplanning activity

by private and government entities. The strong local interest,and communityn

leadership shown for geothermal energy for economic considerations plus the
adjacent overflow1ng economic growth pattern of E1 Paso, Texas prov1des the
basis of selection for the area.development plan A number of- research inves-v
tigations of the geothermal potential here have'been conducted. There are two_

KGRA's in the county: Radium Springs and Kilbourne Hole The KilboUrne Hole

;KGRA located next to the U S - Mexico border, and Radium Springs, KGRA have

potential electrical generation capacity.;,"

PO

- The Dona Ana Area Development Plan involves first the investigation of the

‘area attributes such as geography, population, economy and attitudes of the

residents. Second, the energy demands of the area were considered for both

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

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

4 -7




Colfex - Unien

Rio Arcibe

Mo.e Harding  Lamesman

$aa Miguel \ Quey

n VA

Mc Kinley -

Sonia Fe © | Guadalvpe

o : - NN
- g SNNNNNY Terrance )
Valencia i N ) . ;
E ’ ’ : NNNNN ’ .
SR : P RNNNNN J.r—
:‘\\;\ Os Bace .
Curry

Cairen - o Sacerre

Roosevelt

NSNS @ e ‘
NNANY \\\\\\Q‘QQ\Q’?\ N Chaves :
NN ANNNNNCONNNNNNY
NNANANANNANN
E\\\\\\\\\\\\

ARARRA R R RS
AMAARARRARRARRRN

) ety

F.

Ed@y

NMEI~ NMSU, NOAA '. pot — 1980

KEY

i34 Area most favorable for discavery of low-temperaCure
(>90°C) geothermal resources

Additional parts of the Rio Grande Rift and other areas
which may be suitable for geothermal discovery ‘

. Known Geothermal Resource Area (KGRA) |

Mildatge

GEOTHERMAL RESOURCES OF NEW MEXICO

Source: NMEI-NMSU, NOAA, DOE, 1980, 1:500,000MAP:

Geothermal Resources of NM

]



»

»

L 1]

A possible schedule of activities has been estimated. It should be‘kepf_in ‘

mind that actual development is entirely dependent on the actions  of the

entrepreneurs.

Outside the Baca»Location,_Dona'Ana County has the second largest geothermal -

heat poténtial in the state.

The county has numerous hot water,wells and hot springs in.addition to the two
KGRA's. The geothermal potential considering all sites is 0.9899 Quad BTU's

for 30 years for directvtherméliﬁse.~ e

Dona Ana County is one of the fastest growing areas in the state. The total
county population is about 80,000 and the Las Cruces\SMSA stands at about

51,000. - Both the expanding industrial and governmehtal/sectors are contributing

' to a robust economy in the‘coﬁnty,f

To a great degree, large-scale greenhouse operations are very suitable to con-
version with the use of heat from geothermal water depending on the resource

and the location.

2.3 Site Specific Development Plans‘

2.3.1 Candidate Geothermal Sites

The specific resource sites and energy appiications (residential, commercial,
industrial, and agri-business) which are céndidates for the SSDP are identified

and briefly described as follows:




Animag/Lightning Dock

u:
Current Appiication: Space-heating of 1 house
2 geothermally heated greenhouses with total 130,000v :
square feet. Geothermal irrigation and soil warming
syétem for ffuit orchard.
» Anticipatea Abplicgtién:‘ Additional 500,000 squaté feet area of geothermally
| ‘rheéted greénhousé. Site of DOE's 1979 AET grant
ig Region 6 of $20;000 to Tom Mcéants.
‘Résource Data: Surface Temperature 102°C
' Subsurface Temperature 144°C | | .

Estimated Energy Potential: 7,849 x 10~* quad
Estimated Reservoir Size: 3.3 kn®

Las Alturas

!

Current Applications: Space-heating of President's House/University Center
‘ of New Mexico State University and source of domestic

water supply for Las Alturas subdivision.

AﬁticipatediApplicationi Space heating: Sandyland greenhouse, NMSU
| ' campus, land development subdivision district

heating.

4 - 10
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Resource Data: = Surface Temperature 48°C

Subsurface Temperature - 120°C

Estimated Energy Potential: .0056 quad

Estimated Reservoir Size: 6.0 km®

Truth or Consequences

‘Current’Applications: Several resort spas, Bathhouses and pools, space-~
heatihg of Yucca Lodge. Preheated boiler feedwater
and hot-water supply for Carrie Tingley Hospital,

plus the geothermal therapeutic pools.

Anticipated Application: ~ Spaceheating of senior citizens center, Yucca

. Gardens condominium building complex and ebmmercial

buildings.

Resource Data: Surface Temperature - 45°C
Subsurface Temperature 100°C

Estimated Energy Potential: = 7.2 x 107! quad

Estimated Reservoir Size: 1.0 km?

4 - 11




Albuguerque

Applications: Current: Heat pump spaceheating of nine-story office building

(Sandia Savings).
Projected: Large user spaceheating: West Mesa Airport, West Mesa High
School,'U of A campus pre-heat boiler sfstem,'district heating

of future Subdivisions on the West Mesa,

| Resource Data: - Surface Temperature 27°C

Subsurface Temperature N/A
Estimated Energy Potential: 0,004 quad
Estimated Reservoir Size: 3.0 km?

JemeZVSprings

Current Application: Bathhouse, greenhouse spaceheating
Projected Application; Spaceheating of village municipal buildings

Resource Data: Surface Temperature 73°C

Subsurface Temperature 103°C

Estimated Energy Potential: 0.0206 quad

4 - 12
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Estimated Reservoir Size: - 3.3 km”

2.4 Time Phased Project Plan

2.4.1 Active Demonstration/Commercialization Projects

There are 9 geothermal developments in the state that are curréntly active

demonstration and commercialization projects. All of these projects are

considered to be candidates for the time-bhased project plans.

Of those projects, 6 are demonstration-projects that were initiated by the New

'Mexico Energy and Minerals Department and cost shared with federal and private

funding sources.

1.

Carrie Tingley Hospital at the City of Truth or Consequences. This is a

geothermally preheated hot water system designed, installed and operated

by the BDM Corp. The project utilizes an old active well system that

provides natural hot water for the hospital's'two therapeutic pools. The

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

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

.Juﬁe 31,‘1981.‘ The capacity‘pf the system.is'equippedito,handle'170,350:

‘liters of continubusly'pumpéd well water (43°C) which contains a useful -

heat content of 12,000-BTU/min. Due to the relocation of hospital opéra- :

tion to_Albuquérque,-the geothermal system, as well asvihe physical

- plant, is inactive until the property is sold and operations restarted.

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

is a space-heating project for the residence for which a well has been

4 - 13




drilled into the Los Alturas Geothermal Anomaly which underlies the . ..

residence. The space-heating system uses 50°C water from a depth of 137

meters (450 ft.) at .a flow rate of 64.3 liters/min. The project started

June 28, 1979, the construction wasicompletedﬂin September 1980, and the

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

continues until June 1982.

Solar-assisted geothermal greenhouse, Faywood Hot Springs. The resource

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

Mexico which flows at 132.5 1/m 57°C (125°F). The objective is to con-

~struct and operate the geothermal greenhouse using runoff water from the

hot spring and produce native plants for waste tailings reclamation
projects by Kennecott Copper Corporation., This development is being
constructed and operated by handicapped labor from the Southwest Services

for Handicapped Children and Adults which owns the greenhouse. Initiation

- of this project was on June 18, 1979 and is completed at this writing.

The project contract ends December 31, 1981,

City of Truth or Consequences Senior Citizens Center. This is a retrofit
space-heating project which will tap the underlying artesian themal water
basin under the city. The well water_témperature in the area averages
43°C. The attempt to get géothermal water was unsuccessful when a 250
fqot dry weli was drilled on city property. An existing old well was
connectéd'to7thé'city's Senior Citizens Center to supply up to' 100,000

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

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

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

4 - 14
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5. Solar-assisted geothermal greenhouse, Taos.: The resource is fhe,Pence de .
Leon Hot Springs near Ranehos'de’Taos. The'spfings,diScharge 1,305,977’
liters per day at 35°Cvat an elevation of aboutt2,256m."The project will
analyze and determine the use of a geothermal heat recovery system’to
provide thermal enefgy for greenhouse spaceheating for growing cash crops
(for 5,574m?) and other commercial processes. : This project uses technology
transfer frem power plant waste heatgrecovery and is conducted by Solar

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

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

6.’ L'eggs Products; Ine., Mesilla Park. This project evaluated the potential
resource and the engineering for bringing geothermal energy on line fot
industrial process at the hdsiery maﬂufacturing plant. A 1,800 feet test
well was drilled on the"plant site on May 12, 1980. No appropriate
resource was found but a warm bottom hole tempefatﬁre of 32°C was en-
countered‘and there wes a noticeable increase in temperature gradient -
near the'bottom hole. It wasfdetefmined from a series of economic and
engiﬁeering studies that the development of avdeep resource would not be

economieally suitable for the company's requirement and needs. -

With the exception of some aged hot spring resort spas, ﬁostiprivate business
enterprises utilizingvgebthermal energy in the state started in the 1960's.

The most significant developments are listed here:

1. ‘Baca Location geothermal power plant demonstration program, Jemez Mountains.

The'resources of the prbjeCt area inside the Valles Caldera include both
a liquid and vapor-dominated reservoir. The major, liquid-dominated res-
ervoir is over-pressured and contains a calculated 1.8 x 107*?*kg of

4 - 15




fluid in place. The averege resexvoir fluid témperature'is in excess of

260°C. The main production and injection zone is the lower Bandelier

_Tuff; the upper Bandelier forms the caprqék. Since the first geothermal

well was acquired in 1963, Union Geothermal of New Mexico has drilled 23

. wells and probably 10 te 1S wore wells may be needed for the proposed 50

MWe plant. Final approval of the environmental impact statement was made

_ in May of 1980. Authorizstion for constructjen is still pending from the

Public Service Commission and sdditional water rights are needed from the

State Engineer's Office before construction can hegin.

The 4nimas Valley geotherwal greenhouses. Operstors: Tom McCants and
Dale Burgett. The two commercial operations are described together ‘
because of the same underlying resource, identical characteristics,

energy-use applications and geothermal emergy-requirements.

The resaurce is the "Animas hotspot™, & very shallow anomalous aquifer,
where abundant water of 102°C (215°F) is obtained at depths of less than

29 meters. The thermal anomaly has no surface manifestations and it is
vexry geophysically conspicious in 2 I square mile section. Thisiapparently
is a fault-coﬁtrolled feature adjaining a sediment-filled basin.’

R

' The 2 greenhouse operations averlying the thermal anomaly use 3600 BTU/min

and 1700 BTU/min with no thermal drawdown. The thermal capacity is used

for the production of varieus high-price floral plants particularly roses.

Geothermal heat pump systemAef‘Sandia,Savingsgluilding,ﬂAlbuquerque. Two

aquifers, at 90' and 270" deep, supply ecol and warm waters according to.

Q‘ls !
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the seasonal demand. ‘Tﬁo wells are involved iﬁ this operatioﬁ.. The -
shallow well supplies cool water with a temperature range from 17°C to
21°C (60° to 70°F). The deeper well supplies warm water at 26° to 27°C.
The water is withdrawn from either the cool or warm well, dependiﬂg on
the season, and injeéted into?the'other well. A heat exchanger and three
100 hérsepowér compressérs are used to boost or lower the water tempera-
tures for winter heafing or summer géoling. Heating fequires 2,518,000

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

2.5 State Aggregation of Prospective Geothe;mal'Utilization o

. Estimates are made of the total‘geothermél energy on-line for the planning

area as a function of time.

Possible Economical Geothermal Energy On-Line (102 BTU)

(Data Source PSL/NMEI Data File, 1980)

w2 . soe 230 48.7
2 0 . o . . o077 o081
3 1.87  5.37 ',;, v13.13 Ry 26.1
4 02 - 179 R - ¥
s o 0.89 ':;4143;* L 6.99
6 0 0 0 o
7 'v; 0.65 438 11.40 23.2
8 0 0 0 0
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ADP KEY

1. Dona Ané County
2. Albuquerqué Area - Bernalillo, Torrance and Cibola
3. Los Alamos, Rio Arriba, Sandoval; Santa Fe and Taos
"4, Sierra and Socorro
5. Catrom, Grant, Hidalgo, and Luna
6. Chaves, Eddy,*Lea, Lincoln and Otero
7. McKinley, San Juan,'aad Valencia

8. All northeastern counties

2.6 Institutional-Analysis

2.6.1 Overview of State Legislation

Legislation regarding regulatory conflicts, geothermal leasing, and district
heating authority was not feasible during the 1980 legislative session due to

the administrations reluctance to put substantive issues on the call.
It is possible that some difficulties in the reletionship between appropriate
rights and correlative rights for geothermal resources may potentially be

resolved through administrative action.

The'distrfét*heating legislation and amendments to state geothermal leasing

policies may not be examined until the 1982 session.
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A review .of state statutes and extensive discussions and correspondence with
Steve Reynolds and D.E. Gray, who have been extremely receptive and helpful in

this review, yielded these salient findings:

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

f1ndings were made

In declared groundwater basins,.conflicts between appropriative rights and
correlative rights,for.geothermal resoutces may potentially be resolved
a&ministratively. In the StatevEngineer's view, this may be acnieved—~
through conditions placed on geothermal fluid appropriations which waive

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

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

. groundwater basins. The appropriative rights/correlative rights conflict

therefore cannot be resolved in these areas by means of conditions on
geothermal appropriations. Legislation to resolve the conflict in these

areas may be warranted.

L]

According to certain statutory provisions'(§72-12-25 NMSA (1978), "non-

' potable" water at depths of 2500 feet or more is exempt from declared

basins. Although the State Engineer questions the force of - th1s provision,

1t may remove most hinderances to development of deep resources} geothermal

-development is clouded,by this provision in thevstatute, and it deserves

legislative review. -

Only one legislative item was enacted in the 1980 session and is of great

importance in promoting geothermal energy in New Mexico.

4 - 19




An appropriation called Chapter 134 of Laws 1980, Section 2, was enacted to:’
provide $600,000 of state funds for the purpose of funding geothérmal'drilling
énd geothermal demonstration projects. The stipulation is madelihat'awards Se
made only on the baéis>of equally matching funds from pfivate or federal

sources.... -

| 2.7 Publie Outreach Program

- The goal of this program is to iﬁcrease awareness &nd acceptance of’geothermal
energy and to promote the use of our geothermﬁl fesources by industry, commerce,
agficultuté and government. This program is designed to expedite the direct
‘applications of geothermal.energy by 1) identifying gedthermal application
éoncepts 2) potential resource end-users 3) identifying potential funding

for end-users serving a broker function between end-users goverﬁment and
pfivate developers and 4) providing engineering and technical assistance to

potential end-users.
'2,7.1 Qutreach Mechanisms

The New Mexico Outreach Program is orienteéd primarily to assisting selected
?otential end-users who were identified either in the eariy plaﬁning work of
the state's O/R geothermal energy development or through the copbleted mar-
keting analysis, referred to as the "New Mexico Assessment of the markeﬁ
potential of Geothermal Energy". These poﬁential end-users were selected on
' the basis of their energy consumptions, need for alternative source of energy
supply, energy-use planning attiiude, and enthusiasm. More technical assis-

tance requests were generated through this marketing survey project than all
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of the other outreach mechanisms combined.  Each case is handled witﬁ individual
meétings to define the éroblegs, goais and needs, éﬁd then usually followed up
with mini-economic and engineering studies; .\ liteféture search of technical

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

be supplied according to the requestor's needs.

.The other outreach mechanisms are:

) State EMD research :and development program

e  DOE Region 6 ApPrOpriate Energy Technology Small-Grants Program
. State Geothefmal Demonstfation Program |

e  Energy ExtensionkService

° New Mexico Energy Institute/NMSU

) DOE Technical Assistance Program

The New Mexico R&D program has spent approximately $1.7 million for geothermal
research and development. Geophysical and engineering pfojects have been
funded by R&D funds and this source of funding has generated numerous contacts

and projects in New Mexico.

The geothermal team reviews geothermal proposals, makes sfaff recommendations .

"to the R&D Review Board, monitors funded projecfsfand‘transfers the technology

- developé& under R&D to'thexéifizens of New MeXico@

The appropriate energy technology small-grants program is another area where
state team has provided help through information dissemination on the program

and its application procedures. Critical review and recommendations were

4 - 21




provided to the NM Energy and Yimeral Department, the participating agency for

DOE in this state. : ot e -/

In 1979, New Mexico awarded -:s.mo,mom six icoi;‘ttaéft-brs for geothermal space- : .
heating demonstrations. These demonstration projects are New Mexico's way of '
lead'ing by example and they are cur announcement that New Mexico has viable

geothermal resources that zan be developed ntow.

In ‘Novemher; 1980, a call for proposals was issme& by EMD for demonstration

;irbﬁects to be cost-shared with the s‘tat*e‘s 55%;0% demonstration ‘program.

In January, the R&D committee reviewed 5 applications that were ‘récéived by

thc;. deadline of Mohday, January 5. On t’herl’:a‘sis of recommendations from the

R&D wz:.eviﬁw committee, EMD made ome award in April to Sandyland Nurseries for a .

$175,000 drilling program.

Demonstration monitoring is coatimuing on the construction, operation and
evaluation of the six projects end eventually the information and ekpérien(:e
will be transferred to the public and to potential deVelobets. The demonstra-
tioﬁs also offer the monitor the opportunity to assist developers in adminis=-
trative and permit procedures and thereby gaining practical experience that

will be useful to future developers.

The geothermal team has worked with the Energy Extension Service to transfer
to the public, updated information and wateriels on geothermal energy relating
to resource availability, svpace-heating, agricultural applications, industrial

uses and commercial applications.

C
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The DOE technical assistance program is geﬁerating»much interest among ﬁotenf
tial usersrby’encouraging serious planning and development»of a prospective
application. The first TA request came from Mr. Karl Kortimeir of Truth or
Consequences and the subcontract was awarded to Mr;_Kglly Summers, a cﬁnéulting

hydrqlogist.
2.7.2 Summary of Contact and Results

All of the contacts made this past year are summarized and briefly, described
4in Appendix A-5, "The Complete List of New Mexico Consultants, Resource

Deveiopers, Private Users and Suppliers.”
2.7.3 Overall Prospectus for Future Geothermal Activity

The New Mexico Geothermal Demonstration Program has successfully raised the
profile of the viability of geothermal as an alternative energy resource. New
Mexico now finds itself in a position of not only having five active demon-

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

spectrum of our community.

Greatest interest in-gedthermal’dévelopment is béing shown in Dona Ana County
in the southern part of the state. The county is the home of New Meiico State
Uﬁiveisity‘whiéh has been activeiy déveloping and cénstrﬁctihg the:drillihg

fof geothermal system on the campus. The pniversity haé‘successfu11y1c0mp1eted

several wells and obtained state and DOE financial assistance for the campus

‘domestic hot-water heating system. ‘This system will be on-line in February of

1982.
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'EMD personnel have been working with community leaders in Dona Ana County to .

identify potential users. Initial information has furnished prospects:in. the .

areas of space-heating for a retirement center, a city>hospita1, apartment ;. .
complex, gréenhouse»operations, process heat for a pet-food'processor, and .

geothermal application for some dairies.

All in all, New Mexico's geothermal future continues to be bright and its
actiVity is increasing. The EMD is taking a very active role in geothermal
R&D, demonstration, outreach and commercislization and this effort should

expedite development..

3f0 ‘SUMMARY CF MAJOR FINDINGS AND RECOMﬁENDéTIONS

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

1. Outreach effort has increased substantially and has raised the geoghe¥ma1
profilé.

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

on geothermal development, technology transfer, and outreach.

3. jﬁew Mexico's Geothermal Demonstration Program has provided the biggest
vb§ost to geothermal development and thé $200,000 appropriation has been
developedkinto six projects valued at more than $500,000. The new .
$600,000 appropriafion has generated one project and more are expected

" -in the near future.
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4. The determination and delineation of potentially commercial resources
'\ should be improved and refined.
s 5. Specially trained and experienced geothermal,bersonnel should be made

available to the states for 30-90 days to assist the states in organizing
and enhancing their operations. Examples: resource planning, well

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

6.  State and Federal agencies have\to‘realize that ioan’guarantees address a

| symptom not the illness. Major téchhical efforts must be made to rédude
geothermal risks by improving the technology, espécially technologies
associated with exploration, well drilling and reservoir identificatiom.

Prime emphasis must be placed on reducing or eliminating the huge risk

.

associated with "first holes." This program must have provision for many

4

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

users.
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TABLE A-~-1

TOTAL ACREAGES OF GEOTHERMAL LEASES - NEW MEXICO

Federal Leases

Total Acreages of Competitive Lease in KGRA s:
(51 Leases) \

Total Acreages of Non-competltive Leases
(72 Leases)

State Leases

Total Acreages of State Leases:
(41 Leases)

TOTAL OF ALL ACREAGES LEASED

87,540

. 138,170

_13,210

238,920
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~ TABLE A-2
FEDERAL_ACTIVE COMPETITIVE GEOTHERMAL LEASES - NEW MEXICO

 SIZE, ACRES & . DATE ISSUED &

CQUNTY &lLESSEE ' (NO. OF LEASES) KGRA/LOCATION - (COST/ACRE)
DONA ANA
~ Aminoil USA, 1,235.45 (1) Redium Springs, KGRA, 02/01/78 ($8.29)
Inc. ' _ T21S, RV '
Anadarko Production 18,476.45 (9) Kilbourne Hole, KGRA, 07/01/75 ($10.06-
: . T27 & 288,’R1W ($30.50 & $10.63)
Chevron USA 2,198.48 (3) Radium Springs, KGRA, 12/01/77 & 12/01/78
. - T21S, RIW - ($30.50 & $10.63)
N.K. Hunt 360.00 (2) Radium Springs, KGRA, 12/01/78 ($56.00)
: v T21S, R1W ’
HIDALGO
Amax Exploration 6,580.43 (3) Lightning Dock, KGRA, Various ($3.13,
. T25S, R19 & 20W $8.11 and $13.07)
Aninoil USA, Inc. 1,271.64 (1) Lightning Dock, KGRA,  01/01/77 ($1.99)
: ' T255, R19¥W
J.E. Blakenship 1,235.72 (3) Lightning Dock, KGRA, 01/01/77 ($1.99)
’ T25S, R19W
Earth Power Corp. 5,060.12 (2) Lightning Dock, KGRA 10/01/76 &
T24 & 255, R19 & 20W 12/01/78
Phillips Petroleum 2,898.37 (2) " Lightning Dock, KGRA 10/01/76 ($3.38
Co. T25S, R19¥ & $5.23)
RIO ARRIBA
Amax Expldration 6,183.45 (4) Baca Location No. 1 - 08/01/77 & 12/01/77
KGRA, T21IN, R3 & 4E (85.67 & $5.31)
SANDOVAL
Amax Explorétion 3,870.8% (2) Baca Location No. 1 . 08/01/77 ($5.67)

KGRA, T18N, R3 & 4E

Sources: Bureau of Land Management Hatton, Key, 1980
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TABLE A-3

FEDERAL ACTIVE NON-COMPETITIVE GEOTHERMAL LEASES - NEW MEXICO

COUNTY & LESSEE

SIZE, ACRES &
(NO. OF LEASES)

~ LOCATION

DATE
ISSUED

DONA ANA

Mary Antweil
Chevron USA Inc.
J.F. Grimm

C.L. Hunt

~Nancy B. Hunt

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

Ramona Sands

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

HIDALGO
Chevron USA, Inc.

Earth’Power Corp.

1,365.44 (1)

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

1,280.00 (1)
15,536.00 (7)
8,306.94 (4)
2,440.00 (1)
4,307.79 (3)

9,636.92 (3)
14,263.29 (7)

5,814.13  (4)

533.68 (1)

T19S, RW .

T20 & 21S, R1E & 1W
T25 & 26S, R1E
T27S, R1 & 2W &
T20S & 215, R1W

.T28S, R2W

T26S, R1 & 2W

- T29S, R1 & 2W
 T20S RIW

T20 & 21S, RIW
T17 & 28S, R2W
T19, 20 & 21S, RIE,

T26S, R20W

T26S, R19W

03/19/79
06/29/79
06/11/75
05/29/75
06/26/79
01/25/80
05/29/79
05/29/79

.-05/29/79

04/27/79
04/27/79
05/29/75
06/15/79

09/11/79

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

FEDERAL ACTIVE NON-COMPETITIVE GEOTHERMAL LEASES - NEW MEXICO

SIZE, ACRES & - DATE

.COUNTY &vLESSEE (NO. OF LEASES) . LOCATION ISSUED
'HIDALGO (cont'd)
Sun 0il Company =~ -  1,280.00 (1) T25S, R20W 10/24/79
Thermal Resources, Inc. 1,320.00 (2) T25S8, R19W 07/07/77
. U.S. Geothermal Corp. 2,954.57 (2) T25 & 26S, R19 & 20W 05/29/75
SANDOVAL
Occidental Geothermsl,  2,817.95 (&) TI5N, R1 & 2E 07/07/77 &
Inc.. : ' . ‘ ) 06/21/79
' Sunoco Energy Dev. Co. 1,542.32 (2) T15N, R3 & 4W 08/19/77
SIERRA

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

STATE LEASES - NEW MEXICO

SIZE, ACRES & DATE
COUNTY & LESSEE ~ (NO. OF LEASES) ISSUED
Chevron o 639.36 (1) 08/14/79
Energetic Corp. ' 640.00 (1) 07/19/79
GRANT
- Aminoil USA, Inc. ~ 5,015.94 (18) 08/08/79
HIDALGO
~ Amax Exploration, Inc. 5,634.00 (19) 07/10/79
| 07/19/79
Aminoil USA, Inc. =~ 960.00 (2) 08/03/79
SOCORRO
J.W. Covello . ~  640.00 (1) 03/12/75
Gulf 0il Corp. « , 950.ook_(z). 03/12/75

Source: New Mexico State Land Office
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THE COMPLETE NEW MEXICO LIST OF GEOTHERMAL ENERGY
CONSULTANTS, RESOURCE DEVELOPERS, PRIVATE
USERS AND SUPPLIERS

November, 1981

Prepared by:

Dennis Fedor

4 - 32
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New Mexico Geothermal Commercialization Interest

CONSULTANTS/CONSULTING'FIRMS

Name - Phone Remarks/Expertise
Abernathy, George ' ' (505) 646-2021 ¢ Private Consultant
Director, Agricultural Engineering L on geothermal greenhouses

Department, NMSU
Las Cruces,rNéw Mexico 88003

American Ground-water Hydrolo <. (505) 345?9505 '® Geothermal exploration
gists L ' & geothermal resource

Contact: Dr. William Turmer I suitability surveys
2300 Candelaria Road, NW ‘ - AR
Albuquerque, M 87107

 G.A. Baca and Assoc., Ltd.-‘ : (505) 983-2594 e Complete system design
330 Garfield St. S
Suite 207
Santa Fe, New Mexico 87501
BDM Corporation - (505) 848-5302 e Project design engineer-
Contact: Mr. Arthur J. Mansure '+ . ing and management
1801 Randolph S.E. . S o , e Designed system for

Albuquerque, NM 87106 _ ‘ Carrie Tingley Hosp.
o s R o Engineers & scientific
planning services.

Bridgers & Paxton c°nsu1;1ng ~  (505) 265-8577 e Heat pump specialists .

Engineers, Inc. - o ‘ ' @ Designed systems for
Contact: Mr. Frank H, Bridges o Albq. Sandia Savings
213 Truman Street, NE R ' ' ' Bldg and Salt Lake City
Albuquerque, NM 87108 ’ 'LDS Bldg
Campbell, Mr. Doc - I (505) 534-9340 e A private user with:

~Route 11 o : ' S 40 years experience
Gila Hot Springs : : . : ~ in materials and sys-
Silver City, New Mexico 88061 ° o ~ tem use of hot springs

: o ,watet at Gila H. S.J
Chaturvedi, Dr. Lokesh =~ = (505) 646-3233 ,0¢Geotherma1fhydrologist
P.0. Box 3CE : , ' :
NMSU

Las Cruces, New Mexico 88003

Chemical Engineer Associates © (505) 526-3221
Contact: Mr. Harold M. Belkin

221 W. Griggs
Las Cruces, NM 88001
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CONSULTANTS/CONSULTING FIRMS (Cont'd.)

4 - A-2

Name Phone ‘Remarks/Expertise \—i
CH2M Hill Engineers (303) 771-0900 Engineers, planners,
¢ Mr, Bob Dart ’ econonists & scilentists
“P.0. Box 22508 » : '
Denver, CO 80222 o ;
e Mr. John Austin (208) 345-5310 Consultant on Boise
Box 8748 ' -~ 1daho District
~'Boise, Idaho 83707 . Beating Project
e 3620 Wyoming Blvd NE (505) 292-~1262 ’
“Albuquerque, New Mexico '
Coonce, C. A. & Associates (505) 296-1089 e Water system engineers
Contact: Mr. Pat Coonce
12324 Pineridge, NE
Albuquerque, NM 87112
Coupland and Moran Associates ~ (505) 296-5573 Electrical &
Contact: Mr. Dan Romero mechanical engineering
Electrical Engineer
200 Altez, SE
Albuquerque, NM 87123
Cunniff, Mr. Roy (505) 522-9349 Private Consultant
State Geothermal Prog. Coordimator PI on NMSU campus
Physical Science Laboratory space~heating project
Box 3-PSL ® Technical Advisor for
NMSU - ‘ all state demonstra-
Las Cruces, New Mexico 88003 tion projects
DuMars, Charles Dr. (505) 877-~7444 Law practice in
College of Law - UNM water and mineral
1117 Stanford, N.E. resources
Albuquerque, New Mexico 87131
EG & G, Inc. {505) 898-8000
9733 Coors Blvd, NW
Albuquerque, New Mexico
Energetics Corporation (214) 783-4731
Contact: Mr. L. Dale Clark, Pres.
833 E. Arapaho Road, Suite 202
Richardson, Texas 75081
. Energy Resources Explotation, (505) 296-6226 e Geologist
Incorporated o mee
Contact: Mr. Bob Grant
9720 Candelarias, NE
Suite D
Albuquerque, NM 87112 N
&/
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CONSULTANTS/CONSULTING FIRMS (Cont'd)

Name .

Phone

Remarks/Expertise

Gebhard Thomas Mr. »

Private Consulting Engineer

5819 Westmont Drive

Austin, Texas 78731

GeoProducts Corporation

Contact: Mr. Kenneth Boren, Pres

| Oakland, California 94612

- GeoThermal Services, Inc.’

Contact' Mr. Barry Williams,
Project Supervisor

10072 Willow Creek Road

San Diego, California 92131

Goodrich, Mr. James L. :
Goodrich - Bartlett & Associates

1105 Gardner
Las Cruces, New Mexico 88001

Gruy Federal, Inc.

Contact: Mr. Alan Lohse, Exec.kVP
Mr. Paul O' Connor,

‘ Tech. Mktg. Rep.

2001 Jefferson Davis Hwy,

Suite 701

Arlington, Virginia 22202 -

Richard L. Lohse

Geothermal Field Engineer
New Mexico Energy Institute
P.0. Box 3EI

Las Cruces, New Mexico 88003

Los Alamos Technical Assoc., Inc.
Contact: Mr. Phil Reinig .

P.0. Box 410 , s

1650 Trinity Drive

Los Alamos, New Mexico 87544

(512) 4535577

(415) 893-8365

(714) 566-4520

(505) 522-7633

(702) 892-2700

(505) 646-1745

-(505) 662-9080

4 - A-3

Planning & feasibility
studies. -

A resource developer
using hybrid concepts
with biomass.

Heatflow and gradient
hole drilling

High temperature geo~-
physical logging
Geothermal consulting

Long-range feasi-
bility study

Advanced Planning—i
Feasibility-Coordi- =

nation Consultant

Project management of
drilling & testing of
wells.

Private consultant

‘Geophysicist specializing

in geothermal exploration
" and reservoir assessment




CONSULTAN‘IS/CONSULTING FIRMS (Cont'd)

Name,;

Phone

" Remarks/Expertise .

Mancini, Dr. Thomas
Mechanical Engr. Dept.

P.0. Box 3450 ’

NMSU '

Las Cruces, New Mexico 88003

R&D Associates

6400 Uptown Blvd., NE

Suite 398-W

Albuquerque, New Mexico 87110

Republic Geothermal. Inc.

Contact. Mr. Gerald Huttrer,
- Mgr.- Exploration

P.0. Box 3388

Santa Fe Springs, CA 90670

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

Solar America, Inc.
Contact: Mr, David Chavez
2620 San Mateo, NE ‘
Albuquerque, New Mexico 87110

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

Swanberg, Dr. Chandler A.
Physics Department

P.0. Box 3D

New Mexico State University
Las Cruces, New Mexico 88003

Application Center

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

(505) 646-2223

(505) 881-0991

(213) 945-3661

(505) 983-1297

(505) 883-0959

(505) 835-2095

(505) 646-1920 -

(505) 277-3622

& - A-4

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

e Project design,

" engineering and
management for
geothermal greenhouses

.@ Conducted study on

Gila geothermal
energy potential
e Hydrology & geology

e Conducted state energy

consumption study for
New Mexico
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CONSULTANTS/CONSULTING FIRMS (Cont'd)

_Remarks/Expertise

Contact: Mr. Jerry Tuttle
11000 Candelaria NE, Suite 112W

“Albuquerque, New Mexico 87112 .

4 - A5

Name o L Phone
" WESTEC Services, Inc. . (505) 243-2835 e Contractor for Baca

Contact: Mr. Peter Sherwood, ‘ Geothermal Demonstration

' Regional Manager Project Data Management
505 Marquette Avenue, NW e Program management for.
Suite 1500 El Centro, CA. District
Albuquerque, New Mexico 87102 heating & cooling

‘ ' ‘ demonstration.

o Feasibility studies for
geothermal grain drying,
tungsten ore processing,
ethanol & ammonia o
production.

Western Energy Planners, Ltd. (505) 256-4070 o

Energy systems including
economic & engineering
systems ' '




New Mexico Geothermal Commercialization Intetest

RESOURCE DEVELOPERS (EXPLORAIION AND LEASE~ROLDERS)

Denver,"quorado 80210

4 =~ A-6

Name ?hone Areas of Interest
~ AMAX L (303) 420-8100 e Rio Grande Rift
,Contact. Mr. Dean Pillsington or e Animas Valley
- Mr. Harry Olson . @ Valles Caldera
7100 W. 44th Ave.
‘Wheat ‘Ridge, Colorado 80033
American Drilling & Grouting Co. e Dona Ana County
Clinton, Mississippi
Aninoil USA, Inc. (207) 527-5332 e Dona Ana County
Contact: Mr. Claude Jenkins o Animas Valley
P.0. Box 11279
Santa Rosa, California 95406
Bailey, Harry N. (505) 526-1404 e Drilled wells on land
25256 Terreno Drive he owns at Radium Springs.
Mission Viejo, California 92576 Wants resource user.
Chaffee Geothermal, Ltd. (303) 692-9496 e Las Cruces/Las Alturas
Contact: Mr. Jay Dick, Mgr. anomaly :
1776 S. Jackson, Suite 1000
Denver, Colorado 80210
Calvert Exploration Co. (405) 239-6251
1000 City Center Bldg.
Oklahoma City, OK 73102
Chevron Resources Co. (415) 894-2889 e Radium Springs
Contact: Mr. Eric Layman e Socorro
P.0. Box 3722, 595 Market St. e Lordsburg-Animas
. San Francisco, California 94119 :
Earth Power Corp. (918) 587-9704 e Lightning Dock
- P,O. Box 1566 : KGRA
-Tulsa, Oklahoma 74101
- Exxon Company USA (303) 789~7792 e Hidalgo County
Contact: Mr. James H. Hafenbrack ‘ ¢ Animas Valley
Geological Advisor
P.0. Box 120
Denver, Colorado 80201
Fluid Energy Corporation (303) 756-5266 o T or C
Contact: Mr. Hal Bemis e Las Cruces

C
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RESOURCE DEVELOPERS (EXPLORATION & LEASE—HOLDERS) (Cont d.)

Name

Phone

Areas df Interest

‘Gulf Minerel Res.

~Contact:

Geoproducts Corporation ,
Contact: Mr. Kenneth Boren, Pres.
1330 Broadway

Oakland, Calif. 94612

Co.
Contact: Mr. Glen Campbell
1720 South Bellaire

Denver, Colorado 80222

Hunt Energy Corporation
Geothermal Division

: Mr. Roger Bowers
2500 1st Nat'l Bank Bldg.
1401 Elm Street.

Dallas, Texas 75202

McCulloch Geothermal Corp.
Contact: Mr. H. R. Chantler
10880 Wilshire Blvd. '
Los Angeles, California 90024

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

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

‘Salt Lake City, Utah 84110 -

Southland Royalty Co.
Contact: Jere Denton

1000 Ft. Worth Club, Tower
Fort Worth, Texas 76102

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

Texaco, Inc. Coal & Energy
Resources

Contact: Mr. Russ Criswell

P.0. Box 2100

Denver, Colorado 80201

(415) 893-8365

(303)758-1700

(214) 748-1300

' (213) 879-5252

(805) 395-8000

(801) 364 2083
(817) 390-9200 -

(214) 233 2600

(303) 861-4220

4 - A-7

Medium to low temperature
resource developer
hybrid geothermal - wood

" residue electrical

generation - “ethanol
production

Socorro

Radium Spriﬁgs
Kilbourne Hole

-

Dona Ana County

Socorro
S

Sandoval County

Lightning Dock

KGRA

Radium Springs
Las Cruces

Jemez Mtns.




RESOURCE DEVELOPERS (EXPLORATION & LEASE~HOLDERS) {cont'd)

_ Name - | . __Phone Areas of Interest-
" Thermal Power Co. = (415) 981=5700 e Socorro Peak
Contact: Mr. Louis de Leon o KGRA

601 California St. _
San Francisco, California 94108

 Union Geothermal of New Mexico {505) 897«1776 o Developer of the Baca
Contact: Mr. Richard 0. Engebretsen - Geothermal Electric Power

P.0. Box 15225 Generating Project
Rio Rancho, New Mexico 87174 :

4 - A-8
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PRIVATE AND COMMERCIAL USERS (CURRENT OR POTENTIAL)

Name

- Phone

Remarks/
Areas of Interest

Leucadia, California 92024

AMDEC Corp. (formerly under
Western Development Corp.) _
Las Cruces, New Mexico 88001

American Linen Cd,
550 N. Church o
Las Cruces, New Mexico 88001

Aquaculture Products

Contact: Mr. Michael Annison, Pres.

1754 Lafayette Street
Denver, Colorado 80218

Ashbaugh, Randy Inc.:
Building Contractor
T or C, New Mexico

Bailey, Harry N.
25256 Terreno Drive
Mission Viejo, California 92576

Baker, Mr. Don H.

701 Mesa P1. N.W.

Socorro, New Mexico 87801

Burgett Floral Co.
Contact: Mr. Dale Burgett
Star Route P.0. Box 2654 .
Animas, New Mexico 88020

Campbell, Mr. Doc

Rt. 11 - Box 80

Gila Hot Springs

Silver City, New Mexico 88061

Chaffee Geothermal, Ltd.
Contact: Mr. Jay Dick, Mgr.
1776 S. Jackson, Suite 1000
Denver, Colorado 80210

‘Chino Greenhouses, Inc.

Contact: Mr. Brian Fritz
1235 Urania Ave.

4 - A-9

(505) 526-6641

(303) 832-2144

- (505) 894-7215

(505) 526-1404

(505)835-3979

- (505) 548-2353

© (505) 534-9340

(303) 692-9496

(714) 436-0194

Large home developer

seeking potential
district heating system
for subdivision:

High Range Home (atop
the Las Alturas anomaly

 Need industrial -

process heat

Seeking suitable
locality & resource

~for shrimp produc-

tion

Potential residential
space-heating

Drilled wells on land

he owns ‘at Radium Springs.
Wants resource user.

Operates 100,000
sq. ft. geothermally
heated greenhouse

Developer of Gila Hot
Springs district heating
system and low temp-
erature electrical.

~ generation
Seeking venture capital

Las Cruces/Las Alturas s
anomaly

y Seeking good resource

and land for business
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PRIVATE AND COMMERCIAL USERS (CURRENT OR POTENTIAL)

__Name . Phone

{Cont'd.)

Remarks/
Areas of Interest

cléﬁens; Mr. CIIffordrk.
221-25 Manor Road . :
Queens Village, New York 11427

Geothermal Resources Internat'l ~ (213) 821-8802
Contact: Mr. Domenic Falcone :
4676 Admiralty Way, Suite 503

Marina Del Rey, California 90291

Good Samaritan Village (505) 522-1362
Contact: Mr. Joe Pomplin, Adm.

3025 Terrace Drive

Las Cruces, New Mexico 88001

Hildebrand Greenhouses (714) 726-8351
Contact: Mr. Dick Hildebrand

2008 Edgehill Road

Vista, California 92083

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

Kilde, Dale Lang Corp.
P.0. Box 2125
Gallup, New .Mexico 87301

L'eggs Products, Inc. (50%) SZ&-BS&IA
Contact: Mr. Stan Smith, Mgr.
P.0. Box 788

- Mesilla Park, New Mexico 88047

McCants, Mr. Tom (505) 548-2260
- Star Route Box 265
Animas, New Mexico 88020

Mirador Corporation (505) 388-1701
Contact: .Mr. Mike or
Mr. John Bright
. P.O. Box 1475 \
305 Black Street v
Silver City, New Mexico 88061

0jo Caliente Mineral Springs Co.
Contact: Mr. George Mauro

‘P.0. Box 468

0jo Caliente, New Mexico 88054

4 = A=10

® Resident atop the
. Los Alturas anomaly

e In partnership with
Mirador Corp. for a
prospective fuel alcohol
project s

o Retirement center
space~heating
potential

¢ Seeking good resource
and land for business

e Los Alturas anomaly

¢ Construction and
development of industrial
facilities

e Industrial process
heat requirement

® 1979 AET award recepient
for greenhouse & space-
heating systems

o Seeking capital venture

- for fuel alcohol

production concept in
Animas Valley

¢ Seeking capital venture
and technical assistance
for retrofit space-heating
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PRIVATE AND COMMERCIAL USERS~(CURRENT'OR'POTENTIAL)

(Cont'd.)

Name © ' Phone

Remarks/ _
Areas of Iaterest

Contact: Mr. James C. Krone

Pafaro Valley Greenhouses, Inc.

Contact: ‘Mr. Arne Thirup

P.0. Box 69
Watsonville, California 95077

Prepared Foods,Inc.
Contact: Mr. Russ Johns, Pres.

" El Paso, Texas

Roses, Incorporated (517) 339-9544
Executive V.P.

1152 Haslett Road

Haslett, MI 48840

St. Ann's Hospital

Contact: Ms. Dee Rush
, Administrator

800 E. Ninth )

Truth or Consequences, New Mexico 87901

Sandyland Nurseries (505) 523-8621

Contact: Mr. Frank Cobb, President

P.0. Box 546

Mesilla Park, New Mexico 88047

Headquarters:

Sandyland Nurseries

3890 Bia Real
Carpenteria, California 93013

Schaefer Wholesale Florists, Inc. (717) 741-3841
Contact: Mr. Karl J. Schaefer '

R.D. 3 ‘

York, Pennsylvania 17402

Silver Mesa Greenhouses

Contact: Mr. Jim Hutton =
P.0. Box 16301 ' ;
Denver, Colorado 80216

(303) 573-9251

)

Southwestern Services to. - (505) 388-1976

Handicapped Children and :
Adults, Inc.

Contact: Mrs. Jewell Burk

309 W. College Ave.

Silver City, New Mexico 88061

4 - A-11

(805) 684-5441

Needs process- heat for
beef .

To relocate in

Dona Ana County

National clearinghouse

for rose growers

Researching geothermal

energy option for its members

Prospect for retrofit
space~heating

Proﬁose&“major'exé.

pansion: to include
drilling for produc-
tion well

Seeking suitable resource.
and land for business

Seeking good resource
and land position for
business preferably in-
Dona Ana County

e Faywood Hot Sprihgs

greenhouse state
demonstration proj.




PRIVATE AND COMMERCIAL USERS (GURRENT OR POTENTIAL) (Cont'd.)

Name;

Phone

Remarks/
Areas of Interest

Tellyer Development Co., The
Contact: H. B. Pardner Tellyer
P.O. Box 1318

Las Cruces, New Mexico 88001

Tfaylor;,Mr. C. L.
1555 Candlelight Drive
Las Cruces, New Mexico 88001

Yucca Lodge
Contact:. Mr. Karl Kortimeier
316 Austin - .
Truth or Consequences, NM
or o . . .

Yucca Lodge »

Contact: Mr. Karl Kortimeier
S.R. 319 : _—

Placitas, New Mexico 87043

(505) 522-1964

(505) 522~4552

(505) 894-3556

Young, Tom Racquets & Health Club  (505) 526-4477

Contact: Mr. Tom Young
305 E. Foster Road:-
Las Cruces, -New Mexico 88001

4~ A-12

¢ Subdivision development
atop Los Alturas anomaly

¢ Resident atop the
~Log Alturas anomaly

‘@ Seeking capital and

technical assistance
for the construction of
geothermally heated
condominiums

‘¢ Space=heating and

hot water needs

O
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SUPPLIERS (CURRENT AND PROSPECTIVE)

Heat Exchangers

Name

Phone

APV Company, Inc.
P.O. Box 11189
Palo Alto, California 94306

Agric Machinery Corp.

(415)

(201).

23 Main Street & Green Village Rd

Madison, New Jersey 07940

AlphaéLaval Thermal
American Heat Division
P.0. Box 860 : ‘

Sommerville, New Jersey 08076

Bell & Gossett -~ ITT
3200 N. Austin Ave. =
Morton Grove, Illinois 60053

‘Cherry = Burrell

2400 sixth Street, S.W.
Cedar Rapids, Iowa 52406

Graham Manufacturing Co. Inc.
Department G o
170 Great Neck Road ;
Great Neck, New York 11021

Industrial Systems Corp.-
1025 Lake Road - :
Medina, Ohio 44256

-Patterson . Kelly Co.

Divisions of HARSCO Corp.
115 Burson Street

East Stroudsburg, Penn. 18301

Process Equip. Supply
Salt Lake City, Utah =

Skyline Sales Co. ,
Salt Lake City, Utah

Trawter Inc.

Texas Division °

P.0. Box 2289 ‘
Wichita Falls, Texas 76307

(201)

(319)

| '(800)

(216)

(717)

(801)

(801)

7(817)

4’- A-13

326-6875

377-7997

685-1800

399-3200

645-3757

725~-8500

421-7500
278-9944

723-7125

Remarks

e Heat exchangers
for the Carrie
Tingley Hospital
Demo Project”

486-7114




SUPPLIERS (CURRENT AND PROSPECTIVE)(Cont'd) | R AR B

Instrumentation . _: o oe

‘Héme' - - ' ___Phone ___Remarks

Energy Control, Inc. o @ Distributor for
Contact: Mr. A. Bruce Cantrell , Higgins Energy Ass.
Box 6907

Albuquerque, New Mexico 87197

Higgins Energy Associates v (301) 885~2172 e BTU meter for the
P.0. Box 7317 L & Carrie Tingley
Newark, Delaware 19711 _ Hospital Demo Proj

Tegal Scientific Inc.

P.0. Box 5905

Concord, California

(Local Rep, = Mr. Joe Weckerly
4200 Broadmore, NE
Albuquerque, New Mexico

505 265-3381)

Low Temperature Electrical Generation

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

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

Wuilleumier & Associates {513) 271-7001
Contact: Mr. Tim Wuilleumier,
President
7714 Laurel Suite 2
Cincinnati, Ohio 45243

Pipe & Fittings

__Name N _Phone ____ Remarks

Albuquerque Heating & Plumbing - -
Company C

Contact: Mr. Gene Stalen

Albuquerque, New Mexico . - , .
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SUPPLIERS (CURRENT AND PROSPECTIVE) (Cont d.)

Pipe & Fittings (Cont'd.)

Energy_Materials, Inec.
Contact: Mr. Dave Sibila, Mgr.
3300 South Tamarac

Suite E105

Denver, Colorado 80231

Isco Inc.
Commerce Plaza - Suite 8
2719 South Lemel Circle

Salt Lake City, Utah 84115

Mansville, John Sales Corp.
P.0. Box 14624
Albuquerque, New Mexico 87111

Perma Pipe

(BHT Engineering Co. Inc)
1218 Wyoming

El Paso, Texas 79902

Pumps

 (303) 750-4853

(801) 487-9831

(505) 294-1158

(915) 533-1231

Phone

¢ High temperature plastic
piping materials

¢ Bondstrand Pipe

o Fittings - John

Bell, Kernco Inc -
_Albuquerque, NM

Remarks

Name -

'Alpha‘Southwest, Inc.*.
205 Rossmoor Road, SW

Albuquerque, New Mexico 87102:

Berkeley Pumps
Rodgers & Company, Inc.
2615 Isleta Blvd, SW

Albuquerque, New Mexico 87105 -

" Centerlift, Inc.

5421 Argosy Avenue

Huntington Beach, Calif, 92649

Cole Drilling Company

- ‘801 Delhi Street
El Paso, Texas 79927

Farmers Pump Supplies
512 No. Copia

El Paso, Texas 79927

Gould Water Systems

Lucas Drilling Company
10058 Northloop

El Paso, Texas 79927

- (213) 598-9711
i ' or

(915) 859-9889

(915) 562-3785

4 - A-15

~,(714) 893-8511 '




SUPPLIERS (CURRENT AND PROSPECTIVE) (Cont'd.)

Pumps (Cont'd.)

James, Cooke &;Hébson Inc.
2817 E. Yandell
El Paso, Texas 79925

TP Pump & Pipe Company
1842 Tvo NW
Albuquerque, New Mexico 87102

TRW Reda Pumps
Contact: Mr. Jim Rosser
P.0. Box 131 : .
Farmington, New Mexico 87401

Turbines & Power Systems

Name

(505) 325«4648

Phone

- Remarks

Barber~Nichols Engineering Co.
Contact: Mr. Ken Nichols, Pres.
Denver, Colorado

Hitachi America Ltd.
Contact: Mr. Glenn Fedirko

100 California Street

San Francisco, Californiz 94111

(303) 421-8111

4 - A-16

¢ Pumps, turbines and
power systems

5/81
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1.0 INTRODUCTION =

1.1 Purpose of Project

The North Dakota Geothermal Commertia]ization Project was established ”
as a cooperative effort between the United States Department of Energy (DOE)
and the State of North Dakota to stimu]ate theicommercialization of geothermal

energy in the state.

1.2 0bgect1ves

Several major objectives have been identified as a means to accomp11sh the
goal of geothermal commerc1a11zat1on‘1n North Dakota.f These are:’

. Identify prospective geothermal users and developers in the state.

. Match geothermal sites with potentia]bmankets.

. Stimulate interest and cooperative action among part1cipants in
geotherma] commerc1a112at1on S

. Identify the constra1nts to geotherma] commerc1a11zat1on and
recommend ways to alleviate them.

. Provide information to prospective users and deve1opers, including
»perm1t requirements and financial, econom1c, enq1neer1ng, and
resource 1nformat1on. )

e Conduct a state-w1de outreach program to ‘educate the public and
to st1mu]ate 1nterest .

1.3 Techn1ca1 Approach and Team Members

To eva]uate the possib111ties for geotherma1 commerc1a11zat1on, the state

commercia11zat1on team 1nvest1gates substate reg1ons and spec1f1c sites 1n the

" 5.1




'state. The necessary data for incorporation into the reports are obtained
from the assessment of ayai]able geothefmal resources; current and projected
residential grthh and industrial development; institutional, technical, and
‘environmental considerations; current and projected energy demand; ahd"
economiC‘actiVity. .This information provides the basis for the following
specific tasks:

. Prospect'identifiéation>

. Area development plans

; Site-specific development analyses

. Commercialization plans

. Institutibnai‘assessments

) Energy and economic ;ssessments

Outreach and marketing programs
The North Dakota Energy Office, Geothermal Progran, is conducting the

North Dakota Geothermal Commercialization Project. Team members are: Bruce

A. Gaugler, Program Coordinator, and Jil11 D. Ritz, Technical Writer.

1.4 'Project Benefits to North Dakota and DOE

The North Dakota Geothermal Commercialization Project provides the state
with a planning and assistance program to impart information and advice to
state agencies, Tocal governments, fndustries, small buginesses, and individuals.
‘ Increas1ng the ]evel of understandina regardrng the nature and advantages of
geothermal energy will encourage its use and lessen reliance on fossil fue]

energy sources.



North Dakota's project provides DOE with ah‘assessment'of environmental,
economic, institutional, and»reSOUrce conditions that affect the timing and
extent of geothermal commercialization in North Dakota. This.infbrmation ﬁs,f
essential for long-range national enefgy developmenf planning and will
indicate the contribution that North“Dakota's geothermal resourées can make

to the national energy demand.
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2.0 SPECIFIC TASK DESCRIPTIONS AND PRODUCTS

2.1 LGeothermaI Prospect Identification

North Dakota has a tremendous store of geothermal energy. Many of the
'aquifer systems that underlie the state aré'good sources of low to moderate
‘temperature geothermal flﬁids, suitab]e’fbr space heating and cooling,
’ agricu]tura1 uses, and Tow temperature industrial processes. The temperatures
of North Dakota's geothermal fluids are not presently considered adequate for
e]ectrica} generation;khowever with the development of the Rankine cycle
| engine, this may soon change. |

Both the United States Geological Survey and the North Dakota Resource
Assessment Team are compiling hydrothermal data for the state. The United
States Geological Survey is summarizing the depth, temperature, and water
quality data for'a11 major Mesozoic and Cenozoic aquifef systems. The data-
are not expected to be published until late 1981, but fnfofmation is currently
available to the state commercialization team on a site specific basis.

During‘Phase II of their evaluation of the state's hydrothermal resources,
the North Dakota Resource Assessment Team concentrated on obtaining data and
eva]uating‘potential hydrothermal aquifers of Mesozoic and Cenozoic age,‘with
particular emphasis on the Cretaceous Inyan Kara Formation. The results of
these studies are detailed in the report, "An Evaluation of Hydrothermal .
Resources of North Dakota: Phase II Final Technical Report." The report is
available from the University of North Dakota, Engineering Experiment Station,r

Grand Forks, ND (Bulletin #81-05-EES-02).
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The Inyan Kara Formation'is a wideSpkead aquifer of moderate depth
(fig. 1). ATthough no ré]iab]e temperature data are available for this
formation; it is likely to be an important hydrothermal aquifer in much of
North Dakota. In general, the totai dissolved solids in the formation
water range from about 2000 mg/1 in the southeast part of the state to
about 14,000 mg/1 in the wéstern part of the stéte.

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

evaluating two other potential hydrotherma1 aquiferse-the Fox Hi1ls and Hell

Creek formations of Mesozoic Age. ‘They aiso p1angto‘assemb]e a use?—oriented
catalog of data collected duringrthéir Studfes of potentié] hydrbtherma]
aquifers. ' j ,' |

- Using information available from the Unfted States and North Dakota
GeoTogical Surveys ahdvthe North Dakota State Water Commissioh, the staté
commercialization team has>conducted_a détai]ed‘ana]ysis of the depth,
temperature, and water,qda]ity data for_the major aquifer sysfems‘in’the

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

plan, "Geothermal Energy_DeVe]opmentvPotential in Lewis and Clark~1805 Regiqn, '

North Dakota." | |

| Asipart df’their Phasé”II activitjes, thé’Resource Assessment‘Team's -
fie]dvcreWS ran témperature logs in suitable grqundwatér observation‘holés
and in two "ho]es-of—convehiénce? driTled'by70ther égehcies,br interests,
which weré cased a;heét-f]ow determination sites,} thing Phase 111, the

Resource Assessment Team will attempt to gain access to several additional -

_holes-of-convenience into or through the Cretaceous shales. The results of

this examination will indicate heat-flow patterns over the state.
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FIGURE 1 "- STRUCTURE MAP ON TOP OF THE CRETACEOUS INYAN
KARA FORMATION. CONTOUR INTERVAL IS 75 METRES
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To date, no leasing of state or fedéralrlands for géotherma] exploration

has occurred in North Dakota.

2. 2 Area Deve]opment Plans

2 2.2.1 State Geotherma1 P1ann1ng Areas

The state commercialization team has ident1fied e1ght substate reg1ons

-for area deve]opment ana]ys1s.{ ‘These e1ght.geographic regions coincide with

the boundaries of North DakbtaiState Planning Regions (fig. 2).1

Area deve]opment plans have been cdmpieted for two'of'the state's planning
regions--the Rooseve]t-Custer Region‘and thé Lewis and Clark 1805 Region. Sihcé
geothermal resources occur in abundance throughout the State and their |
characteristics are similar, no additional area development plané are

anticipated for the remainder of the contract year.

2.2.2 Specific ADPs?-Completed or In Preparation:

The Lewis and Clark 1805 Region ehCOmpasses ten counties in southcentral
North Dakota. Mahy‘of the groundwater resources of ‘the region are good'sources

of geothermal energy. The areal extent of the potent*ia'l geothermal resources

varies from .5 sqdare}miles (G]encoe,Channel) to 140,000‘$quare miles;(Dakqta'

and Madison aquifers). Water temperatures in the alluvial and glacial drift
aquiferskrange frbm 440 f_tb 51°.F;7tempér3tures in the bedrock aquifers range
ffom 450 F to 2000 F. These Tow to'moderaté temperature géotherma1 resQurcestﬂ
are suitable for a variety of uses, including groundwater heat‘pump app]iggtjqns,

some industrial processes, and agricultural uses.

- 5-7 .
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Since 1975 the population of the Lewis and Clark 1805 Region has increased
11.6 percent”and isvexpectedfto continue to grew, in large part because of
intensified energy development in western North Dakota. As the population

increases, so will demands on fossil fuel sources for industrial processes

~ and space heating and cooling. These 1imited fuels can in many cases be

- replaced by geothermal energy, resulting in considerable energy,and dollar savings.

Several homeownersrin'the region have insta1]ed‘groundweterfheat pumps for
residential'heating and coo]ing.‘ A groundwater heat‘pump is genera11y more
economical to operate than conventional heating systems, with the possible

exception of natural'gas._,Howevef, many rural areas and small communities.

~in-the region do not have natuka1 gas service and must re1yron the more expensive

energy sources, such as electricity and fuel 0il. The recently announced
decontrol pf natural gas prices may also enhance the economic outlook for

converting to geothermal energy. -

2.3 Site Specific Development P1an$

2.3.1 Cand1date Geotherma1 S1tes/App11cations

The specific resource s1tes that are cand1dates for s1te spec1f1c

development plans are identified in tab]e 1.

2.3.2 S1te Specif1c Deve]opment P1ans--Comp1eted or In Preparat1on.

S1te specific deve]opment plans are be1ng prepared for the fo]1ow1ng

proaects

~ LaMoure

' The state commerc1a11zat1on team is ana]yzing the economic and eng1neer1ng

‘feas1b111ty of a geotherma] d1str1ct heating and cooling system for downtown
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| TABLE I
CANDIDATES FOR SITE SPECIFIC DEVELOPMENT PLANS

" Resource Data -

‘Applications s . : : ; :
~ s Representative Representative Aquifer or
Location Current Proposed Depth (ft.) ~ Temp. (°F) Formation
LaMoure None Residential space 45-47 LaMoure
: heating; commercial 59-60 Newcastle
district heating and
cooling system
Dickinson None Residential space 500 52 Tongue River
‘heating; residential 1800 70-72 ‘Fox Hills/
and commercial dis- _ ~ Hell Creek
trict heating system 5225 160 Dakota
Menoken None - ~ Industrial processing 300 52 Fox Hills
(concrete products) 2900 97 Dakota
: 5400 120

Madison
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‘LaMoure in southeastern North Dakota.

The system will utilize groundwater heat pumps to heat and cool the Omega
City Shdpping Plaza and the city's health care facility. The Plaza is-a |
30,000 Square'foot bui]ding'that houses 16 businesses, and'the health Carer
facility provides space for a clinic, dental and optometric offices, and the -

county nursing services. Both'bui]dings are presently heated with fuel oil. .

Menoken

North Dakota Concrete Products manufactures prestressed and preformed
concrete products, such. as bridge beams and culverts, at its Menoken plant.
Itvofainarily takes 28 days for a concrete product of this fypé to "cure"
sufficiently to withstand 5000 pounds per square inch of pressure, but North-
Dakota Concrete Products uses steam heat to advance the curing process and
decrease the curing time from 28 days‘to 24 hours.  Their current’waterf5upp1y
for the steam process js obtained from a 450-foot well, Whiéh~penetrates the
Fox Hills Fofmati@n and provides 520 F groundwater. A fuel oil-fired boiler
is then used to heat the water‘to a usable temperature. |

T.P.1., Inc., a Bismarck‘consultfng firm, will be S£ﬁdying the possibility
of using warmer water (estimated ét 970 F) from the‘deepe? Dakota Sandstone

Formation for North Dakota Concrete Products' processing requirements. If the

results of this study are favorable, North Dakota Concrete Products also plans

_to investigate the use of geothermal energy for its Minot and;Jamestbwhfblénts.‘

Dickinson | |
Preliminary reports from the North Dakota and the United States Geological

Surveys indicate that the city of Dickinsoh‘may have the best potential for

the direcf use of geothermal energy in the state. The Dakota Group aquifer

system in the Dickinson area should yield large quantities of approximately .
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160° F groundwater-. o
| Dickinson provides an excelIent site for a geothermal districtAheating
-project. ‘Between 1970 and 1980 the city's population increased 28,percent,'
and this fapid growth is expected tbrcontinue with additional energyvproduction/
in southwestérn North Dakota. | - )
The_stateAcommercia]ization team has initiated contact with Dickinson city
officials and state officia]s‘tovstudy the feasibility of establishing a -
distritt heating system at the "ExperimentAStatioh Addition," a 721-lot
deveiopment onvﬁhg west edge of the tity. Plans will include secondary‘uée‘

of the water for domestic purposes.

2.4 Time Phased Project Plans

2.4.1 Active Demonstration/Commercialization Projects:

Heat Pump Monitoring Program

With funding from the 01d West Regional Commission, the University of
North Dakota, Engineering Experiment Station, has been monitoring ten heat
pump 1nsta11ations'(nine residential and one‘commercial) in the state since
November 1980. Nine of the systems being monitored use commercially available
groundwater heat pumps; the tenth is @ modified air-to-air heat pump.

The fo]1owing data were obtained during the first fou? months of the
monitoring program: , , ;
Monitoring perdod: 11/12/80 to 3/30/81
~ Groundwater temperature range: 400 F to 72° F

Energy removed: 156;000 to 342,000‘Bt0/day"
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Water usages 3,768 to 8,325 gallons/day
Electrical consumption for compressor: 3,749 to 6,057 kwh
Coefficient of berformance range: 1.8 to 3. 1
A few of theVSystems experieneedfminor operational prob]ems during this
period (e.g., well and plumbing difficulties), which reduced the operefing'
,efficiency, The coefficient of performance for the systems that did not
experience any problems ranged betweeh 2.6 anﬁ 3.1.
The monitoring progr&m‘wi]] continue thfough_December 1981.

Jamestown D1str1ct Heat1ng PrQJect

North Dakota 3 f1rst d1str1ct heating and cooling project went on-line in
early 1981. When comp]eted, the proaect will consist of nine two-bedroom
townhouses. Two of the townhouses have been'bdiit, with construction of the
remaining seven units sCheduled for late 1981. | |
. Each townhouse is equipped with’a non-reversing groundwater’heat pump
system. A single 1024foot We11 provides 51° F grcundwater to the townhouses -
‘and a discharge well returns the geothermé1 f1uids to the production aquifer.
The supply well is capab1e of discharginé\at a rate of 3300 gallons of water
per minute and could easily supply geothérma] energy‘to,mény,additiona]

~ homes in the area.

2.5 State Aggregation bf Prospective Geothermal Utilization

An estimate of p0551b]e energy on 11ne through the year 2000 is presented
in tab]e,II. These f1gures are. based on the number of projects on- -line as of

June 1981 and the rate of growth apparent between June and December 1981.
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TABLE 11

PROJECTED ENERGY (Btu's) ON-LINE

1.05x1011

~June Dec.
1981 1981 1982 1983 | 1984 1985 | 1990 | 1995 2000
Residential 1.32x10% | 5.27x107 | 1.05x1010 | 2,1x1010 | 4.2x1010 | 7,66x1010 | 2.5x1011 | 4.23x1011 | 5.96x10%
(19) (76) (152) (308) | (608) (1108) | (3608) | (6108) (8608)
~ Commercial 5.0x108 | 2.0x10° | 4.0x109 | 8.0x10% | 1.6x1010 | 2.85x1010 |9.1x1010 | 1.54x1011 | 2.17x1011
(2) (8) (16) (32) | (69) (118) | (364) | (614) (864)
Total Btu's | 1.82x107 | 7.27x10° | 1.45x1010 | 2.9x1010 | 5.8x1010 3.41x1011| 5.77x1011

8.13x1011

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




2.6 Institutional Analysis

Three bills affect1ng the deve]opment of geotherma] energy in North Dakota
were passed dur1ng the 1981 state 1eg1s1at1Ve session.

House B111 1362, which will become law on July 1, 1981, gives the State
Industria] Commission the authority to regu]ate the exploration, development,
and utilization of geothérma] resources in the state (see Appendix A for a copy

of the law). The act provides general guidelines for the Industrial Commission

to follow; speéific rules and regu]étions}wil1 be formu]éted by the Commission

at a later date. Geothermal energy extract1on facilities used for private
res1dent1a1 heat1ng and cooling purposes are spec1f1ca11y exempted from the law,

but permits will probab1y be required for 1ndustr1a1 and commercial uses of

-geothermal energy.

The industria] Cpmmission's jurisdiction is not exclusive and does not
affect the jurisdiction of other government agencies. The geothermal developer

in North Dakota will also be subject to regulations and‘permit requirements

-related to water appropriation and discharge. The state commercia1ization'team

is presently eompiling.informatidn'for‘an‘institutioﬁa] handbook, which will
outline local, stéte, and4federa1 reQu]atiOns for geothermal energy development.
The other two bills amended sections of the North Dakota Century Code to
provide tax incentives»fof the use of geothermal’energy.,'Any North Dakota
taxpayer, whether an fndivfdua] or a‘COrporatibn;:Who installs a geothermal
ehergy device on or after January 1, 'i981,»may now c1aim a state income tax.
credit of f1ve percent per year for three years for the actua] cost of acqu151t1on

and installation of such a device. The 1981 1eg1s]ature also approved an
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_expanded property tax_exemption for geothermal enérgy system;, The exemptipﬁ{

| is va]id for:fiveryears following the date on ﬁhich the system is insta11éd;f’
'These incent§ves should prove benefitia?rto North Dakotans by bringing the
1nitia1_costs for geothermal energy systems‘mbre in line with initial coéts i

for conventional heating and cooling systems.

2.7. Public Outreach Program

, 2,7.1 Qutreach Mechanisms:

* The statefs outreach program is designed to inform the public of the
potential and the advantages of gedthermal energy in North Dakota. In addition
to providing information td,interested individuals and organizatiohs upon
‘request, the state commercialization team also active1y seeks opportunities

~ to promote the development of geothermai energy. '
Existing outreach mechanisms include a monthly newsletter, formal and
- informal talks, .and. distribution of mmtérials.:
“Newsletter |
The newsletter now reaches approximately 1500 individuals and busineéses \
each month. Each edition features current or proposed geothermal projects in
the state, plus other items of special interest to North Dakotans.
Talks | |
- Presentations concerning geotherma1 energy development potential in'North
- Dakota were presented to civic and business organizafions, including the North

Dakota Association of Professional Engineeré.
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North Dakota's geothermal oommercia1ization‘program and activities also

received statewide exposure as a result of a ha]f—hour pub]ic service

-telev1s1on program a1red in March.

Publications

The state commercia]ization'team is}actively promoting the development
of geothermal-related commercial activities in the state. The number of well

drillers, heat pump diStributors,\engineers, and other professionals who are

involved with or interested in North Dakota's‘geotherma1 development has

‘increased dramatically during the past year. A list of these firms has been

compiled and is being distributed to indivfdua1s'seeking advice or assistance
on'their geotherma] project. A copyfof the consultant's 1fst'is presented in
Appendix B. ' | | B .

Two brochures expTaining the operation and advantages of the geothermal
groundwater heat pump have been comoTeted; "Geotnerma]ﬁGrOUndwater>Heat Pump:
An Efficient way to Heat and Cool Your Home" was puinshed'in'January'1981 and
has been Wideiy distributed. The second brochure is more'technica]]y‘oriented
and will be pub]ished'in Ju1y 1981.  Both brochures were'written as'joint :
ventures between the University of North Dakota, Eng1neer1ng Exper1ment Stat1on,‘
and the North Dakota Energy Office, Geothermal Program | |

Outreach mechan1sms for the rema1nder of calendar year 1981 w111 rema1n
the same. ’ ‘ = o

2 7. 2 Summary of Contacts and Resu]ts ’

A]though individual groundwater heat pump 1nsta]1at1ons for res1dent1a1

use cont1nue to account for the greatest 1mp1ementat1on of geotherma] energy
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anticipated dqring the near few years. Community-supported projects, such as

- those proposed-fof LaMoure and Rolla, will benefit other North Dakota citieé

in Nofth Dakota, increasing humbers of city officials and private developers i;;;
have requested information or assistance with district heating and cooling
projects and industrial applications. _ .

The state commercialization team received requests from twelve

~communities for resource information or technical assistance with district

heating Pr0§9¢§$- The initial construction phase of North Dakota's first
distrigf hégtin§ éndjcoo1ingsystem has been compieted in Jamestown, and in-
depth economic and’enginéerihg analyses are being conducted for the cities of
LaMouferaﬁd Dickinson. | |

| 'Iﬁ addition, Rolla city officials have contacted an architect to design

a geothermal system for heating and cooling the city's new day care and

~senior citizen center. T.P.I., Inc., a Bismarck consulting firm, is proceeding )

with a feasibility study for geothermally curing concrete products at the
North Dakota Concrete Products plant in Menoken.

A more detailed account of the state commercialization team's contacts
is presented in'Appendix C.

2.7.3 Overall Prospectus for Future Geothermal Commercialization

The outlook for continued geothermal energy commercia]ization in North
Dakota is excellent.

At mid-year there were a total of 22 (19 residential, 2 cammercialgrand
i agricu1tuha1) gebtherma] systems on-1ine in the state. This number is

expected to quadruple by January 1982, and a comparable growth rate is.

by providing successful working models.

5-18



.;u

W

During the past year the state cbmmercia1izatton team has‘beeh instrumental
in establishing a thriving geothermal industry in North Dakota. Groundwater
heat pump d1str1butors and installers are now located across the state, and
state agenc1es and organ1zat1ons (i.e., state p]umbing board and severa] rural
e]ectr1c cooperat1ves) are encourag1ng the1r members to actlve]y part1c1pate

in geotherma] _energy commerc1a]1zat1on in North Dakota..’
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3.0 SUMMARY OF MAJOR FINDINGS AND RECOMMENDATIONS

| In add1t1on to comp]et1ng several written tasks dur1ng the first half
- of ca]endar year 1981 the state commerc1a11zat1on team spent an 1ncreaswng
vamount of time on proaect stimu]at1on and implementat1on Project st1mu]at1on
act1v1t1es 1nc1uded but were not limited to, news releases (radio, television,
and newspaper), speeches to-c1v1c, bus1ness, and educat1ona1 groups; and |
- distribution of brochures, newsletters, and lists of geothermal sonsultants.

| The state commercialization team devoted approxihate]y 50 percent of its
time providing direct assistance to individual geothermal developers. This
assistance included resource identification, technical assistance, economic
analyses,.identification of and assistance with government regu]a;oryApolicies,
and~¢oordination of activities between project developers and consultants.

 The state commercialization team's initial efforts to promote the

development of geothermal energy in Norﬁh Dakota began at the grassroots
level and focused on individuals and small businesses. Now that the technical
and economic feasibility of geothefma1 energy systems has been established,
the state commercialization team's activities have been expanded to includer
community, industry, and government leaders.} The value of this approach is

evidenced by the number and scope of projects currently under consideration.

Problems that continue to impede the effectiveness of the commercialization

effort in North Dakota include:
. Lack of funding
Individuals, small businesses, and communities often 1acR/the front-end

‘capita1'nécessary to implement 1arge—scale projects. This problem will
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undoubtedly be compounded by anticipatéd cutbacks in federal grant funds and -
loan guarantees available for geothermal projects.

The state commercialization team is working to overcome at least some
degree of this problem on the state level by informing bankers and community
leaders of the benefits of geothermaT energy development. As this segment of
society becomes more enIightened, they'w111 be more willing to pfovide the
finahcia],and community backing necessary for large-scale geothermal projects.

. Lack of economic incentives |

North Dakota is now one of four states that allow tax incentives for
gedtherma] energy devices, including groundwater heat pump systéms. Although
‘the state's 15 percent tax credit and five-year property tax exemption pfovide
some economic incentiVé, there is still 5 need for a concerted effort to change
the federal tax laws to allow credits for systems utilizing groundwater heat
pumps or geothermal reSourcés below 500 C

| . Technical aSSIStance

The greatest st1mu1at1on to growth and proaect success in North Dakota
has been through the Department of Energy's techn1ca1 ass1stance program The
changes in DOE s attitude and po]icy, which allow technical ass1stance efforts
to be carried out in the state by qualified state pérsdhnel; have greatly .
enhanced géotherma] opportunities, knowledge, and pfojett;imp]eméntation in .
North Dakota. Hopefully, a heightened level of tééﬁniqa] assistahce fundihg‘; 

~will be provided to the State‘CommerCia]ization teams;
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APPENDIX A

. /1062 CHAPTER 377 : N MINING

,CHAPTER377:

HOU%E BILL NO. 1362
(Kloubec)

(EIZC)TTIilif(BGI\I.IKIES()IJIZ(ZEEl)IZ\/IiLi)I’hdIEPJ1F
REGULATION "

AN ACT prov1d1ng for regulat1on of the exploration, development. and

utilization of geothermal . resources . by  the 1ndustr1a1
commission; and providing penalties.

BE IT ENACTED BY THE LEGISLATIVE ASSEMBLY OF THE
STATE OF NORTH DAKOTA:

SECTION 1. DECLARATION OF POLICY. 1t is hereby declared to
be in the public interest to encourage, and promote the proper use
of geothermal  resources  in a manner which will prevent waste; to
authorize and provide for ‘the operation of geothermal resource
extraction facilities in such manner as will achieve the optimum
utilization of the geothermal resource and protect  the correlative
rights .of all  owners; to prevent contamination and pollution of
surface and ground water sources; and to avoid creation of secondary
hazards of a geologic nature. .

SECTION 2. DEFINITIONS. As used in this Act:

1. “Commission" means the industrial commission of North
Dakota. ’

2. “Geothermal energy" means the internal enetgy of the
earth, ava:lable to man as heat from rocks or lxquxds.

3.. YGeothermal energy extraction fac111ty" means ‘and includes
any drilled, bored, or excavated device or installation to
provide ~ for the extraction of geothermal energy but shall
not include any device used . for prxvate residential
heating or coolzng purposes.

4. "Geothermal resource" means the recoverable stored heat of
the earth. . . .

S..  "Producer":. 'means . the - owner of. a geothermal energy

extraction facility or facilities, and his agents or
employees. ' . R o
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6. "Product" wmeans anything produced, whether usable or
unusable, by means of a geothermal energy extraction
facility.

7. "Waste* means and . includes the locating, spacing,
drilling, excavating, or operating of any geothermal
energy extraction facility in a manner which causes or
tends to cause reduction in the quantity or gquality of
geothermal energy ultimately recoverable from a geothermal
resource, or vhich causes or tends to cause unnecessary or
excessive use, or degradation, of land surface.

SECTION 3. JURISDICTION OF THE INDUSTRIAL COMMISSION. The
industrial commission has jurisdiction and authority and is charged
with the responsibility to enforce the provisions of this Act. This
Act shall not apply to any activity regulated under chapters  38-08,

:38-12, 38-12.1, 38-14.1, and 61-28. The jurisdiction granted to the

commission by this Act shall not be exclusive and shall not affect
the jurisdiction of other governmental entities. The industrial
commission acting through the office of the state geologist has the
authority: ' o

1. To require:

a. Identification = of ownership - of all facilities,
installations, and eguipment used in the extraction of
geothermal energy.

b. The making and filing of all 1logs and reports on
facility location, drilling, boring, ' excavating, and
construction and the filing, free of charge, of
samples, core chips, and complete cores, when
requested, in the office of the state geologist.

€. The drilling, boring, casing, excavating, plugging,
and construction of facilities in a manner to prevent

contamination and pollution of surface and ground .

water sources and unnecessary environmental
degradation.

d. The furnishing of a reasonable bond with good and
sufficient surety, conditioned upon the full
compliance with the rules of the commission relating
to the extraction of geothermal energy.

e. Metering or measuring all products extracted from or
by means of a facility regulated by this Act.

f. That every person who operates a‘geothermal energy
extraction facility 4in this state shall’ keep and
maintain complete and accurate records of -the
guantities and nature of products extracted from or by
means of any facility, and the ultimate disposition of
such products, which records shall be available to the
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commission or its agents at all times, and that every
such person file with the commission such reports as
it may prescribe. '

g. That upon termination of the operation of any facility
‘or activity regulated by this Act, the operator of the
facility - shall restore the surface as nearly as
possible to its original condition and productivity.

2. To regulate:

a, The ‘dri11ihg{ boring, excavating, and construction of
" ‘all geothermal energy extracticn facilities. :

B. Operations to  assure the cptimur performance of all
facilities regulated under this Act. .

3. To limit and prescribe the nature, quantity, and source of
geothermal energy to  be extracted from any facility
‘regulated by this Act. ‘ ’ oo

4. To adopt rules and issue orders to effectuate the purposes
of this Act. :

'SECTION 4. PERMIT REQUIRED. It shall be unlawful to commence
any operations for the drilling, boring, excavating, or construction
of A geothermal energy extraction facility without first securing a
permit from the state geologist, under such rules as may be adopted
by the commission and after paying to the commission a fee for each
such facility in an amount to be prescribed by the commission by
rule. ' The fee set shall be related to the cost or regulation and
inspection under this Act.

SECTION 5. COMMISSION MAY EMPLOY EXAMINERS. The industrial
commission may use hearing examiners undey such rules as ‘the
commission may adopt. - _ . ‘ ,

: SECTION 6.  "ACTION TO RESTRAIN VIOLATION OR THRFATENED
VIOLATION. Whenever it appears that any person is violating or
threatening to violate ‘any provision of this Act, or any rule or
order of the commission, the commission may bring  action against
that person, in the district court of the county where the violation
occurs or is threatened, to restrain that person from continuing the
violation or from carrying out the threat of viclaticn. In any such
action, the court shall have jurisdiction to issue, ‘without the
filing - of a bond. or -other undertaking by the comnizsion, such’
prohibitory and mandatory injunctions as ' are necessary, including
temporary restraining orders, prelimipary injunctions, temporary,.
preliminary, or final orders restraining the person from continuing
the violation or from carrying out the threat of vioclation.
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SECTION 7. PENALTIES.

1. Any person who violates any provision of this Act, or any
rule or order of the commission adopted or issued under
. this Act, shall be subject to a civil penalty of not more
than twelve thousand five hundred dollars for each act of

- .wviolation and for each day the violation continues.

2. It 1is a class C felony for any person, for the purpose of
evading this Act, or any rule or order of the commission,
to make or cause to be made any false entry or statement
in a report required by this Act or by any rule or order
adopted or issued or promulgated by the commission, or to
make or cause to be made any false entry in any record,
account, or memorandum required by this Act, or by any
rule or order of the commission, or to omit, or cause to
be omitted, from any such record, account, or memorandum,
full, true, and correct entries as required by this Act or

by any rule or order of the 'commission, or to remove from
this state or destroy, mutilate, alter, or falsify any
record, account, or memorandum. » '

3. The civil penalties provided in subsection 1 shall be
recoverable by suit filed by the attorney general in the
pame and cn behalf of the commission, in the district

court of the county im which the defendant resides, or in

which any ' defendant resides, if there is more than one
defendant, or in the district court of any county in which
the violation occurred. The payment of the penalty shall
not operate to relieve a person on whom the penalty is
imposed from 1liability to any other person for damages
‘arising out of such violation.

SECTION 8. ADMINiSTRATIVE PROCEDURE AND JUDICIAL REVIEW. Any
Frcceedings under this Act for the adoption or modification of rules
or orders, including emergency orders relating to extraction of
geothermal energy and datermining compliance with rules of the
commicsion, shall be conductsd in accordance with sections 38-08-11,
36-08-12, 38-00-13, and 38-08-14; ard chapter 28-32 shall govern
administrative practice where consistent with the provisions of this
Act and the above-referenced sections.

. SECTION 9. DISPOSITION OF UNUSABLE PRODUCTS. Products for
which there is no beneficial use and which the commission determines

to be hazardous, must be disposed of in accordance with the

Provisions of chapter 23-20.2 of the North Dakota Century Code and
other state laws and regulations ‘regarding the management of
hazardous wacte.

Approved March 11, 1981
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APPENDIX B .

* CONSULTANTS LIST

Bauer Plumbing and Heating
Bismarck, ND

Bell Geophysics

Bismarck ND

Bismarck Heat1ng and A1r Cond1t10n1ng
Bismarck, ND

Camp Brothers Sheet Meta]
Bismarck, ND

‘Koh1 and Schwartz Englneering, Inc.
"Bismarck, ND

T.P.1., Inc.
Bismarck, ND

Sherman Plumbing and Heating
Carr1ngton, ND

Western Mechanica], Inc

Dickinson, ND

Schall Plumbing and Heat1ng

-Enderlln ND

Baker Wholesale, Inc.
Fargo, ND.

Dean's Refr1gerat1on and Heating
Fargo, ND

-Richard Burns Associates i

Fargo, ND

Simek Refr1gerati0n‘
Fullerton, ND

Border States’Electricv
Grand Forks, ND
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‘Heat pump installation;

p]umbing/heating contractor

Geological and geophysical
testing

'_ Heat pump installation and

sales

| P]umbing/heating‘coﬁtractok"

Ehgineer
Ccnsu]taht

Heat pump installation and

- sales; plumbing/heating

contractor

Heat pump installation and
sales; p]umb1ng/heat1ng
contractor

Heat pump installation;

‘p1umbing/heating contractor

Heat pump sales (wholesale)

Heat pump installation and

'_‘sales, p]umb1ng/heating contractor

,Arch1tect

Heat pump installation; _
plumbing/heating .contractor

Heat pump sales




Neppel Engineering
Grand Forks, ND

" Falk Brothers Well Drilling
,HankinSon;'ND :

~ Russell Dr1111ng Co
Harvey, ND S

| Smith Refr1gerat1on and Heating
Jamestown, ND

“Traut Wells
Jamestown, ND -

Jay Tee E]ectr1c
LaMoure, ND -

. Toman Engineering Co.
Mandan, ND

Willenbring Wells
Mand,an s ND

Baker Wholesale, Inc.
- Minot, ND

Lindsay Brothers Co.
Minot, ND

g So]ar Dakota, Inc
. Minot, ND

Earth Energy Systems
Northwood, ND
Oakes Electric Inc

- Oakes, ND

John T. O'Rourke & Associates
Mountain View, CA

Western Energy Planners
Aurora, CO

Lee Hurry Associates, Inc.
Minnetonka, MN
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Engineer

Heat pump installation and

sales; well driller

Well driller

Heat pump installation and

sales; plumbing/heating contractor

Heat pump installation and

~ sales; well driller

Heat pump installation and
sales; e]ectrica] contractor

Engiheer :

Well driller

Heat pump sales (wholesale)
Heat pump sales (who]ésa]e)

Heat pump sales

Heat pump installation and
sales; plumbing/heating contractor;
well driller

Heat pump installation and
sales; electrical contractor
Engineer

Planning and economic analyst

Heat pump sales



-
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' Vigesaa Engineers

Moorhead, MN

- Schwab. Vollhaber, Inc.

St. Paul, M\
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~ Heat pump sales




- APPENDIX ¢
SUMMARY OF MAJOR CONTACTS AND RESULTS

Federal Government:

Ray Butler
U.S. Geological Survey
Bismarck

State Goverﬁment:

Don Mathsen
Engineering Experiment Station
vUniversity of North Dakota

- Roger Koski
Dist. 32 State Representative
Bismarck

Francis Schwindt
State Health Department

Rick Nelson
State Health Department

Mike Dwyer
State Water Commission

Erling Brostuen
N.D. Geological Survey

Wallace Owen
Public Service Commission

Otto Bervik
Land Department

Bi11 Delmore
State Health Department

Ken Harris -
N.D. Geological Survey
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Geothermal resource information

Grbundwater heat pump brochure

Sponsoring geothermal tax
credit legislation

Water discharge regulations

Underground Injection Control
Program

Water appropriation regulations

Geothermal regulations

Natural gas information

State prospecting and leasing
regulations

Hater diséharge regulations

Geothermal resource information

O
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Barry Zibelman

State Water Comm1ss1on

-Randy JorgenSOn

Tax Department

Lewis Lubka
N.D. State Un1vers1ty

-Joe Z1eg]er

Dept. of Natural- Resources
and Conservation
Helena, MT- '

“Local Government:

John 0' Leary :

Lewis and Clark.1805 Reg1ona]
Council

Mandan

John Lee
Mayor ~
City of Colfax

Chris Troseth
Southcentral Reg1ona1 Counc11
Jamestown

Lynn Fundingsland
Lake Agassiz Reg1ona1 Counci]
Fargo

Bil11 Bryant

"Rural Development Corporat1on
“Grand Forks L :

'\K1m Nesvig n
~North Dakota Central Resource Center :
- Devils Lake- “

~Art Baumgartner

Mayor
City of Dickinson

5-31

- Requested resource information

for city of Gackel--proposed
district heating system

‘Geotherma1 tax credit information

Requested resource information
for S1oux County

Requested groundwater heat pump -
. information '

Lewis and Clark 1805 Area

Development Plan

" Requested resource information

for city of Colfax--proposed
district heating/cooling system

Requested funding source informa-

tion for proposed district
heating/cooling system in-
LaMoure

Requested resource information'
for Sioux County

" Requested groundwater heat pump

and resource information for -
East Fairfield

/V,Requested,resource information

for North Centra] Region, Ny

‘Dickinson djstr1ct heat1ng system

project




Commerc1a1/Industr1a1

Ruchard Burns Associates '
Fargo . : .

Montana-Dakota Utilities
Bismarck

Tom Trousdale -
Capital Rural Electric Coop.
Bismarck

Spérb Co]]ihs
T.P.1., Inc.
Bismarck

_Jerhy Kainz
Refrigeration Service
James town

Don Anderson
Capital Realty
Bismarck

Tom Kambeitz
Bismarck Plumbing and Heating
Bismarck

Willy Williamson
Leichty Mobile Homes
Jamestown

- Reuben Meland
Earth Energy Systems
Northwood

Jim Haines and John Jennings
- North Dakota Concrete Products
. -Bismarck
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"Architectural firm”ihVoTVéd in

Jamestown district heating/ -
cooling project and Rolla
community center project.
Requested resource information
Eor Osnabrock--proposed nursing
ome

‘Natural gas rates and regu]ations

Requested groundwater heat pump’
information and brochures for
~distribution to customers

Consultant for proposed Cherry
Street (Grand Forks) district
. heating/cooling system

Requested information on geothermal
tax incentives; installed heat
pump system for Jamestown
district heating/cooling project

Requested resource information for
Bismarck--proposed 48-unit
condominium deve]opment

Lewis and Clark 1805 Area Development
Plan

Requested information on geothermal
development potential in Jamestown

Geothermal developers in northeast
North Dakota; requested slide
presentation and brochures for
distribution at Valley C1ty
w1nter Fair

Requested feasibility study for
N.D. Concrete Products

O



Vern Zink

T.P.I., Inc.
Bismarck

Dale Rogers
First State Bank
Lemmon, SD

Roger Russell
Russell Well Dr1111ng

_Harvey

Mike Robb
Globe Development

- Bismarck

Roys Willenbring
Mandan

Bi11 Davis

T.P.1., Inc.

Bismarck

Terry Moore
0i1 and gas broker

Dave Schaaf:
Amoco 0il1 Refinery

Mandan

‘Dave Buckm111er

Solar Dakota
Minot

Rod Bohr and Jim L1ndstrom ,.e’

Team Bu1]ders
Fargo '

Les Nesvig

First State Bank

LaMoure

Bob McLeod .
KFYR Television
Bismarck
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Conducting feasibility study
for N.D. Concrete Products

Lemmon, SD, district heating project

Has installed geothermal slab-
floor heating system in his shop

Has installed groundwater ¢oo11ng
‘system in commercial bu11d1ng,
Bismarck ,

Dr1111ng shallow groundwater wells
for cooling purposes in Bismarck/
Mandan area

‘Requested 1nformat1on on HUD district

heating program for Mayor, C1ty
of Lincoln , e

 General

‘ Requested groundwater heat pump

information -

: Requested geotherma] tax credit

1nformat1on

"Beginning,heat,pump distributership .

- LaMoure d1str1ct heat1ng/cool1ng o

system.

| 1Te1euisionfahd'radipfinterViewrﬁ




Harvey Schneider
Toman Engineering
Mandan = -

Hunter Grdbe Architects
Fargo :

-Darrell Pierson
LPC Systems, Inc.
‘Boulder, MT

Envirogenics Systems
E1 Monte, CA

Bill Shamouri
‘Basin 011
Williston
Loren Kopseng
Carlson Homes
 Bismarck

'Lafny Whi tcomb
Western Mechanical, Inc.
Dickinson

Civic or Business Groups

‘ Bismarck Exchange Club
Bismarck Lions Club
Bismarck Rotary Club
Bismarck Junior College

N.D. Association of Professional
_Engineers

“Robinson Lions Club

Fessenden Kiwanis Club
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Requested ‘information for city
of Medora--proposed district
heating system

Requested engineering assistance
for West Fargo school district

Requested groundwater héat.Pump
“information ’

Reverse osmosis system for Dickinson

General

Requested information on geothermal
potential in Dickinson

Groundwater heat pump distributor

Speech
Speech
Speech
Speech

Speech (annual meeting)

Speech
Speech

O



- Individuals

Keith Osberg
South Dakota

Dave Poppke
Grand Forks

- Ben Schaaf
Mandan

Larry Hoge”
_ Bismarck

David Salisbury
Beulah

Dan Mars
Bismarck

Glen Schuelke

- Other individuals
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 Requested groundwater heat pump

information

Requested groundwater heat pump
and federal loan information

Proposed heat pump installation
south of Mandan

Requésted geothermal tax incentive
information

Réquestedvgroundwater heat pump
information

Requested groundwater heat pump
~information

Pfoposed residential heat pump
installation

General information
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SOUTH DAKOTA GEOTHERMAL COMMERCIAL IZATION PROJECT

SEMI-ANNUAL PROGRESS REPORT

-~ JANUARY = JUNE, 1981

Prepafed'by '
Phil Lidel
South Dakofa‘Offlce of Energy Pollcy
Work Performed Under Contract No. DE-FC07-811D12012

- U.Se Depar+mén+ of Energy
Idaho Operations Offlce
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1.0 _INTRODUCTION

1.1

Scope of Project .

The top priority of the state geofhermal,team Is to replace con-
ventional fuels with geothermal energy wherever possible In South
Dakota.outreach and technical asslstance have been the main vehicles

used to achleve thls pflorlfy. The physical aspects of the resource

restricts the use of geothermal energy .In South Dakota. The low tem=
perature and reglonal aspect of the Madison Formation IlImits Its use
+o space heating and agricultural purposes In an arealfhaf has |ittle

'lndusfry.;’The other shal lower aquifers that under|le eastern South
Dakota ‘have to be groundwater heat pump assisted. -

‘There are numerous existing artesian wells in South Dakota whose
only use Is for |ivestock watering. Other wells In smal | communities
are not belng used for any purpose. The past 6 months the state team
has been trying to make the owners of these wells aware of the

; berefits of geothermal energy. Dupree, Wessington, Faulkton, Eureka,

2.1

and Vermillion are Interested In varlous forms of space heating and
have applled for technical asslistance. Numerous Individual land
owners have also asked for assistance In space heating ?helr'bUIId-
Ings. - A data needs sheet for geofhefmal and heat pump éppIICaflons
was prepared by NME! and the state team (Appendix A). Thls data sheet
was fllléd out by the requestor and returned ‘o %he state feam; Data

~ from resources that had temperatures lower than 38°C were sent to NMEI

to run on thelr groundwafer heat pump model study. Data ffbm'resbur-

ces with temperatures over 38 OC were sent to EG&G for evaluation In
thelr 100 hour technical asslsfance program. A |Ist of requesfors is

lncluded In Appendix A.

2 0 5EEQlElQ_IASK_DESQBlEIiQNS_AND_EBQQUQIS

EExd1mumEu_ihxxuﬁxd;ideniiiigailgn, :

There Sflll Is no resource assessment feam'ln South Déko+é;f The

South Dakota Depariment of Water and Natural Resources and the -
.Department of Energy are still negoflaflng a contract. The lafesf In=-

ventory of existing geofhermal resources was Del Jensen's sfudy of

“central South Dakota that was Included In the last semi-annual report. ~




2.2 A:ea_nsxalnnmahi;E1ans
Data collection for ADPfs 5 and 6 are continuing and will be

2 63'

2*3.1

Material

6" pipe
4" pipe
3" pipe
2" pipe

6" taps

4" taps
3" Taps

2" Taps

pubffshed in the final report.

Lemmori, South Dakota rematns as one of the prime can-

- dldafes. = The latest TA Report (May 30, 1981} prepared for the

¢tfy by Dunham Assocletes, Inc. has scaled the project down to
a minfmum Phase | constructlion ef fort. Phase | comprises one

.well located at the central clty park sfte and enough basic

distribution piplag to utilfze & significant fraction of the
energy avallable from the well. The wtlllfy district will
provide all fhe heating energy for & downfown area of 9 blocks
consisting of 62 bulldings. The project could later be ex-

panded to a district heating concept for the surrounding -
‘residentlal erea. Lemmon Is going 1o submif & UDAG appllca~

ffon for district heating. The engfneering and geological es-
tImates for the project are tisted below.

Lemmon Geothermal Constructlon Estimate

Amount
. ‘, por nclu

2,300 $40.00 Ft $101,200
1,040 38.00 Ft 39,520
2,600 26.00 Ft 67,600
5,240 24,00 Ft 125,760
2 800.00 Tap 1,600
25 700.00 Tap 17,500
53 600.00 Tap - 31,800
40 600.00  Tap 24,000
o ~ Subtotal $408,980
MobFFizing LS 25,000
Contingency - LS 30,000

Total Cost

- $483,980

6~ 2
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Aquifer Data
Depth 2073 Meters
Temperature 72°%

Flow Rafe/Well 400 GPM (pumped)

Supply Wells 1

Disposal Wells 1

TDS 7500 ppm . ,
Static Level - 100 feet

Estimated Cost for'Supply & Disposal Wells $1,400,000

Propane

Fuel Ol

Coal

Electric _
Electric (pump dist.)
Electric (well'puﬁp)v.

Total

Propane € $.59/gal.,

Fuel oll € $1.10/gal.
Coal € $30/ton
Electric @ $.035/KWH

Total

BTUx 10%yr
Existing . Proposed
6,630 0
8,340 o
5,810 0

595 0

0 102
21,375 472

Energy‘Dafak

‘Annual Fuel Cost (1000's)

44,05 0
70.60 0
10.50 0

.10 484

13125 4.8

Save
6,630

- 8,340
5,810
595
- (102)

—(370)

. 20,903

Save

44,05
70.60
.10.50

126,41




Midland and Phillp are other prime candldates for SSDA;
Mldland's datalavebeen published Ip.prior reports. Phillp
has been selected to receive community assistance from Eflof h
Allen and Assoclates so that dafag;lll probably be updafed.
2.4 Time Phased Project Plans
' The three demonstration projects In South Dakota have been
operational since the fall of 1980. A brlef description of the
projects follows: \ '

- Diamond Ring Ranch, Hayes, South Dakota

Thls. direct use demonstration satisfles the space heaflng/

demands of two moblle homes, two permanent resldences, a shop
bu!ld[ng, a bunkhouse, & hosplital barn, and dries all grain har-
vested on the ranch. The 68°C water Is also used to Irrigate
lawns, gardens, and frees vithout affecting the solt. A garage Is
heated with a serles of plpes embedded In & concrete floor. All
other heating Is accomplished via water-to-&lr heat exchangers.
The graln dryer Is used 1o dry small gralns such es wheat, oats,
and barley In the summer and corn In the fall. Approximately 100
gal lons of gecthermal fluld per minute flow to the graln dryer.
Total energy used Is 7.87 X IOQ‘BTU/yr replacing 185,288 Kwh of
eiecfrtclfy and 49,415 gal lons of propane. There have been some
malntenance problems with degassing and with some of the Ilnes
freezing. Total cost of the project was $403,000 with a 62-38%
DOE-owner spllf.

- St. Mary's Hospital, Plerre, South Dakota

A 663 meter well drilled In the Madlson aqulfer supplles 42°C

geothermal water at a rate of 375 gallons per minute for hospltal
space heating. This appllcatlon satisfles 100 percent of the space
heaf!ng needs of a new 65,000 square foot wing, and par+lal hea+lng
of the orliginal 83,000 square foot hospltal complex. Geothermal
energy heats the high volume of outside &lr required to flow Into
the hospltal for ventitefion. The well also provides energy to

~ preheat ‘domestic hot water from 13°C to 38°C before golng to a con-
ventional oll-fired unlt. The geothermal energy replaces 115,000

~ gallons of fuel oll anfually for & savings of $140,000. The dis-

- charged geothermal fluld Is pumped Into the Missour! River.

6- 4
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ProJec+ costs were 51]8;000 with a!75425$ DOE—parflclpanf split,

A 1300 mefer;Well with a flow rafevef 300 gpm and a tempera~
ture of 69°C Is used to bronde heat ahdxdomesflc hot water for fhe-
5 bullding school complex. The geofhermal water flows fhrough the
space and domestic hot water heat exchanger and then Is dlscharged‘
into the downtown business area. Elght business places obtaln ap-
proxlma%ely\half of thelr heating requlremenfs from the geothermal
energy. The presence of Radlum 226 in the geothermal water |
requires a 10% aqueousvseluflon of barium chlorlde be added result=:
Ing In a chemical reaction that removes the radlum‘ln a'seffllng
pohd. Thebchemlcal reactlon creates a scallngvproblem that

. requires some malntenance. Total amount of conventlonal energy

replaced Is elecfrlclfy - 122'989 Kwh, fuel oll - 54,729 gal lons,
and proﬁane - 23,858 gal lons. Cost of the project was 1.2 mllllon
dol lars with a 78-22% DOE-parflclpanf spllf. '

'ZSmiLAggLegailQLLgi_ﬂmmue_ﬁeﬂhﬂmLUﬂUnﬂm

The demonstration projecfs described In the previous section and

the TA projecfs descrlbed,ln,Appendlx A are the majority of the

prospective geofhermal users that are known at this time. The

Missourl Bas!n Munlclpal Power Agency has a new offlice bullding underf
construction in Sioux Falls that Is golng to be space heated by a
~ Westinghouse greundwafer heat pump. No estimate of energy savings

has been made at this time. Numerous Individuals have Instal led
groundwater heat pumps In thelr resldences, however, energy dafa are
still Incomplete.

2.6 Institutional Analysls

The South Dakota Department of Water and Natural Resources Is
+he permitting agency for geothermal wells in the state. 'They have
generally been In favor of geofhermal developmen+ the pasf two years.
The Deparfmenf of Wafer and Natural Resources [s extremely consclous
of profecflng prlor water rlghfs and of prohlblflng fhe dlscharge ’
from an aqulfer +o become greafer fhan the recharge. There are 1two .

cases that vlvldly Il lustrate this regard. the Indlian school at
~ Chamberlaln was Issued a water permlf for the Dakota Formation only

after agreeing to plug the same flow rate exlsf!ng In wiid wells as
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the school wants to use at the site. Lemmon.has been issued water
permits for the Madlson Formation; the clty has been told by the
Deparfmenf of Water and Natural Resources personnel That permlfs for —
the Fox Hills and Dakota will be refused. ' | ’ N\
2 7 Enb_LLr_Quimas;h_Er_mm
- The state teams's oufreach program Is designed with two goals In
7 mind. The flrst goal Is to prbvlde the people of South Dakota wlfh
- all fhe avallable lnforma?lon about geothermal energy. The second

, goal Is to match the user wlth the resource and provide the necessary
fechnlcal assistance and !nformaf:on about funding sources fo put
projects on-lline.

The past six months the 100 hour Technical Assistance Program
has been stressed In the outreach program. The Energy Newsletter and
all the South Dakota dally newspapers have run feature articles on

~ the TA Program. The response to the program was moderate. Numerous
requests were recelved; however, the majority of them were from In-
dlviduals that had a resource with a temperature of 38°C or less.
Data sheets from low temperature resources were forwarded to NMEl to
be run In thelr computer model of groundwater heat pump heating sys-
tems. Requestors that did not provide sufficlent date for the com-

Il

puter model were sent heat pump Information by the state team. Data
from resources with temperetures ebove 38°C was forwarded to EG&G for
acceptance in thelr Technlcel Assistence Program.

A geothermal energy user's conference was held in Plerre
February 26. The program conslsted of speakers from the private and
government sectors addressing all aspects of the geothermal fleid.
Bill Toth from EGAG talked about DOE's role In promoting the use of
geothermal energy. Dan Carda of the South Dakota School of Mines and
Technology talked of the active South Dakota geofhermalrprojecfs and

- the englneerlng problems encountered durlng consfrucflon. Kelth

- Osberg of the Huron Driiling Company talked about drilling water _
wells InvSQuth Dakota. Reuben Pastians of the Midwestern Energy .
Company éxpialned the role of,groundwafer heat pumps In the state,
and John Héfch of the South Dakota Depariment of Water and Natural
Resources explained the state laws end regulaflons pertalning to the
use of geofhermal wa*er.
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The Soufh Dakofa ExTenslon Servlce conducfed a serles of "Energy
Expo's" +hroughou+ cenfral South Dakofa February 10-19. Sllide shows

- explaining the use of groundwafer heat pumps and the pofenflal of

geothermal energy In South Dakota were featured. The publlc broad-
casting system showed a half hour program on alternative energy May
28 and 31. Dr. Sfan Howard explalned fhe geofhermal system af the
Diamond Ring Ranch. |

The state team presented a talk on geofhermal energy at +he
Alternative Energy shorf course on the Soufh Dakota State Unlverslfy
campus In June. ’ ‘

The future of geofhermal commerclal Izatlon In South Dakota is

primarily In the space heating ‘and agriculture sectors. There are

many deep arfeslan wells In western South Dakota that elther are not

‘belng used or are used for stock waferlng only. Ranchers are now

showlng an interest In uslng this resource for energy.

District heating may be a posslblllfy In the state but popula—
tion density will be & problem. There are several small communities
that would I1ke fo utilize éxlsflng wells for space heating of publlc

bufldings and private homes. The towns, however, consist of single

family dwel lings and don't have the tax base to supporf a dlsfrlc*
heating system.
 Groundwater heat pumps have a great pofenflal for space heaflng

" In eastern South Dakota. Groundwater temperatures range from 8—1290

north to south across the glaciated portion of the state. The out-
wash plains and the river valleys have the resource to susfaln space
heaflng by groundwater heat pumps.

‘3OSJJMMABLDE_L'IAJQB_E1M11NE&AND_REQQMMENDAIJ.QN.S

The state team actlvitles have been dlracfed towards Qufreach
and fechnlcal ‘assistance. The sparse pbpulaflon, extreme Weafher; v
and Iack of industry In South Dakota dictates that the most efflclenf

~use of geofhermal energy Is In the space heaflng and agrlculfural

flelds., The low to moderafe resource femperatures, (less than 84°C)
is also besf sulted for space heatlng and agrlculfure.
With fhese [Imitations In mind, the state team embarked on an-

| educational and Informaflonal program designed for the best u+lllza¥

tion of fhe,resource avallable,

6~ 7




‘ , TV,'newspapers,‘and radio were used to famillarize South -
Dakotans with the potential of geothermal energy; Informational
workshops featuring local speakers knowledgable In all aspects of

geothermal development are belng held throughout the state.

EG&G's 100 hour Technical Assistance Program and NMEI's
Groundwafer Heaf Pump Modet Study have recelved statewide publlclfy
and have created a lot of Interest.

The goal of getting BTU's on line will be accompllshed If:

-~ The general publ Ic 1s convinced geothermal energy Is economically"
feasible: this Is belng accompllshed by publishing data from exist-
lng geothermal projects that show a savings when compared to con~
ventional fuel. | | '

- Fundlng Is avallable at a rate pecple can afford; the high Interest

rates are discouraging small communlf!es from developing exIsting -
~ resources, Most munlclpalitles are bonded to the limit and do not
~have the tax base to pay off high interest loans.

The solution to the flranclal problem Is very complex and beyond
the scope of'fhls report. The problem could be allevieted If there
wvere low Interest loans avallable elther through federal or state
programs. ‘
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APPENDIX A

'WeSSIngfon, Soufh‘Dakefa"‘

Resource
‘Depth: 385 M
Temperature: 27°C
Flow Rate: 50 GPM
Tyoe of Discharge: Storm sewer

User
Degree Days Heatlng: 7,660
Winter Design Temperature: -17°C A
Type: Space heating and hot wa*er for flre hall and gymnaslum o
Bullding Area: 11,800 12 '
Heat Demand: 8.89 X IOBBTU
Payback Perlod: 9 years

Status: Projecf suspended due to Iack of funds
Faulkton, Soufh'Dako+a~

Resoufce
Depth: 366 M
Temperature: 22°C
Flow Rates 225 GPM |
Type of Discharge: Storm sewer

User
Degree Days Heating: 8 200
Winter Design Temperatures -18°C |
| Type: Space heating, with ald of heaf pump, elemenfary, hlgh
| school and gymnasium -
Bullding Area: 74,000 £

Type of Energy: #2 oll




Price of Conventional Fuet $/MM/BTU's: $9.06
Annual Heat Demand: 5.897 X IOQETU .
Payback Perlod: 4 years

Status: No action has been taken

Eureks, South Dakota

Resource
‘Depth: 636 M
Temperatures 23°C
Flow Rate: 348 GPM
Type of Discharge: Into lake

User
Degree Days heaflng: 8,720
Winter Design Temperature: =19°C
“Type: Space heating and hot water, essisted by heat pumps,
- for gymnasium, €lementary, &nd high school
Bullding Area: 64,000 2
Type of Conventional Fuel: Ol
Price of Convention Fue! MM/BTU's: $9.06
Annual Heat Demand: 5.369 X 10%BTU
Payback Perlod: 5 years
Status: Data sent to city, no action taken

Dupree, South Dakote

Resource :
Depth: 1,372 M
Temperatures 59°C
Flow Rate: 66 GPM _
Type'of Discharge: Storm sewer
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User 2 :
Degree Days Heating: 7,890
Winter Design Temperature: -17°C

. Type: Direct use for space heaflng and -hot water for school,

courthouse, fire hall, and munlc!pal ‘bar.

Bullding Area: 85,931 12
Type of Energy: . Fuel oll
Price of Conventional Fuel MM/BTU's: $9.06
Annual Heat Demand: 6.79 x 10%TU's
Payback Period: 9 years _ v
$+a+us. EG&G may provlde fechnlcal asslsfance

‘Vermilllon, South Dakota

Resource :
Vermlil llon proposes to use pofable wafer stored In a 1.5 mllllon gallon
ground storage reservolr to assist In the heating and/or coolling of the

Y‘VermlllIon Publlc Library. Rather than dISChargeffhe wafer, I+ is proposed
that the wafer be refurned to the reservolr. Tempefafure of the water Is
17°c. |

User :
Degree Days Heaflng: 7,700
Winter Deslgn Témperafure.'-24°c v
Bullding Area: 11,000 12
‘Type of Conventional Fuel: Natural gas
Price of Conventional Fuel MM/BTU's: $5.61
_ Payback Perliod: 3 years ‘ o | o
~Status: No action taken.

6-11




Hot Springs Veferah's Administration

Resource . : ,
The resource Is a spring that has a flow rafe of 1600 GPM and a *empera-
ture of 29°C. |

»rType»of Discharge: Into sewer or river

User
Degree Days Heaflng. 8, OOO
Winter Deslgn Temperetures =12°C ,
4 Type: Use weter to water heat pumps to prcduce 60°C hot water for both space
heating and hot water. Conventlonal boller cen be used as the back-up
- system to heat hospital and four plex apar1menfs.
‘Bullding Area: 603,000 f1%
Type of Conventional Fuel: #2 & #6 fuel ofl
Price of Conventional Fuel MM/BTU%s: $9.06
Annual Heat Demands 75 X 10° BTU
Payback Perlod: 2.
Status: No actlon as yet

In addition several other projects eore In the planning stage and could
result In viable geothermal energy use. EGAG 1s negotiating with two ranchers
who have applied for the Technlcal Assistance Program. Ed Brunner of Nisland,
South Dakota hes a 1,340 meter well that has @ flow rate of 1,400 gpm and a
temperature of 52°C. The water Is presently being used for stock watering and
then 1s discharged Into a dralnage difch. Mr. Brunner has iwo houses, one has
electric heat and the other Is heated with LRG, that he would like to heat
with the water,

Ray Herman of Presho, South Dakota has g 530 meter wel ] that has a flow
rate of 1435 gpm and a tempereture of 48°C. 14 |s presently belng used for
domestic water, stock water and Irrigalton, Mr. Herman would |ike +o‘hea*
three rench houses, machine shed, shop end ealying barn with the water.

A third project that logks very promlsing Is the St. Joseph's Indlan
: Schoo! at Chamberialn, South Dakote. The scheol proposes te heat seven bulld-
Ings, with e combined floor space of 153,000 1%, with a three well two

6-12
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' centrifugal groundwater heat pump sysfem. All financing will be private.

Roby, Quintal, & Everson of Mitchell, South Dakota Is the consulting englneer,
t+he groundwater heat pumps wlll be Installed by Westlnghouse. The system wiil.
replace a fuel oll system at a savings of $175,000 a year, '

- 6-13
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UTAH GEOTHERMAL 'COMMERCIALIZATION PROJECT

SEMIANNUAL PROGRESS REPORT;'JANUARY-JUNE‘1981

1.0 Introduction

The Utah Geothermal Commercialization Project is part of a regional
program funded primarily by the U.S. Department of Energy; The objective

of the program is to foster the development of geothermal resources in

~each state through public information services, technical assistance.

planning, and public outreach. The program was also intended to provide

DOE with program support information.

In i977; the Utah Division of Water Rights contracted with the DOE

to perform these functions in Utah. Personnel'working on the Utah

“.project are Stanley Green Directing Appropriations Engineer in the '

Division and Project Supervisor for the commercialization program' L."
Ward Wagstaff, planning and technical analysis; and Connie Walker, who
replaced Douglas Nielsen in January as the information and marketing

specialist,

The primary'benefit of the geothermal'commercialization~project in

vUtah has that potential developers and users have a resource to which

they can turn for general information on resource locations and

characteristics and for advice in dealing with the 1aws and regulations_

‘governing geothermal development. The State Team has also gathered
'Vinformation which has been helpful to various state agencies in their

regulatory activities. The project has provided the U.S. DOE with data
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from the state level and has acted as a contact point within the state

for the DOE.
2.1 Geothermal Prospect Identification

‘During the period of January to June 198t, there were no new deep

' exploratory wells drilled for electrical exploration; there were also no

successful new wells drilled fof direct use. A number of reservoir tests

were conducted, however, including tests at Eoosevelt Hot Springs and

nystal Hot Springé.

At Roosevelt Hot Springs. the major high—temperature prospect in
Utah work is progressing into the development phase. K contract has
been signed by Phillips Petroleum Company, the major developer and Unit
operator. and Utah Power and Light, the major utility in Utah. The
contract provides that Phillips will drill the production and inJection
wells and construct the wellhead facilities, and that Utah Power and
Light will buy the steam. opersate the generating plants, and distribute

the power.

Phillips and Utah Power and Light have announced plans to initiate
power production at Roosevelt uithra 20 MWe pilot plant. The operation
of this plant will enable the developers to study the reservoir during
the time that the larger eapaéity plants are being designed, permitted,
énd,ﬁonstrucﬁed. The pilot plantrwill use mostly exlsting wells for
produetidn ﬁndﬂIESeétion; Several.additionallwélls will be drilled for
the 1nitia1;p1;hi; including at least two production wells which will

" ‘probably be drilled in late 1981 or eerly 1982.
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At Crystal Hot Springs; near Bluffdale in Sa1t Lake Couﬂty, a flow
test-was conducted in February in a 1000 ft well drilled for the Utah‘r
State Prison'space heating project. The well was allowed to»flow under
artesian pressure at 600 épm for 15 hours, then was cut back to 400 gpm
for 11 hours. The wellbwas then shut-in and the preSsuré rédovery was
measufed; ninety percent.bf the 4 psig initial pressufe was recovered

within 24 hours after the flow had ceased.

In May 1981. L. D. Haddock,,a_privgte landowner,rdrilléd an
exploratofy well in Midﬁay. Wasatéh_County. to determine the poténtial
for space heating. Haddock inténded‘tp use heat from the well to heat
one and‘possibly two homes. The ﬁell was drilled to:a total depth of
about 260 feet, and’encountered temperatures of about 7501; (2"0 C). The
well had an artesian flow of ékfew gallons per minute of fairly good |
quality water,  Unfortunate1y, the temperature was inadequate fér'the

planned,uses.’but the owner may reenter and deepgn the well at a léter _

- date.

Phillips Petroleum Company formed the Drum Mountains Geothermél“Unit'

in a remote area about 30_mi1es west of Delta. The Unit has been

approved by the USGS and by the4Utah Division of State Lands. It -

contains 64,523.50 acres, including 8,502.36 acres of state lands and

56,021.14 acres of federal lands. Although there are no surface
manifestations éf geothgrmal_resoﬁrcés in_theAarea._unofficiai reports
have indicated that favérable,temperaturé gradients have been
encouniered. Phillips igtends to drill a deep exploratory well in the_

Unit, but has not yet specified when or where the drilling will occur.
7_3 ' . B




Several companies conducted temperaturé gradient sur§eys during the
first half of 1981. Host of this exploration was in fairly remote areas
of western Utah. SCompanies for‘ﬁhich temperaturé gradient drilling
permits weré.issued:included Phillips Petroleum Company, Union 0il

company, and Hunt Energy Corporation.

. _A fieldiinspection.fbr '] geotbefmal‘well within the Roosevelt Hot
Springs Unit was held during‘naréh 1961. Geothermal Power Corporation
applied to the USGS to drill an exploratory well on a 40-acre federal o
lesse held by A. L. McDonald., The tract nearly straddles the Dome Fault,
which is one of the major controlling structural features in the resource.
area. Extensive opaline deposits lie along the fault and exten§ into the
tract. Gebthermal Power planned eventually to drill up to three welis
including two production wells (on the south side of the fault) and an
injection well (north of the fault). Although the purpose of the field
insﬁectioﬁ was to discuss potential environmental impacts, the primary
concerns revolved around safety éoﬁsiderations involved with drilling
oioée to the fault., An issue which was raised later was whether a well
drilled in that area should be considered an exploration well or a

development well.

A number of new geothermal leases were issued'by the Utah Division

of State Lands. These are listed in Table I.
2.2 Afea DevelopmentkPlans

'Area‘bevéibpment Plans (ADP's) were intended to indicate, in a
generalrway; the~opportun1ty‘for'hydrothermal development within a

specific sub-state area. This is accomplished by matching projected
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"TABLE I NEW STATE GEOTHERMAL LEASES,‘JANUARY - JUNE 1981

County/ ‘ Size - No. of

Leaseholder ‘ "~ (acres)  Leases
Juab- | |
Phillips Petroleum Co. 2559 3

Beaver and Millard

Hunt 0i1 Co. 2019 3

Location

T14S, R11, 12, 13W

T30S, RITW

T20, 21S, RO

Date

2/17/8

4/20/81
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énergy for the area with the estimated energy potential of geothermal
resources within the area. This information could be used to target
likely sites for geothermalsdevelopment within the state, and would also

be useful to state, regional, and local planning agencies;

The first step in the ADP process was to divide the state into
‘aoprooriate areas for analysis. éountiea were grouped together on the
~ basis of geographic, demographic, cultural, and economic féctors as well
as the neture and distribution of the hydrothermal resouroee within each

county.

~ After defining the planning areas, estimates of energy demand
through the year 2020 were made. Industrisal energy projections were.made
by.the New Mexico Energy Institute using industrial data from the state.
Residential and commercial energy projections were made using past |

consumption data and population growth projections.

Estimates of the energy potential of the hydrotherdal resources were
made using known temperature end flow data. Reservoir capacities were
estimated in some ceses. Usually, the energy potential of the
hydrothermal resources was very difficult to estimate with any degree of
confidence, end althoogh the use of surface temperature and flow data
yielded conservative results, it provided a systematic approach to the

estimates.

Information generated by the ADP process has been published earlier
and'uill not be duplicated in this report. Maps of the planning areas
and tables of the results are found in the Semi-annual Progress Reports

for January 1980, July 1980, and January 1981.
16
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2.3 Site Specific Development Analysis

Site Specific Development Analyses (SSDAis) are intended to portray
the details of the development_ofia particular'projeét at a specific>
geothermal resoﬁbee site; A site specifié aﬁainis generally includes
the following features: a step-by-step outline of development procedures;
general esfimatés 6f whén géch step would Occuriand how'ldng it will '
probably take tO'éompleté; a preliminary analysis of theJtechnicai and
economical feasibility ofrthe project; and a fairly'détailed analysis of
the institutional and othefifactors thch might hinder or prevent the
successful eombletion of thé’projéct, Site specific development analyses
are more detailed aﬁd téchhicai than area‘dévelopment plans, and are
'relatedrto a\specific‘development at akspegifig site; as.such, they offer
more insight intb',‘the réél proble‘nis vand'pétehﬁial',for. developmént at"a\

givenvsite.
2.3.1 Candidate Geothermal Sites and Applications

Proven or poteniial rgsource‘sites may be candidates for
site-specific deVglopment analyse§.v‘"Pfoven" si#es are’those‘where;the
) presence of a commercial resource‘has’been COnfirmeq by drilling,'”
ﬁpqtential" Siﬁes'aré thoSe,where reliable subsurfage data’is aVéilable;

€.8.s temberature gradients. stratigraphié drilling results, ete. -

Candidaté sites for sité specific»éhalyses are listéd'in Table II.
The sites are classified into two categories—— those sites where projects
: areialready'in.progreés. and sites which appéar to be good prospects for

development but for which nb sﬁeéific prOjeét plans have been annduhced.




TABLE II CANDIDATE SITES FOR SITE-SPECIFIC DEVELOPMENT ANALYSIS

| Sites»ﬂhere bevelopment is in Progress

Crystal Hot Springs {Salt Lake County) Space Heating - State Prison

,Crystal Hot $pfings_($a1trLake County) Greenhouses - Utah Roses
Belmoht Hot Springs (Box Elder County) District Heating
New¢a§t1e (iron County) B Greenhouses

Midway {Wasatch County) | | ~ Space Reating

, Other Pfamising Sites
Wasatch Hot Springs (Salt Lake County) |
Beck's Hot Springs (Salt Lake County)
Utah Hot Springs {Weber County)
Hooper Hot Springs {(Davis County)
Monroe Hot Springs (Sevier County)
Cove Fort (Beaver County)
\‘Thermo {Beaver County)
Escalante Desert (Iron County)
Abraham {Baker) Hot Springs {Juab County)
Drum Mountains {Millard County)
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2. 3 2 Site Specific Development Plans

Completed or. in Preparation

- During the“period of January-June;1981'no new site specific analyses
‘were undertaken. the cost/benefit analysis which was done in cooperation
with the Salt LakerRedevelopment'Agency'was‘re-evaluated‘in'December"‘

S T

1980,

Block 53 in downtown Salt Lake was purchased for redevelopment by
~the Salt Lake City Redevelopment Agency. The proposed redevelopment
involves the clearing of most of the existing structures on the block and
‘the: construction of office buildings, with space planned for state. city..
and private offices. A set of high rise condiminiums is also planned as

a possible later addition to the project.

The site.specific analysis which was performed'by the Geothermal‘f>
Team examined theseconomicffeasibility of a heat pump district heating
system which would service the buildings on the block. It was performed
in c00peration with the Redevelopment Agency using available technical |

information and project plans. ;-k

The analysis compared the present value of initial and future costs

"~ and benefits of the heat pump. system as opposed to a conventional natural ‘

gas system. The results showed that the heat pump system would requireva :

higher capital investment ~but savings in operating costs over the life
of the equipmentrwould more than offset the high initial cost. The
details and the results of the analysis‘are:found,in earlier reports;

'particularly:theiProgress Report for the period of July-December 1980.




Unfortunately.}the pfoject had capital restrictions which precluded
the consideration of’the heat pump system; The Redevelopment Agency
applied for a HUD district heating grant in an attempt to obtain the
extra_eepital, but the proposel was not approved by HUD. The first of
- the office euildings scheduled for the block, a state office.building. is

hew.nearly complete and construction of the city offices has begun,
‘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 Speclfic and detailed than a
site specific development analysis. The tlme-phased plan analyzes a
Specific development in terms of the specific steps decessary te bring
the developmenﬁ to fruition, their sequence and relationship with each
other, their duration, and actual-time estimates of when each steb will
begin and end. The project 1a.thus analyzed at all stages of progress,
including pre-leasing activities; leasing; exploration; reservoir
confirmation and development; development negotiations such as
partnefehip or unit negotiations: permitting by state, local, and federal

agencies; plant construction: and distribution systed construction,
2.4.1 Active Demonstration/Commercialization Projects

Active or firmly planned geothermal projects are candidates for
time-phased project plans, Table IYI is a listing of sites within Utah

“which are candidates for time-phased project plans, (

The major project in Uteh is the power plant planned by Utah Power
and Light for Roosevelt Hot Springs in Beaver County. Permitting.

plenning, and design of the project are in progress. Phillips submitted
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TABLE 111

- ACTIVE GEOTHERMAL PROJECTS

 Sites L  Resource - Geothermal ~ ' Status of
(Developer) Application- —Characteristics “Energy Requirements Project

Crystal Hot Springs :

(Utah Roses)

Crystal Hot Springs

(State of Utah)

Sandy city
(Utah Roses)

Newcastle

(Christensen Bros.)

Monroe Hot Springs

(Monroe City)

v'u Greenhouses
‘Space Hea§in§,>
A Greenhouses B
‘Greenhouses‘

Space Heating :

’ ‘keported Actesian -

flow at 90°C in
125 m well. -

Probably similar
to Utah Roses well.

1,527 m well with

slight flow; bottom

“_hole temp, at surface
C.

around 50

1Twobwe11s. i52 ]
~we11 producing at
.. 969C, other well

simi]ar. Water
quality good.

Stight flow from

457 m well at about ‘
©.740C, . ‘

: Development as supported
by resoupce, up to about
:234 x 10 Btu' s/yr

Inftial bhase. minimum

. secu;ity building, 10.9
Btu's/yr. Possible

%10
eventual development to
55 7 x 109 Btu s/yr

- Greenhouse conversion '

from natural-gas,; aboub
70.0 x-109 Btu's/yr.

Development: expected to
grow as supported by the
resource:

Initial phase. South
Sevier High SchooT,

7 4,5 % 109 Btu s/yr.

The 1n1tia1 set of greenhouses.
70,000 ft, was heated geothergv
ally; an additional 65,000 ft
has been constructed. -

An existing 288 ft. well was
deepened to 500 ft. and a

1,000 ft. exploratory well was
drilled. Both had artesian flow

- at temperatures close to 90°C.

" The well has not produced
. flows or temperatures hoped

for.. Utah Roses was granted

"~ a permit to discharge to the’
. Jordan River.

" First set.of greenhouses in . .

operation; additional green- :

“houses planned by Christensen

Bros. and also by major hydro-
ponics firm.

Flow and temperatures were much
lower than expected; project has
been_suspended =
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TABLE III  ACTIVE GEOTHERMAL PROJECTS {CONTINUED)
Site ; Resource Geothermal - Statws of
{Developer) Application -Characteristics Enerqgy Requirements Prpject
Crystal {Madsen’s) Resort Hot Springs; 569¢C Multiple use for recre- initial mmations have been
Hot Springs Flow about 100 1ps. ation and space heating. completed,
Mdway Space Heating Maximum measured Mal:erfmsw‘lngsm A number of resorts and private
[Severa]l Indiyiduals) {Homes) temp, 86°C, fot wsed for severa) resorts homes currently use water from
gromdwater system, and homes. the springs for space heating
' v -and recreation.  Several indivi-
duals plan to drﬂ! in order to
v heat homes
Utah ¥alley Greerhouses Havm well supplies Small greeﬂhouse cpera— 'ﬂ small, fam{ly-vun gmn?mse
{Arrowhead Green- : water at abeut 359C, tion. operation uses warm water from
houses) ' a,shaﬂ,ow well, has been in
. _ operation for about 5 years.
Cove fFort Alcohol Well drilled by Planned initia]l develop- A well test was veported to yei{ld
, Unfon - about 173°C. ment of 7 x 10° gal al- flow and temperture results which

(R & R Energy)

cohol production.

. were better than expected. Pro-

Sect bas been suspended.
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3
the Plan of Operations for Development. Injection. and Utilization to the

1

USGS August 1980. and those permits are now in the process of review and

-approval.

As part of the field developmentAprogram, Phillips plans to conduct
tests on several wells during August and September 1981 to determine

chemical and production characteristics.l At least two production wells

will later be drilledifor the 20 MWe initial power plant.

The Utah Roses greenhouses at Bluffdale were heated with

hydrothermal resources during the 198051981 heating season. The second.

set of greenhouses were constructed in. the spring of 1981, which brought

the total area under cultivation to about 130 000 square feet Hot

geothermal water from the L1o0 ft production well is pumped through finned

“radiator pipes laid along the edges of the greenhouses and through,

ismaller polyethylene pipes laid adjacent to the rows of plants. Although

the water flows from the well under artesian pressure, a booster pump is

’used to push the water through the piping system. ~The single well and

pump apparently provide adequate heat for both sets of greenhouses.

Spent water has been discharged to drainage ditch because of problens

‘with the injection well,

The Utah State Prison space. heating project also associated with

the Crystal Hot Springs hydrothermal system, is now in the design stage.

As mentioned earlier in this report, the Utah Geological and Mineral '

' Survey and Terra Tek Inc.. conducted an artesian flow test of a 1000 ft

exploratory well drilled on prison property. Although the results of the

test were not conclusive with regard to reservoir capacity, the test did

_provide data for design of the project. At present, the consultants for
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the’ptodect, which.tnclude‘rerra Tek and CH2MW Hill, are working with the
Utah Energy Office to evaluate design alternatives, particularly for the

fluid disposal system.

: Thg~Chriatensen Brothers Ranch at Keucastle operated a set of small
gfeehhquses using‘geothermal‘heat‘far the ae¢ond_yéar;_ Christensen
Brbthers‘qriéidally had two shellow wells (sbowt 500 feet deep) which
produégd'hot water at Soiliag tempebatures’uith no arbesian'pressure.
| One Sf'the wells w#s sold to a major greemhouse company headquartered in
Florida, and cbnétrdction on those'grgenhauﬁes vill prebably begin during.

1981..

At Cove Fort-Sulphurdale, developers had pianned to use‘an'existins
| géoihebméi weli to provide emergy for an eﬁhanol'plant. The well, which
was drilled by Union 01l Company during its exploratory activities in the
cer Fortiaréa; wés tested late in 1981, The results of the flow test
were not made public. but unofficlal and unconfirmed reports indicated
that the well was more peruétive than previousiy believed. ‘However, in
late 1980 and early 1981 the developers of the project had some internal
_disagreements and the project hes apparently become the subject of

l{tigation.

The Crystal Hot Springs resort at Honeyville has completed the
* initial renovation of its facilitlies. The resort has replaced the
previous swimming and soakingrpool. and several émaller'Jacuzzi-type

pools. The resort owners plan additional improvements.
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2.4.2 _Time—Phased Project Plans

A time-phased project plan for thepdevelopment of the Roosevelt.Hot
Springs geothermal prospect nas‘completed in the summer. of 1979. Ther,v
plan outlined development of a 55 MWe power plant by Phillips PetrOIenm'
Company and a utility (which was at that time unspecified). Shortly
after the time-phased plan had been completed, Phillips announced,that
theylplanneddto initiate‘developmentrwith a éo MWe pilot plant which ;
would be followed after severaliyears by full-sized 55 MWe plants. The
smaller plant will provide‘operating‘experience. reservoir data, and
" revenue during the time in which‘the larger plants were permitted_and.

construoted.

The results of the original time#phaSed projectaplan for Roosevelt
Hot Springs can ‘be found in the Utah Geothermal Progress Report for |
January-June 1979 and ‘will not be repeated in this report , However. a

brief update of the development willibe,included,here.;;

In the 1nterva1 since’ 1979 when the plans for the 20 Mile plant were
announced, a number of important milestones have been achieved. After
several years of negotiations, a unit agreement wasvsigned<between';°
Phillips Petroleun Company and the ATO Consortium (AMAX Exploration,
Inc., Thermal Power Company, and O'Brien Resources Corporation)rA This
' agreement cleared the way for orderly development of the resource.' In |
" September 1980 Phillips Petroleum Company. acting as operator for the ;
vrunit, signed a marketing agreement with Utah Power and Light. VUnder the
b,agreement.‘Phillips willddrilllthe,wells;aSUpplv,steam)to Utah Power and
Light, and dispose of the spent fluids. Utah Power and Light will

_construct, operate, and own the plant..
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Subsequent to theSerevents. the major permit applications were
submitted to the-éppfbpriaté regulatory agencies. fhillips Petroleum
Company has submitted the plans for Development, Injecfion.'and
Utilization to the USGS. Utsh Power and Light is in the process of

obtaining siting permits from the BLM,

Othepxﬁajor étepsrin the development of the resource which are
planned for the near future aré the testing of several wells (fall 1981),
ccmmencemenp of“construction on the 20 MWe plant (1até‘1981 or early
1982), &nd the drilling of additional prbduetin wells (late 1981 or early

1982).

2.5 State Aggregations. of Prospective

Geothermal Applications

Using information supplied by the Utsh Geothermal Team, the Physical
Science Lab at New Mexico State University madé geothermal energy use
projeqtiong_tofphg,year 2020, These projections were estimates of the
amount of new‘geqthermal energy which would become economical -each year

under a giyen set of assumptions,

The results of the Physical Saieneé Lab projections were presented
in the Semiannual Report of the Geothermal Commercialization Project for
‘July 1980. The reader is keferred.to that report for the tabulated and

plotted results of the aggregated projections.
2.6 Institutional Analysis

One of the deepéstiﬁeéds’of geothermal development in Utah has been

a clear and effective law regulating geothermal develOpmént. The
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original law dealing Qiﬁh geothermal‘deyelgp@ent_in Utah was a brief
section attaehed to the Utsah Water‘Law which-essigned regulatory for ‘
geothermal development to the_Divisioh_of Waper_Rights. The powers of
the State Engiqeer.,as administratorfof,the law, ﬁere not stated and

regulatory guidelines were not given.

' With the- advent of.theygeothermgi commercialization program the

| statevteam became involved in the effort to draft effective geothermal
legislation. 1In 1978, after making preSeptations to a ;eg{slatiye‘
committee, an advisory group was'established tobformulete geothermall

: legislation.for proposai~to the 1980 session of the legislaturef 'Members
of the advisory group inoluded Stanley Green of the State
Commercialization Team,Arepresentatives‘from the Legisletive Anélyst's

’ Officeplegal’advisors from the National Conference of State Leéislatures.
and representatives of the major companies ihpolved in geothermal |
development in Utah, incloding Phillips:Peﬁroleom Company. AMAX, Thermal

"Power, O'Brien Resources,'and Utah Power énd‘Light,

The bill which was subeequently proposedeto the'1980k1eg131a§ure was
'supported'by‘all of thefadviSory eommittee except'Utah Poﬁer_and Light,
who,apparently;opposed any legislation whioh”had any pofentiai‘at aii for
affecting the administration of water 'rights.' The bill was vinttrv‘oduoed to
the legislature 1ete’in‘the'se5510n; Itrpeeseovthe'ﬂoqse.‘butiwes |
aﬁended before passing the Senate; the amendment,fp?oposed by Utah Power
and Light, would have thuarted the rivnltent of the bill. Because the
session wae vefy near to'}te close.'itfwes too iate iate at thatrpoinﬁ po

' re-amend and'intfoddée the bill, and it died at the endlof'the session.
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Throughout 1979 work on the proposed legisiation continued. The
a_dusoi-y group modified the legislation, but Utah Power andl.ight‘stiii
opposed it on principle. The bill which was in;roduced'to—the 1980
~legislature was essentially tﬁe same as was introducgd the previous year,
with the exéépti‘on of certain modifications made primariiy in an attempt
to gain the su§port of Uteh Power and Light, However, when the bill was
introduced to the lggislature, Utah Power &nd Light aotively opposed it.
The bill was eventually tadbled because of the controversy'and confusion

surrounding 1ts

ﬁﬁfing 1980, work on the legislation contiﬁued.’ After Utah Power
‘and Light had signéd the Roosévelt Hot Springs markéting contract with
Phillips Petroleum Company, they sgreed to drop their opposition to the
legislation. The bill which was subsequently introduced to the 1981'
legislature was esséntially the same a&s the 1980 bill, but it pasSedkwith

f6 opposition,

The major provisions of the bill are as follows:

-«A géothermal resource 1is derieed &8 the natural heat of the

earth at temperatures above 120~ C and the energy, in whatever

form, which may be extracted from that natural heat.

Geothermal resources do not inelude geothermal fluids, which

are defined as water or steam at temperatures in excess of 1200 C
which may be naturally present in a geothermal system, :

~«Correlative rights are defined as the rights of each
geothermal owneér to produce hig just and equitable share of the
geothermal resource which underlies the geothermal area.
Ownership of a geothermal resource derives from an interest in
»’lang and not from an appropriative right to geothermal fluids.

«~Because of the potential relationship between geothermal
- fluids and groundwater resources, an approved appliocation to
_appropriate geothermal fluids is required prior to the
production of geothermal fluids from & well. The
ﬁpprapriation. however, does not guarantée ownership of the
resouree,

718

t



--The law assigns regulatory authority to the State Engineer
(Division of Water Rights) and outlines his powers and o
responsibilities. Among other things, the State Engineer is
authorized to hold ‘hearings, to enforce unitization, and to
regulate exploratory and development activities. The law is

very specific about some of the regulatory and unitization
provisiions.

The entire geothermal law has been included in the appendix to this

report.-

A’number of issues related to geothermal development still should be
addressed by legislation, but to date no such legislation has been ‘
proposed or suggested Among the. issues remaining to be resolved are tax
incentives for geothermal developers, particularly for direct use;
exemption of small distriet heating systems from public utility =
regulation; and the authorization for municipalities and other
governmental or quasi—governmental entities to form district heating or

energy systems.

A recurring problem forigeothermal developers and1regu1ators:is the
“disposal of spent geothermal fluids. Reinjection may not be an '
attractive method of disposalvfor economic. hydrologic, technical.‘or N
environmentalireasons. So far, cases involving reinjection and “w |
alternatives to reinjection have been considered by regulatory agencies

~on an individual basis.
2.7 Public Outreach -
The public outreach program for Utah has consisted of several
component activities.; One of theSeris hasic public education about -
-geothermal resources and the potential for their development in Utah; a

second is more specific response to information.requests from
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indi#idoaisi éovernméntal agencies, researchers, geothermai companies,
and govérhmont oontractors; a third 15 technical asaiataoce to
prospectivaguSerS° a fourth is marketiné. or aa active effort to reach
industrial, private, and public users, both directly and through
appropriate state and local agencie8° and a fifth is assistance 1n

preparing geothermal legislation,

Ihtdandary 1981 Douglas Nielsen left the project to take other
.employméhtfand'was replaced by Connie Walker, who directed and

' coordinated the’outreach'program for Utah.
‘The outreach activities for Utah for 1981 included the following:

--Legislation: Stanley Green, the State Team Leader, worked
with the legislative and advisory committees to coordinate and
advise in the preparation of the geothermal bill which was
passed in February.

—Newsletter: The "Utah Water/Geothermal Report" continued
this year under the direction of Connie Walker. The newsletter
is distributed to over 250 recipients each month and has
received good response, .

--Energy Fairs: The State Team exhibited the Utah Geothermal

Display and distributed information at several energy fairs

throughout the state. The State Team participated in energy

fairs at Hill Air Force Base, Orem. Mount Pleasant, and several
- in Salt Lake City.

--Presentations: Presentations on geothermal energy in Utah
were made to the Utah Water Users' Association in February.
Stanley Green spoke to two workshop sessions about the recently
passed geothermal legislation, and Ward Wagstaff gave an
overview of geothermal resources and their utilization in Utah.
In April, Stanley Green, along with several other state
officials, participated in a workshop in Denver, Colorado,
entitled "Energy Development in the 1980's: A Partnership
between Government and Industry". At the workshop, Mr. Green
‘served on a panel which discussed geothermal development.

'.Plansifor upcoming outreach activities 1no1ude the following:
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—County Fairs: 'The state team has plans to exhibit the Utah
Geothermal Display at several county Fairs during the late part
of the summer. At this time, firm plans for the display

include Washington, Utah, and Sanpete Counties. In addition to-
the display, slide presentations will ‘be shown and geothermal
~information will be distributed

'-Geothermal/Industrial Packet' Current plans include the
preparation of a Utah Geothermal Information Packet, which

would be made available for use by industrial commissions or
multi-county agencies to inform new industry about the

‘potential for geothermal utilization in the state.

--Utah Geothermal Pamphlet: The state team plans to put
together a pamphlet dealing with the use of geothermal ‘energy ,
in Utah. "The pamphlet is intended for general distribution to -
the public.

--Technical Assistance: The state team plans to use technical
assistance to the public to assist in the development of new'
projects and to demonstrate the feasibility of geothermal
utilization in Utah.

~2.7.1" Summary of_Contacts and Results

The state team has continued to work closely w1th 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 offinquiries'about specific{or

general geothermal utilization in Utah.

2 7 2 Overall Prospectus for Future

Geothermal Commercialization

Although feu new proJects‘have been seriously proposed for Utah,

there has been significant progress in projects already underway.

The largest project in Utah continues to be the Phillips/ATO/Utah
Power and Light venture at Roosevelt Hot Springs.. Activity in the

project during the first part of 1981 was primarily related to
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permittiﬁg. developer negotiatibns; planning, and design. Phillips has
submitted permit applications for the additional production wells. which

will probably be drilled in late 1981 or early 1982. There is little

. doubt that the resource at Roosevelt will be developed, although the

extent'and_timing“of that devélopment is_somewhat uncertain.

The‘Utahjkdses‘grgenhouses>at'Crystal Hot Springs are now ih full

opébation and are an impressive demonstration'of geéthermal utilization.

One dpawba¢k'to the success at Crystal has been an excess of interest in
that”particular resource by other,developers, a situation which has led

to competitionffor the resource st that site, Since the resource

capacity does not appear to be sufficlent to supply all the needs of the .

would-be users, some regulatory restrictioﬁs on development are

inevitable.

Other projects have not progressed so readily. This situation is
probablyvdue to several factors, including the general slowing of the
econom&. high interest rates, and the withdrawal of federal support of
geothermal projects. This slowdown is generally expected to continue for
some time, probably until thereconomy improves, and will probably affect
smaller projects such as small direct utilization projects more than

large electrical projects.
3.0 Summary of Major Findings and Recommendations
A short summary of the more important conclusions are included here,

w«The potential for geothermal development in Utah is ,
" substantial, but barriers to development still exist, Often a
resource is owned by someone who doesn't have the financial
backing or interest to develeop it. Along the Wasatch Front,
- for example, geothermal ooccurences are evidently related to -
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-deep circulation through fault systems, and only a few of them
are high temperature/high quality resources. . Development so
far has clustered around the best resource sites, while lower
quality resources are not well developed. These factors result
in limitations of development at the better resource areas and
slow development at others.

-——Some legislation is still needed, as mentioned earlier.
Geothermal development, particularly direct utilization, would
be greatly encouraged by tax incentives, exemption of small
district heating systems from regulation as public utilities,
and authorization for municipalities to form district heating
systems.
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GEOTHERMAL RESOURCE CONSERVATION ACT
' 1981
GENERAL SESSION
Enrolled Copy
S. B. No.'gs’ ' - By .Fred W. Finlinson
' Glade M. Sowards
AN ACT RELATING TO THE DEVELOPMENT OF ‘GEOTHERMAL RESOURCES IN

"THE STATE; DECLARING THE PUBLIC INTEREST IN  THIS

DEVELOPMENT AND ASSIGNING REGULATORY AUTHORITY REGARDING
THIS TO THE DIVISION OF WATER RIGHTS; DEFINING THE

AIRESOURCE AND "ITS RELATIONSHIP TO WATER} PROVIDING FOR THE :

' PROTECTION OF CORRELATIVE RIGHTS AND THE PREVENTION OF

WASTE; AUTHORIZING AND - ESTABLISHING PROCEDURES FOR :

' UNITIZING OF GEOTHERMAL AREAS; AND = PROVIDING  FOR
PROCEDURES TO GOVERN REGULATION,BY‘THIS DIVISION.

THIS ACT ENACTS THE UTAH GEOTHERMAL RESOURCE CONSERVATION ACT

BY ENACTING SECTIONS 73-21—1 THROUGH 73—21-10 UTAH ‘CODE
ANNOTATED 1953, AND REPEALS SECTION 73-1-20 UTAH CODE

ANNOTATED 1953, AS ENACTED BY CHAPTER 189, LAWS OF UTAH

- 1973.

- Be it enacted by the L glslature of the State of Utah:

Section 1. Section 73-21 -1, Utah Code Annotated 1953, is

enacted to read~‘

E the "Utah Geothermal Resource Conservation Act."
"~ Section 2. Section 73-21-2, Utah Code Annotated 1953 e

enacted to read:

73-21-2. - It is declared to be in the public interest to

foster, encourage, and. promote the discovery, development,

production, utilization, and disposal of geothermal resources

in the State of Utah in such manner as will prevent waste,

. protect = correlative = rights, . and - safeguard the naturel"

A-7-1
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§. B. No. 43

‘environment and the public welfare; to  authorize, encourage,
and provide for the development and operation of geothermél
resburce properties in such manner that the maximum ultiniate
economic recovery -of geothermal gzesources may be obtained
through, .among other things, agreeménts for cooperative
development, production, inj—ecﬁi~on, and pressure maintenance

operations.

Section 3, Section 73-21-3, Utah Code Annotated 1953, is

enacted to read:

73-21-3. As used in this chapter: »

AL MCorrelative . Tights" mean the rights of .each

ge_ot.he\rma’l owner in a geothermal area to produce without waste
his just and equita:ble ‘share of the geothemal resource
underlying the geothermal area.

(2) ' “Division" means the division -of water rights,
department of natural resources.

(3) "Ceothermal area" means the general land area which
is wunderlain or reasonably appea:.;s to be . underlain by
geothermal resources.

{4) “Geothermal fluid" means water and steam at

temperatures greai:er than 120 degrees centigrade mnaturally

present in a geothermal system.
| (5) “Geothermal resource" means: (a) the natural heat
©f the earth at temperatures greater than 120 degrees
centigrade; and {(b) the energy, in whatever form, inc;luding
pressure, present‘ in, vresulting from, created .by, or which may
be extracted from that mnatural heat, directly or through a2
material medium. Geothermal resource does not include
geothermal fluids. '
(6) “Geothermal system" means any strata, Vpoorl,
reservoir, or other geologic formation con'taininé -geothermal

resources.
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(7) "Material nedium"bmeans geotnermel fluids, or water
and other substances artificially introduced into a geothefmai
system to serve as a heat transfer mediun. 7

(8) >."Operotor“ means any person driliing, maintaining,
operating, producing, or in control of any well.

(9) . "Owner" means -a person'who hes the right to drill
into, produce, and make use .0f the geothermal resource.

(10) - “person" ’means any "individual, business: entity -

(corporate or otherwise), or political subdivisxon of this or..

©..any other state.

(11) ,"Waste" means . -any ‘inefficient, excessive,7,or;_‘
improper production, use, or . dissipation of geothermall¢
resourcee. Wasteful practices include, but are not iimited:to:
(a) transporting or storage methods that cauée or tend to cause
unnecessary surface loss of geothermalt :esources; or (b)

locating, spacing, constructing;\' equipping, operating,

producing, -or -venting of any well in a manner thatﬂresu;ts,or,.

tends to result in unnecessary surface loss or in reducing the
ultimate economic recovery of geothermal resources. :

- (12) "Well" means . any well drilled, ~con9erted,. or

, reactivated for the-odiscovery,» testing, ".prOduction, Lox.

subsurface 1nJect10n of geothermal resources.

Section 4. Section 73-21-4, Utah COde Annotated 1953, is
enacted to read: - - _ .
' 73-21-4. (1) - Ownership of_afgeothe:mai resource derives -

from an interest in land and not from en'appfopriative right to

- gecthermal fluids. -

"(2): This chapter ghall’ apply to ell lands in the state o£'

Utah, including federal and Indian lands to the extent allowed :

by law. .~ When _these lands are committed to a unzt agreementl.'

vinvolving lands suhject to federal or Indian jurisdiction, the
~Qivision may, with respect to the unit egreement, deem this

chapter complied with if the unit operations are regulated‘,bg
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the United States and the division finds that conservation of

gecthermal‘resources and prevention of waste are accomplished

under the unit &greement.

Section 5. Section 73-21-5, Utah Code Annotated 1953, is
enacted ﬁo réad:‘k y .

73-21-5. (1) The divisiunAis;qranted-jurisdiction and
authority over all persons and property, 'ﬁubiic vand,'private,
necessgary . to - enforce the provisions of this chapter and shall
have the power and authority to adopt and enforce rules,
regulations, and orders and do  whatever may reasonably be
necessary to carry out this chapter.

(2) Any -affected person may apply for a hearing before
‘the division,-or.the aivisian'ﬁay_initiatg proceedings upon any
question relating to the administration of this chapter, and

juriediction. is conferred upon the division to hear and

determine - the same and enter its rule, regulation, or order’

with respect to the matter.

(3)° ' The division shall have the power to summon
witnesses, to administer oaths, and to require the production
of records, booke, and documents for examitation at any hearing
‘or investigation conducted by it. 4

(4) In case of failure or refusal on the part of any

person to comply with a subpoena issued by the division, or in’

case of refusal of any witnest to testify as to any matter
tregarding which he may be interrogated, any district court in
the state, upoh the epplication of the division, may issue an
order ctompelling the person to comply with the subpoena and to
attend before the division lnd.ptcduce any records, books, and
documents covered by the subpoena or to give testimony or both.
The: ¢court shall have the power to punish for contempt as in the
case of,disobediénce,to a 1ike subﬁoenavisSuea,by the court, or

for refusal to testify in the court.
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(S) Whenever:; it appears that any person is v1olating or.
threateéning to v1olate any provision of - this chapter or any
rule, regulation,' cr order made - under this chapter, " the
division may bring ‘suit in the name of the state against that
person -~ in the district court in the county of that person's
residence, in the county of the residence of any defendant JAf
there be more than one defendant, or in the county where the
violation is alleged to have occurred, to restrain that person
from continuing the violation or from carrying out the threat
of,violation In the suit the court may grant inJunctions _

(6) : Nothing in this chapter, no suit by ‘or against the
division, ‘and no Violation charged or asserted against _any
person under this chapter, or any rule, regulation, or order
issued under it, shall impair or abridge or delay any cause of
action for damages which any person may have or assert against
any person v1olat1ng this chapter, or any rule, regulation, or
order issued under it. Any person g0 damaged by the vaolationr
may sue for and recover ‘such damages as he otherwise may bei
entitled to receive. ‘ B

Section 6. Section 73-21-6, Utah c_o‘devAnnotated 1953, is
enacted to read: 7'> B o | | .

Y 73-21-6. ‘(l) " The division shall have autho,rityr to
redﬁiref N f - . - o

(a) 7 Identification of the location and ownership of all
wells and producing geothermal leases.

(b) Filing with the d1v1s1on of a notace of intent to
drill, redrill, deepen, permanently alter the casing of, ‘or

Kabandon any well. Approval of the notice of intent must bei_p

obtained from the division prior to commencement of operations.;_
‘ (c) Keeping of well logs and filing true and correct‘
‘copies with the divzsion.~ These recordsv are . public records
when £iled with the diVision, unless the owner or operator

requests, in writing, that the records be held confidential.
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‘The period of confidentiality shall be established by the
- divisgion, not to exceed five years from the datelof production

or injection for other than testing purposes or five years from

the date of abandonment, whichever otcurs first, as determined

by the division. Well records held confidential by the
division are open to inmspection by those pepsons authorized in
writing by the owner or’éperﬁtor.-_COnfidential gtatus shall
not restrict inspééﬁibﬁy,sy state bfficers charged with
‘regulating  well operations or by authorized officials of the

Utah state tax commission for purposes of tax ascessment.

(d) The spacing, drilling, casing, testing, operating,

producing, and abandonment of wells £o as to prevent: (i)

‘geothermai resources, water, gases, or other fluids from

escaping into strata other than the strata in ‘which they are
found (unless in aécordance with'a subsurface injection program
approved by the division); (ii) pollution of surface and
grohn&waterg (4ii) premature céoling of any geothermal system
by water encroachment or otherwiee which tends to reduce the
ultimate economic recovery of the geotherma1~resburces; (iv)
blowouts, cavings, and seepage; and (v) unreasonable
disturbance or injury ¢to ngiqhbcring properiies. prior water
rights, human life, hehlth, and the environment. \

(e¢) The operator to file cgsh or individual surety bonds
with the divieion for each new vell drilied and each aban&oned
well redrilled. The amount of surety regquired shall be
determined by the divisi§h. In lieu of bonds for separate
wells, the operator may file & blanket cash or individual
surety bond in an amount sgtrby the division to cover all the
operator's drilling, xedrilliné; deepening, ﬁaintepance, or
abaﬁdohment aétiﬁiiieé for wéllsvin (the state. Bonds filed
with ' the division shall be executed by the operator, as
principal, conditioned on compliancé with division regulations
in drilliné, ied;illinq, &éepghiﬁ§, maintaining, or abandoning
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-any well or wells cpvered by the bond ind .shall secure the

state against all losses, charges, and expenses incurred by it

to obtain such compliance by the principal named in the bond.
(f) The geothermal owner or operator to measure

geothermal production according to standards set by the

d1v151on and maintain complete and accurate production records

" The records, or certified copies of them, shall be preserved on

file by the owner or operator for a period of five Years and
shall be available for ‘examination by: the divzsion at all
reasonable times. ' ' L

{(g) Filing with the diviSion any other reasonable reports
which it prescibes regarding geothermal operations w1thin the
state. '

(2) = any bond filed with the division in conformance with

‘this chapter may, with the consent of the diVision, be

terminated ang canceled ‘and the surety be relieved of all

.obligations under it when - the well or wells Covered by the bond

‘have been properly abandoned or another valid bond has been

substituted for it.

(3) The div1sion may enter onto private or public land at
any time to inspect any well or geothermal resource development
project to determine if the well or project ' is being'
constructed,  operated, or mainteined according to any"
applicable permits or to determine if the construction,‘
operation, or maintenance of the well or project may involve en“
unreasonable risk to life, health, property, ‘the env;ronment or»
subsurface, surface, or atmospheric resources. 3 y ' S

Section 7. section 73-21-7, Utah Code Annotated 1953, is
enacted to read.r ' :

73-21-7. (1) The divxsion upon its own motion may hold,

..and upon the application of any affected person shall hold, a
'hearing to consider the- need for cooperative or unit operetion

‘of a geothermal area.
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(2) The division shall make an order providing for the
cooperative or unit operation of part or all of a geothermal

area if the division finds that a developable resource exists

~ and that this- operation is reasonably necessary to prevent

waste, to protect correlative rights, or to prevent the

drilling of unnecessary wells and will not reduce the ultimate:

economic recovery of geothermal resocurces.

(3) An.order for cooperative or unit operations shall be

-upon terms and conditions that are just and reasonable and

satisfy the requirements of subsection (2).

(4) An order by the division for unit operations ghall

prescribe a plan, including:

(a) A description of the geothermal area to. be so
operated, termed the unit area. v

(b) A statement af the nature of the operations
contemplated, the time they will commence, and the manner and
circumstances under which unit operations shall terminate.

(¢} An allqcation to the separately-owned tracts in the
unit area of the geothermal resources produced and of the costs
incﬁrred in unit operations. The allocations shall be in
accord with the agteement, if any,'of the affgcted parties. If

there is no such agreement, the division shall determine the

allocations from evidence introduced at a hearing before the

division. Production shall be allocated in proportion to the
relative value that each tract bears to the value of all tracts
in the unit area, The acreage of each tract in proportion to
the tot;l ﬁnit acreage shall be the measure of relative value,
unless the division finds after public hearing that another
method is likely to result in a more equitable allocation and
protection of correlatiﬁe rights. Resource temperature,
pressure, fluid quality, qeologica; condifions, distance to
place of usé, and productivity aré among the factors that may
be considered in evaluating other methods. ‘The method for

R I
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allocating productlon in unit operatlons shall be revzsed if
after a hearing the divislon finds that the revised method is
,jlzkely to result in a more equitable allocatlon and protect1on
of correlative rzghts. The division shall hold a hearxng to
consider edoptlon of a revxsed allocation method upon the
application of any affected person, but fhe application may not
be Imede until threel years after the initiel'order by the
division or at less than two-year intervals after that.

(d) A provision for adjustment'aﬂong the owners of the
unit area (not including royalty owners) of ‘their reepective
investment in wells, ’tanks,; pumps, machinery, materials,
equipment, end other'things and services of value attributable
to the unit operations. The .. amount  to be  charged unit
operations for each item shall be determined by the owners - of
the unit area'(not inclhding‘royalty owheré), but if the owners
of the unit area are unable fo agree upon the amount of = the
chaiges or to agree upoh the correctness of same, the division
shall detetmine then after die notice and hearing, upon 'the
applicefion‘ of :any Vaffected party. The net amount cherged
againsf the 'owper of a separecely-owned‘ tract shall be
conéidered an expense of unit operatioh‘chargeable'ageinst'that
tract. The adjustmentc provided fof in this subsection may be
treated separately and handled by agreements separete from the -
un1tlzat10n agreement. ' '

(e) A provisxon provzdlng how - the costs of unit,
‘operatxons, includxng capital 1nvestments, shall be determined _
vand charged to the separately-owned tracts and how these costs
shall be paid, 1nclud1ng a provis1on prov1d1ng when, how,b and
-by -whom ‘the unit production allocated to an owner who does not
pay the share of the cost. of un1t operatzon charged “to that
owner, or the 1nterest of that _ owner, may be sold: and the._
proceeds applied to the peyment of the costs. The operator of

the unit shall have a first and prior lien for costs incurred
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. pursuant to the plen ‘of unitization upon each owner's
'geothermal rights and his share. of unitlzed production to

secure the payment of the owner -] proportionate part of the

cost of developing and operating the unit area. Ihis lien may

be established and enforé%drin the game manner as prov1ded by
sections 38-1-8 through 38-1-26.. ‘For these purposes any
_nonconsenting owvner shall be deemed tovheve contracted with the
unit operator for 'his froportionate part of the cost‘of
}developingl and operatiné the unit area. A transfer or
conversion of eny owner's interest or any portion of it,
‘however accomplished, after the effective date of the order

creating = the unit, shall not relieve the transferred interest

of the operator‘s lien on the -interest for the cost and expense

of unit operationms. v

(£f) A provision, if necessary, for carrying or othervise
financing any person who elects to be’ cerriedv or otherwise
financed, allowing a reasonable ,interestb charge for this
service payable out of that person's share of the production.

(g) A provision Ior the supervision and conduct of the
unit operetions, in respect to which each person shall have a
vote with a value corresponding to the percentage of the costs
of unit operations chargeable against the interest of that
person.

(h) Such additional provisions that are found to be
appropriate for carrying on the unit operations. .

(S) No order of the division prov1d1ng for unit

operations shall become effective unless and until the plan for v

operations _prescribed by the -division has been approved in

writing by those persons, who under the divigion's order, will

be required to pay 66% of the costs of the unit operation, and

also by the owners of 66% of the production or proceeds of same

that . are £ree of costs, such as royalties, overriding

royalties, and production payments; and the division has made a
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_finding that the plan for unit operetions has been &0 approved.

1f the‘persons owning the required percentage of interest in
the unit erea do not approve the plan within six months from
the 'date on whichk‘the ~order is made, the order shall be
ineffective and shall be revoked by the division unless for
good cause shown the d1v1s1on extends -this time,

(6) An order providing for unit operatxons may be amended
bf an order of the division in the same manner and subject to
the same conditions esren original orderrfor unit operations;
but if thisbaﬁendment affectes only the rights and interests of
the owners, the approval of the amendment by the owners of
royalty;.overriding royalty; " production payments, and other

interests which are free of costs shall not be required.

Production allocatioo may -be amended ohly according to

subsection 73-21-7 (4) (c).
2 .

(7) All operations, including, but not limited to, the .

commencement, drilling, or operation of a well upon‘any:portion

of the unit area shall be deemed for all purposes the COndnct'

of such operations upon each separately-owned tract in the unit
by the . several owners of tracts in the unit. The portions of

the unit productlon allocated to a separately-owned tract in ‘a

unit area shall when produced, be deemed for all purposes to‘

have been actually produced from that tract by a 'well drilled

on it. Good fazth operations conducted pursuant to an order of

the d1vis1on provxdxng for unlt operatxons shall- const;tute a

complete defense to any suit-alleq;ng breach of lease or of

contractuel obligations eoveringvlands'in the unit area to the

extent that compl;ance with these obligations cannot be had”

because of the order of the division.
(8) The portlon of the unit production allocated to: any
tract, and the proceeds from the sale of thls productxon, shall

be the property and income of the several persons to whom, or

A‘-‘j—' 1
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to whose credit, the same are allocated or payable under the
order providing for unit operations. '

(9) Except to the extent that the parties affected eo

agree and as provided in subsection 73-21-7 (4) (e), no order

providing for unit operations shall be construed to result in a

transfer of all or any part of the title of gny,petéon to the

geothermal resource tighté in any tract in the unit area. Ail
property, whether real or personal, that,méy be acquired in the
‘, conduct of unit operations shall be acquired for the account of
the owhefs within the unit area and shall be thé property  of
these owners ' in the pfoportion that the e;pensesrof_unif
operations are charged. o
" Section 8. Section 73-21-8, Utah Code Annotated 1953. is
enacted to read: ' - |
o 73421-3. (1) Geothermal fluids are deemed to‘ be'a

special kind of underground water resource, related to ~and

potentially affecting other water resources of the state. The
utilization or distribution for their thermal content and
subsurface injection or disposal of same shall constitute a
’beneficidl'ﬂse‘oflthe water resources of the state.

(2)  (a) Geothermal owners shall, priér to the
commencement of, or increase in, production from a well or
group 'of wells to be operated in concert; file an application
with the division to appropriate such geothermal fluids as will
be - extracted from the well or group of ﬁeils. Publication of
applications shall be made as provided in section 73-3-6, and
protests may be filed as prdiided in section 73-3-7. The

division shall approve an application if it finds that the

applicant is & geothermal owner and that the _ptoposed

extfaét16n4of'§éoihérﬁhi flﬁi&$5§i11 nbt impéirAexistihg rights

to the waters of the state. 7
- (b) _Thé’diVisién may grant the guantity of an application

on a prévisional”b&sis; to be finalized upon stabilization of
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well production. Flow testing of a discovery well shall not
requlre an app11catlon to approprlate geothermal flulds.~ '

(3) The date ‘of an appllcatlon to approprlate qeothermal
fluids, when approved by the d1v1s;on, shall be the priority
date as between the geothermal owner and the owners of rights
to water other than geothermal flu;ds.w No przorit;es shall - be

created among - geothermal owners by the approval of an

'~'applicat10n to approprlate geothermal flulds.

Section 9. Sectzon 73-21-9, Utah Ceode Annotated 1953,(18'
enacted to read:

73421-9. nghts to geothermal resources and to geothermal
fluids to be extracted in the course of productlon of 
geothermal resources acguired under section 73-21-8 shall be

based on the pr1nc1p1e of correlative rlghts.

sect1on 10. Section 73-21-10, Utah code Annotated 1953,
is enacted to read: _ ,

"73-21-10. (1) Any’person adversely .affected by any rule,
regulat1on, or order issued under this chapter may within - 60
days after the effective date of the rule or requlatlon or
entry of the order brzngva civil suit against the divxslon‘ in.
the district court of Salt LakeICOunty or‘in‘the district court
of the county in which the complaining person reeides to test
the valzdity of the rule, regulation, or order, or to secure an
injunction or to obtain other appropriate relief, includzng all
rights of appeal. ‘ ‘ ‘ ' ‘

(2) an action or appeal iﬁVolving any provisioﬁiof this
chapter, or a rule, regulation, or order issued under it shall
be determlned as expedltxously as £easib1e. -The_trial court -
shall cetermioe the issues on both questzons of law and fact
and  ghall ‘affirm_or75et‘aeide the rule, regulation, or order,
'-ororemgnd the ceuse_to the divisioh “for further ‘proceedlngs, '
FIThe court is authorized to enjoiﬂ permahently the‘enforcemeht

by the division of this chopter, or any act done or threatencd
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undervit, if the plaintift shall shou that as to him the act or
conduct complained of is unreasonable, unjust, »arbitrary, or
capricious, or Violates any constitutional right 'of the
plaintiff or if the plaintiff shows that the act complained of
constitutes or results in waste or dves not in & reasonable

manner accomplish an end that is the purpose of this chapter.

“(3) Any person who, for ‘the purpose of evading this

chapter or any rule, regulation, or order of 'the division
1asued under it, shall make or cause to be made any false entry
in any report, record, account,‘or memorandum required by : this
chapter, or by any rule, regulation, or order issued under it,
or shall omit or cause to be omitted £rom the report, record,

account, or memorandum, full, true and correct entries as
required by this chapter. or by the rule, regulation, or order,
or shall remove from this state or oestroy, mutilate, alter, or
faleify the record, account, or 'memorandum, is gquilty of a
¢lass A misdemeanor. ’

. (4) No suit, action, or other proceeding based upon a
violation of this chapter or any rule,'regulation, or order. of
the division issued under it ghall be commenced or maintained
unless same shall have been commenced within two years from the
date of the alleged violation.

Section 11. pr any provisien of this act, or the

application of any provision to any person or circumstance, is

held invalid, the remainder of this act shall not be affected

‘thereby.
Section 12. Section 73-1-20, Utah Code Annotated 1953, as
enacted by Chapter 189, Laws of Utah 1973, is repealed.
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1.0 INTRODUCTION

1.1 Purpose of Project

1.2

1.3

The purpose of the Wyoming Geothermal Commercialization Program

is to match known'geothermal resources with potential users and

‘applications,quhe program'office provides the public with all

types of geothermal information and serves as a communications

link to the Wyoming geothermal resource assessment data,

Objectives - ' v .

“The objectives-of the WGCO are; (1) To bring'about'a general un-.

derstanding and use of geothermal energy in Wyoming, (2) To create

‘a working relationShipwand exchange of information with other

state or federal agencies involved in geothermal development,
(3) To contribute to the accomplishment of national ‘geothermal

energy goals of the u.s. Department of Energy, (4) To develop us-

‘able plans that will help to predict and encourage geothermalide-

- velopment in Wyoming; (5)'To.maintain'regional'ties_with other

states,iand (6) To assess and attempt to reduce the institutional
barriers and other obstructions to the . development of geothermal

energy in Wyoming.

‘Technical Approach and Team Members

'The WGCO approach is primarily a planning and advocacy effort

Technical assistance on specific geothermal developmental prob—
lems is provided upon. request within the limitations of avail~

able time‘and capabilities-offStaff’members. The office works

‘in cooperation with state agencies, bnsinesses-and concerned




citizen groups to develop a general awareness of geothermal en-

ergy. Dévelopment plans produced by the WGCO provide specific

information that will aid in the development of geothermal're-

~ sources in Wyoming.
The team members are:

E. Gerald Meyer
Rick James =~
Karen Marcotte
Patti Burgess~Lyon
Ruth Tebbutt

C0~Prin¢ipal Investigator
Program Director
Research Associate

"Graduate Research Assistant
. Senior Secretary

Keith Bray ' Work-Study Student

1;4: froject Beﬁefi;s to the State and DOE
Increased ove;all awareness of geofhermal enérgy development po-
tential benefits both the state of Wyoming and DOE. The signif-
icant steps towards developing a district héating systém for the
town of Thermopolis are directly related to WGCO efforts in this
direction. The collection and dissemination of geothermal tech-
nical data ﬁo»potential dgvelopers inéreases the pace of actual
development dramatically. An additional benefit to DOE from the
WGCO 1s the continuing input of data_to‘the overall aggregation

| of geothermal development information in the United States.

2.0 SPECIFIC TASK DESCRIPTIONS AND PRODUCTS '

+2.1" ~ Geothermal Prospect Identification

TABLE 1

PROVEN DIRECT THERMAL PROSPECTS

‘Resource | " Temperatufe (oc). Depth (meters)
' Thermopolis - 32-70 <666
 Cody 38 - 47.5 " 185 - 500
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(Source of information in Table 1: Heasler, Henry P. A
Summary of Geothermal Potential and Development in | Wy-
ming, prepared for the Interstate. (il Compact Commission,»
Midyear Meeting, June 28-30 1981, pp. 2-3. )

TABLE 2
POTENTIAL DIRECT THERMAL PROSPECTS

Resource Temperature (°C) Depth (meters)
Salt Creek (Midwest) : 49 - 77 - -+..300 - 1,500
Countryman Well 50 e 1.500
~ Little Sheep Mountain. Spring ‘ 18, 20 . Hot Spring
- Sheep Mountain Springs =~ = ‘ 21 Hot Spring
Saratoga Hot Springs B 30 - 54 : ‘Hot Spring
Douglas Warm Spring AR S 300 Hot Spring
Conant Creek Springs 16 . Hot Spring
Ft. Washakie Hot Springs B 44 : Hot Spring
Jakeys Fork Spring 20 , Hot Spring
Little Warm Spring - : 25 Hot Spring
Sweetwater Station Springs : 30 - 31.5 Hot Spring
Warm Spring Creek Springs c ’ 29 Hot Spring
Auburn Hot Springs : 62 T Hot Spring
Johnson Springs o 46 v -Hot Spring
Alcova Hot Springs : 54 : Hot Spring
Horse Creek Springs : 23 - 24 ‘ Hot Spring
Immigrants Washtub o 21 ' Hot Spring
Kendall Warm Springs : 29.5 - Hot Spring -
Steele Hot Springs - - : ~. 35.5,39 ' ‘Hot Spring
Big Fall Creek Springs 16 . Hot Spring
Abercrombie Warm' Springs : 27 : Hot Spring
Astoria Springs o - 37 - Hot :Spring
Boyles Hill Springs et L 30 - Hot Spring
Granite Falls Hot Springs : 45 Hot Spring
Huckleberry Hot Springs = = R ) .~ Hot Spring
Jackson Lake Hot Springs. 24 - 72 (1966-1972) Hot Spring
-Kelly Warm Spring = R 27 "~ Hot Spring
North Buffalo Fork Springs 33.5, 45 - Hot Spring
Teton Valley Warm Springs ‘ 18 Hot Spring

NOTE: Both ‘the potential and proven resource lists exclude all thermal
features of ‘Yellowstone Park. : .

(Source .of springs 1list in Table-2: Breckenridge, R. and B. ‘Hinckley, .
‘Thermal Springs of Wyoming, Bulletin 60, Wyoming Geological Survey,
~1978.)




' : TABLE 3
INFERRED DIRECT THERMAL PROSPECTS

" Resource o S Temperature °0) » }Deéth (km)

Bighorn Basin

Wind River Basin , - P :

Green River Basin .. 'goaillgo o _ g::iliy
Powder River Basin :
Great Divide Basin

- Washakie Basin

A description of these basin'resource‘areas is as follows:.ifHot
water 1s found in these basins.due to the Earth's normal increase
in temperature with increasing depth (the increase in temperature
with depth is called the geothermal gradient). Certain water-
bearing rock units in these basins are folded deep enough (us—

ually over 3 km (10,000 feet)) such that the surrounding rocks:

o

heat the water.

This tyne of geotnermal system exists only in the deenrcentral
portions of the basins where drilling for a moderate temperature
geothermal resource is uneconomical. However, since many of the
water bearing rocks such as the Madison Limesone, Tensleep Sand;
stone, or Mesaverde Formation also sometimes contain oil deep t
‘holes are drilled into these rock units. If hydrocarbons arerl
“not encountered the drill holes are plugged even 1f hot waters
are found. What would be extremely useful in Wyoming is a stream- "
1ining of regulations that would easily allow the transferring of
these oil exploration holes to municipalities or individuals for
"hot water utilization. |

(Source: Heasler, Henry P. A Summary’of Geothermal Potential

and Development in Wyoming, prepared for the Interstate
- 011 Compact Commission, Midyear Meeting, June 28-30, 1981,

PP-23)




‘2.2 Area Development Plans

2.21 State Geothermal Planning Areas
"See Figure 1.

2,22 Specific ADP's - Completed or in Preparation“

See Fig.2 (shaded area has been completed).
a. Big Horn Basin ADP
b. TFremont County ADP
¢. Converse/Natrona ADP

. 2,3 Site Specific Development Plans

2.31 Candidate Geothermal Sites/Applications:

a. Midwest/Edgerton

t(i) Reeource data for Miduest/Edgerton area is summar-
ized as follows: "It is clearly shown that the Salt
Creek 0il Field is a conspicuous thermal anomaly.
Within this 10 - 122 nile field, bottom hole temp-
eretures'between l,OOQ and‘4,500 feet (.3 -1.4 km)

are in tﬁe_range 120 - 170°F (49 - 77°C), and maxi-
" mum calculated gradients are between 40 and
'100°F/1,000 feet (72:e 182°e/km). Additionally,
water injection wells that penetrate the Madison
Formation produce 160 _,175 F (71 -~ 79 C) waters
7 that f]ow to the aurfaoe at rates exceeding 7 000
f?gallons/min. There:can be little doubt therefore,
‘that the Salt Creek Field could be used to pro-‘.v
.‘duce hydrothermal fluids for direct—heat appli—
'cations in the vicinity of Midwest. 'The major
o impedences_to resource development couidbbe,the
‘relatiVe values of”hydrocatbon aud'geothermal re-

sources, the high concentrations of solids in the

8-5




Figure 1. WYOMING GEOTHERMAL PLANNING REGIONS
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Figure 2.  WYOMING GEOTHERMAL ~PLANNING  REGIONS
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nonpotable waters, and the question of whether-
AMDCO Production Co., Wyoming, or the federal
_government‘owns the geothermal resource.f
'(Source:"Heasler;‘Heoty P. ‘A Summary of Geotherm-~
al Potential and Development in Wyoming, pre-

pared for the Interstate 0il Compact Commission,
Midyear Meeting, June 28-30, 1981,)

',v(ii) Proposed uses forynidwest/Edgerton area:

b,

-~greenhousing

~=-aquaculture

~-district heating for part or:all of these small
adjacent communities

Auburn/Afton o
(1) Resource data fof-Anburn/Afton erea: "Anburn>Hot
Springs, 62°C.'fThe Aoburh Hot Springs cover approx-
- imately three acres a:ouod a private residence. In-
: cluded in the area are over 100 separate vents which
form mud pots, tiny terraces, 1arge terraces, weak
geysers, cones, sulfur veins, and two large pools.
Flow is accompanied by profuse bubbling, a strong
hydrogen sulfide smell, acd_a lueﬁ growth of multi~
colored algae." o
NOTE: Additional resource assessment work on the
Auburn/Afton area is presently underway by
the Wyoming Resource Assessment Team and the
Earth Sciences Laboratory of UURI.
(éoorce- Breckenridge,vk.‘end ﬁ 'Hinckiey, Theemel

_Springs of Wyoming, Bulletin: 60 Wyoming Geo~
logical Survey, 1978.)

(i1) PrOposed uses for the Anburn/Afton area:

-—dairy industry process heat

—-greenhousing

‘==aquaculture .

--district heating of one or both of these small
: towns ,

--gpace heating of any private and commercial
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buildings that may be located near the Auburn.
. Hot Springs. -
;giJ fﬁ o 2.32 Site Specific Development Plans - Completed or in Preparation

a. Thermopolis/East Thermopolis Site Specific Development

@)

(1D

Analxsis (completed and avaflable In final form from ‘the -
Wyaming Geothermal Commercialization Office.

Population. 4, 000 (1979 figure)

The population of Thermopolis increased about 307

'between 1970 and 1979. The majority of this in-

crease occurred between 1975 and 1979. Approxi-

mately 30% of the total population consists of
" senior citizens. ‘Thermopolis has become a popul-

- .ar retirement spot in recent years and that trend .

is expected to continue.
Geothermal ResourcerInformation.
Temperatures, gradients and regional geology have

been compiled for a 1,800 —.1,900,mi2 area that is

,roughly centered on thetTherm0polis Hot Springs.

- The results demonstrate that the thermal anomaly

occurs all along the central part of the Thermop—
olis anticline, occupying a 20-mi long by 3-mi

wide area that strikes west—northwest hetween the

southwestern part of T. 43 N., R. 93 W. and the

southeastern part of T. 44 N., R 96 W. Within

'this zone, calculated gradients are in the range

'43:- 300 F/l 000 ft-(78 - 547 C/km) and tabulated

‘ bottom hole temperatures range: from 90 F (32 C) to_
160°F (70° C) at depths less than 2, 000 ft (%.6 km).

1 Inasmuch as downward continuation of the lower

gradients predicts 60+ c temperatures at depths

. '8-9




between 3,500 and 4,000 ft (1.1 - 1.2 k), we
consider all of the-fégion to be a "viable" low

temperature,  hydrothermal resourée érea.:,

- The Red Springs‘Anticline area in T. 43 N., R. 93 W.

o 'may‘be a "marginal" resource area. Here the calcul-

" ated gradients are in the range 24 - 59°F/1,000 ft
(43 - 107°¢/Km) . Conseqﬁently, 45°c waters might

be encountered at 3,900 - 4,500 £t depth (1.2 - 1.3).

A tightly folded syncline is located immediately
jsoufh of'fhé Thermopolis anticline.v It is believed
that waters from the Oﬁl Creek Mountains aré heated
at the bottom of this syncline. Subsequent upward
_moveﬁent of these waters along the northern flanks
of tﬁe syncline could explaih the high gradients

4n the anticline. The thermal waters are most 1ike1y
to be in the Tensleep and/or Madison Formation-~two
formations with porositiésvand'permeabilities suf-
ficient to yield the flow rates (=2,800 gpm;
Breckenridge and Hincklej,-1978) of the spring sys-
tem in Hot Springs State Park, Within the central
.pért of the-anticline, the‘"tOps” of the Tensleep

" and Madison range from 200 - 2,800 ft (.06 - .85 km)
and 800 - 3,450 ft (.24 - 1.08 km); respectively.

It 1is possible; therefore,‘thatgthese aquifers

could be‘reached with economical drilling in some

parts of the structure,-
Referring to "practical" aspects of resource

- 8-10
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-development, one question that must be answered

" is whether drilling and-iargeﬂseele development

 would change temperatures and flow rates of the

(110)

Thernopolis Hot Springs. ‘Laek ofhdate on poros-
ities and permeabilities of the regional subsur-
face units also could impede development,‘es

could the data for thevsprings which suggest that.

regional thermal waters would contain large amounts

of total dissolved solids. Finally, minor struc-

- tures along the crest of the anticline should be

carefully considered during drill site selection;

for ‘example, numerous faults cross-cut the north-

west-southeast trend of the antieline; and a here-
tofore unmapped fault is evident on air photos of
the structure;

-(Source- King, J K., H. P ‘Heasler, and E. R Decker,

1980. The Thermopolis Hydrothermal System,
Rough Draft, Department of Geology, University
of Wyoming, 47 pp.)

Proposed Process/Applications of Thermopolis Re—‘

source

‘Greenhousing - A case study wasrconduoted for as"

one—acrevgreénhouse utilizing ge0thermal.energy'
as the heat source. This greenhouse has a heat~

ing requirement of 10 598 MBTU annually. Cost ”v

‘comparisons between greenhouses using natural

gas, fuel oil coal and geothermal as heat sources
were made using figures from° Task Force Report .

on Klamath Falls Greenhouse Production Potential
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Ethaﬂol-Production - A small scale ethanol pre-
duction pla#t has been proposed by one of the pri-
vate well owners in'Tﬁermopdlis. The ethanol
plant was included in ;hé SSDP as an example of

possible uses. - Because temperatures of about

.300°F are needed for ethanol production, (and

the well's water temperature is 129°F, 54°C), the

geothérmal heat source would have to be supple-
mented. The owner of this well is considering

the use of heét pumps and solar energy as supple-

. mental heat sources to the existing geothermal

~well,

v‘District Heating - Three case studies of district .

| heating systems for Thermopolis were included in

.(' 1v)

the SSDP. ' Two of the case studies were completed
by NMEI and the third by WEPL, Ltd. The entire
cost estimate schedule and notes on assumptions

were included in the SSDP. Initial investment

costs ranged from $2.5 million to $10 million de-

pendent upon assumptions made. An annual heat de-
mand of 55,000 MMBTU/yr. was assumed in all’ cases.

Commnnityvlhterest and Recent Developments

A great deal of dommnnity interest presently ex-

ists in the towm in‘regérd to a district heating

l systém. The lafge number of persons living on

' fixed inhomes'énd a recent 40% increase in local

natural gaé raﬁes contributes significantly to this

interest.

8-12
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The town of Thermopolis recently applied for
and received a feasibility study grant through

‘the cooperatively funded DOE/HUD District Heat-

~ ing System Project. Thermopolis' grant is for

a total of $50,600.. Much of the work for this
feasibility study will-consist‘of labor provided
by interested citizen groups and local expertise.~
A private consultant will be ‘hired to assess the
economic ano engineering.feaSibility of this pro-

ject. The consultant will be selected by the Town |

“Manager, County Planner and the City Council, with

gnidance and assistance from an Advisory Work

: ‘Group. Consultant selection has not been com-

pleted at the time of this writing but should be

fortncoming'during the month of June.

If the feasibility of this project looks good
after the completion of the study, the Town of
Thermopolis could use additional assistance‘to

bring this project on line,v'Identificationvof

" public and privete‘sourCes of funding, and the

method for application of sﬁth'funds would be

'extremely helpful on this promising project.

Cody Site Specific Development Analysis (completed in

“rough draft form and -available from the ‘Wyoming Geothermal
Commercialization Office.)

(D)

Population°i

The Census Retrievalland Informstion,ServiCe (CRIS)

released the final 1980 census count for Cody as

6,790 persons. This is a'3;6% increase since 1970

“8-13




. whep the censue counted 5,161 persons in Cody.
‘At the time of this writing, age‘distribution'of
the.population had not been released for 1980.

(ii) Geothermal Resourceilnformation:

' This.poteﬁtial resoufce area is bounded by the
beMaris;ﬁoc-Springs (27 - 39°c (80 - 96°F) 1,700
gpm) just west of‘Cody and the Horse Center anti~
cline about 7 miles to the eouth. The first evi-
dence for a low-temperature resource was proyided
by the 49 - 205°C/kn (27 - 112°F/1,000 ft) grad-

~ients calculated using bottom hole temperatures
in eleven dry oil vells in the anticline. Down
hole measuremente by Wyoming personnel aéree with
the oil well data, For example, least-squares
gradients and maximum temperatures based on mea-
surements in five shallow oil wells are in the
ranges 96 - 190°C/km (52 - 104°F/1,000 ft) and 38.4 -
47.5% (10i - 117°F),Irespectively, at subsurface

depths in the range 185 - 500m (607 - 1,640 £t).

- Data from six shallow temperature gradient wells
drilled by the Department of Ceolog& in early 1980
suggest that the area of greatest potential use is
in T. 52 N., R. 1og”w., % of section 2, and Ws of

iseetion'il; In thisrarea,»warm ﬁatersr(34°C (93°F))
can be reached eteshallow depths (51 to 300 meters
(168 to 1,000 ft)). The maximum temperature of
this system may appfbach 55 to 65°C (131 - 149"F)

et depths of 260 to 500m ( 853 to 1,640 ft). Warm

- 8-14
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JWaters will be found at the shallower depths in
: ~ the more western‘portions”of this potential,use"

area. - -

The main aquifers for the Cody-Horse Center hydro-
thermal system are the Tensleep Sandstone, Madison

Limestone, and Bighorn Dolomite. These formations

.are'reportedbto‘have good porosities and permeabil-

ities with flows in the Madison Limestone and the

.Bighorn Dolomite sometimes exceeding 1,000 gallons

'per minute. However, the water flow of wells

drilled into these aquifers may vary greatly be-
tween wells due to. secondary fracture permeability,

'secondary silica.cementation of the Tensleep. Sand-

’stone, and the cavernous nature of the Madison

Limestone and Bighorn Dolomite.

The Rattlesnake anticline is between Cody and the

-ﬁorse Center-anticline. As seems to be the case
| elsewhere in the area, the Chugwater Formation in’
.this anticline appears to be an impermeable cap
: rock that overlies porous, permeable and perhaps
_water-bearing units in the Tensleep and Madison
I Formations. It is believed that waters are heated i
‘t3*at depth in a syncline that is to the. southwest of'
‘the Rattlesnake anticline. Subsequent ‘upward move—‘
:ément of the water along the northeastern flank of
< the syncline through the Tensleep and Madison Form-

~ ations results in the warm temperatures at shallow

8-15
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‘depths.

(Source: Heasler, H.P. and E.R. Decker, 1980.
Preliminary Data from Six Temperature Grad-
ient Holes near Cody, Wyoming, Department of
Geology, University of Wyoming, 35 pp.)

Proposed Process/Applications of Cody Resource:

Three hypothetical district heating systems for

»VCodijere developed. One is for the central por-

~ tion of the city of Cody, and the other two are

for residential subdivisions outside the city lim-

_its.,

Case I - CodyAHeating District

' The Cody Heating District is a 15 square block

area of central Cody. This area includes the hos-

pital, Buffalo Bill Historical Center, high school

complex, 75 homes, and 210 businesses including

city and county buildings.

Tﬁis heat ing distriét_ié not now cost effective
due to the-unusﬁally iowﬁprice ($1.90/MMBTU) of
nat#ral ga; in Cody. The expected cost of thé
geothernal fuel for this hééﬁipg district is

$3;34/MMBTU, withian estimated annual energy‘de-

‘mand of 29.4 x 109 BTU/year.

. Cody has an agreement for a guaranteed supply of
natural gas at a,guarénteed,pfice. When this
,agreement.expires,,the price of natural gas in

‘ Cody will incfease-dramatically.due to deregul-

ation and inflation: At that point in time,

8-16
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‘Vgeothermal'energy will be cost compet itive.

Case II - Large South Fork Subdivision Heating

District

The Large South Fork Subdivision Heating District

. is presently cost competitive. The geothermal

fuel is compared to electricity and prOpane

(%9. 00 - $10. OOIMMBTU) which are currently used

‘for fuelvin this subdivision

Homes Annual Demand

Annual Geothermal. Cost per Home % Savings

100 9.47 x 10° BIU/yr

200 18.94 x 10° BTU/yr-

300 28.41 x 10° ‘BTU/yr

400 39.77 x 109 BTU/yr -

5586 B3
$387 8%
$368 | 693
$353 d | 0%

The cost to the homeowner for geothermal ranges

v_from'$353 t0'$586 per-yeaf depending on the num-

ber of homes on line. This cost is very attrac-

tive compared to $943 per year for electrical heat.

‘Case III - Small South Fork Subdivision Heating

1 barn, 500 ft”

T District

20 homes, 2 000 ft2 each -

1 greenhouse, 3, 750 ft:2

2 :

Total annual energy,demand'é'2,545 x 106_BTU/yf o

dThis‘heating distrietyiS’also compared to elec-

- tricity and prbpane as fuels. The estimated cost

savings for a goethermal system over ZQ‘years is

8-17




737%. In,the‘firstgyear'albné,kgeothetmal energy'
- would cost $484 compared to $1,062 for convention-

‘a1 fue1.'7?éyback'célculations for this system show

o

a five year breakeven period.
,'~‘(1v) :Community Interest and Recent:Developments:

There are two tjpes of energy consumers in Cody?
those served by inexpensive natu:al gas, and those
who cons@mé higher priced e1ectricity and profane |
due to the unavailability of natural gas. The

‘.gés supply ﬁétﬁork>Of fhe Cody Gas Companyris not
viewed aékbeing expandable‘at this time. Therefore,

: mény of the new résideﬂtial subdivisions (esfeci—

ally those south of town) are served only by pro-

)

pane or electricity.

[}

Understandably, those cénsumers paying the high
price for enérgy are very interested in utilizing
the cbmparitively less expensive geothermal énergy
source. - Several priﬁate developers are interested
in finding funding sources for subdivision dis-

trict heating projects of up to 200 homes each.

Attendance at WGCO sponsored meetings in Cody has

been high, with inqﬁifies directed towards this

"o

. office from Cody residents steadily increasing over

time.

2.4 Time Phased Project Plans

~ None,
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2.5 State Aggregation of Prospective Geothermal Utilization

1981

1985

10,000

2000 2020
ADP's MMBTU/yr MMBTU/yr . -MMBTU/yr MMBTU/yr
Big Horn Basin 10,000 = 50,000 125,000 170,000
Fremont County 20 40 45 50
Converse/Natrona 10 25,000 50,000 50,000
Carbon/Albany - 15 15 30 30
Powder River Basin 15 25 45 60
Western 15 - 25 150 275.
Southeastern 0 - 10 - 10 10
Northeastern 0 10 10 ~ 10
Southwestern 0 0 5 10
Total from ADP's . 10,075 75,125 175,295 220,445
1981 1985 2000 2020
SSDP's - MMBTU/yr ~ MMBTU/yr MMBTU/yr  MMBTU/yr
Thermopolis 5,000 55,000 100,000 125,000
Cody 5,000 45,255 60,000 85,000
Midwest 0 75 100 150
Afton/Auburn 0 - 125 1,000 1,750
‘Total SSDP's 100,455 161,100 211,900

2f6' Institutional Analysis
| The WGCO, iﬁ cooperation with the,Nationsl Conference of Sta:e :
Legislatures, oorkeo for7near1y one year’with the'Joiht Mines,r
: Minerais andi;pdustrial7DevelopmehtlIﬁferim Committee of the ;!
Wyoﬁing stateplegislarure to develop and enact clerifying&geo-
,thermal'legislation.‘»The~outcome of thisfwork‘Was~the'iptro~‘r
- lduction of two bills, House Bill 282 and 283,  both sponsored by

the Joint Interim Committee.'

House Bills 282 and 283 were described in detail in the July -
‘ December, 1980 Semi-Annual Progress Report prepared by this office.

A brief description of the:twoebills is as follows:
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2.7

HB282 - gives the State Board of Land Commissioneﬁs the

authority to leaseAState.lands or school lands for geo;

o thermal‘development.

,“ :HB283 - specifies that the extraction of heat is a bene-

ficial use of water.

L)

f‘House Bi1l 283 passed both'the state house.and senate and was

' signed into law by Governor Herschler on February 26, 1981

House Bill 282 died in committee in the senate at the termin-

ation of the regular legislative session. It will probably

- be reintroduced during the next regular session.

In addition to legislative analysis andbmouitoring, the WGCO

is currently investigating the institutional procedure for

-turning an unsuccessful mineral exploration hole into an acces-

sible geothermal‘well if hot water is found. A streamlining of

this procedure and clarification of the issues and agencies in-

volved could be very helpful to potential geothermal developers

in the state.

Public Outreach Program

72.71, Qutreach Mechanisms

1.

Distribution of~published information produced by the

WGCO and the Wyoming Resource Assessment Team.

Responses to informational requests that come into the

WGCO by mail and telepﬁone.

"The Geothermal News," a monthly WGCO newsletter with

a circulation of 600

Toll-free in;state'telephone number.

‘Public presentations to professional; public, civic,

8-20
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6.

7.

‘and:acadenic:organiZations;

Radio interviews and newspaper releases.

‘Expanded'usevofﬂinformational"workshops.

Summary of Contacts and Results -

~

1.

30 :

‘Numerous trips have been made to- Thermopolis by the

WGCO. The Thermopolis City»Council voted to apply for

- the HUD/DOE District Heating Program Grant upon recom-
- mendation by the,WGCO.~»This-grant was awarded this

‘spring for a total of $50,600. The WGCO is now in-

volved in the Work AsSessmentiGroup'in an advisory
capacity to the City Council on the district heating
project,

Presentations on the geothermal potential of Cody were

- given to: the~Cody~City Conncil,fthe County Planning

and Zoning Commission, the Park County planner and two

private developers interested in building geothermally

heated subdivisions. L

An all day state wide informational workshop on geo=~

' thermal energy was held on April 14, 1981. This work—
shop was well attended and provided a great deal of in-

s’formation on topics such as:l application technologies.

economics of direct use Wyoming geothermal resources,

”: 1institutional overview, water rights and state regula-"

tions, heat pumps, corrosion, environmental factors,,_

and federal leasing and regulation.‘b -

The speakers at the workshop were: Wyoming Senator

Diemer True, Ed DiBello of EG&G of Idaho Inc., Chuck

-Higbee of the Qregon Institute of Technology;_':
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~ Henry Heasler .of the University of Wyoming Department
of Geology, Richard T. Meyer of Western Energy Planners,
Ltd,, Richard Stockdale, State Qroundwater Geologist;
Richard Deery, Eureau oijand.Management; and.Steven
Goering of Glenn Coury and Associates;
‘4._:A presentation was made on geothermal energy to the

"University of Wyoming student body on April 17 1981,
This-presentetion,was part of a week long Appropriate

| Technology eonference sponsored by the University Women's

Center ‘and Student Activities Council

2 73 Overall Prospectus for Future Geothermal Commercialization
i Additional geothermal development is’likely to occur in
the Thermopolis region in the near future.’ The WGCO has
submitted a conmunity profile of Thermopoliskto the DOE
in an attempt to aequire financing advice to the town
through the Community Aésistance_Contractor: 'Elliot Allen
and Associates of Salem, Oregon. The ﬁGCO will remain
.closely involved with Thermopolis as a member of the Work
Assessment Group for the HUD/DOE District Heating Program

Grant. -

ifhe Cody area also shows a greet deal offpronise. Geo-
vthermellenergy utilization will most likely occur after de-
:regulation'of”their'natural gas‘prices-go into effect.
rThere‘are two privatevdeveiopers'in Cody that are begimning
the deveiopnentel_proeess Byifiling for water rights and

. studying financing'options'for the geothermal subdivisions .

. they have planned.
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In addition, significant space heating and agribusiness
S == _ ; _

o developments mayvoccur'in the Midwest/Edgerton‘and Auburn/

‘,Afton areas. The WGCO will continue to work with these.
communities in regard to the impact that geothermal energy
-may: have on the dairying, greenhousing, ‘and potential aqua—

cultural industries of these areas.

3.0 SUMMARY OF MAJOR FINDINGS‘AND RECOMMENDATIONS

Awareness of geothermal energy and its potential for utilization in

Wyoming has increased’dramatically, as shown'by the increase iniin-

quiries received by the WGCO high attendance at public meetings and

the continued growth of our newsletter mailing list. Some state

support is continuing from the Mineral Division of the Department of

.. Economie Planning and Development.

WGCO recommendations of actions that could be taken to facilitate geo-

thermal energy development in Wyoming are. as’ follows"r

) 1 .

Increase financing opportunitiesfor district heating pro-

jects (i e, continue existing programs into fiscal year 1982

and initiate other community assistance programs aimed at 1o~

'cating funding sources for geothermal development)

Create financial assistance for retrofit to geothermal from

fossil fuel sources. This would be a major incentive for in-'

ﬂ’vdustries and residential users to convert fuel systems.;

Increase state support of geothermal energy development.

rStreamline state and federal leasing requirements and 1egis-

’latively create a uniform definition of a geothermal resource.

Create a. simpler method for potential geothermal developers to

| -utilize abandoned mineral exploration wells without the
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capitalﬁintensive-"in’pérpetuity".bonding regulations.

» Cont inue providing federal funds for state planning and re-

source teams, Without data, there is no sure awareness of

_an alternative to fossil fuels. Without the public aware-
ness of the élternative energy choices aﬁailable, changes

~cannot be made,
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	lrlelding and Inspection Stations
	Calciner Condenser
	Cal ciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
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	Pre- and HEPA Off-Gas Filters
	Iodine Sorber
	NOx Destructor
	Off -Gas Cool er
	Process Operators
	Radiation Monitors
	Supervisors
	Others
	(P1 ant Forces
	Craft Workers
	P1 anners and Supervisors
	Others
	Process Engineers
	Faci 1 i ty Engineers
	Safety
	Technicians
	Others (Including Analytical )
	Others
	Totals: Nonexempt
	Exempt
	Supervisors









