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LDW-TEMPERATURE GEOTIlERMAL RESERVOIR 

SITE EVALUATION IN ARIZONA 

DOE/DGE Contract EG-77-S-02-4362 

by 

Bureau of Geology and Mineral Technology 
C~1ogica1 Survey Branch 
The University of Arizona 

845 North Park Avenue 
rfucson, Arizona 85719 



EXPLORATION AND EVALUATION PR(X}RMI 

During the prior nine months of exploration and evaluation, five 

areas have been designated for more detailed investigation. These 

areas are: (1) Springerville-St. Johns, (2) Cl ifton-Morenc i-Safford , 

( 3) San Bernardino valley, ( 4) PhoenL",{, and (5) Tucson. In addition, 

an area near the prison complex in Florence will probably be investi-

gated for the purpose of detennining the possibilitY' of supplying geo-

thermal energy to the facility. 

The geological program, as well as determining new regions of in-

vestigation, includes detailed and reconnaissance mapping using as base 

maps the available U.S.G.S. topographic maps. Attention will be given 

to determinj~g the structure, stratigraphy, alteration and lithologic 

relationships of important rock units. The subsurface structure and 

stratigraphy, as determined from drill logs and cuttings on file with 

the Bureau of Geology and Mineral Technology, Geological Survey Branch 

in Tucson, will be studied, where available, in order to construct a 

three dimensional geologic picture which is most necessary in order to 

define and model the geothermal energy resource under investigation. 

The geochEmical program consists primarily of collecting for chEmical 

analyses 500 water samples from wells and springs. This sampling program 

is designed to supplEment previous'" work done by the U. S. Geological Sur-

vey and Dr. '.::handler Swanberg of New Mexico State University. Sampling 

will be conducted in the main areas of interest and also on a regional re-

connaissance basis. Each sample will be analyzed for Na, Ca, K, SiO') and 
< .. 

tota.l dissolved solids. Eh and pH measurEments will be conducted in the 

field at the time of sample collection. The elEments and cornp::>unds being 



analyzed are used as geochemical geothernDmeters to determine possible/pro-

bable subsurface reservoir temperatures. The total cost of analysis per 

sample will be approximately $21.00. 

Additional money has been budgeted in the geochemical program for 

soil and rock analyses, rock age dating, and the manufacture of thin-

secions for petrographic analysis. 

The geophysical program is currently in a state of flux. Dr. Marc 

Sbar, Seismologist, University of Arizona, has planned a passive seismic 

study in three areas, Springerville-St. Johns, Clifton-Morenci-Safford and 

San Bernardino valley. 

The purpose of this passive seismic study is as follows: 

1. map active faults which may serve ~s conduits 
for hot water or steam 

2. determine principal stress orientations in the 
area of the seismicity 

3. determine orientation and sense of strike and/or 
dip slip on the faults 

4. define the extent and depth of a magma chamber, 
should one exist within the limits of detection 
of the survey 

5. detect regions of fluid saturation 
6. detect active fluid !lX)vement within the seisnic 

study area 

As well as contributing valuable exploration information to the pro-

gram, the passive seismic survey will also contribute to the environmental 

assessnent of the areas under exploration. The monetary value of the pas-

sive seisnic program and the information obtained from it will greatly ex-

ceed the actual cost of the program. Dr. Sbar r s program is to be funded 

at $14,000.00 

At the present time negotiations to combine geophysical programs are 

underway arrong Los AlaIrDS Scientific Laboratory, outside advisors to the 

Arizona program, New Mexico State University, and the Geological Survey 



Branch, University of Arizona, all of whom have planned to illldertake 

geophysical work in Arizona this year. The combined programs \\Quld 

cover more and larger areas, thereby maximizing effort and minimizing 

cost. 

Additional geophysical programs, includli1g well temperature logging 

and heat flow measurements are being planned and will be conducted by 

the combined groups. Monies have been budgeted to assist these programs. 



GFDI'HERMAL ENERGY RESOORCE MAP 

The Geological Survey Branch will also compile and construct a 

geothermal energy resource map of Arizona at a scale of 1: 500,000. 

The approx~nate size of this map with explanation is 48 by 70 inches 

and will be printed in color front and back. The map will be published 

by Paul Grim of the National Geophysical & Solar-Terrestrial Data Center, 

National Oceanic and Atmospheric Administration, Environmental Data Ser­

vice, U.S. Department of Commerce, with a tentative release date of January 

or February, 1979. 

In conjunction with the above-mentioned map a lineament map is to be 

constructed at a scale of 1: 500,000 primarily from Skylab S-190A photographs 

which, with a variety of solar azmuths, cover over 99 percent of Arizona. 

Skylab photographs have no scan lines which often interfere with the in­

terpretation of lineaments from Landsat images. The 1: 500, 000 lineament 

map will be published as a part of the geothermal energy resource map of 

Arizona. 1~e sum of $7,000,00 has been budgeted for this study. 



PROr08ED BillX'.rEI' 

January 16, 1978 - January 15, 1979 

SALARIES AND WAGES 

W . R. Habman, Sr., Geologist 
Principal Investigator 

Claudia Stone, C~logist 

James C. Witcher, Geologist 

Tracee Calhoun, Secretary 

Daniel B. Dwyer, Drafter 

Fringe Benefits @ 16.5% 

GEOr.mICAL PRCX:lRAM 

field travel 
400 mandays at $30.jday 
40,000 field miles at 
0.21jmile 

GEXHEMICAL PRCGRAM 

water and rock analyses 
age dating and thin sections 

GEOPHYSICAL PRCXiRAM 

passive seismic and others 

SKYLAB PRCGRAM 

lineament IDc'l.p 

CDMPU1'ER CDSTS 

programning and run t:ime 

OFFICE OPERATIONS COSTS 

expendable supplies and 
drafting equipment 

$18,521.00 May 1, 1978 - January 15, 1979 

18,585.00 January 16, 1978 - January 15, 1979 

14,863.00 February 1, 1978 - January 15, 1979 

1,731.00 August 1, 1978 - January 15, 1979 

5,600.00 January 9, 1978 - January 15, 1979 
$59,300.00 

9,784.50 
$69,085.00 

$12,000.00 
8,400.00 

$20,400.00 

$20,400.00 

$14,350.00 

$31,268.00 

$ 7,000.00 

$ 2,000.00 

$ 5,000.00 



LIBRARY ADQUISITIONS 

TRAVEL AND PER DIEM 

scientific meetings and 
conferences 

PUBLICATION OOSTS 

geothermal energy map of Arizona 

TOrAL D1rox::: COSTS ('IDS) 

INDIRECT COSTS (37% of 'l1X:) 

TOrAL 

CAPITAL ITEMS 

light-weight temperature 
logging unit 
binocular and petrographic 
microscopes with photographic 
rrount 

GRAND TOrAL 

$4,000.00 

4,739.00 
$8,739.00 

$ 2,000.00 

$ 5,000.00 

$20,000.00 

$176,103.00 

$ 65,158.00 

$241,261.00 

$ 8,739.00 

$250,000.00 



Contract No.· EG-77··S-02-·/t362 

CONTRACT BETHEEN 

ARIZONA BOARD OF REGENTS 
AND 

THE U. S. ENERGY RESEARCH AND DEVELOP~'lENT :'IDl'lINISTRATION 

T':IIS ACREEHENT is effective the 1st day of May , 1977 , betw":l'n the 
UllTTED STATES OF AMERICA (her.einafter referred to as the "Government"), acting 
thr(JI\,~h tJ' .•. " ENERGY ?"'.SEARClI ANi) DEVET,Opt·r';;llT ADHINISTR:\TIOl'! (~~:~r:.;!,'1'1fc:"::- ~:"'.-
Let' {t,d to as "ERDA"), and ARIZONA llOARD 02 IU~G£NTS 

a corporation duly organized 
and existing under the laws of the State of Arizona 

WITNESSETH THAT: 

with its principal office in Phoeni:::, Ari::oona 
(hereinafter referred to as the "Contr2ctor Il), 

\niEREAS, ERDA wishes to have the Contractor perform certain resear~h work, as 
herBinafter provided; and 

HBimEAS, th:::; agreement b authorized by the Energy Reot .... nization Act of 1974 
and other applicable law; 

NOW, THEREFORE, the parties ~ereto agr~e a::; fo11CWJ: 

ARTICLE I - THE RESEARCH TO BE· rrmI"C'D 

(a) The Contractor shall, to tht'! be;,L: of it~; ::1:li1ity, furnLh pCrl.wnnGl, 
facilities, equipment, materials, suppl } and services, except duch 
as are ftlrni~hed -liy the GO·.ferpm~nt, n2C lry for the pe::-:Eorm3Y'1.::e of 
the research provided for in A?pendix A ... ·ct shall perform the r~seaL(:h 
c!t1d repot'.: thereon pursuant to the ·pr·ovisions. of this cont raet:. It ::y 
unde~stoorlthat App~ndix A, a guide to the performance of this contract, 
may be deviated [';'0]11 by the Contractor subj e(;t to the specific: require­
ments of this contract. 

(b) This \vod, :o:ha11 be conducted under the direction of Dr. Richard Ihh-::lan 

or sueh other me!,19"r of the Contractot"s staff as may bQ mutually 
Gatis factory to t:',:, parties. 

ARTICLE II - THE PER: ~}[o' PERFORHANCE 

The period of perform;':ll\~[~ under thiti contract t;h.Jll commence. on Ho.y J} 
1917 clnd expire 0:1 April 30 ,1978. Performa.nce may be extendi..:c1 [01-

iidditiol1(11 periods by t:iC mutual vlritten agreement of the paI'Li('.~. 

ERijA 10-276 
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Contract No. EG-77-S-02-4J62 
Page Ho. 2 

ARTICLE III - CONSIDERATION 

(0) In full consideration of the Contractor's performance hereunder, ERDA 
shall furnish the equipment, supplies, lJlaterials, and services, if any, 
listed in Article A~II(b) and pay the Contractor the 8um of $95,301.00 
hereinafter called the "Support Ceiling" which Bum shall be subject to 
adjustment as hereinafter provided. 

(b) Pnyrnents to the Contractor sh·!lll ('qu:,tl the "CI'"m13tivc' SU[Jpor,t C(;:>1:" 
of t:1e performance of this contract, as the term "Cumulative Support 
Cost" is defined in Article B-XXVIII; Provided, however, And not'with­
standing any other provision of this contract, that the Government's 
monetary liability unde~ this contract shall not exceed the Support 
Ceiling specified in (a) above. ERDA shall not pay more than the 
Support Ceil~ng or an amount equal to the Cumulative Support Cost, 
whichever is less. The Cont ,.~tor shall be obligated t:o perform under 
this contract throughout the Hgreed-upon period of performanc~, a~d to 
bear all C09tS which ERDA has not agreed to pay; Provided, IW'a'ever, That 
the Contractor shall have, the right to cease to perform the research pro­
vided for in this contract, upon written notice to EP~A to that effect, 
at any time when or after the Cumulative Support Cost equals or exceeds 
the Support Ceiling. 

(e) The Support Ceiling specified in (a) ab6ve Day be increas0d unilaterally 
by EPJJA by written notice to the Contrac! );. <:Ind may be i 'usevJ or (!~-

crt~Mjed by written agreement of the part (vhether or by formal 
moriification to thi8~;:mtract). In the .!.t. the stat'.', ;',8riod of '.on-
trllct performance ,;'xtended, the Suppo')' Ceiling wi! be revised to 
reflect any inc rea ;.. ERDA support for the extended p ~()d or periods. 

Cd) Upon termination, or expiration of the total period of p2rformance, the 
Contractor sha 11. promptly refund to ERDA Cor make such disposi tioll as 
ERDA may in \.,riting direct> any 8um3 paid by ERDA to the Contractor under 
this contract, through direct payment or under letter of credit, in ex­
cesu of the Cumulative Support Cost incurred in performance under the 
contract. 

ARTICLE IV - GOVERNMENT PROPERTY 

The follot,.,ing items of property procured or fabricated by the Contractor are 
hereby 1 is ted as "Government pi-operty": 

None 

ARTICLE V - APPENDICES 

Appendix A, Appendix B - G2nernl Provision8, Appendix C - Statement of Costs, 
and Appendix D - Intellectual Property Provisions, arc h~rcby attached to and 
m~de a part of this contract. 

ERDA 10,-276 
" 



CONTRACTOR: ARII:iA BOARD OF REGENTS Contract No. EG-77-S-02-4362 

APPENDIX A 

For the Contract Period May 1, 19"17 through April 30, 1978. 

Artic1e A-I RESEARCH TO BE PERFORNED BY CONTRll.CTOR 

(a) The scope of work under this contract is unclassified and shall 
consist of; (1) accomplishing a preliDinary synthesis of the data 
presently available concerning the distribution of the potential low 
and moderate temperature ge.othpDnal :.:esourcc:,s i~ the Si:ate of ArL:ona; 
(2) conducting prellmincllY field surveys of promisiIlg si ce3 identiiied 
on the basis of existing information. These preliminary surveys Hill 
include the sampling and analysis of surface and ground waters, mapping 
of rock alteration, and a preliminary survey of the geologic setting 
and hydrogeology of the area; (3) subcontracting for preliminary 
environmental assessments of areas being examined as potential phase 
t,vo reservoir confirmation sites; and (It) providing a coordinator who 
will be responsible for the integration of related State and Federal 
geoscience research projects potentially contributing to the low and 
moderate temperature ge()therrnal resource inventory. 

(b) The scope of ~V'ork shall include such other studies, invest~ations 
and services as may be mutually agreed upon. 

(c) The Principal Investigator(s) expects to devc'te the £ollo",ing approxiraate 
amount (s) of time to the contract ivork: 

100% of his ti~e for 12 months. 

Article A-II WAYS AND ~l'Et'u'l'S OF PERFORMANCE 

(a) Items for ivhich support ~V'ill be provided as indicated in A-III, belDiV': 

(1) Salaries and I-[ages 

(2) Equipment to be purchased or fabricated 
by the Contractor 

(3) Travel 
(i) Domestic 

(ii) Foreign 

(4) Other direct costs 

$ __ 44,000.00· 

$ - ° -
$ 2,900.00 

$ ___ -_0C-----_ 

(5) Indirect costs based on a predetermined rate of 37 percent 
applicable to total direct ~osts exclusive of items of equipment 
and other capital expenditures, costs of that portion of a single 
subcontr3ct in excess of $50,000, and student tuition/fccs and 
stipends. 

EhDA APP. A-27G 
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la. Agreement No. I.b. ModificatIOn No. 

(~.v 10·77) U. S. DEPARTMENT OF ENERGY 
DE-FC07-79ID12009 

COOPERATIVE AGREEMENT 2. Agreement PerIod 

PURSUANT TO AUTHORITY OF Pl 93-410. PL 93-438. 
PL 93-473. PL 93-577. and PL 9S-91 ,- From: Jan. 16, 1979 To: Jan. 15, 1980 

), PartiCIpant Name and Addr&ss 
Cniversity of Arizona 
20LI 5 N. Forbes, Suite 106 
Tucson, Arizona 85705 4. ParticIpant Type 

M EducatIonal :lfJX Nonprofit 

C Slate or Local Government C Profit 

PrOIOct Title 6. Prolect Will Be Conducted Per 

1.0\,,- to-Hodera te Temperature 
II & VI 

Geothermal Reservoir Site See Article 

Evaluation in Arizona 
7. Tecnnical Reports Are ReqUired 

-
See Article VII 

---,. Pr:nClpal InveStigatorlS) or Program Olf9.CtOr(S) Name and Adaress 9. DOE pn~.ram Officer (Name anQ Address) 

:.J. Richard Hahman, Sr. Lelan L. Hink 

Principal Investigator Idaho Operations Office, DOE 

Bureau of Geology & Hineral Technology 550 Second Street, Idaho Falls, ID 83401 

2045 N. Forbes, S~H~t::106 Teleohone No . (208) 526-0638 
..........:±'H€88R- ~. 
) Accounting and Appropnatton Oala 11. Metnod of Payment 

" Suomll 'Iouchers. II any, to Agreements Officer Untes~ a 'I. AI Award. ", When Requested 50/0 Upon Receiot 01 Final ReDort 
0:nerwlse Soecllied In Ihls Block Director, Contracts 0 Leller ot Credit Cl ~elmoursement 

l'lanagement Division, 550 Second Street a Other (speCIfy) See Article 

) F~~8~lsllZrcfs;:11: is , fdah., &348:1: 
14. Remarks: 

30tJrce Amount --- I JOE 

312,515.00 , 
s 

-0-
P.1f:,clpanr S 

70tal FundIng: S 312,515.00 

,mount Obllgateo dy T~.s ActIon 5 226,739.00 

JOE !ssu.ng Ol/ice ,Name and Address) 

Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83L.Ol 

--
DOE CooperatIve Agreements Ol/Icer 18. PartiCIPant Acceotance 

--
'Slgnaturel lOatel 8y 

Signature ot~utno(lled QI/iclal 

\lame I ~voedl R. E. Simonds 

I 
T !Ie Director, Contracts Hgmt. Division /lame tlYPSd) 

(208) 526-1347 :J • ~I~ono~e No iitle -- -



Cooperative Agreement No. DE-FC07-79ID12009 

ARTICLE II - DESCRIPTION OF RESPONSIBILITIES (Cont'd) 

( 

\ 

\ 

The geothermal program in Arizona is one emphasizing the explora­
tion, evaluation and development of low-to-moderate temperature 
geothermal resources. The FY-79 program will emphasize on area and 
site specific studies rather than regional reconnaissance geologic 
investigations. Specific objectives and task areas follow: 

(1) Development of a successful exploration technique for 
the location, evaluation and development of low-to­
moderate temperature geothermal resources. 

(2) Conduct site specific investigations in areas defined 
through earlier reconnaissance surveys where a geothermal 
potential exists and near-term commercialization is 
evident. This work should include appropriate geologic, 
geochemical and geophysical investigations to better 
define the resource potential. 

(3) 

-'" -- . 0 

Compile and publish an energy resource map of Arizona 
through cooperation with the USGS and NOAA. Participate 
in the update of the Arizona section of the USGS Circular 
726 update . 

The Participant is also responsible for cost-sharing to the extent 
provided for in Article III, "Financ .. ~al Support of the Project... " 

ARTICLE III - FINANCIAL SUPPORT OF THE PROJECT 

A. The total est imated cost of performing the work under th is Agree­
ment is Three Hundred Twelve Thousand Five Hundred Fifteen Dollars 
($312,515.00). For performance of work under this Agreement, DOE agrees 
to pay 100% of total allowable costs. The Participant shall be reimbursed 
by DOE for the costs of the project determined.to be allowable in accordance 
with Article A-I of'the General Provisions entitled "Allowable Costs." 

C. The amount of funds presently obligated under this Agreement by 
DOE is Two Hundred Twenty-Six Thousand Seven Hundred Thirty-Nine Dollars 
($226,739.00). The balance of Eighty-Five Thousand Seven Hundred Seventy­
Six Dollars ($85,776.00) shall be funded if progress on the proj~ct warrants 
it, when and if funds are available. 

012979 -2-
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1. Add the following paragraph (5) to Article II, Description of Responsibilities: 

(5) The Participant shall continue the Low-to-Moderate Temperature Geothermal 
Site Evaluation in the State of Arizona in accordance with Attachment I to 
this Modification. 

2. The total estimated cost set forth under Paragraph A. of Article III, Financial 
SUppOI~t of the Project, is increased by $300,000 from $356,970 to $656,970. 

3. The amount of funds obligated under Paragraph C. of Article III, Financial Support 
~~he Project, is increased by $300,000 from 5356,970 to $656,970. The total 
amount obligated includes $226,739 obligated by the original contract, $130,231 
obligated by Modification No. AOOl, and $300,000 obligated by this Modification 
No. A003. 

4. The period of performance set forth under Article V, JeTTll of Agreement, as pre­
viously extended by Modification No. M002 to May 15, 1980, is hereby further 
extended to January 15,1981. The period of perfonnance fOI' Ivork under this 
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STATEMENT OF WORK 

ATTACHMENT I 

Modification A003 
Cooperative Agreement No. 

DE-FC07-79ID12009 

During the period from January 16, 1980 through January 15, 1981, the 
Participant shall perform the following tasks: 

Task 1 - Avra Valley 

- Compile existing geoscience information for the area including warm 
we 11 and spring locat ions, depth temperature and geochemistry. 
Collect and analyze up to 20 water samples for warm wells greater 
than 30 Q C.; log all available wells for bottom hole temperatures, 
compute thermal gradients, and where core is available, obtain thermal 
conductivity and heat-flow calculations. Develop a report of the' 
interpretation of data and develop maps depicting geoscience 
information for the area. 

]'ask} - Arizona Hot Springs 

- Location, geochemical sampling and water temperatures will be obtained 
for all Arizona hot springs and the results will be published. All 
information will be sent to the USGS Geotherm files for incorporation. 

Task 3 - Clifton and Gillard Hot Springs 

Geologic structural mapping will be completed in the Clifton area. 
All available wells and springs will be tested for bottom hole tempera­
tures and thermal gradients, up to 30 water samples will be collected 
and analyzed. Age dating of ash-flow tuffs and rhyolite intrusives 
will be completed. A report of the findings from previous work plus 
this years' effort will be developed. 

Task 4 - Heat Flow 

- Conduct a state-wide heat flow program for all available wells from 
which core is available. Obtain bottow hole temperatures, and compute 
thermal gradients. Compile a heat flo~'map of Arizona using all 
available data to date. 

_!ask l - Northern Hassayampa Plain 

.- Conduct a reconnaissance gravity survey over a 140 square mile area. 
Develop an interpretation of the substructural geology based on the 
gravity data and other available surface and subsurface structural 
information. Produce a gravity map of the surveyed area. Conduct a 
geologic mapping survey of the Belmont Mountains at a 1:24,000 scale. 
Complete a mercury survey of the reconnaissance area; develop a map of 
the survey results and interpretations. Collect and analyze about 30 
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Task 5 - Northern Hassayampa Plain (Cont'd) 

water samples from warm wells; obtain bottomhole temperatures and 
calculate thermal gradients. Develop a report on the geothermal 
potential of the Hassayampa Plain based on above data, and other 
available geoscience information. 

Task 6 - Reconnaissance 

- Collect and analyze water samples from hot wells in areas not 
previously studied under this contract. Obtain location, well depth, 
bottom hole temperatures and calculate thermal gradients for all 
available wells. Compile all available lithologic, structural, 
geochemical, and geophysical data for ~ach area of significant 
geothermal potential based on thermal1radient and other information. 
Supply USGS geothermal file with all new information. 

Task 7 - Papago and Yuma 

- Collect, analyze, and interpret all geologic, geochemical, and geo- . 
physical data available in the Yuma and Pagago Indian Reservation 
areas. Log all available water wells for location, well depth, bottom 
hole temperatures, and convert to heat flow holes where possible. 
Collect and analyze approximately 60 water samples from selected ~.,arm 
wells. Prepare a report of the geothermal potential of the area based 
on the geoscience information collected. 

Task 8 - San Pedro Valley 

Conduct same program as outlined in task 7 with the exception that 
only 15 water samples will be collected, and maps will be generated 
based on available geoscience information. 

Task 9 - Safford - San Simon Area 

- Conduct same program as outlined in Task 7 with the exception that 
only 30 water sampled will be collected. In addition, a detailed 
structural map of the basin will be completed, and all available 
gravity data will be collected. Comparison of structural information 
and gravity data will be performed, and the basin structure will be 
modeled using the gravity and surface structural information. A 
report will be prepared about the findings in the basin. 

Task 10 - Tucson Area 

- Conduct same programs as outlined in Tasks 7 and 9. 
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Task 11 - Preliminary Resource Assessment Map 

Modification A003 
Cooperative Agreement No. 

DE-FC07-79ID12009 

As per the proposal, the Arizona team will assist NOAA in the preparation 
of a Resource Assessment Map (1:500,000 scale) for public distribution. 
The map will contain, but not be limited to the following elements: 
location of wells and springs greater than 30°C. in temperature, geo­
chemistry. Well depth, geothermometry, flow rate, volcanism, KGRA's, 
physiographic boundaries, and heat flow. All available information to 
date shall be incorporated. A descriptive pamphlet or ledgend will 
accompany the map for explanations and further details. 
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