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Projects 

What te h? 

Ar» yoo — 

• A leiseholdef or owner of property over a 
geothernul energy reservoir? 

• A farmer, commodily dinributor or buii-
nessman planning to use geolhermal hest 
for food drying or for the production of 
gasahol? 

• A publically-owfied or municipal utility 
or cooperative seeking additional electric 
production from an alternative energy 
source? 

• A small business wishing to incorporate 
geothermal heat in a business venture? 

• A state igency desiring to conserve energy 
and promote alternative energy resources? 

• An urban or rural government agency, 
Indian Tribe, or business considering the 
use of geothermal heat in a venture to 
conserve energy or promote economic 
growth? 

• A oompsny planning to use geothermal 
heat in en economically depressed area? 

Then you should be imerened in reviewing the 
contents of this brochure if you want to consider 
Federal assistance in funding your project. 
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Purpose 

U.S. Department of Housing and Urban 
Development: 

• Mortgage Insurance — Land 
Developnient and New 
Communities 11 

• Mortgage Insurance — Hospi­
tals 12 

• Mongage Insurance — Nursing 
Homes 12 

• Community Development 
Block Grants 13 

• Community Development 
Block Grants — Small Cities 13 

• Indian Communrty Develop­
ment 14 

• Urban Development Action 
Grants 14 

Bureau of Indian Affair*: 
• Indian Loans — Economic 

Development 15 
Small Business Administration: 

• Small Business Loans 15 
Is More Information Available? IE 
Unsolicited Proposals 16 
Inventioiu 17 
Is Other Assistance Available? 17 
Is General Information Available? 17 

The Department of Energy (DOEI is carrying 
out a geothermal energy commercialization program 
to assist you in establishing projects that develop 
geothermal reservoirs or projects that use geother­
mal energy. This brochure is intended t o acquaint 
you w i th those existing Federal funding programs 
that may be available to finance a geolhermal 
energy project. Requirements end el igibi l i ty for 
Federal funds periodically change and therefore 
the informat ion in this brochure may not be com­
pletely up to date. Addi t ional ly , new funding pro­
grams ahd changes to existing programs are being 
considered by Congress. This brodiure wi l l be 
updated whenever significant changes occur. 

Federal Tax Benefits 

Geothermal energy was made the target of 
special tax benefits designed to stimulate commercial 
investment in projects using this alternative energy 
resource. These tax benefits include the expensing of 
intangible dri l l ing costs ami a depletion allowance for 
those projects that develop geothermal energy reser­
voirs, and investment tax credits for those projects 
that use geothermal energy. 

Under most condi l ions, these Federal tax 
benefits may be taken together w i t h certain other 
forms of Federal funding assistance out l ined in this 
brochure. The financial terms of your specific geo­
thermal project should be discussed w i th the nearest 
Internal Revenue Service of f ice, or your tax advisor, 
t o determine whether the use of Federal funding 
assistance wi l l interfere w i t h your use of these tax 
benefits. 

Types of Ass is tance Avai lable 

Federal funds that may be available to assist you 
in financing a geothermal energy development or 
uti l ization project consist of the fo l lowing general 
types: 

• Formula grants — allocations of Federal 
funds t o states or their subdivisions mede 
in accordance w i th a distr ibut ion formula 
prescribed by law or regulation. These 
funds are then distr ibuted by a state 
agency for projects or purposes which -
meet program requirements. Grants of 
money received f rom this source are not 
required to be repaid and therefore com­
pet i t ion for available funds is high. 
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Project grants - allocations of funds by • 
Federal agency for a specific project er 
purpose. Funds received from this source 
ara usually not repaid and competition is 
high. 

Direct loans — Funds made available 
through a loan by a' Federal agency 
directly to an applicant that meets pro­
gram requirements. Direct toans may not 
require the payment of interetl or may 
provide funds at below-market interest 
rates. Funds received from this source 
are expected to be repaid. 

Guarameed/lmured loans — Funds made 
available through a commercial loan or 
through a loan made by the Federal 
Financing Bank. A Federal agency 
guarantees payment of principal and 
interest if tfie borrower defaults. 
Guarantees are made only when there is 
reasonable expectation that the borrower 
can meet the loan repayment schedule. 

How Long Does h Take? 

Who Quanties? 

You may, if you can meet program require­
ments. Individuals and organizations of all t-ypa may 
qualify for one or more program. The programs 
summarized in this brochure can provide assistance to 
farmers, urban and rural agencies, individuals, small 
and large businesses, school districts, hospitals, Indian 
Tribes, Alaskan natives, economically disadvantaged 
individuals, utilities, municipal agencies, electric 
cooperatives, natural resource developers, and othen. 
Federal eligibility requirements differ among the pro­
grams and you .are encouraged to discuss your specific 
project with the program's Washington, O.C. con­
tact point identified in this brochure. 

How Much Money is Available? 

Federal funding of eligible projects varies for 
each program. For highly competitive grant programs 
you might receive only about 20% of the project's 
construclion cost. Guaranteed loan programs can 
cover from 75% to 100% of a project's total cost. 
A few Federal agencies place maximum limits on the 
amount of assistance available to an individual appli­
cant. Some Federal agencies permit the same project 
to tte partially financed by one or more other funding 
sources. In summery, the amoum of money that is 
available can ba sufficient to fund a significant ponion 
of your geothermal project if you are willing to seek a 
guarameed loan and are able to establish reasonable 
assurance that ttw loan will be repaid. 

The speed at wtiich your application can t>e pro­
cessed by the responsible Federal agency depends upon 
the completeness of your submission. Generally, a 
decision can be made within one to six months after 
your application is accepted for processing. To be 
accepted your appUcation must be complete, mun 
indude all necessary informalion, and must conform 
to requirements established by the responsible 
Federal agency. By calling the agency's office in 
Washington, O.C, you can receive instructions and 
guidance in preparing an application. 

Must the Project Contain 
Geothermal Energy? 

To qualify for assistance under DOE's Geother­
mal Loan Guaranty Program, it is necessary that your 
projecl indude either the development of a geother­
mal reservoir or the use of geolhermal heal. Only 
DOE's Geothermal Loan Guaranty Program is author­
ized to approve projects aimed at developing a geother­
mal reservoir or projects Ihal include new or innova­
tive geothermal technology. Hbwever, DOE will not 
favorably consider projects that are limited to geother­
mal exploration li.e., wild catting). 

To quality for assistance under other Federal 
funding programs, it is necessary t tut your project 
first meet certain geographic, social, economic or 
community objectives. If your project is aimed at 
one or more of these objectives and it also indudes 
tt)e use of geothermal energy, ttien your project is 
eligible for consideration under a variety of programs. 
Other Federal agencies will not favorably consider 
projects ttial indude geothermal reservoir exploralion 
and developmem, or the use of unproven tedinology. 

What's Required? 

To obtain assistance under any of the Federal 
funding programs listed in this brochure you will be 
required to submit informalion outlining the projects 
cost, management, milestones, economics, market and 
technology. Other information describing the pro­
jects' ability to meet geographic, social, economic or 
community objectives will also be required. For geo­
thermal projects you will be asked to indude descrip­
tions and characteristics of the reservoir you propose 
to develop or use. The quality of information you 
presem will govern the speed at virfiich the responsible 
Federal agency can reach a final decision on your 
application. 



Ottwr assistance requirements including equity, 
recourse, {merest rate, personal guarantees, guaranty 
fees, collateral, patents, proprietary information, or 
equal opportunity compliance differ among Federal 
programs. Each program's office in Washington, D.C, 
can describe those requirements imposed by law or 
regulation. Advance knowledge of those requirements 
may be of value in deciding which Federal program is 
best suited to your needs. 

How to Apply ^ ^ 

Each Federal agency responsible for a funding 
program has filing procedures that it follows in con­
sidering applications for financial assistance. To 
assist you in gathering information on procedures for 
filing an application and for complying with any dead­
lines for its submission, this brochure contains the 
address and telephone number of each program's 
Washington, D.C. office. Specific information 
and guidance on your projects eligibility and on 
filing an application is available from these offices. 

Federal Assistance Programs 

The Information presented for each of the 
following finandal assistance programs is intended to 
provide you with a quick overview of ttte program's 
scope only for planning purposes. Because of shifting 
requirements and priorities you should not prejudge 
your project's eligibility for Federal assistance. Those 
programs which appear to be suited to your needs 
should be discussed with the Washington, D.C. 
office of the appropriate agency. 

U.S. Department of Agriculture 

F»rm«r» Hom« Admlnlatrtkin 

Program: Business and Industrial Loans 

Eligibility: Any legal emtty, Indian Tribe, local 
government agency located in rural areas 

Purpose: To assist in finandng business and industry 

Type of Assistance: Guaranteed arxi Insured Loans. 
Assistance Considerations: 

• Applicants provide a minimum of 10% 
equity. 

• Loan maturity lim'ned to 30 years for 
permanent fixtures, to 15 years for 
equipmenl and machinery, and to 40 
years for community facilities. 

Deadlines for Applying: None 

Range of Assistance Awarded: S11,000 to S33,000,000 

Maximum Load Size Authorized: No Umit 

Fm HIA Decision Time: 60 to 90 Days 

Information Contact: 
Washington, D.C. Telephone: (202) 447-3479 

Program: Community Fadlilies Loans 

Eligibility: Slate and local government agencies, 
Indian Tribes, not- for-prof i t corpora­
tions located in rural areas 

Purpose: To assist in financing essential services, 
including industrial parks 

Type of Assistance; Insured loam with 5% interest 
rata. 

Assistance Considerations: 
• Fadlilies must IM available for pul>lic use. 
• Loans made for projects serving largest 

numtKr of rural residems. 

Deadlines for Applying: None 

Range of Assistanee Awarded: $1,600 to $18,000,000 

Maximum Individual Loan Size Authorized: No Umit 

Fm HA Decision Time: 30 to BO days 

Information Contact: 
Washington, D.C. Telephone: (202) 447-7667 

Rural Electifflcatlon Admh<t«trtlon 

Program: Rural Electrification Loan Guarantees 

Eligibility: Electric cooperatives, public utility dis-
- tricts, power companies, municipalities, 
and power suppliers serving rural araas 
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Rural El<ctrWe«t>oo Admlnlauatton leonf d) 

Purpose: To provide reliable electric service to rural 
persons 

Type of Assistance: Guaranteed aruj Insured Loans 

Assistance Considerations: 
• Loan maturity up to 35 yean 
• Equity up to 30% may t>e required 
• REA approval of loan terms and 

conditions 
Deadlines: None 

Range of Assistance Awarded: 
$250,000 to $40,000,000 - Insured Loans 
$10,000,000 to $1,400,000,000 -

Guarameed Loans 

D^ximum Individual Loan Size Authorized: No Limit 

REA Decision Time: 3 to 6 Monttis 

Information Contact: 
Washington, D.C. Telephone: (202) 447-5606 

U.S. Department of Commerce 

Economic Dayalopmwtt AdmliilaueUon 

Program: Public Works and Development Fadlilies 

Eligibility: Slate and local govemmem agendes. Indian 
Tribes, and nonprofit organizations in 
geographic areas wtiere economic growth 
is lagging 

Purpose: To assist in ttie coiutruction of public fad­
lilies needed for long term economic 
growth 

Type of Assistance: Projea grants 

Assistance Considerations: 
• Basic grant may be up to 50% of project 

con 
• Severely depressed areas may receive up 

to 80% of projea con 
• Indian Triljes eligible for 1(X)% assinance 

Deadlines: None 
Rangeof Assinance Awarded: $5.(X)0 to $7,138,000 
Maximum Individual Gram Authorized: No dollar 

limitation 
EOA Dedsion Time: Within 90 days of application 

acceptance 
Information Contaa: 

Washington, O.C. Telephone: 1202) 377-5265 
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U.S. Department of Commerce 

Economic Devlopmem Admlnletratlon 

Program: 

Eligibility: 

Purpose: 

Business Developmem Assistance 

Any individual, prhrate or public corpora­
tion, Indian Tribe, profit corporation 

To provide finandal assistance to busi­
nesses that expand or enablish plants in 
designated areas 

Type of Assistance: Direa Loans; Guaranteed/ 
Insured Loans 

Assinance Coruideretions: 
• Projea mun t>e sited in geographically 

depressed area 
• Financial assistance is otherwise not 

available 
• Applicant's willingness to contribute 

equity beyond ttie minimum requiremem 

Deadlines: None 
Range of Assinance Awarded: $260,000 to $5,200,0 

Maximum Individual Assistance Authorized: 
May t>e revised l>v Congress 

EDA Decision Time; 3 to 4 months with complete 
supporting documerrts 

Information Contaa: 
Washington, D.C. Telephone: (202)377-260 

U.S. Department of Energy 

Program: Energy Conservation for Irmitutional 
Buildings 

Eligibility: State energy agencies 
Purpose: To assin local govemment in finandng 

energy conservation measures for sctiooli 
hospitals and buildings 

Type of Assinance: Formula Grants 

Assistance Considerations: 
• Not availalile for buildings connruaed 

after April 20.1977. 
• Assistance matcfud by grantee on a • 

formula tiatis. 

Deadlines: Annual submission. Contaa nate energi 
agency for dates. 

Range of Assinance Awarded: Not Available 

OOE Processing Time: 30 to 60 Days 

Information Contaa: 
Washington, D.C. Telephone: (202)252-232 

10 



U.S. Department of Energy 

Program: Geotfiermal Loan Guarantees 

Eligibility: Any company, utility, person, state or 
local government agency, Indian Tribe 

Purpose: To assin in financing projects to develop 
and use geotfiermal energy 

Type of Assinance:. Loan Guarantees 

Assinance Consideratkxis: 
• Borrower required to provide 25% equity 
• Loan maturity limited to 30 yean or 

useful life of key projea components 
• OOE approval of loan terms and 

conditions 

Deadlines for Applications: None 

Range of Assistance Awarded: 
$1 ,S00,000 to $29,000,000 

Maximum Individual Guaranty Authorized: 
Up to $100 million per projea. 

DOE Decision Time: 6 to 9 months with com­
plete supporting documents 

Information Contsa: 
Washington, O.C. Telephone: (202) 633-8760 

U.S. Department of Housing and 
Urban Development 

Program: Mongage Insurance — Land Development 
tnd New Communities 

Eligibility: Davelopen of large subdivisions or new 
communities 

Purpose: To Insure lenden againn loss on mortgage 
loam 

Type of Assistance: Guaranteed Loans 

Assinance Considerations: 
• Maximum guaranty limited to percentage 

based on HUD estimates 
• Loan maturity up to 10 years 
• Projea soundnen 

Deadlines: Estabiistied on a case—by-case basis 

Rangeof Assistance Awarded: Not Available 

HUO Oedskin Time: 3 to 9 months depending on 
sponsors preparation 

Informalion Contaa: 
Washington, O.C Telephone: (202)755-6887 

m 
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U.S. Department of Housing and 
Urban Development 

Program: Mongage Insurance - Hospitals 

Eligibility: Facility licensed by state or local govem­
ment agency 

Purpose: To assin in financing ttie connruaion or 
rehabilitation of hospitals 

Type of Assinance: Guaranteed Loans 

Assistance Considerations: 
• Maximum mongage amount may nol 

exceed 90% of enimaied replacement 
con 

• State cenification as lo need for facility 
• Loan maturity up to 25 years 

Deadlines: Not Applicable 

Range of Assinance Awarded: Not Available 

HUO Dedsion Time: Processing time depends on 
Ihe sponsors preparation 

Information Contaa: 
Washington, O.C. Telephone: (202) 755-9280 

Program: Mongaga Insurance — Nursing Homes and 
Intermediate Care Fadlilies 

Eligibility: Invenon, builden, developers, and private 
nonprofit corporations or associaiions 
licensed or regulated by the nate 

Purpose: To assin in financing the connruaion or 
rehabilitation of nuning homes and 
intermediate care facilities 

Type of Assinance: Guaranteed Loans 

Assistance Considerations: 
• Guarantee limited to 90% of value of 

physical improvemem. 
• Current maximum imeren rate is 9 Vi% 

plus K%. 
• Loan maturity is up to 40 yean. 

Deadlines for Application: Enablished on a case-by-
case basis. 

Range of Assinance Awarded: Not Available 

HUD Dedsion Time: Dependent on sponsor's 
application preparation 

Information Contaa: 
Washington, D.C. Telephone: (202) 755-9280 

12 
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U.S Department of Housing and 
Urban Development 

opmen 

Purpose: 

Program: Indian Community Development 
Eligibility: Indian Trikies ottierwise eligible for assis­

tance under the Indian Self-Oetermination 
and Education Auinance ilVa or under the 
State and Local Assistance A a 
To assin Indian Tribes and Alaska Natives 
in the development of viable communities 
and expand economic opponunities 

Type of Assinance: Projea Grents. No formula and 
matching requirements. 

Assistance Considerations: 
• Projects mun principally i 

low and moderate incomii. 
Deadlines for Application Submlssior : 

HUO established deadlines are published in the 
Federal Reginer. 

Range of Assinance Awarded: $43,000 to $1,714,532 

aid penons of 

HUD Dedsion Time: Target time is 45 days for pre­
applications and 45 days for 
full applications. 

Information Contaa: 
Washington, D.C. Telephone: 

Program: 

Eligibility: 

Purpose: 

(202) 755-6092 

Urtian Development Action Grants 

Dinreued cities and urban counties which 
meet criteria spedfied iri regulations 
(24 CFR Part 570.462)1 
To alleviate physical and economic 
deterioration through e^nomic develop­
ment and neighborhood revitalization 

Type of Assinance; Project Grants 

Assistance Considerations: 
• More favorable consideration given to pro­

jects that include funds from tha state or 
other public entities. J 

• Assinance is provided for a projea ttiat 
can tie completed in about 4 yean. 

Deadlines for Application Submission: 
Metropolitan cities and urtian counties in 
January, April, July and Oaober. Small 
cities in Fetiruary, May, Augdnand 
Novemtier. 

Range of Assinance Awarded: 
Metro cities $85,000 to $13,500,000 
Small dties $77,700 to $5,700,000 

HUD Dedsion Time: Within 60 t> SO days 
Informalion Contaa: 

Washington, O.C. Telephone: (202) 472-3947 
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U.S. Department of the Interior 

BuTMu of Indian Aff«li» 

Program: Indian Loans — Economic Development 
Eligibility: Indians, Alaska Natives, Trities, and Indian 

Organizations 
Purpose: To promote ttie economic development of 

a Federal Indian Reservation 
Types of Assistance: Projea Grants; Oirea Loans: 

Guaranteed Loans 
Assistance Considerations: 

• Funds must be unavailable from other 
sources under reasonable terms and 
conditions. 

• . Individual applicams mun be a member 
of a federally recognized tritie and not 
members of an Indian organization that 
conducts its own credit program. 

• Funds mun be used on or near a Federal 
Indian Reservation. 

Deadlines for Application Sutimission: None 
Range of Assistance Awarded:S100 to over $1,000,000 
Maximum Assistanee Authorized: 

Guarantees limited to 90% of the loan; Grants 
limited to 40% or SSO.CXX) of the projeas con. 

OOI Dedsion Time: 60 days depending upon com­
pleteness of loan application. 

Information Contaa: 
Washington, O.C. Telephone: (202)343-5875 

Small Business Administration 

Program: Small Business Loans 
Eligibility; Any small business which is independently 

owned and operated, and is not dominam 
in its field 

Purpose; To assin small businesses, including 
agricultural enterprises, in otnaining credit 

Type of Assinance: Direa Loans; Guaranteed Loans.. 
Assistance Considerations: 

• Funds mun be unavailable from commer-
dal sources under reasonable terms and 
conditions. 

• • Funds cannot be used to pay off an 
unsecured creditor who is in a position 
to simain loss. 

• Applicant mun meet SBA size standard 
for small business. 

Deadlines for Application Sutimission: None 
Range of Assinance Awarded: 

Guaranteed Loans SI ,800 to $5(X)X}00; 
Direa Loans $1,000 to $350,000. 

SBA Decision Time: Within 3 to 60 days after 
application acceptance. 

Information Contaa: 
Washington, D.C. Telephone: (202)653-6570 

IB 
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Is More Information Available? 

More detailed information on each program is 
available from the agency's office in Washington, 
D.C. You can gel information on agency regulations, 
filing procedures andlforms, and other general innruc-
tions. Agency persorinel can also provide advice on 
eligibility and discusslmaners specific to your geother­
mal projea and Its financing- ' 

Unsolicited Proposals 

In order to meet its energy objeaives, DOE 
encourages any orgariization or individual to submK 
imaginative and innorative research or investigation 
proposals that will assin in the development of 
energy resources. When you initiate a proposal that 
is not in response to is format OOE request, the pro­
posal is considered t^ be unsolicited. OOE may 
accept and fund geovhermal energy unsolicited pro­
posals to carry out nataidti, developmenl and 
commerdal demonsi rations. In evaluating an 
unsolicited proposal OOE considers whether it will 
duplicate work underway or contemplated t>y DOE, 
or whettier tlie work proposed ties been previously 
determined to have lo merit or value, and whether 
funds are available to carry out sudi work. You are 
urged to informally 'consult with DOE, prior to pre­
paring a written unuilicited proposal, to determine 
DOE's imeren in yiiur planned vrark. Funding for 
unsolicited proposals is highly competitive and 
prospeaive proposers have found informal discus-
sioru with OOE geolthermal staff to be of value in 
redudng paperwork and minimizing Ion time. 
OOE geothermal naff are available for consultation 
k>y contaaing; 

Division of Geothermal Energy, 
RA-231 I 

Office of the Assistant Secretary for 
Resource Abplications 

U.S. Departnient of Energy 
Washington, D.C. 20461 
1202) 633-S|760 

ie 
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What te h? 

Are v o u -

• A leaseholder or owner of property over a 
geothermal energy reservoir? 

a A farmer, commodity dinributor or busi­
nessman planning to use geothermal heat 
for food drying or for the produaion of 
gasahol? 

a A publically-owned or municipal utility 
or cooperative seeking additional elearic 
produaion from an alternative energy 
source? 

a A small business wishing to incorporate 
geothermal tieat in a tmsiness venture? 

a A state agency desiring to conserve energv 
and promote alternative energy resources? 

• An urban or rural government agency, 
Indian Tritie, or business coruidering ttie 
use of geothermal heat in a venture to 
conserve energy or promote economic 
growth? 

a A company planning to use geothermal 
heat in an economically depressed area? 

Then you should be imerened in reviewing ttie 
contents of this brochure if you want to consider 
Federal assinance in funding your projea. 
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Purpose 

The Department of Energy (OOE) is carrying 
out a geothermal energy commercialization program 
to assin you in establishing projeas that develop 
geothermal reservoirs or projeas that use geotiier­
mal energy. This brochure is imended to acquaim 
you with those exining Federal funding programs 
ttiat may tie available to finance a geothermal 
energy projea. Requirements and eligibility for 
Federal funds periodically change and tlierefore 
the information in this brochure may not be com­
pletely up to date. Additionally, new funding pro­
grams and changes to existing programs are being 
considered l>y Congress. This brochure will be 
updated whenever significant changes occur. 

Federal Tax Benefits 

Geothermal energy was made the target of 
special tax benefits designed to stimulate commercial 
investment in projects using this alternalive energy 
resource. These tax benefits include the expensing of 
intangible drilling costs and a depletion allowance for 
those projeas lhat develop geothermal energy reser­
voirs, and investment tax credits for those projects 
ttiat use geothermal energy. 

Under most condilions, these Federal tax 
tieneflts may be taken together with cenain other 
forms of Federal funding assinance outlined in this 
brochure. Ttie financial terms of your specific geo­
thermal projea should be discussed with the nearen 
Internal Revenue Service office, or your tax advisor, 
to determine whether the use of Federal funding 
assistance will interfere with your use of these tax 
benefits. 

Types o f Ass is tance Avai lable 

Federal funds that may be available to assin you 
in financing a geothermal energy development or 
utilization projea consist ol the following general 
types: 

a Formula granu - allocations of Federal 
funds to states or their subdivisions made 
in accordance with a dinribution formula 
prescribed t>v law or regulation. These 
funds are then distritnited tiy a nate 
agency for projects or purposes which -
meet program requirements. Grants of 
money received from this source are nol 
required to tie repaid and therefore com­
petition for Bvsileble funds is high. 
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Projea granis - allocations of funds by a 
Federal agency for a spedfic projea or 
purpose. Funds received from this source 
are usually not repaid and competition is 
high. 

Direa loans — Funds made available 
through a loan by a Federal agency 
direaly to an applicant ttiat meets pro­
gram requiremenn. Direa kians may not 
require the payment of interen or may 
provide fuixls at below-market imeren • 
rates. Funds received from this source 
are expeaed to be repaid. 
Guaranteed/Insured loans — Funds made 
available through a commercial loen or 
through a loan made by the Federal 
Financing Bank. A Federal agency 
guaramees payment of prindpal and 
interen If the tiorrower defaults. 
Guarantees are made only when there is 
reasonable expeaation that the borrower 
can meet the loan repayment schedule. 

Who Qualifies? 

You may, if you can meet program require­
ments. Individuals and organizations of all types may 
qualify for one or more program. The programs 
summarized in this brochure can provide assinance to 
farmen, urtian and rural agencies, individuals, small 
and large businesses, school dinrias, hospitals, Indian 
Tribes, Alaskan natives, economically disadvantaged 
individuals, utilities, munidpal agencies, elearic 
cooperatives, natural resource developers, and othen. 
Federal eligibility requirements differ among the pro­
grams and you are encouraged to discuss your specific 
projea with the program's Washington, D.C. eon-
tan point identified in this brochure. 

How Much Money Is Available? 

Federal funding of eligible projeas varies for 
each program. For highly competitive grant programs 
you migtit receive only about 20% of the projen's 
connruaion oon. Guaranteed loan programs can 
cover from 75% to 100% of a projea's total con. 
A few Federal agencies place maximum limits on the 
amoum of assinance available to an individual appli­
cant. Some Federal agencies permit the seme projea 
to tie partially financed by one or more other funding 
sources. In summary, the amoum of money that is 
available can tie sufficient to fund a significant portion 
of your geotfiermal projea if you are willing to seek a 
guarameed loan and are able to enablish reasonatile 
assurance that the loan will be repaid. 

How Long Does It Take? 

The speed at wrhich your application can be pro­
cessed l>y the responsible Federal agency depends upon 
the completeness of your submission. Generally, a 
decision can tie made within one to six months after 
your application is accepted for processing. To lie 
accepted your application mun tie complete, mun 
indude all necessary information, and mun conform 
to requiremenu enablished by the responsible 
Federal agency. By calling the agency's office in 
Washington, D.C, you can receive innruaions and 
guidance in preparing an application. 

Must the Project Contain 
Geothermal Energy? 

To qualify for assistance under OOE's Geotiier­
mal Loan Guaranty Program, it is necessary that your 
projea indude either the developmem of a geother­
mal reservoir or the use of geothermal heat. Only 
DOE's Geothermal Loan Guaranty Program is author­
ized to approve projeas aimed at developing a geottier-
mal reservoir or projeas that include new or innova­
tive geolhermal lechnology. However. OOE will not 
favorably consider projects that are limited to geother­
mal exploration (i.e., wild caning). 

To quality for assinance under other Federal 
funding progremt, it is necessary ttiat your projea 
f im meet certain geographic, social, economic or 
community objeaives. If your projea is aimed at 
one or more of Ihese objeaives and it also indudes 
the use of geothermal energy, then your projea is 
eligible for consideration under a variety of programs. 
Other Federal agencies will not favoratily consider 
projeas that include geothermal reservoir exploration 
and developmem, or tfie use of unfxmen technology. 

What's Required? 

To otitain assistance under eny of the Federal 
funding progrems lined in this brochure you will be 
required to submit information outlining the projects 
eost, management, milenones, economics, marftet and 
technology. Other information describing the pro-
jecu' ability to meet geographic, social, economic or 
community objeaives will also be required. For geo-
thermel projects you will be asked to indude descrip-
tions and ctiaranerinics of the reservoir you propose 
to develop or use. Ttie quality of informalion you 
present will govern the speed at which the responsible 
Federal agency can reach a final decision on your 
application. 
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Ottier assistance requiremems including equity, 
recourse, imeren rate, personal guarantees, guaranty 
fees, collateral, paiems, proprietary information, or 
equal opportunity compliance differ among Federal 
programs. Each program's office in Washington, D.C, 
can descritie those requirements imposed by law or 
regulation. Advance knowledge of those requirements 
may be of value in deciding which Federal program is 
ben suited to your needs. 

How to Apply 

Each Federal agency responsible for a funding 
program has filing procedures that it follows in con­
sidering applications for financial assinance. To 
assist you in gathering information on procedures for 
filing an application and for complying with any dead­
lines for its sutimission, this brochure contains the 
address and telephone numtier of each program's 
Washington, O.C. office. Specific information 
and guidance on your projects eligibility and on 
filing an application is available from these offices. 

Federal Assistance Programs 

The information presemed for each of the 
following finendal assistance programs is intended to 
provide you with a quick overview of the program's 
scope only for planning purposes. Because of shifting 
requirements and priorities you should not prejudge 
your projea's eligibility for Federal assistance. Those 
programs whidi appear to be suited to your nee^b 
should lie discussed with the Washington, D.C 
office of ttie appropriate agency. 

U.S. Department of Agriculture 

Famiara Noma Admlnlauallon 

Program; Business and Indunrlal Loans 

Eligibility: Any legal entity, Indian Tribe, local 
govemmem agency located in rural areas 

Purpose: To assin in financing businen and indunry 

Type of Assinance: Guaranteed and Insured Loans. 
Assistance Considerations: 

a Applicants provide a minimum of 10% 
equity. 

a Loan maturitv lim'ned to 30 yean for 
permanent fixtures, to 15 years for 
equipmenl and machinery, and to 40 
yean for community facilities. 

Deadlines for Applying: None 

Range of Assinance Awarded: $11,000 to $33,000,(X)Q 

Maximum Load Size Authorized: No Limit 

Fm HA Decision Time: 60 to 90 Days 

Information Contaa: 
Washington, O.C. Telephone: (202)447-3479 

Program; Community Facilities Loans 

Eligibility: Stale and local govemment agencies, 
Indian Trities, not—for—profit corpora-
lions located in rural areas 

Purpose; To assin in financing essential services, 
induding indunrial parks 

Type of Assistance; Insured loans with 5% interen 
rate. 

Assistance ConsiderBiions: 
a Fadlilies must tie available for public use. 
a Loans made for projects serving largen 

number of rural residents. 

Deadlines for Applying: None 

Range of Assinance Awarded; $1,600 to $18,000,000 

Maximum liidividual Loan Size Authorized: No Limit 

Fm HA Decision Time: 30 to 00 days 

Information Contaa: 
Washington, O.C. Telephone; (202) 447.~7667 

Rural Electifflcatlon Admhitanatlon 

Program; Rurel Electrification Loan Guaramees 

' Eligibility; Elearic cooperatives, public utility dis-
' tricts, power companies, municipalities, 
and power supplien serving rural araas 
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Rural Elactifflcatlon Admlnlatratton Icotw'd) 

Purpose: To provide reliable elearic service to rural 
persons 

Type of Assistance: Guaranteed and Insured Loaru 

Assinance Considerations: 
a Loan maturity up to 35 yean 
• Equity up to 30% may be required 
• REA approval of loan terms and 

conditions 

Deadlines: None 

Renge of Assistance Awarded; 
$250,000 to $40,000,000 - Insured Loans 
$10,000,000 to $1,400,000.000 -

Guaranteed Loans 

Maximum Individual Loan Size Authorized: No Limit 

REA Decision Time: 3 to 6 Monttn 

Information Contaa: 
Washington, O.C Telephone: (202) 447-5606 

U.S. Department of Commerce 

Economic Davalopmant Admlntatiatfam 

Program; Public Works and Development Fadlrties 

Eligibility: State and local govemmem agendes, Indian 
Tribes, and nonprofit organizations in 
geographic areas wtiere economic growvth 
(slagging 

Purpose; To assin in the oonstruaion of public fad­
lilies needed for long term economic 
growth 

.Type of Assistance; Projea grants 

Assinance Consideratkins: 
a Basic gram may tie up to 50% of projea 

con 
a Severely depretsed areas may receive up 

to 80% of projea con 
a Indian Tribes eligible for 100% assinance 

Deadlines; None 

Rangeof Assinance Awarded; $5,(XX) to $7,138,000 

Maximum Individual Gram Authorized: No dollar 
limitation 

EOA Dedsion Time: Within 90 days of application 
acceptance 

Information Contaa: 
Washington, D.C. Telephone; (202) 377-5265 
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U.S. Department of Commerce 

Economic Davelopmem Admlnlatratlon 

Program; Business Developmem Assinance 

Eligibility: Any individual, private or public corpora­
tion, Indian Tribe, profit corporation 

Purpose: To provide financial assistance to busi­
nesses that expand or establish plants In 
designated areas 

Type of Assinance; Direa Loans; Guarartteed/ 
Insured Loans 

Assinance Considerations: 
a Projea mun be sited in geographically 

depressed area 
a Financial assistance is otherwise not 

availalile 
a Applicant's willingness to contribute 

equity beyond the minimum requiremem 

Deadlines: None 

Range of Assinance Awarded: $260,000 to S5,20ax 

Maximum Individual Assinance Authorized: 
May lie revised tiy Congress 

EDA Decision Time: 3 to 4 months with complete 
supporting documents 

Information Comaa: 
Washington, D.C. Telephone; (202) 377-260 

U.S. Department of Energy 

Program; Energy Conservation for Irmitutional 
Buildings 

Eligibility: State energy agencies 

Purpose; To assin local govemment in finandng 
energy conservation measures for sdiooii 
hospitals and buildings 

Type of Assinance: Formula Giants 
Assinance Considerations; 

a Not available for buildings construaed 
after April 20,1977. 

a Assistance matched tiy grantee ona-
formula basis. 

Deadlines: Annual submission. Comaa nate energy 
agency ior dates. 

Range of Assinance Awarded: Nol Available 

OOE Processing Time: 30 to 60 Days 

Information Contaa: 
Washington, D.C. Telephone: (202) 252-23: 

10 
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U.S. Department of Energy 

Program: Geothermal Loan Guarantees 

Eligibility; Any company, utility, person, state or 
local govemment agency, Indian Tribe 

Purpose; To assin in Tinanclng projeas to develop 
and use geothermal energy 

Type of Aninance;. Loan Guarantees 

Assinance Considerations: 
a Borrower required to provide 25% equity 
a Loan maturity limited to 30 yean or 

useful life of key projea components 
a OOE approval of loan terms and 

conditions 

Deadlines for Applications; None 

Range of Assistance Awarded; 
$1300,000 to $29,000,000 

Maximum Individual Guaranty Authorized: 
Up to $100 million per projea. 

DOE Decision Time; 6 to 9 months with com­
plete supporting documents 

Information Contaa; 
Washington, D.C. Telephone; (2021 633-8760 

U.S. Department of Housing and 
Urban Development 

Program: Mortgage Insurance — Land Development 
and New Communities 

Eligibility: Developen of large subdivisions or new 
communities 

Purpose: To insure lenden againn loss on mortgage 
loara 

Type of Assinance: Guaranteed Loans 

Assistance Cinslderations: -
a Maximum guaranty limited to percentage 

based on HUD enimates 
a Loan maturity up lo 10 years 
a Projea soundness 

Deadlines; Enatilished on a case-by-case basis 

Range of Assinance Awarded; Not Available 

HUD Dedsion Time: 3 to 0 months depending on 
sponsors preparation 

Informalion Contaa: 
Washington. O.C Telephone; (2021755-6887 
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U.S. Depanment of Housing and 
Urban Development 

Program: Mortgage Insurance - Hospitals 

Eligibility: Facility licensed by sUte or local govem­
ment agency 

Purpose: To assin in financing the connruaion or 
rehabilitation of hospitals 

Type of Assinance: Guaranteed Loins 

Assinance Considerations: 
a Maximum mongage amount may not 

exceed 90% of enimaied replacement 
con 

a State certification as to need for facility 
' a Loan maturity up to 25 yean 

Deadlines: Not Applicable 

Range of Assinance Awarded: Not Available 

HUO Decision Time; Processing time depends on 
the sponsors preparation 

Information Contaa; 
Washington, O.C. Telephone: (202) 755-9280 

Program: Mortgage Insurance — Nursing Homes and 
Intermediate Care Facilities' 

Eligibility; Invenon, builden, developers, and private 
nonprofit corporations or associations 
licensed or regulated by the nate 

Purpose: To assin In financing the connruaion or 
rehabilitation of nursing homes and 
intermediate care facilities 

Type of Assinance; Guaranteed Loans 

Assistance Considerations; 
a Guarantee lim'ited to 90% of value of 

physical improvemem. 
a Currem maximum interen rate is 9 K% 

plus K%. 
a Loan maturity is up to 40 yean. 

Deadlines for Application: Established on a case-t>v-
case tiasis. 

Range of Assinance Awarded: Not Available 

HUO Dedsion Time; Dependent on sponsor's 
application preparation 

Information Conua: 
Washington, D.C. Telephone: (202) 755-9280 

12 
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U.S Department of Housing and 
Urban Development 

Program; 
Eligibility: 

Purpose; 

Indian Community Development 
Indian Trities ottierwise eligible for auit-
tance under the Indian Self-Oetermination 
and Education Assinance A a or under tlie 
State and Local Assistance A a 
To assist Indian Tribes and Alaska Natives 
in the development of viable communities 
and expand economic opponunities 

Type of Assistance: Projea Grents. No formula and 
matching requirements. 

Assistance Considerations: 
a Projecn mun principally aid persom of 

low and moderate income. 
Deadlines for Application Submission: 

HUD enablished deadlines are published in ttie 
Federal Reginer. 

Range of Assinance Awarded: £43,000 to $1,714,532 
HUO Decision Time: Target time is 45 days for pre­

applications and 45 days for 
full applications. 

Information Contaa: 
Washington, O.C. Telephone; (202)755-6092 

Program; Urtian Developmenl Aaion Grants . 

Eligibility: Distressed cities and urtian counties which 
meet criteria spedfied in reguletions 
(24 CFR Pan 570.452) 

Purpose: To alleviate physical and economic 
deterioration through economic develop­
ment and neightiorhoad revitalization 

Type of Assinance; Projea Grants 
Assistance Considerations; 

a More favorable consideration given to pro­
jects ttiat include funds from the nate or 
ottier public entities, 

a Assinance is prov'ided for a projea that 
can lie completed in about 4 yean. 

Deadlines tor Application Sutimission; 
Melropolitan cities and urban counties in 
January, April, July and Oaotier. Small 
dties in February, May, Augun and 
Novemtier. 

Range of Assinance Awarded; 
Metro cities $85,000 to $13,500,000 
Small dties $77,700 to $5,700,000 

HUO Dedsion Time: Within 60 to 90 days 
Information Contaa: 

Washington, D.C. Telephone: (202)472-3947 
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U.S. Department of the Interior 

Buraau of Indian Affaira 

Program; Indian Loans — Economic Development 
Eligibility; Indians, Alaska Natives, Tribes, and Indian 

Organizations 
Purpose; To promote the economic development of 

a Federal Indian Reservation 
Types of Assinance; Projea Grants; Direa Loara; 

Guaranteed Loans 
Assinance Considerations: 

a Funds must be unavailable from other 
sources under reasonable terms and 
conditions, 

a • Individual applicants mun be a member 
of a federally recognized tribe end not 
memtien of an Indian organization that 
conducts 'its own credit program, 

a Funds must tie used on or near a Federal 
Indian Reservation. 

Deadlines for Application Sutimission: - None 
Range of Assistance Awarded:SI00 to over $1,000,000 
Maximum Assinance Authorized: 

Guarantees limited to 90% of the loan; Grants 
limited to 40% or $50,000 of the projeas con. 

DOI Dedsion Time; 60 days depending upon conv 
pleteness of loan application. 

Information Comaa: 
Washington, D.C. Telephone: (202)343-5875 

Small Business Administration 

Program: Small Business Loans 
Eligibility: Any small business which is independently 

owmed and operated, and is not dominam 
in its field 

Purpose: To assin small businesses, including 
agricultural enterprises, in otnaining credit 

Type of Assistance: Direa Loans; Guarameed Loans 
Assistance Considerations: 

a Funds mun tie unavailable from commer­
cial sources under reasonable terms and 
conditions, 

a Funds cannot be used to pay off an 
unsecured creditor vvho is in a position 
to sunain loss, 

a Applicant must meet SBA size standard 
for small business. 

Deadlines for Application Sutimission; None 
Range of Assinance Awarded; 

Guaranteed Loans $1,800 to $5(X),000; 
Oirea Loans $1,000 to $350,000. 

SBA Decision Time; Within 3 to 60 days after 
application acceptance. 

• Information Contaa; 
Washington, D.C. Telephone; (2021 653-6570 

16 
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Is More Information Available? 

lAare dateiled informatiori on each program Is 
aval I elite from the agency's office in Washington, 
D.C. You can get information on agency regulations, 
filing procedures snd'forms, and other general innruc-
tioht. Agency ^nrsonnel can alio provide advira on 
eiiglbiMty and discios rnstiert specific to your geottier-
mal projea and Its financirVg. 

UnsolicNed Proposals 

In order to meet tts energy objeaives, OOE 
erieoura(^ any organization or individual to submit 
im^instive and innovative reieardi or investigaiian 
proposals ttiat will assist in the development of 
energy resources, When you initiate a proposal that 
is not |n resFKinse to a format DOE request, ttte pro­
posal is considered to be unsolicited. DOE may 
accept and fund geothermal energy unsolicited pro­
posals to carry out rasearch, development and 
commercia I demonst rations. Ine vat uat i ng an 
unsoltctted proposal. DOE considers whelher it will 
duplicate work underway or contemplated by DOE, 
or whettier the work proposed Ital been previouslv 
determined to have no merit or value, and whettier 
fundi are available co carry out such work. You are 
u r^d to informBlly consult With DOE, prior to pre-
parlr^ a written unsolicited proposal, to determine 
OOE's imeren in your planned work. Funding tor 
unsolicited proposals is h i ^ l y competitive and 
prospective proposers have found informal dticM-
slons witti OOE geottiermsl staff to tw of value in 
reducing paperwork and minimizing Ion time. 
DOE geothermal naff are available for consultation 
by contaaing; 

Division of Geothermal Energy, 
BA-231 

Office'of the Assistant Secretary for 
Resource ApNications 

U.S. OeFiartment of Energy 
Washirigtoti, O.C. 20461 
(202) 633-8760 

1B 



SUBJ 
GTHM 
GFLP 

& ^ ( -

DEE C. HANSEN 
STATE ENGINEER 

E A R L M. STAKER 
DEPUTY 

STATE OF UTAH 

DEPARTMENT OF NATURAL RESOURCES 

DIVISION OF WATER RIGHTS 
200 EMPIRE BUILD ING 

231 EAST 400 SOUTH 

SALT LAKE CITY. U T A H 84111 

(801)533-6071 

DIRECTING ENGINEERS 

HAROLD D. DONALDSON 
DONALD C. NOFISETH 
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John L. Griffith 
U. S. Department of Energy 
550 Second Street 
Idaho Falls. Idaho 83401 

Qear John: 

This is the list of federal lease priorities for Utah. The formulation 
of the list was a joint effort between Peter Murphy of the UGMS, 
Duncan Foley and Debra Struhsacker of UURI, and myself. 

I might mention that the .assignment is still slightly confusing. 
In Utah, most of the federal lan^s which are close to the best 
prospective resource areas are already leased; in addition, many of 
the best current direct use prospects are located away from federal 
lands (e.g., the resource areas along the Wasatch Front). That means 
that the resource areas which have not yet been leased tend to be those 
areas where resource quality and user interest are generally lower. 

Our primary criteria for the priority listing was that the area be a 
good prospect for early development, both in terms of resource quality 
and user interest, and, secondarily, that there be unleased federal 
lands near the resource area. 

An alternative to this approach would have been to use federal land 
availability as the overriding criteria for prioritizing. This would 
have elevated the priority of sites which rank lower in terms of 
resource quality and current user interest, since they will certainly 
be developed someday even if development will not be feasible for several 
years. 

The reason I mention this is that we considered the priority of the 
resource areas as if it applied only within the state of Utah. If the 
priority rankings from the different states are put in competition 
against each other, particularly in the-allocation of funds and manpower 
for the leasing process, then we may have placed Utah at a disadvantage 
relative to states which took the other approach. Again, this is not 
a concern unless the priority rankings are used to shift funds or 



Mr. John L. Griffith 
October 18, 1979 
Page 2 

manpower to the significant benefit of some states and the corresponding 
detriment of others, and unless there is a significant conflict in 
the ranking criteria used by the various states. 

If you have any questions about the resource areas we have listed, 
the priority rankings, or the question about the use of the lists, 
please call. 

Yours very truly, 

'm^f^'u 
Ward Wagstaff V 



SUMMARY LISTING 

Utah BLM Lands 

Resource Area 

Roosevelt Hot Springs 

Beaver Co.unty 

Potential Applications 

Electrical power generation» 

industrial, agricultural 

A 20 MWe R&D plant is planned for the early 1980's, followed 

by larger plants: a few years later. Total resource capacity 

is estimated to be about 300 MWe. 

2.* Monroe/Joseph 

Sevier County 

District heating, greenhouses, 

commercial, crop processing, 

light industry 

A district heating project is currently in progress. The 

potential exists for additional direct use projects in the 

area, ih addition to the expansion of the planned project. 

Newcastle area 

Iron County 

Greenhouses, agricultural, 

light industry 

A greenhousing project has recently begun operation near 

Newcas'tle, and plans include expansion. The resource 
0 • 

apparently, is about 88 G,' has low TDS, and has good flow 

rates. 

Beryl/Escalante Desert 

Iron County 

Agricultural complex., greenhouses, 

crop processing;, Industrial, 

aquaculture.. Possible eventual 

binary power production 

A large agricultural complex is being considered. Resources 

are- reported to be about 149^ C and low TDS. 



Utah BLM Lands (Continued) 

Resource Area Potential Applicatibns 

5. Cove Fort 

Millard and Beaver Counties 

Electric Power, greenhouses, 

crop processing, industrial, 

aquaculture. Pbssible eventual 

binary power production 

Electrical exploration so far has been unsuccessful at 

Cove Fort; however, direct uses such as greenhouses or light 

B industry may be able to take advantage of the exploratory 

' work already done, particularly deep wells. Power generation 

using binary systems may eventually be feasible. 

6. Thermo Hot Springs Area 

Beaver and Iron Counties 

Power generation,- agriculture, 

aquacul ture., greenhousi ng, 

light industry 

Thermo appears to be a possible electrical power production 

site, particularly if binary technology becomes feasible. " 

The resource temperature is reported to be in the 175-205° C 

range; alternative uses might Include agricultural, eiquaculture, 

greenhousing, or light industry. 

7. Abraham Hot Springs Area 

Juab County 

Light industry, greenhousing, 

agricultural,. mining uses 

,0 
Abraham Hot Springs issue at temperatures up to 82" C. 

The springs area is somewhat isolated, but the development 

potential appears good. 



SUMMARY LISTING 

Utah USFS Lands 

Resource Area Potential Applications 

1, 'Monroe/Josepih 

Sevier County 

District heating, greenhouses, 

commercial, crop processing, 

light industry 

A district heating project is currently in progress. The 

potential exists for additional direct use projects in the 

area, in addition to the expansion of the planned project. 

Newcastle area. 

Iron County 

Greenhouses, agri cultural, 

light industry 

A greenhousing proj.ect has recently begun operation near 

Newcastle., and plans include expansion. The resouree 

apparently is about 88 C, has low TDS,̂  and has good flow • 

rates., 

Cove Fort area 

Millard and Beaver Counties 

Electrical .power, greenhouses, 

crop, processing, industrial, 

aquaculture. Possible eventual 

binary power production 

Electrical expToration so far has been unsuccessful at Cove: 

Fort; however, 'direct users such as greenhouses or light 

industry may be' able to take'.advantage of the exploratory 

work already 'done, particularly deep wells. Power generation 

using binary systems may eventually be .feasible. 



Resource Area: Roosevelt Hot Springs. Beaver County, Townships 26 and 
27 South, Range 9 West, and surrounding area. Deep 
well temperatures up to 260 C have been measured-
Resource capacity Is generally estimated to be about 
300 MWe. 

Use Potential: Deep drilling has confirmed the presence of a commercial 
reservoir. Current development plans include- a 20 MWe 
R&D power plant in the early 1980's, followed by full 
sized (55 MWe) plants a few years later. Most of the 
Tand within and close to the unit boundaries have- been 
leased; however, the drilling by McCulloch of a deep 
well several miles west of the main prospect area may 
spark interest in leasing peripheral lands. Alternate 
uses might'include agricultural uses, crop processing, 
greenhouses, or li.ght industry. At this time, no plans 

• for secondary uses of the geothermal fluid in conjunction 
' with power generation have been made. 

Policy Issues; Beaver County has expressed interest in operating a 
power utility, and a feasibility study was conducted by 
a consulting firm to assess the viability of a county-

• operated power system. The feasibility study considered 
the geothermal resource at Roosevelt as a possible 
source for the power. The area is somewhat depressed 
economically, and new industry would be welcome, 
particularly.if it created employment opportunities 
within the county. A major consideration for development 
vyill be the availability of water; groundwater in the 
Mniford area is being, depleted and disposal restrictions 
such as reinjection will probably be Imposed. 



Resource Area: Menroe/Joseph area, Sevier County, Townships 24 and 25 
South, Range 3 West, and Township 25 South, Range. 4 West. 

. Well temperatures of about 83 G have been measured in 
' a production well for Monroe City. Geothermometry 

suggests temperatures up to about 101 C. 

Use Potential: Monroe is,a rural community which is growing quite 
rapidly. Industries in the area include agriculture,' 
with extensive mining oecuring throughout the county. 
A resort is currently operating at Monroe, and a district 
heating project for Monroe city, utilizing cost share 
funds from DOE, is in the initial stages of development. 
Potential uses include space heating and greenhouses, 
both of which are-part of the-expansion plans of the 
city project, and light industry such as crop processing 
or distillation. 

« 

Policy Issues: Monroe Is in an area.of restricted groundwater use, so 
injection or other methods of compensation will be 
re.quired. Both BLM and USFS have lands in close 
proximity to the springs, the towh., and the geothennal 
project; both should be, prepared not only for geothermal 
Tease applications on those lands, but also for requests 
for rights-of-way, special use permits, etc., which may 
be associated with gebthermal projects. 



Resource Area: Newcastle, Iron County, Township 36 South, Ranges 
15 and 16 South. Two shallow wells have been drilled 
which reportedly produce up to 1000 gpm of 96 C 
water with low TDS. 

Use Potential Newcastle is predominantly an agricultural area, with 
mining at some locations. Two greenhouses have recently 
begun operation, and the operation is expected to expand, 
The area is close to a major highway and a railway runs 
within 20 miles of the resource area. Potential uses 
include greenhouses, agricultural complexes, or other 
light industry. 

Policy Issues: The Newcastle area is one of restricted ground water 
withdrawal, so ithat reinjection or other compensating 
measures will be required. Economic development in the 
area would be welcome. 



Resource Area: Beryl/Escalante Desert, Iron County, Townships 33 and 
34 South, Ranges 16 and 17 West. Water from a deep 
exploratory well is reported to be about 149 with 
less than 4000 ppm dissolved solids. 

Use Potential: The predominant industry in the area is agriculture; 
some mining occurs in the surrounding mountains. A 
railway and several major highways run through the 
area. McCulloch is considering a large agricultural 
complex which would utilize heat from an existing 
geothermal well; other potential uses might include 
greenhouses, crop processing, light industry, aquaculture, 
etc... Moderate temperature electrical production 
may be an.eventual possibility. 

Pol*icy Issues: The area is one of restricted groundwater use, so 
• reinjection or other compensating measures would 

be required. New economic development in the area 
would be welcome. The area does not appear to be 
environmentally sensitive. 



Resource Area: Cove Fort and surrounding area, Beaver and Millard 
Counties, Townships 24, 25, and 26 South, Ranges 
6 and 7 West. Deep drilling in the area has been 
difficult and a resource suitable for electrical 
power generation has not been located; however, 
hot water was located at depth, and some of the existing 
deep wells may be able to provide water for direct 
uses. 

Use Potential: Although electrical exploration at Cove Fort has not 
been fruitful, further exploration should not be 
ruled out. Also, some of the deep exploratory wells 
may be used for direct uses such as greenhouses, 
agriculture, or light industry. The area is not far 
from agricultural areas, and mining (sulphur) is 
conducted in the prospect area. 

Policy Issues: Both state and local governments would welcome 
economic growth in the area. Groundwater availability 
may be an issue, depending on the location. The 
prospect covers BLM, USFS, State, and private lands. 



Resource Area: • Thermo Hot Sprinqs, Beaver and Iron Counties, Townships 
30 and 31 South, Ranges 12 and 13 West. One deep 
well has been drilled, and temperatures are reported to 
be in the range of 175^205 C, with good quality water 
and natural flow rates. Extensive temperature gradient 
and geophysical studies have been conducted in the area. 

Use Potential: The Thermo geothermal prospect is located about 20 to 
30 miles southwest of Milford. It is not far from 
extensive agricultural areas, and mining operations 
are scattered through Beaver and Iron Counties. The 
resource temperatures indicate, that it might be suitable 
for a binary power generation system when the proper 
technology becomes available. Alternative uses might 
include agriculture, aquaculture, greenhouses, or light 
industry. The area is close to railroad lines but is 

j> some distance from a major highway. 

Policy Issues: The area around Thermo is to some degree depressed 
economically, and new industry would be welcome. 
Groundwater withdrawal in the area is restricted, so 
reinjection will probably be required. The area does 
not appear to be environmentally sensitive. 



Resource Area: Abraham (Crater, Baker) Hot Springs, Juab County, 
Township 14 South, Range 8 West, and surrounding 
areas. Spring temperatures range up to 82 C. 
Some exploratory work has been done in the prospect 
area, including temperature gradient surveys. 

Use Potential: Abraham Hot Springs is somewhat isolated, but a 
highway does run within a few miles of the spring area. 
Development in the area would be welcome, and a % '. 
substantial amount of energy-related development is 
expected to occur in Juab County. The resource would 
probably be suitable for uses such as greenhouses, light 
industry, agricultural complexes, or mining uses. 

Policy Issues: Some water from the hot springs is involved in litigation 
over water rights; this may or may not affect development. 
Juab County is expected to experience significant growth 
due to energy-related projects such as the IPP project. 
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Herbert E. Hawkes 

"For his pioneering leadership in the science and technology of 
mineral exploration, especially in the development and tuorld-
wide application of geochemical methotis as major exploration 
tools, and for his lecture 'Geot hernial Hydrogen'. ' 

Geothermal Hydrogen 

Hydrogen gas is not an abundant component of tlie environ­
ment in which we live and breathe. Atmospheric air contains 
only about half a part per million of elemeittal hydrogen, as 
compared with 2 1 % , or 210,000 ppm, of oxygen. Wc need 
oxygen to support life. Free hydrogen, on the other hand, is 
thought of as hardly more Chan a curiosity in the natural en­
vironment. It is easy to forget that in a chemical system 
dominated by water, elemental hydrogen represents one of the 
two end members of the oxidation-reduction spectrum. It is, in 
fact, a prime mover in the energy balance between the oxygen-
rich surface of the earth, and the oxygen-deficient deep-seated 
environment. 

Perhaps because of our fascination with oxygen as a means of 
supporting life, hydrogen aa such has been short-changed in the 
geochemical l i terature. This is regrettable, as molecular 
hydrbgen has both physical and chemical properties thac are 
striliingly different from any other member of the periodic 
table,, or for that matter of any other naturally occurring sub­
stance. Since it is a somewhat novel subjecc, it is perhaps noc en­
tirely inappropriate that some aspects of the geochemistry of 
free hydrogen might be discussed in the lecture honoring Daniel 
C. Jaclding, a pioneer in novel approaches to man's problems. 
In this lecture, panicular reference will be made co possible 
chemical reactions between molecular hydrogen and organic 
matter in the sedimentary column. 

Hydrogenation of Petroleum 

Petroleum consists primarily of an extremely complex mix­
ture of hydrocarbons, or compounds of hydrogen With car­
bon. Most hydrocarbons fall into three generic gproups: 
(1) the aromatics, containing one or more C5Hg benzene 
rings; (2) the naphthenes, containing ring-structured groups 
with the formula CnH2n'' ""nd (3) the paraffins, with open-
chain molecules with che general formula CnH2n-l-2- Th^ 
acomic racio of hydrogen co carbon ranges from one-to-one 
or less in che aromacics co four-co-one in methane, CH4, 
which is che lighc end member of che paraffin series. The 
over-all hydrogen-carbon ratio of a sample of petroleimi is 
simply a reflection of the relacive proportions of these 
different hydrocarbons. 

A strong positive correlation has been noted between the 
H:C ratio in a cniide oil, and both its age and depth of 
buriel below the present surface. An example of this relation­
ship is shown in Fig. 1. The older the crude and the deeper 
the reservoir, che higher the hydrogen-carbon ratio. This 

H. E. Hawkes, Member SME, Is a consultant, Tucson, AZ. 
Lecture presented at the AIME Annual Meeting, Las Vegas, 
NV. Feb. 1980. 
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1—Relation of hydrogen-carbon ratio in 67 Russian crude . 
oils to age and depth of burial (Hunt, 1979). 

relationship implies a progressive change of composition of the 
crude oil as it ages, or "matures." It raises an intriguing question 
as to whether the maturing of petroleum takes place in a closed 
or in an open system. • 

If it is in a closed syscem, ic would be necessary co postulate a 
separation of the organic matter contained in a sedimentary 
rock into cwo phases, one an immobile fraction characterized by 
a decreasing H:C ratio, and the other a fluid phase consisting 
of liquid petroleimi wich a progressively increasing H:C ratio. 
This is, in fact, the mechanism that is generally accepted by 
petroleum geochemists, a mechanism that goes by the name 
'disproportionation. ' A low-hydrogen, tar-like residue of 
aromatic hydrocarbons, or 'pyrobitumen,' remains in the source 
rock, while a high-hydrogen fraction enters the porous rocks 
of the reservoir in a form that can be extracted by drilling and 
pumping. 

The other f>ossibility is that we have an open system, and that 
part or all of the hydrogen needed for the progressive increase in 
the H:C ratio comes from outside che syscem. If we are co accept 
this possibility, we are faced with another problem, that of a 
source for the hydrogen needed for this hydrogenation process. 
Some 40 years.ago, Wallace Pratt (1934) recognized this dilem­
ma, and postulated a reaction between liquid petroleurh and 
methane, or 'methylation," to'produce a progressively higher ' 
H:C ratio with time and depth. He was still left wich an 
unaswered quesdon of the ultimate source of the hydrogen-rich 
methane needed for this reacdon. 

Hydrogen Equilibria in Subsurface Rocks 

Now in another branch of earth science, that having Co do 
with chemical equilibria at high temperatures and pressures, 
laboratory experiments have shown that water in the presence of 
minerals containing ferrous iron tends to break down to yield 
free hydrogen. An example is the following reaction involving 
quartz, fayalite and magnetite in contact with water: 

When these reactants are at equilibrium, the molecular ratio of 
elemental hydrogen to water is in the order of I to 30 (Eugster 
and Skippen, 1967). Any other silicate mineral containing 
ferrous iron would behave in a similar way to give a hydrogen-
water rario iti more or less the same range. 

The speed of the reaction whereby water dissociates into 
hydrogen depends on the temperature. At temperatures near 
die surface of the earth, reacdons like chis cake place so slowly 
that they can be disregarded. However, if temperacures are 
raised co abouc 300° C (or just under 600° F) the reaction 
proceeds ihuch more rapidly, so that the l-to-30 racio of 
hydrogen to water is quickly established. Temperacures in chis 
range and above are reached ac depths of 10 co 15 km, as shown 
in Fig. 2. 

All the evidence points to an abundance of water at these 
depths. According to accepted escimaces, average igneous rocks 
contain 0.6% water by weight. To be ultraconservadve, we 
might assume an equilibrium ratio of hydrogen to water of 1 in 
100 instead of 1 in 30. Then such a rock should still contain at 
least 7 ppm of free hydrogen, again by weight. If chis rock were 
brought to the surface and the hydrogen extracted, it would 
yield about 75 cm^ of hydrogen gasper kg of rock (Fig. 3). 

If 100 cm^ of the water in equilibriuin with this rock were 
brought to the surface and the hydrogen extracted, it would 
yield about 1200 cm^ of hydrogen gas (Fig. 4). Now water 
saturated with hydrogen at atmospheric pressure can only hold 
about 2 c m ' of hydrogen per 100 cm^ of water. Thus, if water 
did migrate upwards from depths, hydrogen gas would be con­
tinually coming out of solution as bubbles. 

Atmospheric air contains about half a ppm hydrogen by 
volume. Normal water at the surface of the earth in contact with 
this air would contain on the order of a millionth of a cm^ per 
100 cm ' of water. Thus, the contrast in the ratio of hydrogen to 
water between a depth of 15 km and the surface is about a 
billion (109) to one. 

Fig. 2—Temperature variation with depth in contrasting 
regions (Press and Siever, 1974). 
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In addition to water, chere is also abundant evidence that 
carbon in various forms (carbonates, carbon dioxide and 
monoxide) is fairly abundant in the depths of che earch. If car­
bon compounds are added to the system containing water and 
ferrous minerals, methane (CH4) and possibly ocher hydrocar­
bons may join hydrogen as members of the equilibrium assem­
blage. 

The hydrogen-methane environment thac prevails ac depths 
of 15 km within the earth is in dramatic contrast with the 
oxygen environment of the earth's surface. It represents what 

'for practical purposes is an unlimited source of energy in our 
energy-starved society, if some means could be developed for 
somehow bringing the hydrogen and oxygen together where they 
could react. It is encouraging to see that serious proposals have 
already been made for research and development of this poten­
tial source of energy (Gold, 1979). • 

If free hydrogen acCually does occur in subscandal concen-
cracions ac the very moderate depths of 15 km, could this effec­
tively unlimited source be what is needed for the maturing of 
petroleum? Is it possible that molecular hydrogen might be 
steadily percolating upwards by a process of diffusion over short 
distances, combined with flow through cracks and fissures over 
longer distances, as suggested diagrammatically in Fig. 5? And 
could chis sceady upward flow be feeding che immacure 
pecroleum with what it needs to increase its H:C ratio? Alchough 
cemperacures and pressures in most oil reservoirs mighc be below 
chose needed for sponcaneous actainment of equilibrium, 
anerobic bacteria might be serving as catalyses in che 
hydrogenacion process. Bacceria are, in face, known thac chrive 
in an acmosphere of hydrogen,' and thac derive cheir vical energy 
from che hydrogenacion of organic maccer (Shea. 1968; Zajic, 
1969). 

Migration of Hydrogen from Depth 

The idea of deep-seaced hydrogen as an agenc in che maturing 
of petroleum was suggested eighc years ago in a short paper in 
the petroleum literature (Hawkes, 1972). Ic did noc receive 
much accendon ac chac cime, as very liccle was known then ofthe 
effective permeability of cryscalline rocks. In ocher words, ic was 
difficulc CO conceive a mechanism whereby gases like hydrogen 
or mechane could actually migrate upwards through many 
kilometers of massive, crystalline rocks. Since that time, 
however, a considerable body of information about the 
movement of fluids in chis zone has come out of research on 
geothermal energy. Geothermal fluids, like hydrojgen, have Co 
get out somehow. The question is, how? Basically, there are just 
three mechanbms whereby gases and other fluids can migrate 
chrough a cryscalline rock. 

^ V. N V 

V, -> 1 Itg rook v^ ^ ^ \ 
\ \ '̂  from 15 km 

> ; • ' ' 

I I , . I 

• I • ' • 

Fig. 3—Hydrogen gas contained In deep-seated rocks. 
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100 cm-" 
water from 
15 lira depth • -•- y ie lds 1200 cm^ 

HJ a t 
e a r t h ' s surface 

can dissolve • • and in contact 
with atmosphere 
contains -
0.000001 cm-' H, 

Fig. 4—Hydrogen gas contained In water from 15 km. depth 
and at surface. . 

The first of these is diffusion through crystal lattices and 
water-filled pore spaces. Hydrogen moleculeis have the smallest 
diameter and the greatest speed of movement at a given tem­
perature of any component of the system. These properties both 
favor differential movement by diffusion. It is Icnown from 
laboratory experiments at elevated temperatures that hydrogen 
diffuses very rapidly through both metals and glass. In fact, 
metallic palladium is used in pressure-bomb experiments as a 
kind of sieve that permits hydrogen to pass through almost as if 
ic weren'c chere, but that stands as a barrier to all the other 
gases taking part in the reaction. Little or no experimental work 
has been published on the diffusion of hydrogen through silicace 

'•-T..^. sVt1im°"-^°n'J''.f^''''-'-Tr-"' •'-• •̂ -••̂ '•••̂ •'-''̂  -ji>-^r^ 

5 km 

10 tan 

Generated 

— 15 tan 

= flow of H, 

Fig. 5-Dlagram showing hypothetical flow of hydrogen near 
earth's surface. 
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lattices,.although a diffusion rate similar to that through glass 
would seem Ukely. If so, diffusion should be enough to equalize 
any gross variadons in the concentration of hydrogen over a 
scale of centimeters and a time span of only a few years. 

The second mechanism for the migration of macerial at depth 
is fluid flow dirough microcracks. Diffusion is probably of mmor 
importance here. Microcracks consist of open channek ranging 
down to 0.1 or even 0.03 microns in width (Richter and Sun-
mons. 1976). If a microcrack is to serve as a conduit for the 
escape of fluids, it must of course have some continuity. The 
continuity of a system of microcracks, and hence the overall 
permeability of the rock, can be estimated by various 
geophysical methods. These studies have shown that rock per-
meabilides in excess of 10" 14 cm^ extend to depths of at least 15 
km (Norton, 1976; Norton and Knapp, 1977). It is noteworthy 
that this is also the depth at which chemical equilibria are ap­
proached. A permeability of l O l ^ cm2 is enough to permit sub-
standal mass movement of the fluids contained in che cracks, 
provided an adequate driving force is applied. Such a force can 
come, for example, from the density contrasts that are 
generated thermally by an igneous intrusion. It has been 
calculated thac under the most favorable conditions directly 
over a hot pluton, and assuming IO"!** cm^ permeability, the 
fluid in the microcracks can flow al a rate of IO"' g/m^s, or 
about 20 kg/m2 per year (Norton and Knight, 1977). This is a 
very substandal flow rate. 

Finally we have mass movement through open fissures and 
joints, and the relatively open pore spaces of clastic sedimentary 
rocks. The same driving forces that could push fluid through 
microcracks would of course be even more effective in a rock of 
high permeability. To these forces could be added the forces of 
non-thermal origin, such as pressure gradients of normal ar­
tesian waters, and the buoyancy effect of exsolving gas bubbles. 

Observed Hydrogen in Subsurface Environments 

Theoretical arguments for the existence of free hydrogen in 
subsurface rocks and for its migration upwards into the surface 
environment are in fact supported fairly consistently by actual 
observadons. Gases extracted from igneous and metamorphic 
roclcs are commonly found to contain easily measured concen­
trations of elemental hydrogen, as shown in Table I. Gases 
sampled from deep fissures have also shown significant concen­
trations of hydrogen. For example, Kravtsov, et al. (1967) over a 
period of three years made measurements of gases emanating 
from cracks in the Khibiny alkaline complex, Kola Peninsula, 
USSR, where it was exposed in a deep railway tunnel. They 
found hydrogen varying from 2.8 to 3.8% with no general in­
crease or diminution over the entire three-year jwriod. 

Second-hand evidence for free hydrogen in fissures comes 
from observations of occluded hydrogen trapped in hydrother­
mal minerals (Table 2), The conclusion here is almost 
inescapable, that substantial concentrations of molecular 
hydrogen were present in the hydrothermal fluids from which 

these ore minerab were deposited. The disparity in content be­
tween the various minerals may be due in part to time variations 
in the concentrations during the hydrothermal deposition, and 
in part co subsequent leakage. ^ 

As might be expected, hydrogen is present in major quantities 
in most volcanic gases, as well as in many of the gases dissolved 
in geothermal waters. Table 3 shows a comparision between che 
hydrogen accually measured in two Cypical volcanic gases, com­
pared with what would be theoretically expected from a basalt 
containing both water and ferrous iron. 

Hydrogen in Zone of Oxidation 

Now when our hypothetical flux of hydrogen reaches the zone 
of oxidation, it would get embroiled in many new kinds of 
biological and chemical reactions. In the oxidation zone, bac­
teria together with some higher life forms can under ap­
propriate conditions both generate and consume free hydrogen. 
Furthermore, solar radiation acting on the constituents of the 
atmosphere can also both generate and consume hydrogen. 
These factors are responsible for the so-called "sources' and 
'sinks" of hydrogen at and near the surface that are the concem 
of environmental chemists. 

One of the most active hydrogen sinks is found in normal soil. 
Laboratory studies using samples of various soils in their natural 
state, without sterilization, in an atmosphere containing the 
same amount of hydrogen as ordinary air, show a logarithmic 
decay of hydrogen to negligible concentrations over a period of 
an hour or so (Seiler, 1978). These studies were carried out by 
environmental chemists, interesced in che chemiscry of che ac­
mosphere. However, che conclusions are equally perdnent for 
hydrogen reaching the soil from below. The implicadons are 
that in soil covered areas, a substantial fraction of any free 
hydrogen emanating from depth would be destroyed by bacteria 
before it reached the atmospliere. For areas not covered by soil, 
and in cold weather when the bacteria were dormant, the 
hydrogen might safely reach the open air. 

In the oceans, the common reaction involving hydrogen is its 
generation by biological activity in the simlit zones near the sur­
face (Seiler. 1978). Concentrations here are about three times 
what would be in equilibritim with the hydrogen in the air. In 
fact, the hydrogen content of air sampled directly over the sur­
face of the water is measurably higher than the average for 
normai air. Thus, the ocean is effectively serving as a source of 
hydrogen in the atmospheric hydrogen budget. 

Coming now to what happens in the free atmosphere, we rim 
into an extremely complicated series of reacdons. Except for 
water vapor, the major constituents of air are nitrogen, oxygen, 
argon, and carbon dioxide. Minor constituents include the 
other noble gases, which are unreactive, and a long list of 
molecular species that result from photochemical reacdons, or 
"photolysis.' Free hydrogen is one of these. It is generated prin­
cipally by a series of photochemical reactions starting with 

Table 1—Occluded Hydrogen in Rocks* (In cm3/kg) 
table 2—Occluded Gases In Hydrothermal Minerals* 

(In cm3/kg) 

Alkaline Igneous rocks 
Kola, USSR 

Archean gneisses 

Ollnogorsk, USSR 

Metamorphic rocks 
Kola. USSR 

0.15toe.41 

1.97 to 3.91 

1.47 to 4.60 

'Source: Unde, IF . , 1964; Gorsllta, Petersl l 'e, and Pripaclikin, 1965: Peieral l 'e 
and Prlpaclit<ln, 1962,1963. 

Garnei 
Sphalerite 1 
Calcite 
Quartz 
Sphalerite II 
Galena 
Barite 

HJ 

36.0 
5.6 
1.9 

102.0 
15.0 
2.6 
6.8 

C O j 
60.0 

1.9 
7.7 
4.4 
1.0 

. 1.6 
9.1 

CH4 

3.0 
1.6 
0.5 

24.0 
3.0 

6.0 

'Source: Kuwsal mining dislr lc l , USSR, Ellnson and Sazonov, 1966, Chem. Abst. 
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Table 3—Hydrogen in Volcanic Gases* (In volume-percent) Table 4—World Hydrogen Budget* 
(In units of 10^3 g/yr) 

HjO 

Average Hawaiian Ert 'Ala, Ethiopia Predicted 

79.31 79.4 79.0 
0.56 1.49 between a75 and 1.68 

•Source: Holland, tsrs, Wlley-tntersclence, p. 289. 

methane, which in tum comes in part from bacterial decom­
position of organic matter and in part from industrial activity. 
Free hydrogen is consumed in the atmosphere by reaction with 
the OH radical, which in tum is generated photolytically from 
water and oxygen. 

Apparently there is no mass movement of elemental hydrogen 
as such from che lower acmosphere inco che scracosphere. The 
hydrogen thac emanates int.o outer space from che upper at­
mosphere is supplied by che dissociadon of local wacer vapor. 

From all this we may write up a budget for free hydrogen in 
the atmosphere, based on the best estimates for the various rac­
tion rates (Table 4). This shows that the sources and siiiks are 
not balanced—more hydrogen is being consumed in the sinks 
than is being generated in the spurces. If these estimates are 
correct, this must mean one of two things: Either the concen-. 
tration of hydrogen in the atmosphere is steadily decreasing (for 
which there is no evidence), or there is another source that has 
not been identified, such as perhaps the depths of the earth. 

Conclusions 

In summary, thermodynamic studies show that what is effec­
tively an unlimited source of free hydrogen, together with the 
gases that are compatible wich ic such as methane, exiscs ac 
depchs of 15 km and more below the surface. Recent research 
suggests chat adequate channelways and driving forces are 
presenc co bring chis hydrogen up chrough che crystalline 
basement into the sedimencary secdon and che environmenc of 
pecroleum accumulation. Although hydrogenation of 
petroleum within the reservoirs has not been demonstrated, bac­
teria are known that derive their vital energy from the 
hydrogenation of organic matter. Various lines of evidence, in­
cluding the observation of elemental hydrogen in igneous rocks, 
the composition of volcanic and geothermal gases, and the 
minerals of hydrochermal vein deposits, are all compatible with 
the concept of the upward migration of hydrogen from depth. 
And finally, study of the sources and sinks of hydrogen in the 
atmosphere shows a deficiency thac could at least theoretically 
be accounted for by a source at depth. 

Thus, alchough the disproportionation mechanism accepted 
by petroleum geochemists may account for a part of the obser­
ved increase in tne hydrogen-carbon ratio of crude oil with age 
and depth of burial, a part also niay be provided by the upward 
migration of hydrogen from a geothermal source. 
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0-_ All geothermal fields producing commercial steam have a cap-
-iJTOck above the main producing aquifer. 
; \' Two tjpes of cap-rock are known: in the first type, the imper­
meability is original; in the second, the impermeability is originated 

r.liby the hydrothermal activity itself. The fields pertaining to the second 
*:lype are called the « self-sealing » fields. 
•s0r' The basic processes of the self-sealing are the rock-alteration, in 
Tthe first place kaolinization, and the filling of the voids by deposition 
yof different minerals, most commonly silica and calcite. 

-•t$.x The Author had recently the possibiiity of studying a geothermal 
-area, Ahuachapan in El Salvador, C. A., where strong evidence of the 
self-sealing process is offered. In the area, geochemical, gravimetric, 

-electrical resistivity, magnetometric and gradient surveys have been 
r.'Carried out under the supervision of Mr. KAPPELMEYR. 

Y"-- The interpretation of the field data indicates that it is possible 
-to gather valuable information on the extent and location of self-
•sealing by the means of appropriate geophysical surveys. 

Should this be confirmed by further investigations, the geo­
thermal exploration for commercial hot fluids shall be carried out 

-more effectively and at a lower cost. 
The geothermal exploration of the Ahuachapan area began in the 

year 1953, when DURR started a series of geological, geochemical and 
?«>physical investigations; his highlv valuable work continued till 
J961. 

In 1966, the United Nations Special Fund approved a geothermal 

1 

Paper presented at the Heat Flow S.ymposium, Ziirich, Sept. 1967, and accepted 
for publication b.v lhe organizing commilec. 
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project in El Salvador and a new series of systematic investigations 
are currently carried out by the Project Manager, Mr. FALLEN B.AILEY: 

During the last spring, Mr. PAL.MASSO.V, Mr. SMITH and th^ 
Author visited the country as technical advisers of the United N^ 
tions and we where allovved to study all the available- information^ 

In the Ahuachapan area, hot springs, mud volcanoes, steam vents' 
and other manifestations of abnormal heat are common. In a pre-, 
vious geochemical study by Mr. F. TO.\A.\I, the self-sealing process 
has been recognized. Several manifestations in the eastern portionl 
of the geothermal area have been classified as leakage manifestz^' 
tions. In the same area, several shallow wells show severe hydrojf 
thermal clay alteration and impervious rocks. On the contrary, the. 
western El Salitre and allied hot springs are not leakage manifesta^; 
tions, the shallow wells indicate poor rock alteration, the therraal.i| 
gradients point to convection and hence permeability. ' ^ 

Several electrical resistivity « lows » were surveyed in both areas|?. 
In the eastern area the resistivity « lows » are linked with low mag^ 
netic values, whereas in the westem area the resistivity lows are link-^ 
ed with magnetic « highs ». A simple explanation of those facts emerg-i 
ed during a discussion with Mr. PALMASSO.V. The high magnetic values^ 
in volcanic rocks are mainly due to the magnetite; this mineral carijr 
be altered to pyrite by the geothermal fluids and hence the magnet^ 
ism of the country rock decreases. '^ 

On the other side, a resistivity low can be due either to severel 
rock altration or to saline hot or cold ground water. An increase in^ 
temperature increases the electrical conductivity in any thermal area.S 
It seems clear that the resistivity lows of the westem highly magnet-!^ 
ic area are due to the convective hot waters, whereas in the eastemM 
poorly magnetic area the resistivity lows are due to the change in,^ 
the rock (as induced by alteration), in spite of low saUnity. 

As a consequence, the commercial geothermal possibilities of th 
eastern area appear to be much better than those of the western area: 

Mr. J. B. KoEXiG, geologist of the California Division of Mines, is| 
carrying out similar geothermal investigations in Coso Springs areas-
in the Basin-and-Range California geomorphyc province. During an5 
informal discussion on the Ahuachapan interpretation as given above;:^ 
Mr. Koenig related similar findings in the Coso Hot Springs area. I n ^ 
a written personal communication, referring to the Coso Hot Springsi^ 
area he states as follows: « Detailed magnetic traverses have resultedii 
in the recognition of 'magnetic signatures' of the major rock types^ 
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: ^ the area, and in the probable recognition of their hydrothermally-
^tered. equivalents. Hydrothermal alteration is expressed as mag­
netic lows, due to destruction and removal of magnetite from the 
Btxrks by heated fluids. In some areas, in a linear zone to the west 
^^d especially the south of Coso Hot Springs, magnetic lows in areas 
%f relatively fresh granite, are believed to be caused by concealed 
ibr buried hvdrothermal alteration. That is, areas in which the heated 
tfluids did not ascend to the present surface. 
pr Geochemical traverses have determined mercury 'leakage' along 
|lhe zones of heat alteration ait the surface. Similar traverses will be 
Ignecessar}' over the areas of 'blind' magnetic lows.. 
^ i A test well drilled into the fault zone to a depth of 375 feet reveal-
jed intense hydrothermal alteration, and a shallow, probably perched 
vater table. Alteration of granitic rbcks has resulted in kaolinization 
-.of feldspar, and destruction of mafic minerals. Quartz, alone, remains 
fSinaffected ». 
.•̂ ''- Electrical resistivity and gravimetric surveys have been planned 
•;for the area. 
:4T Three conclusions can be pointed out from the observations in 
.-;lhe Ahuachapan and Coso geothermal areas: 

1. - Rock alterations can be usefully investigated by resistivity and 
:<f̂ ', magnetic surveys and the two methods should be used concur-
'•V rently. 

2. - The self-sealed areas in volcanic rocks can be detected by those 
low-cost geophysical methods, once the self-sealing process has 

J- been demonstrated by the geochemical investigations. 

,3. - The geochemical investigations are needed in programming and 
interpreting the geophysical surveys. The geological and geo-

: ' chemical studies are the starting points of any geothermal explo­
ration programme. 

Uaruiscript received \ov . 1967 
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Dear Geothermist: 

In case you did not know i t , we signed the f i r s t Geothermal Loan Guaranty 
on May 6, 1977. The guaranty was for a loan of $9.03 mi l l ion by the Bank 
ofArnerica to the Republic-1975 Geothermal Energy Dr i l l ing Program. On 
Sunday, May 8, the f i r s t well d r i l l ed with funds made available through 
the GLGP was "spudded." 

At the closing ceremony, v/hich was presided over by Don Reardon, Acting 
Manager of SAN, and attended by Charles Fullerton, Vice President, Bank 
of America, and Robert Rex, President of Republic Geothermal, Inc. , the 
Bank of America presented ERDA a check for $27,442.00 - the f i r s t year's 
user fee — and a check of $2,250,000 to Republic-1975 — the f i r s t 
disbursement in Milestone 1. 

A copy of the news release is enclosed (for your information). 

In approving this application, ERDA had to make the following Findings 
and Determinations: 

1. Application complies with GLGP Regulations (10 CFR 790); 

2. Project w i l l not have a signi f icant affect on the qual i ty 
of the human environment; 

3. The risks are acceptable; 

4. Project is consistent with the goals and objectives of 
P.L. 93-410; 

5. Overall probabil i ty of success is 63% or higher; and 

6. There is a reasonable assurance that the loan w i l l be paid o f f . 

When Acting Administrator Robert Fri approved this application, several 
important principles were established, including: 

1. ERDA w i l l share both the financial and̂  technological risks 
of developing this important resource with the lenders and 
borrowers; 
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2. ERDA will encourage, to the maximum extent practicable, 
participation by commercial lenders if the interest rates 
are reasonable (approximately 120%-125% of floating prime 
appears to be a maximum acceptable rate at this time). 

3. ERDA will, on a case-by-case basis and where appropriate, allow 
equity participation on a 25/75 ratio throughout disbursements 
(i.e., we will not necessarily require the full 25% to have 
always been spent prior to any disbursements, nor will we allow 
any disbursements such that the government's risk at any point 
in time is greater than 75% of the project's cost); and 

4. ERDA will foster the development of normal borrower-lender 
relationships. 

We. are currently processing the following applications: 

PROJECT 

Dry Creek Exploration 
(GRI w/Chevron Oi l ) 

GeoCal (GeoProducts) 

CU I Venture 
(GKI/McCulloch) 

Southern Ca l i f . Public 
Energy Corporation 
(Ci ty of Burbank) 

Geothermal Food 
Processors, Inc. 

Diablo Exploration, Inc. 

-

LOCATION 

Geysers, CA 

Honey Lake, CA 

Beryl & Lund, UT 
Brawley, CA 

Roosevelt Hot 
Springs, UT, and 
other sites 

Brady Hot 
Springs, NV 

New Mexico 

LENDER 

Bank nf America 

Bank of Montreal 

Bank of Montreal 

Dean Wi t te r & Co. 

Nevada National 
Bank 

Kidder, Peabody, 
Inc. 

TOTAL 

APPLICATION $M 

$ 7.500 

2.269 

6.326 

25.00 

3.460 

21.80 

$ 66.335 

A number of other recent developments at the Federal level have very 
exciting potential for the geothermal industry. These include the 
President's National Energy Plan (NEP), proposed amendments to P.L. 
93-410 passed by the House Science and Technology Committee, and a 
bill introduced into the House of Representatives by Congressman 
Barry Goldwater entitled "The Geothermal Steam Act Amendments of 1977." 
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In the-NEP, the President has proposed a tax deduction for intangible 
drilling costs comparable to that now available for oil and gas drilling. 
Furthermore, "Additional funding will be provided to identify new hydro-
thermal sources which could be tapped for near-term.generation of 
electricity and for direct thermal use. The Government will also support 
demonstration of direct, non-electric uses of geothermal energy for 
residential space conditioning and industrial and agricultural process 
heat in areas where this resource has not previously been exploited." 

Several amendments to P.L. 93-41.0 were passed by the House Science and 
Technology Committee on May 11, 1977, which enhance the GLGP. Some 
highlights include: 

1. Would allow guaranty to cover 75% of total costs of a non­
electric or self-generation project when located near a 
geothermal resource predominantly for the purpose of using 
geothermal energy or its economic viability is dependent 
upon the performance of the geothermal reservoir; 

2. Would raise the guaranty limits from $25 million to $50 million 
per project for non-electric applications and up to $100 million 
for electric applications, and from $50 million to $200 million 
per borrower; 

3. Would allow interest differential payments for guaranties on 
taxable borrowing by states, municipal utilities or other 
political subdivisions of states, or Indian Tribes; 

4. Would pledge the full faith and credit of the United States 
to the payment of guaranties; 

5. Would allow interim payment of principal and interest to avoid 
defaults on worthwhile projects; and 

6. Would provide for borrowing authority by the Administrator 
to rapidly meet default payments. 

On May 5, 1977, Cong. Goldwater introduced a bill entitled "The Geothermal 
Steam Act Amendments of 1977." A few of the highlights are: 

1. Would increase the per State acreage limitation on a geothermal 
leasehold from 20,480 to 51,200; 

2. Would provide a statutory scheme to insure that geothermal 
leases will have access, on an equitable basis, to any trans­
mission lines or rights-of-way for transmission lines on public 
lands in the general area of their leasehold; and 
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3. Would provide for environmental assessments in phases on 
federal geothermal leases. 

In conclusion, several important strides have been taken which could 
enhance the development of the geothermal industry. One of these is 
the approval of the first loan guaranty application. However, the 
continued viability of the GLGP is still very much in question. With 
only seven applications received having a total of some $75.4 million 
versus an authorization of $200 million for FY 1977 and a request by 
ERDA for another $200 million in FY 1978,-there are important voices 
asking two key questions: 

1. Does the industry really want and/or need the GLGP? and 

2. Does the industry really need $200 million per year? 

To these questions, satisfactory answers can only be formulated based 
on numbers supplied by the industry. 

Furthermore, if you have any suggestions on how we can improve the 
program - our procedures, the guidelines, etc., please let us know 
immediately. 

It's up to you. 

Sincerely, 

Mark N. Silverman, Director 
Office, of the Geothermal 

Loan Guaranty Program 

Enclosure: 
SAN News Release 

No. 7747 
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San Francisco Operations Office 1333 Broadway Oakland, CA 94612 

SAN NO. 
PHONE: 

7747 
(415) 273-4186 

FOR IMMEDIATE RELEASE 
MONDAY, MAY 9, 1977 

The Energy Research and Development Administration (ERDA) has 
approved the first loan guaranty for a commercial geothermal 
energy project, a $9,030,000 guaranty to Republic Geothermal, 
Incorporated, Santa Fe Springs, Caiifomia, and the Bank of 
America (Los Angeles). 

Republic Geothermal, Incorporated, sought the guaranty on behalf 
of Republic - 1975 Geothermal Energy Drilling Program, a Caiifomia 
limited partnership. 

The company plans to drill and develop 11 new geothermal production 
and four reinjection wells in the East Mesa area of California's 
Imperial Valley, where it has been conducting exploratory opera­
tions since January, 1974. Three exploratory wells have been 
drilled previously by the firm to assess the reservior steam 
characteristics. Two of these wells showed an average steam 
output of about 2,800 kilowatts each and will be used as pro­
duction wells, with the third unit serving as a reinjection 
well. 

The Federal guaranty will cover 75 percent of the approximate 
12 million total cost of the drilling project. 

Steam extracted from the hot water geothermal resource could be 
sold commercially or used by Republic Geothermal for electric 
generation. The company has indicated it intends to build an 
electric power plant which could be operating by the early 
1980s and would produce more than 36,000 kilowatts. The 
guaranty, however, covers only the cost of drilling and 
developing the geothermal wells. 

(MORE) 
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"This first loan guaranty marks an important milestone in the 
Nation's program to accelerate greater use of geothermal 
resources," said Robert W. Fri, ERDA's Acting Administrator. 
"Implementation of this program is significant both in commer­
cializing previous geothermal research and in the ultimate 
development of normal lender-borrower relationships." 

ERDA's geothermal loan guaranty program was authorized by the 
Geothermal Research, Development and Demonstration Act of 
1974 (P. L. 93-410), with a major provision to speed the com­
mercial development and use of geothermal energy in an environ­
mentally acceptable manner. The Act enables lenders- to obtain 
Federal guarantees of loans for commercial development of 
geothermal energy resources. 

"In this way, a lender's risk in financing commercial-scale 
geothermal operations is minimized," said Fri. "V/e hope this 
program will in tim.e encourage the flow of credit for commer­
cial geothermal development without the need for Federal 
assistance." 

Dr. Robert W. Rex, President, -Republic Geothermal, Incorporated, 
and Richard Manderbach, Senior Vice President, Bank of America, 
headed their organizations' preparation of the loan guaranty 
application. The application was submitted to ERDA's San Francisco 
Operations which is responsible for processing and evaluating 
all geothermal loan guaranty applications. 

Currently,- ERDA is evaluating six other applications for geo­
thermal loan guarantees in Utah, New Mexico, Nevada and 
California. 
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in receiving information on the Geothermal Loan Guaranty Program. 
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Please indicate any change(s) in address. 

Thank You. 

Mark N. Silverman 
Geothermal Loan Guaranty 

Program Specialist 
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Oakland, California 94612 
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Controls and 
Restrictions: Detailed In Federal Register of May 26, 1976, 

pages 2U33-2U'»0. 

1. Information concerning lender the borrower. 
2. Information on project. 
3. Interest assistance by ERDA. 
k . Default authority by ERDA. 
5. Permissible costs defined - criteria 

(financial considerations). 
6. Expenses not allowable. 
7. Environmental considerations. 
8. Reports required and access to reports 

to other agencies. 
9. Servicing the loan. 
10. Visit access. 
11. Withdrawal of guarantee. 
12. Security (borrower's assets). 
13. Patents and proprietary rights. 
Î *. Escrow and interest. 

Who Administers: The Administrator of ERDA; however, the Manager 
of SAN has been delegated the responsibility of 
processing all applications for geothermal loan 
guarantees from throughout the United States. 
After review and analysis of the application, 
the Manager will recommend approval or disapproval 
to the Administrator. Additionally, SAN has the 
responsibility of monitoring all loan guarantees 
throughout the life of the guarantee. 

Where to Obtain 
Information: San Francisco Operations Office (SAN) of ERDA. 

Attention: Mark N. Silverman, 1333 Broadway, 
Oakland, CA 9'»612. Telephone: (iflS) 273-7881. 



QUESTIONS AND ANSWERS ON 

ERDA GEOTHERMAL LOAN GUARANTY PROGRAM 

GENERAL NOTE Regulations were published on May 26, 1976. 
The Program is effective June 25, 1976. 

PROGRAM PURPOSE What is the purpose of the program? 

To accelerate the commercial development of 
geothermal energy by the private sector by 
minimizing the financial risk to lenders. 

PROJECT PRIORITIES Will ERDA give priority to certain types of 
projects for the guaranty? 

Yes. At this time, top priority will be given 
to those projects which will most quickly result 
in production of useful energy from geothermal 
resources. Others: projects which will utilize 
new technological advances or produce advanced 
technology components; projects that exploit 
potential of new geothermal resource areas. 
Lower priority: projects that propose 
exploration operations or acquisition of land 
or leases. 

Ineligible: 1) if lender will make the loan 
at reasonable and prevailing 
rate of interest w/o guaranty. 

2) projects that will consume 
rather than produce energy. 

APPROPRIATION Why didn't ERDA seek an appropriation this year? 

We do not anticipate any defaults in FY 1976 and, 
therefore, did not seek an appropriation. / 



INTEREST RATE What kind of interest rate? 

Reasonable and prevailing - as determined by 
the Administrator In consultation with 
Secretary of Treasury. 

INTEREST ASSISTANCE What if interest assistance is demanded this FY? 

ERDA may enter into a separate contract with the 
lender on interest assistance and this would 
specify the timing. Given no anticipation of 
defaults this FY, there would be no need for 
ERDA to step in. 

DOLLAR LIMITATIONS What are dollar limitations for the program? 

Maximum: $25 Million - single project 
$50 Million - single borrower 

75% of total project costs (can equal 100% 
of the loan.) 

PROGRAM SCHEDULE When can we apply? 

Any time after June 25, 1976. 

PROCESSING TIME How much time will it take to get an 
application processed? 

Between 90-120 days, depending, of course, 
on lender process time and extent of environ­
mental considerations. 

HOW TO APPLY How do we apply? 

The application and supporting documentation 
must be Jointly submitted by the lender and 
borrower. A pre-application conference with 
both will be conducted by SAN. Either the 
lender or borrower should contact us whenever 
desired, but sometime before submission. 



GIVEAWAY? How will ERDA keep this from being a routine 
giveaway? 

The lender will be asked to identify why the 
guaranty is needed. The criteria are clearly 
detailed In the Regulations. 

ERDA'S ROLE What Is ERDA's role? 

ERDA has been designated the federal agency 
responsible for implementing the program. 
The ERDA Administrator Is authorized to 
guarantee lenders against loss of principal 
and Interest on loans. The San Francisco 
Operations Office of ERDA is responsible 
for processing and evaluating all applications 
for the United States. 

PROGRAM AUTHORIZATION What Is authorization for the program? 

Title II of the Geothermal Energy Research 
Development and Demonstration Act of 197'*. 

LOAN GUARANTY PERIOD Does the 10-year life of the Act mean current 
loans can't carry past 1984? 

No. Loans can be guaranteed up to 30 years. 
It does mean that there will be no new. 
guarantees past 198*4. 

MULTI-rPHASE PROJECTS Can we apply for phases of a project? 

Yes. Guaranty applications may be submitted 
for mult I-phase projects in which borrower plans 
to utilize significant milestones as a basis of 
proceeding to next step. 



REQUIRED INFORMATION 

COLLATERAL 

be required for the 

- k -

What kinds of data wil 
applIcation? 

Most additional data requirements are detailed 
In Section 790.21 of the Regulations. Other 
requirements are detailed in the guidelines 
for ioan applications. 

/ 

What kind of collateral and what happens to 
it In event of default? 

PROJECT DEFINITION 

The collateral will be specified in the guaranty 
agreement. In event of default, the Attorney/ 
General of the U.S. will have no recourse to 
any assets of the borrower that are not in the 
agreement and not project-related. The / 
objective Is not to have borrowers go Into 
bankruptcy. 

How do you define "project"? 
/ 

/ 

Tasks which, when completed, will result in 
an identifiable product, system, or component 
for which a market potentially exists. ^Examples: 
test and production drilling, power plarit 
construction, equipment manufacturing, etc. 

PROJECT COSTS What will be considered acceptable project costs? 

These are enumerated in the Regulations but, 
briefly, all reasonable and customary expenses ./ 
paid by the borrower such as land pu^rchase and/or • 
lease payments, site improvements, drilling of 
wells, buildings, etc. Disallowed costs include / 
company organizational expenses, certain overhead 
Items, etc. / / 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

SAN FRANCISCO OPERATIONS OFFICE 

1333 BROADWAY 

. OAKLAND. CALIFORNIA 94612 

JUN 1 6 1976 

DEAR GEOTHERMAL ENERGY DEVELOPER: 

At long last, the Geothermal Loan Guaranty Program Regulations 
were signed on May 25, 1976, published In the Federal Register 
on May 26, 1976, and will become effective on June 25, 1976. 

The enclosed Fact Sheet summarizes the key points In the Regulations. 
However, of major Interest to you Is the fact that the Manager of 
ERDA's San Francisco Operations Office (SAN) has the sole responsibility 
for processing al1 
United States. 

geothermal loan guaranty applications for the entire 

To work with you and process applications, SAN has established a 
Geothermal Loan Guaranty office. Assisting me are Dana Kilgore 
and Diane NastIch, plus several others In SAN. 

The Application Form by Itself will not meet SAN's requirements. 
Many of the kinds of additional data and documentation needed are 
outlined In Section 790.21 of the Regulations; however, more specific 
information will be contained in guidelines now being developed by 
SAN. These guidelines will clearly spell out the additional data 
SAN will need to process a loan guaranty. 

SAN also Is developing the Internal procedures It will use to process 
each application as thoroughly and quickly as Is responsibly possible. 
However, SAN must perform environmental, financial, legal, management/ 
marketing, and technical/geophysical assessments of each application. 
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Therefore, the average projected review time Is current ly estimated 
to be about eighty (80) working days. Some appl icat ions w i l l take-
less t ime, others more, depending on the i r complexity, locat ion of 
project and completeness of data submitted. 

To fur ther insure that borrowers and lenders f u l l y understand a l l 
requirements, SAN w i l l conduct a pre-applIcat ion conference wi th 
applicants for each proposed project p r io r to submission. 

For your Information, SAN w i l l also conduct a one-day seminar In 
Los Angeles on June 22, for lending Ins t i tu t i ons only . The purpose 
of the seminar is to more f u l l y explain to prospective lenders both 
the program and the procedures SAN w i l l fo l low. 

I f you have a possible project in mind, we would appreciate receiving 
a very b r i e f summary of i t ; to Include scope, locat ion, estimated cost, 
and projected date of app l i ca t ion . 

Please feel free to ca l l ('•15-273-7881), w r i t e , or come by and see 
us. I f you have any questions. 

We look forward to working wi th you In helping to develop geothermal 
energy as a supplemental power source to meet our Nation's energy needs. 

Sincerely, 

irk N. Silverman 
Geothermal Loan Guaranty 
Program Special 1st 

Enclosure: 
Fact Sheet 



UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

SAN FRANCISCO OPERATIONS OFFICE 

1333 BROADWAY 

. OAKLAND. CALIFORNIA 94612 

JUN 1 6 1976 

DEAR GEOTHERMAL ENERGY DEVELOPER: 

At long last, the Geothermal Loan Guaranty Program Regulations 
were signed on May 25, 1976, published In the Federal Register 
on May 26, 1976, and will become effective on June 25, 1976. 

The enclosed Fact Sheet summarizes the key points In the Regulations. 
However, of major Interest to you Is the fact that the Manager of 
ERDA's San Francisco Operations Office (SAN) has the sole responsibility 
for processing all geothermal loan guaranty applications for the entire 
United States. 

To work with you and process applications, SAN has established a 
Geothermal Loan Guaranty office. Assisting me are Dana Kilgore 
and Diane Nastlch, plus several others In SAN. 

The Application Form by Itself will not meet SAN's requirements. 
Many of the kinds of additional data and documentation needed are 
outlined In Section 790.21 of the Regulations; however, more specific 
Information will be contained In guidelines now being developed by 
SAN. These guidelines will clearly spell out the additional data 
SAN will need to process a loan guaranty. 

SAN also Is developing the internal procedures It will use to process 
each application as thoroughly and quickly as is responsibly possible. 
However, SAN must perform environmental, financial, legal, management/ 
marketing, and technIcal/geophysIcal assessments of each application. 



Geothermal Energy Developer 

Therefore, the average projected review time is current ly estimated 
to be about eighty (80) working days. Some appl icat ions w i l l take 
less time, others more, depending on the i r complexity, locat ion of 
project and completeness of data submitted. 

To fur ther Insure that borrowers and lenders f u l l y understand a l l 
requirements, SAN w i l l conduct a pre-appl icat ion conference wi th 
applicants for each proposed project p r io r to submission. 

For your information, SAN w i l l also conduct a one-day seminar In 
Los Angeles on June 22, fo r lending i ns t i t u t i ons only . The purpose 
of the seminar Is to more f u l l y explain to prospective lenders both 
the program and the procedures SAN w i l l fo l low. 

I f you have a possible project in mind, we would appreciate receiving 
a very b r i e f summary of i t ; to include scope, locat ion, estimated cost, 
and projected date of app l i ca t ion . 

Please feel free to ca l l ('•15-273-7881), w r i t e , or come by and see 
us. I f you have any questions. 

We look forward to working wi th you In helping to develop geothermal 
energy as a supplemental power source to meet our Nation's energy needs. 

Sincerely, 

irk N. Silverman 
Geothermal Loan Guaranty 
Program Specialist 

Enclosure: 
Fact Sheet 
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GEOTHERMAL MARKETING 

ISSUES 
••• IN MARKETING. USER NEEDS ARE PRIMARY CONCERN " V 

0 AVAILABILITY OF GEOTHERMAL ENERGY IS NOT SUFFICIENT TO CAUSE 
COLOCATED ENERGY USERS TO ADOPT IT OR NON-COLOCATED ENERGY 
USERS TO MOVE TO A RESOURCE. 

• FOR COLOCATED USERS., GEOTHERMAL ENERGY MUST BE ADVANTAGEOUS^ 

FOR SUCH REASONS AS: 

1. CHEAPER 

2. BETTER 

3. MORE ABUNDANT 

^, MORE CONVENIENT 

• FOR NON-COLOCATED USERS., THE AREA OR SITE MUST OFFER ADVANTAGES 
TO THE PROSPECTIVE USER. IT MUST SATISFY SUCH NEEDS AS: 

1. MARKET 

2. LABOR FORCE 

3. TRANSPORTATION 

^, RAW MATERIALS 

5. DESIRABLE LIVING ENVIRONMENT FOR PROFESSIONAL OR 
EXECUTIVE STAFF 

6. INSTITUTIONAL INCENTIVES 



GEOTHERMAL MARKETING 

ISSUES (CONT'D.) 

ff MARKETING ACTIVITIES ARE FOCUSED TWO WAYS: 

1. ON-SITE: EXISTING FACILITIES, DEVELOPERS OR USERS 

COLOCATED WITH GEOTHERMAL ENERGY. 

2. OFF-SITE: INDUSTRIES, UTILITIES, COMMERCIAL FACILITIES 

OR RESIDENTIAL DEVELOPERS THAT MIGHT LOCATE WHERE 

GEOTHERMAL ENERGY IS FOUND.. 

• THE TWO TYPES OF ACTIVITIES REQUIRE DIFFERENT STRATEGIES. 

THE ON-SITE ACTIVITIES SHOULD BE THE STARTING POINT. 

ff IT IS IMPORTANT TO RESPECT OTHERS'TURF. THEREFORE, NEED TO WORK 

THROUGH AND WITH LOCAL ELECTED AND APPOINTED OFFICIALS AND OTHER 

STATE OFFICIALS AS APPROPRIATE. 

ff To TRANSFER TECHNOLOGY (OR ANY INNOVATION) REQUIRES MORE THAN 

EDUCATION. THE PROCESS MUST INCLUDE PERSUASION AND ADOPTION. 

ATTITUDES MAY LEAD THROUGH SEVERAL STEPS, SUCH AS: 

1. AWARENESS 5. INTENTIONS 

2. KNOWLEDGE 6. SATISFACTION 

3. INTEREST 7. COMMITMENT 

^. PREFERENCE 8. IMPLEMENTATION 



GEOTHERMAL MARKETING 

ISSUES (CONT'D.) 

ff To COMPLETE T H E FULL CYCLE FROM AWARENESS TO IMPLEMENTATION 

REQUIRES WORKING WITH PROSPECTIVE DEVELOPERS AND USERS TO ASSIST 

THEM THROUGH THE ENTIRE PROCESS IF NECESSARY. EITHER DIRECTLY OR 

INDIRECTLY. T H E INFORMATION THEY NEED INCLUDES: 

1. GENERAL INFORMATION ABOUT GEOTHERMAL ENERGY, ITS USES 

AND TECHNIQUES FOR USE. 

2. DEVELOPMENT PROCEDURES 

3. ECONOMIC FEASIBILITY OF THE SITE AND PROPOSED USE 

A, ENGINEERING TECHNIQUES FOR SITE AND PROPOSED USE 

5. RESOURCE EVALUATION 

6. FINANCING SOURCES - INVESTORS, LOANS, GRANTS 

7. INSTITUTIONAL REQUIREMENTS 

8. ENVIRONMENTAL REQUIREMENTS 



GEOTHERMAL MARKETING 

STRATEGY 

ff COLLABORATE WITH STATE AND LOCAL OFFICIALS AND AGENCIES 

STATE 

ECONOMIC DEVELOPMENT 

ENERGY IMPACT 

LOCAL DEVELOPMENT 

PROFESSIONAL AND TRADE ASSOCIATIONS 

OTHERS (STATE-SPECIFIC) 

LOCAL 

CITY & COUNTY OFFICIALS 

CHAMBERS OF COMMERCE 

ECONOMIC DEVELOPMENT 

PROFESSIONAL & TRADE ASSOCIATIONS 

INDIVIDUAL BUSINESSES 

ff IDENTIFY GOALS 

ff DEVELOP TARGETS 

ff CONDUCT ACTIVITIES 



GEOTHERMAL MARKETING 

TOOLS 

ff STUDIES 

AREA DEVELOPMENT PLANS 

SITE SPECIFIC DEVELOPMENT ANALYSES 

TIME PHASED PROJECT PLANS 

INSTITUTIONAL HANDBOOKS 

ENGINEERING AND ECONOMIC FEASIBILITY STUDIES 

DEMONSTRATION PROJECT EVALUATIONS 

OTHER REPORTS 

ff PROGRAMS 

PRDA FEASIBILITY STUDIES 

PON DEMONSTRATION PROJECTS 

GEOTHERMAL LOAN GUARANTY PROGRAM 

RESERVOIR CONFIRMATION DRILLING PROGRAM 

TECHNOLOGY DEVELOPMENT 

FEDERAL FUNDING PROGRAMS 

REGIONAL COMMISSIONS 

USER ASSISTANCE (UURI. EG&G. NMEI) 

NMEI SITE SPECIFIC ANALYSES 

OTHER 



GEOTHERMAL MARKETING 

APPROACH 

COLOCATED FACILITIES 

ff TARGET 

REVIEW LISTS OF COMMUNITIES, INDUSTRIES AND 

UTILITIES COLOCATED WITH IDENTIFIED GEOTHERMAL 

RESOURCE SITES 

NOTE THOSE INDUSTRIES THAT HAVE PROCESS HEAT 

REQUIREMENTS LESS THAN W ° F FROM LIST PROVIDED 

BY WEPL. 

CHOOSE BEST SITES TO WORK WITH FIRST - USING 

YOUR CRITERIA OR WEPL'S. 



GEOTHERMAL MARKETING 

APPROACH 

COLOCATED FACILITIES (CONT'D.) 

ff EDUCATE COMMUNITY, INDUSTRY, UTILITY 

1. BROCHURES 

PREPARE AND SEND TO SCHOOLS, COLLEGES, ENERGY FAIRS, 

ENERGY OFFICES. OTHER STATE OFFICES. LOCAL GOVERNMENTS. 

PROFESSIONAL AND TRADE ASSOCIATIONS. FIRMS (EG. A & E 

FIRMS), UTILITIES. 

SHOULD SAY: WHAT AND WHERE GEOTHERMAL ENERGY IS IN 

YOUR STATE 

WHAT AND HOW IT CAN BE USED 

WHO TO SEE FOR INFORMATION 

OTHER 

2. NEWSLETTERS 

To SAME AUDIENCE AS ABOVE (NO. 1). 

3. NEWS RELEASES 

To NEWSPAPERS. TV STATIONS, RADIO, REGARDING MAJOR GEOTHERMAL 

ACTIVITIES AND TO ENCOURAGE GENERAL STORIES ON GEOTHERMAL. 



GEOTHERMAL MARKETING 

APPROACH 

COLOCATED FACILITIES (CONT'D.) 

^. TALKS TO: 

FAIRS 

CIVIC ORGANIZATIONS 

PROFESSIONAL ORGANIZATIONS 

TRADE ASSOCIATIONS 

CITY COUNCIL 

CHAMBERS OF COMMERCE 

JAYCEES 

COLLEGES AND UNIVERSITIES 

GENERAL PUBLIC 

FIRST TALK TO GROUP, COVER SUCH ITEMS AS NATURE OF GEOTHERMAL. 

HOW USED. DEVELOPED. STATE PROGRAM. THEN TAILOR ITEMS TO SPECIFIC 
GROUP. 

5. SPECIAL ARTICLES FOR: 

PROFESSIONAL MAGAZINES 

TRADE MAGAZINES 

OTHER 



GEOTHERMAL MARKETING 

APPROACH. 

COLOCATED FACILITIES (CONT'D.) 

ff PERSUADE COMMUNITY, INDUSTRY, UTILITY 

PROVIDE OR ARRANGE FOR USER ASSISTANCE, BOTH AS REQUESTED AND 

IN ADVANCE OF REQUESTS. SUCH AS: 

EXAMPLES OF SIMILAR USES, TECHNICAL STUDIES 

DEVELOPMENT PROCEDURES, GUIDANCE 

ECONOMIC FEASIBILITY STUDY 

PRELIMINARY ENGINEERING DESIGN 

RESOURCE EVALUATION 

FINANCING SOURCE SUGGESTIONS AND INFORMATION 

INSTITUTIONAL GUIDANCE 

ff HELP IMPLEMENT 

1. IF BARRIERS ARISE, HELP REMOVE THEM. 

2. FINALLY, WATCH, REPORT AND RECORD DEVELOPMENT FOR HELPING 

OTHERS IN FUTURE. 

REMEMBER: THE TEST OF SUCCESS IS GEOTHERMAL ENERGY ON-LINE. 



GEOTHERMAL MARKETING 

PROCESS 

EDUCATE 

NEWS RELEASES 

BROCHURES 

ARTICLES 

NEWSLETTERS 

TALKS. LECTURES 

DISPLAYS 

- ^ 

PERSUADE 

EXAMPLES 

TECHNICAL STUDIES 

PROCEDURES 

ECONOMIC FEASIBILITY 

ENGINEERING DECISION 

RESOURCE EVALUATION 

FINANCING SOURCES 

INSTITUTIONAL GUIDANCE 

ADOPT 

OUTREACH USER ASSISTANCE 

^ 

/ 

RELIEVE BARRIERS 

WATCH. REPORT & 

DESCRIBE DEVELOPMENT 

FOR FUTURE DEVELOPERS 

IMPLEMENTATION 



GEOTHERMAL MARKETING 

APPROACH 

NON-COLOCATED 

ff TARGET 

1. REVIEW INDUSTRY LOCATION CRITERIA TO IDENTIFY POSSIBLE 

INDUSTRIES 

2. DISCUSS WITH STATE, LOCAL, PRIVATE ECONOMIC DEVELOPMENT 

GROUPS TO: 

A. IDENTIFY ECONOMIC DEVELOPMENT GOALS - LOCATIONS. 

TYPES OF INDUSTRIES 

ff EDUCATE 

1. TELL ABOVE GROUPS ABOUT GEOTHERMAL ENERGY, ITS LOCATION, 

USES. TECHNIQUES FOR DEVELOPMENT 

2. ASK HOW CAN HELP THEM INCORPORATE GEOTHERMAL ENERGY AVAIL­

ABILITY INTO THEIR PROMOTIONAL PACKAGES 

ff USER ASSISTANCE 

BE AVAILABLE TO PROVIDE: 

1. EXAMPLES OF SIMILAR USES, TECHNICAL STUDIES 

2. DEVELOPMENT PROCEDURES, GUIDANCE 

3. ECONOMIC FEASIBILITY STUDY 

^. PRELIMINARY ENGINEERING DESIGN 

5. RESOURCE EVALUATION 

6. FINANCING SOURCE SUGGESTIONS AND INFORMATION 

7. INSTITUTIONAL GUIDANCE 
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i Geothermal Geophysics 

During the interval Aug. 24 through Aug. 28, 1975, a workshop on 

.Geothermal Methods Appl ied -to Detectiori j • Del ineat ior i j and Evalnatioia o f 

Geothermal Resources (GMADDEGR) was held at Snowbird, Utah. Snowbird 

Resort, at the blue sky altitude of 8100 foot (2470m) elevation, in the 

Wasatch Mountains is a 30 minute drive from central Salt Lake City. At 

Snowbird, rented condominiums amidst pine, quaking aspen and granite 

provide a restful atmosphere for full-day workshops of this type. Cuisine 

in Little Cottonwood Canyon, in which Snowbird nestles, is superb. 

Given these ethereal surroundings and an unprouncable acronym, 51 

participants and observers energetically immersed themselves in a program 

designed (casually on purpose) by a Steering Committee consisting of 

D.M. Boore (Stanford), J. Combs (U.T.D), W.M. Dolan (AMAX), B. Greider 

(Chevron), D.R. Mabey (ex officio of USGS), H.F. Morrison (U.C.B), and 

myself as General Chairman. The U.S.G.S. (technical monitor D.L. Klick) 

financed the workshop while the University of Utah (the writer as Principal 

Investigator) organized the workshop. Participation in the workshop was 

restricted to 47 participants selected by the Steering Committee and 4 

observers selected by the U.S.G.S. One other observer and several in­

vitees were unable to. attend. Balanced representation betweeh industry, 

government, and academia was stressed at every turn. 

The principal points of the Guidelines for the Workshop, issued in 

advance, follow: 

"1) The morning sessions are expected to portray an inventory 

of current knowledge of applications and to provide an identi­

fication of known problems and points of controversy. 

2) For each morning session, a Sess ion Chairman and a commit-

1 



tee have been appointed. They have the responsibility for 

assembling current knowledge and presenting it to the part­

icipants. It is suggested that the Session Chairman present 

a half-hour overview, with his committee members, or others, 

contributing differing viewpoints in 5-10 min. presentations. 

The presentations should be interspersed with discussion. 

Individuality in design of each session is encouraged. The 

session chairman is responsible for stimulating discussion 

in the morning. 

3) It should be assumed that every participant has a basic 

understanding of all methods so that no tutorials are neces­

sary. 

4) The participants will be divided into six groups of seven 

or eight for the afternoon group discussions. A random selec­

tion process will be used each day to select the groups for 

that afternoon. Each group will elect it's own Group Leader 

who will debate the morning session with his group, and id­

entify current problems and controversies, forcast future de­

velopments (speculation should be made in a critical fashion) 

and give a 10 min. viewgraph presentation in the evening. The 

Group Leaders are responsible for stimulating discussion in 

the evening. 

5) Session Chairman will be expected to write a three to six 

page summary of each morning session, including presentations 

and discussion. This summary is to be prepared in the after­

noon of each day. 



6) Group leaders will be expected to write a one to three page 

summary discussion at each afternoon group discussion. 

7) A special two man task force of D.L. Klick & L.J.P. Muffler 

has been assigned to write summaries of each evening discussion. 

From the above reports I have drawn the following observations. 

Models of geothermal systems are still very much in the conceptual 

stage. There are not, at this writing, any unifying concepts that tie 

together models for any of the known geothermal systems. It would appear, 

however, that necessary ingredients for continental convection-dominated 

systems include: a shallow young (<1 MY?) silicic intrusive to serve as a 

source of heat, a fracture dominated reservoir, a cap rock or a self-sealing 

fracture system, and adequate recharge. Where regional heat flow is ex-

ceptioiially high, such as might exist in the Basin and Range physiographic 

province, a shallow intrusive may not be necessary if the fracture system 

and convection within it both extend to sufficient depth. The above two 

models were the basis for most of the discussion at the workshop, with only 

brief reference being made to hot dry rookj warm watery geopressured i n t e r -

p la te mel t ing anomaly3 and spreading r idge systems. 

A hot d r y rook system, is one through which fluid would be circulated 

to form a heat exchanger. Los Alamos Scientific Laboratory (LASL) has dril­

led into precambrian gneiss and amphibolite just west of the Valles caldera, 

Jemez Mtns., New Mexico. At depths of 9000 feet permeabilities are very low 

and temperatures are near 200°C. LASL clearly has found "hot dry rock" but 

the technology for fracturing and heat extraction has not been demonstrated. 

The Energy Research and Development Administration (ERDA), with coopera­

tion from the United States Geological Survey (USGS) is attempting to .develop 

in the Raft River Valley, Idaho, a heat exchanger in a low-temperature (147°C) 

convective hydrothermal system with a very strong artesian flow of water. 

3 



Geopressured systems, with the diagnosties of excessive pore fluid 

pressure, higher than normal temperatures * and methane dissolved in the 

fluids, offer a unique possibility for energy development, partieuiarly 

i n the Gulf Coast. 

The Hawaiian intraplate melting anomaly offers recent Volcanoes and 

molten magma at shallow depth as sources of heat, 

the Icelandic oceanic spreading ridge has long been exploited for central 

heating. 

The design of optimum geological/geochemieal/geophysical exploration 

sequences suited to detection, delineation, and evaluation of convective 

geothefmai systems stirred mueh debate. There Were as many approaches to 

exploration as there were participants in the workshop! A typieal,, phased 

explofation sequehce, howeverj would be as shown in Table 1. Flexibility 

in utilizing such a modular exploration sequence was stressed. Given such 

a broad array of geological, geochemical, and geophysical modules to be used, 

it is impoftant to understand what each mbdule contributes. Participants 

in the Workshop were in general agreement on the contributions listed in 

Table 2. Beyond the methods listed in Table 2, de-teat ion o f e a r t h no ise 

and remote sensing techniques were considered to offer little at the present 

time. It was noted that the areal distribution of mieroearthquakes relative 

to a geothermal resource was usually not simplenor siiTiply understood. No 

agreement could be feached on the '"best"- method or the best combination of 

methods for obtaining a three-dimensional resistivity distribution ina 

geothermal environment. Considering the variety of techniques available, 

e.g., bipole-dipole resistivity, dipole-^dipole resistivity, aetive electro­

magnetics, MT/AMT, and tellurics, and considertng the difficulty of ob­

taining objective comparisons, the writer is not at all surprised at this 



result ;0f the workshop. The self-potential method feeeiyed divided support. 

Geophysleal problems clearly Identified for further researeh included 

1) establishment of realistic models of coupled hydrothermal - magma systemsj 

2) systenatic collection of world-wide case histories, 3) detefmihation of 

permeabilIty and temperature at depth from surface measurement, 4) increased 

anphasis on quantitative evaluation of the various electrical methods, 

5) means for assessing the relative importance of salinity, porosity, altera­

tion, and temperature In producing resistivity lows, 6) laboratory determination 

of physical properties under geothefmai coriditiohs. ' . 7) de­

velopment of logging teehinques in deep wells in which temperatures exceed 

2Q0*C, 8) multiple data set inversion, 9) means for direct deteetion of 

partially molten or molten magma chambers, TO) evaluation of seismie attenua­

tion in geothermal areas, 11) analog and numerical studies of earth noise and 

microearthquake generation, 12} the meaning of the Curie, poiht isdthefm, 

13) more published studies on seismic techniques, both active and passive, 

14) research on the self-potentiaT method as a possible speeific indicator 

of geothefmai resourcesj 15) gfavity and leveling surveys to determine per­

centage recharge of a reservoir, 16) nature of fractures and depth to which 

they extend, 17) Interpretation of high regional heat flow, 18) quantitative 

enhancement of signal to noise in remote sensing, 19) and the importanee of re­

fraction In conductive heat flow. 

The. most important comment heard at the conclusion of the workshop 

was that "I learned a lot". We hope so fof thefe is much to be learned. 

Stanley H-. Ward 
Department of Geology and Geophysics 
University of Utah 
Salt Lake City, Utah 84112 



TABLE 1 

EXPLORATION ARCHITECTURE 

PHASE I 

PHASE II 

PHASE III 

PHASE IV 

PHASE V 

•Office Study 

•Age Dating of Silicic Intrusives & Extrusives 

•Geologic Reconnaissance 

•Collection and Aanlysis of Thermal Water Samples 

•Thermal Gradient Measurements in Available Holes 

•Assessment of Ground Water Recharge 

•Aeromagnetic Survey 

•Drill about 20 Thermal Gradient Holes to 40m 

•Measure Thermal Gradients & Calculate Heat Flow 

•Telluric Survey 

•Resistivity Survey 

•Detailed Geology 

•Alteration Studies on Cuttings from Drilled Holes 

•Microearthquake Monitoring for 30 Days Minimum 

•Determine Mercury in Soils 

•Gravity Survey 

•Drill ModeT Testing Holes to 600m 

•Temperature Log 

•Measure Pressures 

•Determine Chemistry of Water 

•Study Alteration of Cuttings 

•Describe Lithology 

•Estimate Fracture Porosity 

•Production Test 



TABLE 1 

GEOPHYSIGAL METHODS 

Gravity 

Contribution In the Convective Geothermail Environment 

-Dellneatioh of structural framework 

-Detection of hot intrusive 

-Delineation of self-sealing silica deposit 

Ifegnetlcs -Delineation of structural framework 

-Delineation of zone of magnetite destruction 

-Location of igneous rocks related to heat source 

-Mapping Curie Isothenn within intrusive serving 
as heat source (magma chcunbers?) 

Microearthquake, 
Mohitoring 

-Direet mapping of active zones of fracturing 

-Seismic delay mapping of bodies of anomalous • 
velocities (magma chambers?) 

-Stress distribution from fault^plane solutions 

Resistivity -Fluid salinity, rock-porosity, aTteration, and 
elevated temperatures all tend to produce 
fesistivity lows in a geothermal environment. 

Heat Flow -Anomalous thermal gradients ahd heat flow can 
be detected readily in shallow drill holes 
usthg thermistor probes. 
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GEOLOGICAL INVESTIGATIONS 

Purpose 

The pvirpose of the. geological investigations is, of 

course, to develop a model concordant with the outcrop pattern and 

known hot-spraing activity i.that can be used as a base to eval­

uate the prospect. 

In areas like Roosevelt, where abundant outcrops occur, 

the geological model can provide data to assist in geophysical 

interpretation. The Geophysical data tĥ ni, in turn, modify the 

interpretation based on siirface outcrop, and greatly increase the 

ver-tical dimensions of the model. 

Ultimately, by comvining geological and geophysical data in 

several different areas, it is hoped that several "type" models -, 

can be developed to assist in evalua-ting blind prospects (those 

concealed by alluvium), by geophysical data alone. 

Scope 

Geologic studies have or will include -the following: 

1. Mapping 

(â  lithology, and 

(b) s-tructure. 

2. Pe-trologic studies 



3'. -Alteration studies 

4. Geochemical studies. 

5. '..G#QGhronological studies 

6. Hydrologic studies. 

Each of these is discussed separately below. 

Mapping 

Backgrounds Theses -by-Earli (1957) and Liese (1957) described and map­

ped the''Mineral -Range in the area just tb the east of the hot 

spring area. Maps were on uneontrolled aerial photographs, 

-The first, modern, description of the hbt-sprihg area is in 

Mundorff- (:i970,. p. 42), 

In 1972, C, 'A, Petersen commenced mapping the area as a 

part of M, S^ -thesiis studies at the Depar-tment of "Geology' arid 

Geophysics, University of Utah', This woirk was supported by the 

Utah Geological and Hineal Survey. The study was part of the pre-

limfnary efforts by the Department to,commence gep-fchermal studies, 

which, ultimately led to our present NSP grant, Petersen's map, 

based on-uncon-trolied ferial photographs and on plane tabling, 

was released by UG&MS on July 1, 1974, prior to iiie bid openaJng 

on July- 30, 1974. This, map, togabher with those of Earlil and 

Liese-, pirovided the geologic coverage, of the' area. 

When tiie Minersville 2 NE and the Black Rock 3' SE 7,'5 ... 

iiiinute topographic quadr^gles and, the'air phpto coverage of 

August, 1974, became available, it -was appropirate 'to transfer 

Petersen's^ Earlljs, and Liese's maps "to ihe 1:24,000 quadrangle 



• base'; ,eind> at the same time, to field cheek thera, 

.Gbndurrently with mapping and .field checking, Wielan 

•arid Petei^sen provdided gfeblogic briefing to other field parties. 

Specific geologic tours, were given 'to Dr.s William Nash and Wayne 

Peeples' and to Mr. :Staiiiey. Evans, 

Transfer -- and field eheGkirig started on available, weekends 

in -the fall of- 1974. Whelan and Petersen have spent some five 

office man-^ays and eleven field raan:-days to date on the proj'ect, 

Rfesults .are gi-ven below. The arrangement whereby- Petersen of the 
.4 I 

Utah Geological arid Mineral Survey is utilised is also discussed 

below,' 

Results: -, ' 

Lithology 

Additional field work -has. indicated that Unit B of 

Petersen is probably composed of ceraented alluvium, and does nbt 

r.epresent a lithic tuff uniti ' - • .'-

V,pther lithologic units in -the iiunediate area of Uie hot 

springs include a PreeandDriah'cbmpieXi,-Tertiary grantiej arid 

Terttiary volcanics-- perlite-obsidiein and rhyolite flows and 

ash fails,. 

. -. Preeairtorian Complex .-

The Precambrian "complex consists•of biotite sthists and 

gneisses, quartzites j metamorphosed conglomerates', and- dark horn-

fels(?),. The presence of metarabrphosed conglomerates and 

guar-fczites indicates that the original rbcks of the complex, were 

at least in part, sedimentary. The netanorphic complex, is not 



just a bbrder faeies bf the grajaite, as has been postulated by some. 

The- Gontact bete/een -the metamorp jie complex is intusive and grada-

tiona^. SniG^l outcrops of granite occur well wi-tjiin -the raetamor-: 

phic complex. Xenoliths of the complex bccur well irito the gran­

ite, Arbitijarily,- -t̂ e. boj&ndary'was mapped where the outcrops are 

clean granite wift-th few xenoliths. 

Where sediipents cbuld be iden-tif lend,- they .'have N-S strike 

arid Vertical to steep'wester l̂J dips',, 

A detailed study of the Precairtorlan complex would be "an-in­

teresting project, bit one not directly related to -the ge;pthermal 

pr'bject at harid.* Such a. study should-Iriclude rubidium-tstrbntiuiii 

model age determinations. Mixed ages might be obtained because 

of "the Tertiary granite' intrusiion. 

Graria-Î j'.].'- r 

p-fcher -than mapping, no additional field or pe-trologie 

Studies-of the granite are anticipated at -this tin^. However^ 

Park (1966^ p. 74)'.lObtained an age of 15.5-± 1,5, .mil-lion years 

on fine-grained granitic d-ike material from the southeast Side'of 

-the range, whereas Armstxong (19;70,, p, 2d5r-2i7) dated tiiotite 

from granite on the west side bf -bhe pluton as "9.2 *. 0,3, million 

•Discussion, wi-th Gerr^- Huttrer of Therfri^- indicates that 

thermal springs qr hi'gh thermal gradients are frequently found: 

ailorig deep frorital faults riear Precambrian cbmplexes, Precambrian 

studies itiayy therefbre,,, have a direct application to geothermal 

prbspeetingi . 



years* These potassiuni ages may represent partial, argon degassing 

by later,igneous events (possibly tiie. voieariism). 

Dikes 

Lamprophyric -arid aplitic dikes cut the granite, and 

Precambrian complex. They have nbrth-sbuth trending strikes. 

Where large .enough, they are mapped. 

Tertiary Volcanics 

Volcariic rocks include perlite-obsidian, flows, rhyolite 

flows, and ash falls. The petrbgraphy and--gepchemistry of the 

flows are being- studied by Dr. Williim Nash and Mr,. S-tariley Evans. 

The Tertiary volcanics eire younger -than -the' granite inasmuch as 

the.flow in Wildhorse Canyon lies bri-an eroded .granite surface. 

It, is hoped -that a satidf actbry- age determination cari be obtained 

ori t h e obsidian, 

-Duririg the-field •checking and re-^mapping, the volcanics 

are being separated into glassy flows, -asB falls, and rhyQlites. 

,It. i's- hoped that the 'number and sources of 'eruptive events can -.-. 

•be determiried, ' . _ • 

, .Sediments 

.Paleozbic Ebcfcs crop put in -the sojithwest, southeast, 

and northern patts bf - the- range, and wi'i-1 be "co-vered in. the pro­

posed mapping, Becaus'e-Whelan has'mapped the sam^ uriitS in the 

Star -Range aî d',Rpcky Range, they should not present any. difficulty. 



Structure 

North-south Faults 

The "plumbing" system for -the Roosevelt geothermal 

area appears to be the N-S trending Dome Fault, as mapped by 

Petersen. Other N-S trending faults are present both in -the 

range and westward in the alluvium. Scarps of these latter 

faults show clearly on the air photos and can be traced in •t±ie 

field. The relationships of these faults to the "plurabing" 

system is not known. The N-S trending faults appear to be 

younger -to the westward. 

East-west Faults 

East-west faults are found between some spurs on the 

west side of the range. Two faults in sections 15-and 22 probably 

terrainate the geothermal system, whereas a possible E-W fault in 

Negro Mag Wash has no apparent influence ori the geotherraal system. 

This probably indicates two ages of east-west faults. 

Northwest Favdts 

There are weak siirface indications and some geophysical 

indications of a possible northv;est -trending fault in the northern 

part of the area. Investigation is continuing. 

Mapping Limits 

It is intended to completely map the Minersville 2 NE and 

Black Rock 3 SE quadrangles for the following reasons: 

(1) Almost ail of the difficult work in both quadrangles 

will be completed in -the course of mapping in the 



vicinity of -the geothermal prospect areas. A 

quadrangle is a standard raap unit and will tie into 

work done by the USGS and UG&MS. 

(2) These two quadrangles form the western side of -the 

Beaver Valley. The Cove Fort area, which will be -the 

subject of the next KGRA compe-hitive bid sale, is on 

the east side of this valley. Therefore, geologic 

data in these quadrangles may have importeince in the 

interpretation of the Cove Fort area. 

Petrologic,; Alteration,, and Geochemical Studies 

These studies are being made, by Drs. Nash and Parry. 

Field work is being totally coordinated. 
I -

I 

Geochronology 

As noted above, complete systematic geochronologic studies 

of the igneous and metamorphic rocks sould be made. Rubidium-

strontiuip raodel ages should be obtained on -hhe Precambrian rocks. 

Rb-Sr and K-A ages on the mixed rocks, which may have hybrid 

ages. Enough K-Ar ages should be obtained pn the granite to rectify 

the descrepency noted earlier. K-Ar ages should also be ob-tained 

on the volcanics and alunitic alteration in the hot spring area. 

Thdse last determinations are being made under the project as pre­

sently defined. If the obsidian does not ̂ i-ve satisfactory K-Ar 

ages, fission-track age determinations might be considered. 



Hydrology 

The only hydrologic data on the area sure contained in 

"Water Resources of the Milford Area", State of Utah, Depar-tment 

of Natural Resources, Tech. Pub. 43.(Mower and Cordova, 1974). 

The only pertinent conclusions which can be drawn from -this 

study is -that any groundwater entering the shallow aquifers in 

the Milford Valley from -the Roose-velt area would mo-ve nor-thward. 

Hydrologic data on -the Roosevelt area are lacking, and 

a prograra to study this subject should be instituted. Perhaps 

observational wells should be drilled around -the area. Such wells 

would require preraission of the State Engineer. 

Reqionai S-tudies. 

Ultimately, -the Roose-velt Hot Springs area, Thermo, and 

o-ther geothermal prospects in the Escalante Valley should be 

put into a regional setting. 

In this region, going from west to east, the Wah Wah Moun 

tains are synclinal; the Frisco Range, under two thrusts, is also 

. synclinal; -the Beaver Lake Mountains and Star Range are anticlirial; 

and the west side of the Mineral Range may be a limb of a syncline. 

The interpretation is complicated by -thrusting wi-thin all of the 

ranges mentioned. Also, at least twb younger cross structures— 

the Rocky ange, and the hills of Milford Flat— exist. These 

cross-structures may represent either uplifting due to late intru­

sion or thrus-ting. Possibly, -the above-mentioned synclinal.\and 



anticlinal ranges represent ripples in a raoving plate. 

Whelan and others in -the Department have worked in raany 

of the ranges in the area and ultimately should be able to synthe 

size realistic geologic models of -the area, 

Organiza-tional Rela-bionships 

Whelan is employed summers as a research geologist for the 

Utah Geological and Minered Survey. As such, he heads -that organ­

ization's Geologic Research Brance, which includes geo-thermal 

studies and ir>vestiga-tions on Great Salt Lake. Petersen is 
'i 

presently a full-time employee of -the Utah Survey, employed in 

Whelan's Branch. 

Whelan and Petersen have been doing the remapping together; 

he supported by NSF funds, she by State funds. 

This arrangement presents possible "conflict of interest" 

problems. However, these problems are not considered to be serious. 

The scope of work done by the two organizations is considerably 

different. The overall goal of the Department's study is to 

coraple-tely study -this and other systems to develop exploration 

techniques applicable around -the world. The State Survey's func-

-tion is to furnish more limited data on specific prospects within 

the state. 

Publication can be split on -the basis of these goals, and 

proper credit will be given to both organiza-tions as appropriate. 

While the Whelan "two-hat" situation has disadvantages, 



it also has -the advantages of assuring complete communication 

and arranging coopera-tion, rather than overlap in projects. 

References 

Armstrong, Richard L., 1970, Geochronology of Tertiary igneous 
rocks, eastem Basin and Range Province, western Utah, 
eastem Nevada, and vicinity, U.S.A.: Geochim. et 
Cosmochim. Acta, vol. 34, p. 203-232. 

Earll, F. N., 1957, Geology of -the central Mineral Range, 
Beaver County, Utah: unpub. Ph. D. thesis, Univ. of 
Utah, 112 p. 

Liese, H. C., 1957, Geology of the northerri Mineral Range, 
Millard and Beaver Counties, Utah: unpub. M. S. thesis, 
Univ. of Utah, 88 p. 

Mower, R. W., and Cordova, R. M., 1974, Water resources of the 
Milford area, Utah, with emphasis on ground water: 
State of Utah, Department of Natural Resources, Tech. 
Piib. No. 43, 99 p. 

Mundorff, J. C., 1970, Major thermal springs of Utah: Utah 
Geol. and Mineralog. Survey Water-Resources Bull. 13, 60 p. 

r , 

Park, G.\ M., 1968, Some geochemical and geochronologic studies 
of the berylliuitii deposits in western Utah: unpub. M. S. 
thesis. University of Utah, 104 p. 



GEOLOGICAL INVESTIGATIONS 

Purpose 

The purpose of the geological investigations is, of 

course, to develop a model concordant with .the outcrop pattern and 

known hot-spring activity ..that can be used as a base to eval­

uate the prospect. 

In areas like Roosevelt, where abundant outcrops occur, 

•the geological model can provide data to assist in geophysical 

interpretation. The Geophysical data -then, in turn, modify -the 

interpretation based on surface outcrop, and greatly increase the 

ver-tical dimensions of -the model. 

Ultimately, by comvining geological and geophysical data in 

several different areas, it is hoped that several "type" models 

can be developed to assist in evaluating blind prospects (those 

concoaled by alluvium), by geophysical data alone. 

Scope 

Geologic studies have or will include the following: 

1. Mapping 

(a^ l i tho logy , and 

(b) s-tructure. 

2. Petrologic s tudies 



3. Alteration studies 

4. Geochemical studies 

5. -Geochronological studies 

6. Hydrologic studies. 

Each of these is discussed separately below. 

Mapping 

Background; Theses by Earll (1957) and Liese (1957) described and map­

ped the Mineral Range in the area just to -the east of the hot 

spring area. Maps were on uncontrolled aerial photographs. 

The first modern description of the hot-spring area is in 

Mundorff (1970, p. 42). 

In 1972, C, A. Petersen commenced mapping -the area as a 

part of M. S.- -thesis studies at the Department of Geology and 

Geophysics, University of Utah. This work was supported by -the 

Utah Geological and Mineal Survey. The study was part of the pre­

liminary efforts by the Department to commence geothermal studies, 

which ultimately led to our present NSF grant. Petersen's map, 

based on uncon-trolled serial photographs and on plane tabling, 

was released by UG&MS on July 1, 1974, prior to the bid opening 

on July 30, 1974. This map, toge-ther wi-th -those of Earll and 

Liese, provided the geologic coverage of the area. 

When the Minersville 2 NE and the Black Rock 3 SE 7.5 ... 

minute topographic quadrangles and the air photo coverage of 

August, 1974, became available, it was appropirate to tremsfer 

Petersen's, Earll?s, and Liese's maps to -the 1:24,000 quadrangle 



base; and, at the same time, to field check them. 

Concurrently with mapping and field checking, Whelan 

and Petersen provided geologic briefing to other field parties. 

Specific geologic tours were given to Dr.s William Nash and Wayne 

Peeples and to Mr. Stanley Evans. 

Transfer and field checking started on available weekends 

in the fall of 1974. Whelan and Petersen have spent some five 

office man-days and eleven field man-days to date on the project. 

Results are given belov/. The arrangement whereby Petersen of the 

Utah Geological and Mineral Survey is utilized is also discussed 

below. 

Results; 

Lithology 

Addi-tional field work has indicated that Unit B of 

Petersen is probably composed of cemented alluvium, and does not 

represent a lithic tuff unit. 

• Other lithologic units in the immediate area of -the hot 

springs include a Precambrian complex, Tertiary grantie, and 

Tertiary volcanics— perlite-obsidian and rhyolite flov/s and 

ash falls. 

Precambrian Complex , 

The Precambrian complex consists of biotite schists and 

gneisses, quartzites, metamorphosed conglomerates, and dark horn­

fels (?). The presence of metamorphosed conglomerates and 

quartzites indicates that the original rocks of the complex were 

at least in part, sedimentary. The netanPrphic complex is not 



just a border facies of the granite, as has been postulated by some. 
t-

The contact between, the metamorpjie complex is intusive and grada­

tional. Small outcrops of granite occur well wi-thin the metamor­

phic coinplex. Xenolith's of the complex occur well into the gran­

ite. Arbitrarily, the boundary was mapped where the outcrops are" 

clean granite with few xeriblith's. 

Where sedirpents could be identif ied,-theyhave N-S strike 

and vertical to steep westerly dips. 

A detailed study of the Pfecarnbrian complex; would be an in­

teresting project, bit one .not-directly related to the geotherraal 

project at hand." Such a study should include rubidium-strontium 

model age determinations. Mixed ages might be dbtained because 

of the. Tertiary granite in-trusion. 

Granite.. ••: 

Other than raapping, no additional field br pe-brolbgic 

studies of the granite are anticipated at this time. However, 

Park (1968, p. 74)uobtained an'age of 15.5 ± 1.5 million years 

on fine-grained granitic dike material frpm the southeast side of 

the range, -whereas Ar'rostrorig (1970, p. 216.-217) dated biotite 

from granite on the west side of -the pluton as 9,2 * 0.3 million 

•Discussion with Gerry Huttrer of Therrnex indicates that 

thermal springs or high thermal gradients are frequently found 

along deep frontal faults near Precanibrian complexes, Precambrian 

studies may, therefore, have a ,direct application to .geotherraal 

prospecting. 



years. These potassium ages may represent partial argon degassing 

by later igneous events (possibly the volcanism). 

Dikes 

Lamprophyric and aplitic dikes cut the granite and 

Precambrian complex. They have north-sou-th -trending s-trikes. 

VJhere large enough, they are mapped. 

Tertiary. Volcanics 

Volcanic rocks include perlite-obsidian flows, rhyolite 

flows, and ash falls. The pe-trography and geocheraistry of the 

flov;s are being studied by Dr. William Nash and Mr. Stanley Evans. 

The Tertiary volcanics are younger than the granite inasmuch as 

•the fldw in Wildhorse Canyon lies on an eroded granite surface. 

It is hoped that a satidfactory age determination can be obtained 

on the obsidian. 

During the field checking and re-mapping, the volcanics 

are being separated into glassy flov/s, ash falls, and rhyolites. 

It is hoped that the number and sources of eruptive events can .-

be determined. 

Sediments 

Paleozoic rocks crop out in the sou-thwest, southeast, 

and nor-thern parts of the range, and will be covered in the pro­

posed mapping. Because Whelan has mapped the same units in the 

Star Range and Rocky Range, they should not present any difficulty. 



structure 

Hbrth-sou-th Faults 

The "plurabing" systera for the Roosevelt geo-thermal 

area appears tb be the, N-S trending Dome Fault, as mapped by 

Petersen, Other N-S -trending faults are present both in the 

range- and westward in the alluvium. Scarps of these latter 

faults show clearly on -the air photos and can be tr.aced in the: 

field. The relationships of these faults' to the "plumbing" 

system is-riot known. The N-S trending faults appear to be 

youriger to the wes-tward. 

'East-west Faults 

East-west faults are found between some spurs on the 

west side of -the range, Two faults in sections 15 and 22 probably 

terminate -the geothermal system, whereas a possible E-W fault in 

Negro Mag Wash has no apparent influence on the • geo-thermal system. 

This prbbably indicates two ages of east-west faults. 

Northwest Faults 

There are weak surface indications and some geophysical 

indications of a possible riorthv/est -trending' 'fault in the norttiern 

part of the area. Investigation is continuing. 

Mapping Limits 

It is iritended to completely map -the Minersville 2 NE and 

Black Rock'3 SE quadrangles-for the followirig reasons: 

(1) Almost all of the diffieult work in both quadrangles 

will be completed in the course of mapping in the 



vicinity of the geothermal prospect areas. A 

quadremgle is a standaird raap unit and will tie into 

work done by the USGS and UG&MS. 

(2) These two quadrangles form the western side of the 

Beaver Valley. The Cove Fort area, which will be the 

subject of the next KGRA compê titive bid sale, is on 

•the east side of this valley. Therefore, geologic 

data in these quadrangles may have importance in •the 

interpretation of the Cove Fort area. 

Petrologic, Alteration, and Geochemical Studies 

These studies are being made by Drs. Nash and Parry. 

Field v/ork is being totally coordinated. 
I -

Geochronology 

As noted above, complete systematic geochronologic studies 

of -the igneous and metamorphic rocks sould be made. Rubidium-

s-trontiuip model ages should be obtained on the Precarabrian rocks. 

Rb-Sr and K-A ages on the mixed rocks, which may have hybrid 

ages. Enough K-Ar ages should be obtained on the granite to rectify 

the descrepency noted earlier. K-Ar ages should also be obtained 

on the volcanics and alunitic alteration in the hot spring area. 

These last determinations are being raade under, -the project as pre­

sently defined. If the obsidian does not ̂ ive sa-tisfactory K-Ar 

ages, fission--track age deterrainations might be considered. 



Hydrology 

The only hydrologic data on the area are contained in 

"Water Resources of the î Iilford Area", State of Utah, Department 

of Natural Resources, Tech. Pub. 43 . (Mower and Cordova, 1974). 

The only pertinent conclusions which can be drawn from this 

study is -that any groundwater entering the shallow aquifers in 

the Milford Valley frora the Roosevelt area would raove nor̂ thward. 

Hydrologic data on -the Roosevelt area are lacking, and 

a program to study this subject should be instituted. Perhaps 

observational wells should be drilled around -the area. Such wells 

would r-equire preraission of the State Engineer. 

Regional Studies.. 

Ultimately, -the Roosevelt Hot Springs area, Therrao, and 

other geothermal prospects in the Escalante Valley should be 

put into a regional setting. 

In -this region, going from west to east, the V/ah V/ah Moun 

tains are synclinal; -the Frisco Range, under two -thrusts, is also 

synclinal; the Beaver Lake tountains and Star Range are anticlinal; 

and the west side of -the Mineral Range may be a limb of a syncline. 

The interpretation is complicated by •thrusting within all of the 

ranges mentioned. Also, at least twb younger cross s^tructures— 

the Rocky ange, and -the hills of Milford Flat— exist. These 

cross-structures may represent either uplifting due to late in-tru­

sion or -thrusting. Possibly, the above-mentioned synclinal iand 



anticlinal ranges represent ripples in a moving plate. 

Vftielan and others in the Depar̂ tment have worked in raany 

of the ranges in the area and ultimately should be able to synthe 

size realistic geologic models of the area. 

Organizational Relationships 

IVhelan is employed summers as a research geologist for the 

Utah Geological and raineral Survey. As such, he heads that organ­

ization's Geologic Research Brance, which includes geo-thermal 

studies and investigations on Great Salt Lake. Petersen is 

presently a full-time employee of -the Utah Survey, employed in 

Itfhelan's Branch. 

Whelan and Petersen have been doing the remapping together; 

he supported by NSF funds, she by State funds. -

This arrangement presents possible "conflict of interest" 

problems. However, these problems are not considered to be serious. 

The scope of work done by the two organizations is considerably 

different. The overall goal of -the Department's study is to 

corapletely study -this and o-ther systems to develop exploration 

techniques applicable around -the world. The State Survey's func­

tion is to furnish more limited data on specific prospects within 

the state. 

Publication can be split on the basis of -these goals, and 

proper credit will be given to both organizations as appropriate. 

While the VJhelan "two-hat" situation has disadvantages, 



i t a lso has the advantages of assuring coraplete coramunicatibn 
a 

and arranging cooperation, rather than overlap in projects. 
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Interest in using the heat of the earth to provide an indigenous source of 
energy has begun to increase almost as rapidly as energy bills in the Llnited 
States. Natural resource development companies and groups of investors are 
increasing their exploration for accumulations of heat that can be used in 
electrical generation, space heating and cooling, agriculture, and industrial 
process heating. 

Developers expect the natural sources of heat above 450 F in the western 
United States to produce electricity at prices competitive with low sulfur 
coals shipped from the Powder River basin of Wyoming to the electricity 
generating centers supplying western Nevada and California. Water within 
the low energy 150 F temperature range can provide processing heat, if the 
source is in a location where the energy can be used in the U.S. It is 
expected that sulfur limits for fuel oil will be set similar to coal. 
To meet such standards, additional investment and costs will be required 
to prepare acceptable fuel. With such increases in cost, new uses for 
geothermal heat (energy) will become practical. When that happens, more 
people will become interested in joining the exploration search to find 
and develop new deposits of heat for production df energy. 

The development of a geothermal reservoir is capital-intensive, requires 
expert planning, and long times from initial expenditure until positive 
income is achieved. The utilization of a developed project requires 
extensive engineering, approximately two years in negotiation with govern­
mental agencies, and a lot of money. 

The costs of maintaining and operating the producing fields is about four 
to five times greater than the capital investment. An important portion 
of this cost is associated with the injection system that collects the water 
after the heat is removed and then returns it to the subsurface reservoirs. 
Reducing these costs is an essential objective if geothermal is to be 
competitive with other fuels. 

Countries with high fuel costs and geothermal sites are .now developing 
a wide variety of geothermal plants. Japan appears to be building the most 
efficient flash systems for use in hydrothermal areas rimming the Pacific 
Ocean. 

The assessment of geothermal energy resources by considering this energy to 
simply be the heat of the earth provides estimates of gigantic size. Use­
ful geothennal reserve assessment requires professional analysis. The 
goal is to determine how much heat can be produced at a useful rate and 
temperature for at least twenty years from one area. This demands a 
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thorough understanding of the manner in which heat is transported to areas 
of accumulation, how it accumulates, the methods and costs to find, produce, 
and convert to a useable form of energy. With those studies in hand, a person 
can then determine what part of this resources can be sold in competition 
with other fuels and thereby establish the size of the reserve. 

Accessments of the supply of geothermal energy have been published by govern­
ment agencies, private companies, universities and inter-governmental agencies 
such as the United Nations. These estimated supplies have been prepared in 
megawatts per year, joules per year, giga watt centuries, giga calorie centuries, 
per cent of the national energy budget, the equivalent bbl(s) of oil, and per 
cent electricity generated per year. 

The supply has been related to all the heat present above an arbitrary temper­
ature datum, the amount of heat between certain temperature levels, that heat 
contained in producing water, and that heat contained in the rock framerock 
transferred to the moving body of water, and the amount that could be produced 
if the government would provide various incentives. 

These incentives have included tax credits, deductions in tax calculations, 
investment tax credits, rapid depreciation, and extensive depletion allowances. 
Other incentives include aid in exploration, aid in developing, engineering of 
generating plants, financing of generating plants, and reservoir engineering 
studies. Very little has been prepared showing the increased benefit to 
governmental programs, including tax revenue by demonstrating the increased 
flow of dollars from projects that would become profitable with this aid com­
pared to project tax revenues that would be commercial without this aid. 

The actual potential of geothermal energy is affected by how the resource and 
reserves are calculated. These calculations must consider availability and 
application of the governmental incentives, the price of other energy sources, 
versus the market price of geothermal energy, and the reliability of the 
production forecast. The size of required investment, and the expected profit 
generated by those investments, plus the availability of lands to explore 
will be the motivating forces in determining the true potential of geothermal 
energy development in the United States. 

The most important factor in converting any resource into a reserve is how 
the individuals that are actively dedicated to discovery and development, attack 
the problem. The key to successful reserve "development is the quality of the 
people assigned to the task. 

A casual examination of geothermal areas of the world, shown in figure 1, will 
allow even the uniniated to estimate the supply of geothermal energy that is 
presently useful in the generation of electricity. The world's total geo­
thermal generating capacity in development and developing projects with 
significant reservoir testing, is approximately 2,600 megawatts. The potential 
areas identified by preliminary investiga.tion of sufficient extent to allow 



analogies with development areas is estimated to have an additional 12,000 
megawatts of indicated reserves. Inferred reserves of an additional 20,000 
megawatts of electricity capacity may be developed within the next 20 years, 
The existence of geothermal energy does not assure the resource will be 
converted to a reserve. In a free economy the competition in the market 
place and the return on the potential investment will determine if and 
when these resources will become useful. 

GEOTHERMAL POWER DEVELOPMENT 
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The United States has the greatest producing capacity in the world at this 
time. The Geysers in northern California produces and has more capacity 



building than any other commercial producing geothermal country in the world. 
Those areas capable of commercial production or that have commercial plants 
under engineering design are listed in Table I. 

Table I 

World Geothermal Generating Capacity 

In Megawatts 

Country Area 

U. S. A. 

Italy 

New Zealand 

Japan 

Mexico 

El Salvador 

Nicaragua 

Iceland 

The Geysers 
Roosevelt 
Heber 
E. Mesa 
Other 

Larderello 
Travale 
Mt. Amiato 

• Wairakei 
Broadlands 
Kawerau 

Matsukawa 
Otake 
Onuma 
Oninobe 
Hatchobaru 
Takinow 

Cerro Prieto 
Pathe • 

Ahuachapan 

Momotombo 

Namafjeli 
Krafla 

Operating Capacity 

502 

385 
15 
22 

150 

10 

20 
13 
10 
25 

75 
3.5 

35 

Engineering & 
Construction 

450 

^ f t o 
60 
200 

-2.5 

165 

55 

55' 
55 

75 

60 

30 

55 



Table I (cont.) 

World Geothennal Generating Capacity 

In Megawatts 

Country Area Operating Capacity 
Engineering & 
Construction 

Phillipines Tiwi 100 

USSR Pauzhetsk 
Paratunka 

5 
1 

Turkey Kizildere 

TOTAL 

2.5 

1274.0 1552.5 

Geothermal energy properly located may be useful for its contained thermal 
energy without being converted to electricity. In many geothermal areas of 
the world, this is the simplest and cheapest source of energy. Interest in 
using this source of energy is directly related to the need for local thermal 
energy, and the cost of other sources of heat. Space heat and cooling, in­
dustrial processing, and agricultural uses are the most significant uses of 
this fuel. The present non-electrical use of the contained thermal energy 
in geothermal areas of the world is about 7,000 MW thermal or 5 X 10l4 J/D. 
This is equivalent to the BTU content of 105,000,000 bbl(s) of oil per year. 

EPRI this year estimated non-electrical uses of geothermal energy in the 
world should be about 20,000 megawatts thermal within the next 10 years. 
If this comes to pass, the thermal equivalent of approximately 148,000,000 
bbl(s) of oil per year can be saved. This appears to be worth pursuing as 
the potential use is 200 to 300 times this projected use. 

GEOTHERMAL PRINCIPLES 

A quick review of the heat principles involved in geothermal development 
will provide the foundation for assessing the value of geothermal energy 
accumulations. Heat is the energy contained in a body whose molecules are 
in motion. When heat is transferred from one substance to another, energy 
is transferred to that substance. Heat flow is a measure of the amount of 
heat (energy) being transferred from a substance of higher temperature to 
a substance of lower temperature. 

If a weTl is drilled into a fluid-saturated system, the heat is transported 
from the rocks to the well bore by either vapor (steam) or liquid. There 



must be sufficient horizontal and vertical permeability to allow the fluid 
to move easily. A 6,000 ft. to 8,000 ft. well must sustain flow rates of 
more than 100,000 lbs. of steam per hour, or 500,000 lbs. of water (above 
325 F) per hour for 20 to 25 years to be considered commercial for elec­
tricity generation. Direct use of heat for industrial heating or space 
heating and cooling does not require such high heat output. The lower 
temperatures for such uses can be found in a greater number of anomalies, 
however, their usefulness is dependent upon low costs being achieved in 
development and production. 

The geologic model that is generally accepted by geothermal explorers and 
developers (Figure 2) has three basic requirements to function: 

A heat SQ 
is abov 

("pt̂ sumed to be an intrusive body) that 
nd within 16 Km of the surface. 

Meteoric waters circulating to depths of 10,000 ft. -
20,000 ft. where heat is transferred from the conducting 
impermeable rocks above the heat source. 

3. Vertical permeability above the heat source connecting 
the conducting rocks with a porous permeable reservoir 
that has a low conductivity impermeable heat retaining 
member at its top. 

Water, expanding upon being heated, moves buoyantly upward in a hot con­
centrated plume. Cold waters move downward and inward from the basin's 
margins to continue the heat transfer process. Heat is transported by 
convection in this part of the model. 

HOT WATER G E O T H E R M A L SYSTEM 
(LIQUID DOMINATED) 

TEMPERATURE— syRfirE 

TEMPERATURE 
PROFILE 

ZOME 

PERMEABLE 

IMPERMEABLE 

ROCKS 
CONVECTIVE 

WATER FU3W 

CONVECTING 
MAGMA 

CROSS SECTION 

Fig. 2 — Geological Model of a Hot Water Geothermal 
System (after V/hite,"l973). 



Geologic investigation is the necessary ingredient that makes all other 
techniques useful. Broad reconnaissance of the surface data integrated 
into subsurface data is used to find an area of general interest. The 
ingenuity, of the prospect finder in using data available to all workers 
determines whether an exploration program moves into advanced stages of 
using the proper combinations of the above methods. Geologic interpre­
tation of the data acquired may justify the money required for exploratory 
drilling. The results of the drilling must be integrated into the geo­
logic investigation to determine if a promising prospect is present. 

The investigation must establish that: 

1. High heat flow or strong temperature gradients are 
present at depth. 

2. The geology provides reasonable expectation that a 
reservoir sequence of rocks is present at moderate 
depths from 2000' to 6000'. 

3. The sequence of rocks offers easy drilling with 
minimal hole problems. 

4. A high base temperature and low salinity waters as 
indicated by geochemistry of water sources should 
be present. The surface alteration and occurrence 
of high heat flow should cover an area large enough 
to offer the chance for a field capacity of more 
than 200 MW. 

Interpretation of geochemical data requires professional skill in geology 
and chemistry. If the geology is well known, useful information can be 
developed. 

Geophysical surveys are useful in predicting the general area and depth of 
high temperature rocks and water. Rocks at depth are better conductors of 
electricity (natural and induced currents) when there is an increase in 
temperature, an increase in porosity, an increase in clay minerals, or an 
increase in salinity in their contained fluids. 

Table I from C. Heinzelman's presentation of October 15, 1977, illustrates 
exploration techniques and associated costs. The overall amount of money 
(per successful prospect) required is 2.5 million to 4.75 million 1977 
-dollars. This provides for limited failure and follow up costs, but does 
not include the other exploration failures and land costs. 



Table I 

EXPLORATION TECHNIQUES & APPROXIMATE COSTS 

Objective 

Heat Source & 
Plumbing 

Temperature Regime 

Reservoir 
Characteristics 

Technique Approximate Cost ($) 

Geology $ 
Microseismicity 

Gravity 
Resistivity 
Tellurics & sagnetotellurics 
Magnetics 
Geochemistry (Hydrology) 
Temperature Gradient 20 holes 
Stratigraphic Holes (4) 

Exploratory wells (3) 1 
Reservoir test 

15,000 
15,000 

20,000 
25,000 
40,000 
15,000 
12,000 
100,000 
160,000- 240,000 

,800,000-4,000,000 
250,000 

Total to Establish a Discovery $2,472,000-4,752,000 

This is probably the minimum expenditure to move a portion of the resource 
into a reserve. 

Upon deciding, that a significant geothermal anomaly exists, the rate of 
engineering expenditures must increase rapidly to determine whether the 
development can proceed. Essentially, there are no set figures for what 
it costs to develop a geothermal field. The basic reason for this is that 
each depends upon engineering the development to be compatible with the 
geology of the accumulation, and the requirements of the electricity 
generating system. The electricity generating system must be designed 
within the constraints of available temperature, rate of production, and 
ambient conditions of the field site. The key variables are: 

1. Temperature of the fluids produced. 

2. Composition of the reservoir fluids. 

3. Composition of surface or near surface fluids. 

4. Geology of the reservoir framework. 

5. Flow rates that can be sustained by the reservoir. 

6. Cost of drilling in the prospect area. 

7. Well spacing and geometry of the producing and injection sites. 

8. Turbine system to be used. 

9. General operating costs in the area. 



Test Wells - Thermal evaluation requires the drilling of test holes. Heat 
flow and temperature gradient evaluation requires drilling to intermediate 
depths. Confirmation drilling requires holes drilled to the actual reservoir 
for diagnpstic evaluation. 

Heat flow and temperature gradients measured in the upper 100 to 500 ft. 
depth are useful in describing the area where the heat transfer is most 
intense'. When mapped, these do give a qualitative analysis as to the loca­
tion and shape of the hottest near-surface heat accumulation. Linear pro­
jection of temperatures obtained near the surface cannot be used to predict 
the temperatures that will be encountered 2000-3000 ft. below the surface, 
even if the section below has a uniform lithology and the geothermal graident 
is a straight slope. The temperature for a fluid-saturated system cannot 
be projected to a maximum above that for boiling water at the pressure 
calculated for the depth of projection. At some point along the boiling 
point curve, the temperature of the system may become isothermal and the 
rocks and fluids will have the same temperature for many hundreds of feet 
deeper. The rock temperature may decrease as a hole is drilled deeper if 
the hole is on the descending edge of a plume of hot water or merely below 
the spreading top of a plume. Heat flows from a hot body to a cooler body. 
This is not a function of being above or below a reference point of depth. 

So that the performance of the geothermal cell can be predicted, deep tests 
must be drilled. These holes must be of sufficient size to adequately 
determine the ability of the reservoir to produce fluids above 365 F at 
rates of more than 100,000 lbs. of steam per hour or 500,000 lbs. of liquid 
per hour. Although it is desirable that these fluids have less than 32,000 
ppm dissolved solids and less than one (1) percent non-condensable gases 
in solution, they may be extremely corrosive and dangerous to test. 

To determine if a commercial development is possible, three or four wells 
must test the reservoir to obtain the basic reservoir engineering data on 
producibility rates that are necessary. Reservoir pressure drawdown and 
buildup analysis must be conducted to determine reservoir permeability 
and extent. Fluid characteristics and analysis of non-condensibles present 
require extensive flow tests. Injectivity testing is required to develop 
plans for disposal and pressure maintenance systems. Rocks may produce 
fluids easily, but may not accept them on return to the reservoir. This 
must be established in the laboratory and confirmed in the field. 

A review of the costs associated with finding, developing, and producing 
geothermal energy must consider that the actual dollar amounts reported 
are for a specific time and place. The following costs will be different 
than the amounts reported by each of the United Nations' symposia. This 
illustrates that changes in the required money are still being experienced 
in dry steam, high temperature flash, and moderate temperature flash or 
binary systems. The costs to find geothermal systems continue to increase 



.as geologists learn there are cold holes very near hot areas; there are 
hot areas within an overall cold area; there can be a steam zone within a 
hydrothermal area; and there can be two different types of geothermal 
systems, vapor and liquid dominated, vertically' separated within the same 
geographic area. 

Development wells- in the depth range of 5,000' to 10,000' are being drilled 
and completed for $500,000 - $1,500,000. Injection wells are being completed 
in the same cost range. The ratio of producers to injectors depends upon 
reservoir characteristics. The ratio will be between 1:1 or T:2 for hot 
water systems. Water-steam lines from the producing wells to the generating 
plant can be estimated to cost $35 to $100/KW capacity. This cost is 
dependent upon the volume of fluid per kwh, the development pattern, and 
the plant location in relation to the producing wells. The amount of 
surface area used should be the minimum possible to achieve the maximum 
economic recovery. The engineering design work determines the most econom­
ical layout. 

Techniques developed to drill slanted holes from a central platform can be 
used in developing geothermal reservoirs that have a broad area of heat 
with a local area of intense heat and where injection is feasible. Slant 
drilling is more costly than vertical drilling. Production pipelines are 
reduced in length if the plant is located adjacent to the producing islands. 
This results in a more efficient operation. The geology and geometry of 
the reservoir determines feasibility of using this method. 

Condensate return, pipelines' design, and cost depend upon the uses for the 
condensate. If the condensate is mixed with the brine that is not flashed, 
a mixture similar to the produced fluids can be returned to the injection 
sites and return lines will be similar in size and cost as the production 
lines. If the condensate is used in the cooling system and allowed to 
evaporate, a small diameter pipeline can be used to return cooled water 
to injection lines. If this is so, the condensate pipeline can cost as 
little as $4-$15 per KW. 

Plants built to use steam produced directly from a dry steam reservoir are 
the lowest in cost to build. PG&E's plant #15 is expected to cost $320/KW 
with provisions for H2S treatment. This is an increase of 250% over the 
average of the 1961-1974 period. In the.same period, the cost of electricity 
generated averaged about 5.6 mills per net kilowatt hour. 1979 costs will 
have increased the price of electricity to 25 to 30 mills per kilowatt 
hour from steam fields. 

Hot water flash plants have an extremely broad range of cost. This is 
because the temperature and chemical characteristics of the produced fluids 
and unit size have a wide range. This creates costs from $400 per kilowatt 
to as much as $700 per kilowatt. Double flash 45 net MW operating on low 
solids fluids at temperatures around 450 F most likely can be constructed 
for $450 to $475 per net kilowatt. Fluids 100 F cooler will require plants 
costing $100 more per kilowatt capacity. 



Binary units designed for using low bioling point fluids to drive the turbine 
are experimental designs. No plant greater than 5 MW has been operated so 
cost criteria are tenuous. Present estimates for approximately 50 MW 
plants range from Ben Holt Engineering's estimate of $500 per kilowatt to 
Ford Bacon & Davis shell and tube system at $655/kwh. A small 10 MW binary 
system is being constructed by Imperial Magma. This has a reported cost 
of $1,000 per KW. 

A summai .. __ 3iry of estimated development costs after exploration expenses for 
the field supply, power plant, and ancillary equipment for a 50 megawatt 
hot water flash unit is as follows: 

Table II 

Development Wells (12) 
Injection Wells (6) 
Pipelines 
Miscellaneous Field Expense 
(includes interest & working capital) 
l̂ ower Plant 

TOTAL 

$ 10,800,000 
5,400,000 
2,800,000 

9,000,000 
25,000,000 

$ 53,000,000 

ECONOMIC CONSIDERATIONS 

specifically useful 
price of 16.5 mills 
produced in the U.S, 

To obtain a comparison of geothermal fuels with the more widely used fuels, 
is quite difficult, because each geothermal area requires a plant design 

for that local area. The California Geyser's steam 
per kwh is as inexpensive as geothermal energy can be 
. today. This is a dry steam fuel, and the operators 

have more than a decade of experience in drilling, completions, and production 
operations. Optimum techniques have been developed so that maximum steam 
production per dollar invested can be maintained. The high energy content 
of this fluid provides a competitive heat rate, easy to construct collection 
systems, and the most simple of plant and reinjection facilities. The actual 
cost of the wells are frequently as hi.gh as $750,000 - $1,000,000, but the 
operation and the high utility of the steam allows a minimal price for the 
energy. 

The wide variation of estimates of fuel costs 
derives from treatment of fuel processing and 
ad valorem taxes, insurance, interest during c 
required, and specific requirements for plants 
the estimating companies. The utility usually 
of 20% ROI on its equity portion. The explora 
have learned that a minimum acceptable rate of 
portion of the projects is also 20% ROI. ' The 
venture (non-geothermal) usually obtains about 

and electricity generating costs 
storage expense, income taxes, 
onstruction, return on investment 
in the area of operation for 
expects to earn a minimum 
tion and producing investors 
return on investment for their 

average conventional energy 
twice this rate of return. 

The return on investment for the developer is most sensitive to the price 



received for the energy. Next to reliability of supply, the utilities desire 
to use geothermal energy in its electricity generating systems is dependent 
upon its price being low enough to make its use worthwhile. Much like coal 
and uranium, geothermal fuel prices will be a negotiated price between the 
supplier and the user. Each field will have significant differences in 
design so a uniform price cannot be expected for construction of the production 
facilities, or construction of the utilities conversion plant. 

The nature of the reservoir geometry and the ability of the reservoir to 
respond to changes in production, rates, and temperatures, will determine the 
final costs for producing electricity from each geothermal project. 

The basic structure of price must provide an attractive rate of return to 
the prospector. To achieve this, the prospector's risk capital investment 
and time at risk before income must be minimized. Most important, the 
revenue should reflect the actual value of the energy sold. 

COST COMPARISONS 

The cost comparisons between the various sources of energy that will be 
available and useable for electricity generation during the next decade 
will affect the rate of geothermal energy's growth. The economic desirability 
of the production or use of a fuel is sensitive to its price. Regulatory 
requirements have direct effect upon production and construction costs. 
The tax treatment for each fuel system is a dynamic one. This makes it very 
difficult to assess the resulting economics. 

The amount of money needed to construct and operate plants to use each fuel 
is a strong component of how much the customer will pay per unit of fuel. 
The heat rate of the energy conversion system determines the amount of fuel 
needed to supply the plant. In electricity generating plants, the heat rate 
is the number of BTU's required to produce a net kilowatt hour. The average 
coal and oil burning plant uses 8,500 to 10,500 BTU/kwh. A nuclear plant 
uses about 14,000 BTU/kwh. Geothermal plants use between 21,000 to 33,000 
BTU per net kwh. 

OIL 

Electricity produced from oil fired plants is directly related to the cost 
of low sulfur fuel oil. An oil fired turbine generator plant costs between 
$385.00 and $400.00 per kw. A combined cycle plant is about $300.00 per kw. 
The difference in heat factor, operating cost, and available capital for 
these plants establish which will be used for meeting the increased demand 
and plant replacement schedule within a utilities service area. The estimated 
cost of fuel oil in mills per kwh developed by Stanford Research Institute, 
is approximately 23 mills per kwh. Strong competition between suppliers 
results in a stabilizing effect upon the overall price of oil. Utility 
planners have estimated the range of price of oil to be 20.5 to 21 mills 
per kwh. These cost ranges combined with new plant costs will produce 
electricity between 33 and 44 mills per kwh. 



COAL 

Coal prices are related to specific sources of supply and dedication of 
specific sources of coal to certain plants. Coal does not presently have 
the wide range of usefulness that oil enjoys today. This limits the sub­
stitution of one coal for another. 

The price of steam coal and plant construction costs to meet environmental 
requirements result in an estimated price of 35 mills for electricity 
generated in new coal plants. Fuel suppliers currently estimate coal can 
be delivered within a one-thousand mile radius for 9 to 10 mills per kwh 
if surface mining methods are used. 

NUCLEAR 

Nuclear fuel plants appear to offer the least expensive electricity for a 
non-indigenous source of energy. 

The utility .industry estimates they will be paying 6 to 6.5 mills per kwh 
for nuclear fuels and plant costs in 1977 dollars will be $800 to $1000 
per KW. The estimated cost of electricity from such plants will be between 
32 to 34 mills per KWH. 

GEOTHERMAL 

Comparison of conventional electricity prices with geothermal steam, electri­
city prices are a matter of public record. This is the least expensive of 
all thermal systems employed in the U.S. To obtain a comparison of hot water 
flash steam plants, it is necessary to use developments outside of the USA 
for performance factors. Economics of hot water flash to steam projects 
continue to be impressive. Cerro Prieto's development is very encouraging 
as exploratory work confirms this development can exceed 500 MW. The improve­
ment in heat recovery with double flash units would reduce the cost of 
electricity and increase the size of reserves significantly. Seventy-five 
megawatts have now been developed and work is underway for the next 75 MW. 
The first unit of 75 MW was developed for $264/KW, and produced electricity 
for approximately $.008 tax free. Today, costs would be about twice that 
amount. The generation cost includes the well field operation as this is 
an integrated operation. It is estimated the second 75 MW plant will produce 
electricity for about 16 mills tax free. 

It is possible to use the development work now in progress at Momotombo 
Nicaragua to evaluate the costs of developing a hot-water-flash-field 
today. DeGolyer McNaughton, the international consulting firm and Herman 
Dykstra, a reservoir engineering consultant, have completed examination of 
all the field test data from Momotombo. Tests using bottom hole pressure 
devices in selected wells were combined with full field flowing tests. 
The firm concluded that double flash turbines could produce 96 MW for more than 
30 years using the portion of the reservoir developed. Subsequent completion 
tests have demonstrated more than 100 MW capacity. 



Turbine specifications are now being prepared to have 8 plant turbine with 
80 psig first stage and 20 psig second stage. The power plant for this 
225 C field may have two 35 MW units in operation by mid 1980. The estimated 
cost for the electricity generating plant installed will be $460/KW. A 
savings of $26 million in foreign exchange would result from this development. 

STEAM 

Geyser's steam price of 16.5 mills per kwh is about as inexpensive as 
geothermal energy can be produced today. The 1978 price of 16.5 mills per 
icwh is well below the compistitive value of this energy. 20 mills per kwh 
would be a price more nearly reflecting its actual value in an area using 
oil or coal for electricity generation. 

Plants to use a dry steam are the lowest in cost to build. PG&E's plant 
#15 is expected to cost $320/KW with provisions for H2S treatment. This 
is an increase of 250% over the average of the 1961-1974 period. In the same 
period, the cost of electricity generated averaged about 5.6 mills per net 
kilowatt hour. 1979 operating costs will have increased the price of 
electricity to 25 to 30 mills per kilowatt hour. 

Summarizing the preceding discussion on comparison of costs and resultant 
prices of electricity, we can tabulate oil, coal, nuclear vs. geothermal 
as follows: 

Oil Coal Nuclear 

Fuel mills per kwh 
Plant $/KW 
Electricity Busbar 

mills/kwh 

Fuel mills per kwh 
Plant $/KW 
Electricity Busbar 

mills/kwh 

RESERVE ESTIMATES 

20-23 
300-400 
33-44 

Steam 

14.5-16 
320 -

22.5-24 

9-11 
580-950 
35-36 

Geothermal 

Flash 450° F 

16-20 
450-475 
25-30 

6-7 
800-1000 
32-34 

Binary 

26-30 
500-1000 
40-48 

With these competitive conditions ahd an idea of the required investments- in 
plant and fields, we can now estimate the potential reserves identi-fied 
in relation to the proven reserve. 

The proven reserves of the Geysers is now 908 megawatts. The potential 



reserves are another 1100 MW. To infer that the hot water area surrounding 
the dry steam reservoir will be productive of waters that will be used in 
flash steam plants is reasonable. Inferred hot water flash reserve should 
be approximately 1,000 MW. 

The proven reserves in the Imperial Valley are 400 megawatts. Potential 
reserves of Brawley, East Mesa, Heber, Niland, and Westmoreland total 1600 
MW. Reserves have been inferred with another 1,000 MW in these and similar 
anomalies within the province. Considerable work must be done on conversion 
systems, and deep drilling in the California portion of the Imperial Valley 
if another 5,000 MW are to be moved from the resource category into the 
reserve category in the next 20 years. 

Coso, Lassen, Mono-Long Valley, Mammoth, Randsburg, can be credited with 
about 700 MW of inferred reserves. Sufficient drilling has not been done 
in these areas to estimate reservoir quality, water characteristics, and 
temperature distribution. 

In the western Utah area, Roosevelt is the only area with proven reserves. 
It appears that sufficient testing and plant design work has been completed 
to assign 80 MW to that classification. 120 MW potential and 300 MW inferred 
reserves can be assigned to Roosevelt on information now available. The 
remainder of that general area including Cove Fort - Sulfurdale, Thermal-
Black Mountain should have 1,000 megawatts potential reserves and 500 MW 
inferred. 

Testing of potential areas in Nevada has not progressed to the stage where 
proven reserves can be assigned. The potential reserves of Phillips' three 
areas, and Chevrons' two areas in the northern half of the state, indicates 
400 MW reserve. An additional 600 MW can be inferred on the basis of 
drilling data being extrapolated with geophysical surveys. With continued 
confirmation success in the Carson sink area, an additional 500 MW could be 
moved from resource to inferred reserves. New Mexico's Valles Caldera is 
considered as having 100 MW potential reserve. From the size of the anomaly 
and the temperature indicated by surface springs, an inferred reserve of 
another 300 MW should be assigned. This area has a total reserve of 400 MW. 

Oregon does not have proven reserves except in the direct use of the heat 
contained in the subsurface waters around Klamath Falls. The exploration 
for geothermal energy useful for generation of electricity has been encour­
aging in the northeast extension of the Gerlach-Baltazor trend into Oregon 
from northwest Nevada. The Alvord area has 200 MW potential reserves and 
100 MW inferred. Between Alvord and Vale Hot Springs another 400 MW can 
be inferred. An additional 300 MW can be inferred from other heat flow and 
geophysical survey work in the general area. 

This table summarizes these reserve catagories. 



SUMMARY 

Geysers 

Imperial Valley 

Coso-Lassen, 
Long-Valley, 
Mammoth, Rands­
burg 

Roosevelt 

Cove Fort, 
Sulferdale, 
Black Mountain-
Thermal 

N. Nevada 

New Mexico 

Alvord Area 

Alvord to Vale 

Other Oregon SE 

Subtotal 

Total Reserves 

ELECTRICITY 

Proven 
(Measured) 

MW 

908 

400 

80 

1,388 

11,188 MW 

GENERATION RESERVES 

Potential 
(Indicated) 

MW 

1,100 

1,600 

120 

1,000 

400 

100 

200 

4,500 

Inferred 
(Geol-Geoph) 

MW 

1,000 

1,000 

700 

300 

500 

600 

300 

100 

400 

300 

5,200 

The direct use of geothermal heat in the U.S. is on a local project basis 
except in Klamath Falls, Oregon and Boise, Idaho. Local greenhouse operations, 
individual processing plants in industrial and agricultural projects are 
found throughout the western U.S., Alaska, Texas and Southeast Appalachians. 
It is estimated these present direct uses represent proven reserves of 35 MW. 

Reserves cannot be assigned to geopressure-geothermal projects. It is hoped 
the government research work in progress can develop sufficient data to 
provide inferred reserves in 20 years. 

Reserves now identified in the three catagories total 11,088 MW. This rapid 
build up from the reserve of 500 MW existing just four years ago demonstrates 
an aggressive search for and investment in producing areas. The 164,000,000 
barrels of fuel oil that will be saved annually for electricity generation 



when this is developed is about 1/10 the amount of direct use potential 
existing today. 

An oil accummulation to provide 164,000,000 bbls per year for 30 years would 
require 4.9 billion bbls to be available for production. Consider that less 
than ,2 of 1% of all wildcats drilled in the U.S. during the last four years 
discovered producible reserves over the life of the field greater than 
1 mm bbls of oil. 

To assess the impact of the development of this reserve now identified plus 
the stimulus such development will give to exploration requires an assumption 
that the governmental agencies believe indigenous sources of energy are 
necessary to the economy of the USA. 

In 1975 the forecast of the growth of geothennal capacity spanned 5,000 MW 
to 20,000 MW on line by 1985. The forecast by B. Greider at the 1975 
United Nations Symposium was that 6,000 MW capacity would be on line by 
1985. This required a reserve of 11,000 megawatts be discovered. The 
reserve has been discovered. The majority of the prospects contributing 
to this growth were on federal lands. These same prospects were recognized 
to be primarily in a temperature range that during most of the productive-
lifetime the reservoir would produce fluids at less than 400 F. The basic 
assumption underlying these forecasts was that viable economic incentives 
for geothermal would be similar to ones for other natural resource develop­
ments. 

Stanford Research Institute, The University of California, Riverside, and 
Science Application Inc. have each provided thoughtful studies on the effect 
of tax incentives for the development of geothermal resources. The effect 
of such tax treatment has been focused on the resulting price of electricity 
or upon how much income this would "shelter" for the producer. 

Each study has sidestepped the critical question of how large a capacity 
can be economically developed from recognized prospects with the subject 
incentives. How many would be developed lacking such economic stimuli. The 
next question that should have been answered is: what is the flow back to 
government agencies in tax revenues if certain incentives are initiated? 
This demands careful analysis of the possibility of reduced tax flow from 
projects that are certain to be developed without the incentives versus the 
increased tax revenue from those projects that would not have been developed 
without the incentives. 

Consideration of the dynamic effect of taxation regulations on an incipient 
industry will show a tremendous benefit to government agencies in increased 
tax revenues. Robert Rex prepared the following two illustrations demonstra­
ting the flow of monies to federal, state, and county agencies for a single 
48 net MW project on federal lands and the effect if 1,000 MW developed on 
federal .leases. 



ESTIMATED GOVERNMENT REVENUES 
FROM FIELD DEVELOPMENT PROGRAM 

1000 MW PROJECT 

10% Federal Royalty Payments 

Federal Income Taxes 

State Income Taxes 

Ad Valorem Taxes 

$1,462,500,000 

1,243,750,000 

1,398,125,000 

345,625,000 

$4,450,000,000 

ASSUMES: 
25 MILS/KWH 

30 YEAR PROJECT LIFE 
6% ANNUAL INFLATION RATE 

ESTIMATED GOVERNMENT REVENUES 
FROM FIELD DEVELOPMENT PROGRAM 

EAST MESA 48 MW PROJECT 

10% Federal Royalty Payments 

Federal Income Taxes 

State Income Taxes 

Ad Valorem Taxes 

$ 70,200,000 

67,110,000 

16,590,000 

59,700,000 

$ 213,600,000 

ASSUMES 
25 MILS/KWH 

30 YEAR PROJECT LIFE 
6% ANNUAL INFLATION RATE 

If the reserves now known on federal lands are developed additional ones 
will be added in the process of development and by the increased exploration 
attracted to the area of successful development. Five thousand megawatts 
production on federal lands and two thousand MW on non-federal lands should 



return to the government 903 million dollars in revenues each year over the 
first 30 years of the projects lives. 7.02 billion dollars would flow 
to the federal government as royalty, 9.4 billion as income tax. 2.3 
billion would be allocated to the various states' income tax revenues 
and more than 8.4 billion dollars to local county governments as ad valorum 
taxes. 

SUMMARY 

In 1973 the geothermal reserves in the U.S, were 500 MW. Reserves identified 
since 1970 total about 11,100 MW. This is enough energy to supply the total 
electrical needs for 11,000,000 people. To generate the same electricity 
using fuel oil 164 million barrels per year would be needed. Five billion 
barrels of oil would need to be discovered to supply the equivalent energy 
for 30 years. 

Geothermal energy can compete with the other types of energy now being used 
in the U.S. To do so, the energy must be available from its reservoir at 
a temperature above 400 F. Below this temperature, operating cost rise 
significantly as the number of wells to produce and reinject the fluid 
increases. 

Tax incentives must be provided to encourage significant investment in the 
mid temperature hot water resources if this type of energy is to be developed. 

The cost of the plants rise rapidly as the temperature of the reservoir 
decreases. The volume of fluid required to move through the system increases 
rapidly to supply the required heat. There are economic limits established 
by temperature that must be recognized. If the BTU content of a ton of 
coal drops, there is a point where it is not useable for power production. 
The same is true for oil and gas fluids as their associated water or inert 
gas ratio increases. Geothermal fluids quality and usefulness is also 
dependent upon its BTU content per unit volume produced. The building of 
power plants for mid temperature projects is critical to the utilization of 
this large resource. 

For this reason,' it is difficult to present a specific cost of electricity 
.produced by broad types of resource. The probable range of prices for 
electricity generated from steam and hot water reservoirs today is:-

Mills/KWH 

Steam 450° F and above 22.5 - 24 

Hot water flash - below 400° F 3 6 - 5 0 

above 400° F 2 5 - 3 0 

Binary . 4 0 - 4 8 



The expected value of a geothermal project, the field costs and the result­
ing costs to generate electricity are affected by the interrelated variables 
such as: 

- Temperature of fluids 

- Composition of fluids 

- Geology of reservoir 

- Cost drilling 

- Flow rate per well 

- Well spacing 

- Turbine system 

- Operating costs. 

Research must continue on how to make fluids with temperatures below 400 F 
useful. The technology is now mature. There are vast quantities of heat 
in this resource awaiting the solution to the economic problems of using' 
this low grade heat. 

R.isk capital must be readily available in units of 10 to 15 million dollars 
at the beginning of exploration. Development to 400 MW may require up to 
100 million dollars investment before payout of the first 50 MW unit is 
obtained. The investor with sufficient money to carry out a successful 
program will compare the return of invested capital offered by similar 
projects (utilizing similar technology and business know-how). The projects 
offering the best rate of return for similar risk and investment will usually 
be the ones selected for funding. 

The biggest problem in obtaining risk capital is the uncertainty of the 
business. This includes the discrimination in tax treatment of hot water 
versus steam. This precludes being able to market the energy at competitive 
prices and obtain as favorable rate of return as other industries offer. 
Prospective investors should have assurance that government rules ahd regu­
lations will encourage the discovery and use of this energy. 
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APPENDIX 

GEOPRESSURE - GEOTHERMAL RESERVOIRS 

Tertiary basins around the world have been discovered to have reservoirs at 
greater than normal pressure gradients. These geopressured zones frequently 
have higher than normal geothermal gradients. Exploration and field develop­
ment for oil and gas production in Texas and Louisiana has outlined an area 
of interest extending several hundred miles from the Rio Grande River to the 
Delta of the Mississippi parallel to the Gulf Coast. I have not recognized 
-any reserves in this catagory. 

The economics of developing this combination of kinetic energy, low grade 
heat energy, and methane, is unfavorable at this time. Uncertainty as to the 
producibility is caused by the knowledge that to have geopressure, the sand 
formations must be discontinuous and the reservoirs must be confined in a 
limited areal configuration. Without such limits, normal temperatures and 
pressures would exist. In the deeper reservoirs of the geopressured areas, 
higher temperatures have been reported by Louisiana State University personnel. 
These deeper reservoirs (18,000' to 19,000') are reported to be at temperatures 
above 400°F. The low permeabilities reported with the moderate reservoir 
thickness (400') will require a maximum producing rate of 20,000 bbls 
per day (instead of the 40,000 bbls usually used) per well i'f excessive 
drawdown is to be avoided. The wells would probably require 640 acre spacing 
to eliminate well interference effects. The producer-injector ratio should 
be planned for 1:1. However, an initial testing period for the first modules 
can confirm this assumption. 

The Department of Energy plans a deep $6,000,000 well test of this type of 
geopressured prospect. The results will be valuable in trying to design a 
workable method to recover and use this very expensive submarginal energy 
accumulation. Tables III, IV, and V, synthesize my opinions. 

Table III 

GEOPRESSURE ECONOMICS 

BASIS 

Reservoir Thickness (assumed) 400' 
Permeab i l i t y /F t . Less than 10 md 
Surface Pressure (desired) 3,000 PSI - 4,000 PSI 
Flow Before I n j e c t i o n req 'd 1,0 - 1.1 b i l l i o n bbls 
Time Before I n j ec t i on Less than 2 years 
Minimum spacing producers 

( in te r fe rence) 640 acres 
Draw Down L im i t 3500 PSI 

• I n j ec t i on Pressure 5000 PSI 
Net Methane i n So lu t ion . 75 SCF/bbl 



Table IV 

GEOTHERMAL ECONOMICS 

SCOPE FACILITIES 

Field Size 200 MW 
Barrels Per Year . 600 Million 
Barrels Per Day Per WLll 20,500 
10 Wells Each 25 MW Unit 
80 Producers 80 Injectors 
Plant Net 200 x .85 
Plant Load Factor 70% 

Operating costs and taxes can only be estimated. It is certain they will not 
be less than those experienced in keeping a gas or oil field in operating for 
30 years. • 

Table V 

INVESTMENT & REVENUE 

160 Wells (3 $6 M Eac. $960 M 
(includes surface facilities) 

Heat (a .020/kwh Gas @ $ 1.75 RCF 

Energy Revenue 21.25 M/Yr 

Gas Revenue 85.75 M/Yr 

Revenue Total $107.00 M/Yr. 

EXPENSE 

Operating Costs $200/Well/Day = $12 M/Yr 

Property & State Tax 15% x Gross/Yr = 16 M 

Total Expense = $28 M 

INCOME 

Income - $107M - $28M) = $79 M 

Net $79M X 50% (Income Taxes) = $39.5 M 

Payout $960/$39.5 = 24 Years ROI = 4% 

There are adequate problems to solve in utilization of geopressured-geothermal 
reservoirs. These are primarily related to geologic problems. Discontinuous 
sands form the reservoir rocks in geopressured systems. The lack of continuity 



prevents fluid moving to lower pressured zones in a natural adjustment to 
normal pressure results in the abnormal geopressures. This very discontinuity 
results in limited reservoirs of restricted areal extent. 

In many geologic situations, faulting and fracturing provide the plumbing that 
allows geothermal fluids to move into the producing reservoirs. The vertical 
movement of fluids along these faults is thought to be an important factor 
necessary for high production rates over the long life required for energy 
production. 

Geopressured reservoirs have no such plumbing, otherwise, their pressures would 
be normal. The sealed faults in the geopressured areas will cause rapid pressure 
decline unless produced volumes are compensated by having equal volumes reinject­
ed into the same sand bodies. It is for this reason this source of energy must 
remain an energy resource with no defined reserves. 
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Interest in using the heat of the earth to provide an indigenous source of 
energy has begun to increase almost as rapidly as energy bills in the United 
States. Natural resource development companies and groups of investors are 
increasing their exploration for accumulations of heat that can be used in 
electrical generation, space heating and cooling, agriculture, and industrial 
process heating. 

Developers expect the natural sources of heat above 450 F in the western 
United States to produce electricity at prices competitive with low sulfur 
coals shipped from the Powder River basin of Wyoming to the electricity 
generating centers supplying western Nevada and California. Water within 
the low energy 150 F temperature range can provide processing heat, if the 
source is in a location where the energy can be used in the U.S. It is 
expected that sulfur limits for fuel oil will be set similar to coal. 
To meet such standards, additional investment and costs will be required 
to prepare acceptable fuel. With such increases in cost, new uses for 
geothermal heat (energy) will become practical. When that happens, more 
people will become interested in joining the exploration search to find 
and develop new deposits of heat for production df energy. 

The development of a geothermal reservoir is capital-intensive, requires 
expert planning, and long times from initial expenditure until positive 
income is achieved. The utilization of a developed project requires 
extensive engineering, approximately two years in negotiation with govern­
mental agencies, and a lot of money. 

The costs of maintaining and operating the producing fields is about four 
to five times greater than the capital investment. An important portion 
of this cost is associated with the injection system that collects the water 
after the heat is removed and then returns it to the subsurface reservoirs. 
Reducing these costs is an essential objective ifjgeothermal is to be 
competitive with other fuels. 

Countries with high fuel costs and geothermal sites are.now developing 
a wide variety of geothermal plants. Japan appears to be building the most 
efficient flash systems for use in hydrothermal areas rimming the Pacific 
Ocean. «• 

The assessment of geothermal energy resources by considering-t4i-is energy to 
simply be the heat=of-the-earth provides estimates of gigantic sizeT—Use-— 
ful geothermal reserve assessment requires professional analysis. The 
goal is to determine how much heat can be produced at a use 
temperature for at least twenty years from one are45lllUÊ pLw«-ĵ .««..-v,v-

tu. aEC ^UJ- ĉy.̂^ ^̂  ^ lo^iac^^k^ 



thorough understanding of the manner in which heat is transported to areas 
of accumulation, how it accumulates, the methods and costs to find, produce, 
and convert to a useable form of energy. With those studies in hand, a person 
can then determine what part of this resources can be sold in competition 
with other fuels and thereby establish the size of the reserve. 

Accessments of the supply of geothermal energy have been published by govern­
ment agencies, private companies, universities and inter-governmental agencies 
such as the United Nations. . These estimated supplies have been prepared in 
megawatts per year, joules per year, giga watt centuries, giga calorie centuries, 
per cent of the national energy budget, the equivalent bbl(s) of oil, and per 
cent electricity generated per year. 

The supply has been related to all the heat present above an arbitrary temper­
ature datum, the amount of heat between certain temperature levels, that heat 
contained in producing water, and that heat contained in the rock framerock 
transferred to the moving body of water, and the amount that could be produced 
if the government would provide various incentives. 

These incentives have included tax credits, deductions in tax calculations, 
investment tax credits, rapid depreciation, and extensive depletion allowances. 
Other incentives include aid in exploration, aid in developing, engineering of 
generating plants, financing of generating plants, and reservoir engineering 
studies, yery little has been prepared showing the increased benefit to 
governmental programs, including tax revenue by demonstrating the increased 
flow of dollars from projects that would become profitable with this aid com­
pared to project tax revenues that would be commercial without this aid. 

The actual potential of geothermal energy is affected by how the resource and 
reserves are calculated. These calculations must consider availability and 
application of the governmental incentives, the price of other energy sources, 
versus the market price of geothermal energy, and the reliability of the 
production forecast. The size of required investment, and the expected profit 
generated by those investments, plus the availability of lands to explore 
will be the motivating forces in determining the true potential of geothermal 
energy development in the United States. 

The most important factor in converting any resource into a reserve is how 
the individuals that are actively dedicated to discovery and development, attack 
the problem. The key to successful reserve development is the quality o-f the 
people assigned to the task. 

A casual examination of geothermal areas of the world, .shown in figure 1, will 
allow even the uniniated to estimate the supply of geothermal energy that is 
presently useful in the generation of electricity. The world's total geo­
thermal generating capacity in development and developing projects with 
significant reservoir testing, is approximately 2,600 megawatts. The potential 
areas identified by preliminary investigation of. sufficient extent to allow 



analogies with development areas is estimated to have an additional 12,000 
megawatts of indicated reserves. Inferred reserves of an additional 20,000 
megawatts of electricity capacity may be developed within the next 20 years. 
The existence of geothermal energy does not assure the resource will be 
converted to a reserve. In a free economy the competition in the market 
place and the return on the potential investment will determine if and 
when these resources will become useful. 

GEOTHERMAL POWER DEVELOPMENT 
, .fvtAP 1 06 
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The United States has the greatest producing capacity in the world at this 
time. The Geysers in northern California produces and has more capacity 



building than any other commercial producing geothermal country in the world, 
Those areas capable of commercial production or that have commercial plants 
under engineering design are listed in Table I. 

Country 

U. S. A. 

Italy 

New Zealand 

Japan 

Mexico 

El Salvador 

Nicaragua 

Iceland 

Table I 

World Geothermal Generating 

Area 

The Geysers 
Roosevelt 
Heber 
E. Mesa 
Other 

Larderello 
Travale 
Mt. Amiato 

Wairakei 
Broadlands 
Kawerau 

Matsukawa 
Otake 
Onuma 
Oninobe 
Hatchobaru 
Takinow 

Cerro Prieto 
Pathe • 

Ahuachapan 

Momotombo 

Namafjeli 
Krafla 

In Megawatts 

Operating Cap 

502 

385 
15 
22 

150 

10 

20 
13 
10 
25 

75 . 
• 3.5 

35 

. -2.5 

Capacity 

acity 
Engineering & 
Construction 

450 
80 
110 
60 
200 . 

165 

55 

55' 
55 

75 

60 

30 

55 



must be sufficient horizontal and vertical permeability to allow the fluid 
to move easily. A 5,000 ft. to 8,000 ft. well must sustain flow rates of 
more than 100,000 lbs. of steam per hour, or 500,000 lbs. of water (above 
325 F) per hour for 20 to 25 years to be considered commercial for elec­
tricity generation. Direct use of heat for industrial heating or space 
heating and cooling does not require such high heat output. The lower 
temperatures for such uses can be found in a greater number of anomalies, 
however, their usefulness is dependent upon low costs being achieved in 
development and production. 

The geologic model that is generally accepted by geothermal explorers and 
developers (Figure 2) has three basic requirements to function: 

1. A heat source (presumed to be an intrusive body) that 
is above 1200 C and within 16 Km of the surface. 

2. Meteoric waters circulating to depths of 10,000 ft. -
20,000 ft. where heat is transferred from the conducting 
impermeable rocks above the heat source. 

3. Vertical permeability above the heat source connecting 
the conducting rocks with a porous permeable reservoir 
that has a low conductivity impermeable heat retaining 
member at its top. 

Water, expanding upon being heated, moves buoyantly upward in a hot con­
centrated plume. Cold waters move downward and inward from the basin's 
margins to continue the heat transfer process. Heat is transported by 
convection in this part of the model. 

HOT WATER GEOTHERMAL SYSTEM 
(LIQUID DOMINATED) 

TEMPERATURE— suaoTE 

TEMPERATURE 
PROFILE 

-SILICA CAP 

V FAULT n r STEAM ^ 
70N!E — - J J ZOK! 

PERMEABLE ROCKS 
a CONVECTIVE 

WATER FLOW 

COMVECTIKG 
MAGMA 

CROSS SECTION 

Fig. 2 — Geological Model of a Hot VVater Geotherma! 
System (after White," 1973). 



Geologic investigation is the necessary ingredient that makes all other 
techniques useful. Broad reconnaissance of the surface data integrated 
into subsurface data is used to find an area of general interest. The 
ingenuity, of the prospect finder in using data available to all workers 
determines whether an exploration program moves into advanced stages of 
using the proper combinations of the above methods. Geologic interpre­
tation of the data acquired may justify the money required for exploratory 
drilling. The results of the drilling must be integrated into the geo­
logic investigation to determine if a promising prospect is present. 

The investigation must establish that: 

1. High heat flow or strong temperature gradients are 
present at depth. 

2. The geology provides reasonable expectation that a 
reservoir sequence of rocks is present at moderate 
depths from 2000' to 6000'. 

3. The sequence of rocks offers easy drilling with -
minimal hole problems. 

4. A high base temperature and low salinity waters as 
indicated by geochemistry of water sources should 
be present. The surface alteration and occurrence 
of high heat flow should cover an area large enough 
to offer the chance for a field capacity of more 
than 200 MW. 

Interpretation of geochemical data requires professional skill in geology 
and chemistry. If the geology is well known, useful information can be 
developed. 

Geophysical surveys are useful in predicting the general area and depth of 
high temperature rocks and water. Rocks at depth are better conductors of 
electricity (natural and induced currents) when there is an increase in 
temperature, an increase in porosity, an increase in clay minerals, or an 
increase in salinity in their contained fluids. 

Table I from C. Heinzelman's presentation of October 15, 1977, illustrates 
exploration techniques and associated costs. The overall amount of money 
(per successful prospect) required is 2.5 million to 4.75 million 1977 
•dollars. This provides for limited failure and follow up costs, but does 
not include the other exploration failures and land costs. 



Table I 

EXPLORATION TECHNIQUES & APPROXIMATE COSTS 

Objective 

Heat Source & 
Plumbing 

Temperature Regime 

Reservoir 
Characteristics 

Total tb Establish a 

Technique Approximate Cost ($) 

Geology $ 
Microseismicity 

Gravity 
Resist iv i ty 
Tel lur ics & sagnetotellurics 
Magnetics 
Geochemistry (Hydrology) 
Temperature Gradient 20 holes 
Stratigraphic Holes (4) 

Exploratory wells (3) 1 
Reservoir test 

15,000 
15,000 

20,000 
25,000 
40,000 
15,000 
12,000 

100,000 
160,000- 240,000 

,800,000-4,000,000 
250,000 

Discovery $2,472,000-4,752,000 

This is probably the minimum expenditure to move a portion of the resource 
into a reserve. 

Upon deciding, that a significant geothermal anomaly exists, the rate of 
engineering expenditures must increase rapidly to determine whether the 
development can proceed. Essentially, there are no set figures for what 
it costs to develop a geothermal field. The basic reason for this is that 
each depends upon engineering the development to be compatible with the 
geology of the accumulation, and the requirements of the electricity 
generating system. The electricity generating system must be designed 
within the constraints, of available temperature, rate of production, and 
ambient conditions of the field site. The key variables are: 

1. Temperat'ure of the fluids produced. 

2. Composition of the reservoir fluids. 

3. Composition of surface or near surface fluids. 

4. .Geology of the reservoir framework. 

5. Flow rates that can be sustained by the reservoir. 

6. Cost of drilling in the prospect area. 

7. Well spacing and geometry of the producing and injection sites. 

8. Turbine system to be used. 

9.- General operating costs in the area. 



Test Wells - Thermal evaluation requires the drilling of test holes. Heat 
flow and temperature gradient evaluation requires drilling to intermediate 
depths. Confirmation drilling requires holes drilled to the actual reservoir 
for diagnpstic evaluation. 

Heat flow and temperature gradients measured in the upper 100 to 500 ft. 
depth are useful in describing the area where the heat transfer is most 
intense. When mapped, these do give a qualitative analysis as to the loca­
tion- and shape of the hottest near-surface heat accumulation. Linear pro­
jection of temperatures obtained near the surface cannot be used to predict 
the temperatures that will be encountered 2000-3000 ft. below the surface, 
even if the section below has a uniform lithology and the geothermal graident 
is a straight slope. The temperature for a fluid-saturated system cannot 
be projected to a maximum above that for boiling water at the pressure 
calculated for the depth of projection. At some point along the boiling 
point curve, the temperature of the system may become isothermal and the 
rocks and fluids will have the same temperature for many hundreds of feet 
deeper. The rock temperature may decrease as a hole is drilled deeper if 
the hole is on the descending edge of a plume of hot water or merely below 
the spreading top of a plume. Heat flows from a hot body to a cooler body. 
This is not a function of being above or below a reference point of depth. 

So that the performance of the geothermal cell can be predicted, deep tests 
must be drilled. These holes must be of sufficient size to adequately 
determine the ability of the reservoir to produce fluids above 365 F at 
rates of more than 100,000 lbs. of steam per hour or 500,000 lbs. of liquid 
per hour. Although it is desirable that these fluids have less than 32,000 
ppm dissolved solids and less than one (1) percent non-condensable gases 
in solution, they may be extremely corrosive and dangerous to test. 

To determine if a commercial development is possible, three or four wells 
must test the reservofr to obtain the basic reservoir engineering data on 
producibility rates that are necessary. Reservoir pressure drawdown and 
buildup analysis must be conducted to determine .reservoir permeability 
and extent. Fluid characteristics and analys-is of_non-condensibles present 
require extensive flow tests. Injectivity testing is required to develop 
plans for disposal and pressure maintenance systems. Rocks may produce 
fluids easily, but may not accept them on return to the reservoir. This 
must be established in the laboratory and confirmed in the field. 

A review of the costs associated with finding, developing, and producing 
geothermal energy must consider that the actual dollar amounts reported 
are for a specific time and place. The following costs will be different 
than the amounts reported by each of the United Nations' symposia. This 
illustrates that changes in the required money are still being experienced 
in dry steam, high temperature flash, and moderate temperature flash or 
binary systems. The costs -to find geothermal systems continue to increase 



.as geologists learn there are cold holes very near hot areas; there are 
hot areas within an overall cold area; there cah be a steam zone within a 
hydrothermal area; and there can be two different types of geothermal 
systems, vapor and liquid dominated, vertically separated within the same 
geographic area. 

Development wells in the depth range of 5,000' to 10,000' are being drilled 
. and completed for $500,000 - $1,500,000. Injection wells are being completed 
in the same cost range. The ratio of producers to injectors depends upon 
reservoir characteristics. The ratio will be between 1:1 or 1:2 for hot 
water systems. Water-steam lines from the producing wells to the generating 
plant can be estimated to cost $35 to $100/KW capacity. This cost is 
dependent upon the volume of fluid per kwh, the development pattern, and 
the plant location in relation to the producing wells. The amount of 
surface area used should be the minimum possible to achieve the maximum 
economic recovery. The engineering design work determines the most econom­
ical layout. 

Techniques developed to drill slanted holes from a central platform can be 
used in developing geothermal reservoirs that have a broad area of heat 
with a local area of intense heat and where injection is feasible. Slant 
drilling is more costly than vertical drilling. Production pipelines are 
reduced in length if the plant is located adjacent to the producing islands. 
This results in a more efficient operation. The geology and geometry of 
the reservoir determines feasibility of using this method. 

Condensate return, pipelines' design, and cost depend upon the uses for the 
condensate. If the condensate is mixed with the brine that is not flashed, 
a mixture similar to the produced fluids can be returned to the injection 
sites and return lines will be similar in size and cost as the production 
lines. -If the condensate is used in the cooling system and allowed to 
evaporate, a small diameter pipeline can be used to return cooled water 
to injection lines. If this is so, the condensate pipeline can cost as 
little as $4-$15 per KW. 

Plants built to "use "steam~produced directly from a dry steam reservoir are 
the lowest in cost to build. PG&E's plant #15 is expected to cost $320/KW 
with provisions for H2S treatment. This is an increase of 250% over the 
average of the 1961-1974 period. In the.same period, the cost of electricity 
generated averaged about 5.6 mills per net kilowatt hour. 1979 costs will 
have -increased-the price of electricity to 25 to 30 mills per kilowatt 
hour from steam fields. 

Hot water flash plants have an extremely broad range of cost. This is 
because the temperature and chemical characteristics of the produced fluids 
and unit size have a wide range. This creates costs from $400 per kilowatt 
to as much as $700 per kilowatt. Double flash 45 net MW operating on low 
solids fluids at temperatures around 450 F most likely can be constructed 
for $450 to $475 per net kilowatt. Fluids 100 F cooler will require plants 
costing $100 more per kilowatt capacity. 



.Binary units designed for using low bioling point fluids to drive the turbine 
are experimental designs. No plant greater than 5 MW has been operated so 
cost criteria are tenuous. Present estimates for approximately 50 MW 
plants range from Ben Holt Engineering's estimate of $500 per kilowatt to 
Ford Bacon & Davis shell and tube system at $655/kwh. A small 10 MW binary 
system is being constructed by Imperial Magma. This has a reported cost 
of $1,000 per KW. • 

A summary of estimated development costs after exploration expenses for 
the field supp-ly, power plant, and ancillary equipment for a 50 megawatt 
hot water flash unit is as follows: 

Table II 

Development Wells (12) $ 10,800,000 
Injection Wells (6) 5,400,000 
Pipelines 2,800,000 
Miscellaneous Field Expense 
(includes interest & working capital) 9,000,000 
Power Plant 25,000,000 

TOTAL $ 53,000,000 

ECONOMIC CONSIDERATIONS 

To obtain a comparison of geothermal fuels with the more widely used fuels, 
is quite difficult, because each geothermal area requires a plant design 
specifically useful for that local area. The California Geyser's steam 
price of 16.5 mills per kwh is as inexpensive as geothermal energy can be 
produced in the U.S. today. This is a dry steam fuel, and the operators 
have more than a decade of experience in drilling, completions, and production 
operations. Optimum techniques have been developed so that maximum steam 
production per dollar invested can be maintained. The high energy content 
of this fluid provides a competitive heat rate, easy to construct collection 
systemsr and-the most-simple-of plant and ̂ reinjection ̂ facilities.—The -actual 
cost of the wells are frequently as hi.gh as $750,000 - $1,000,000, but the 
operation and the high utility of the steam allows a minimal price for the 
energy. 

The wide-vari a-ti on-of estimates of fuel costs and electricity generating costs 
derives from treatment of fuel processing and storage expense, income taxes, 
ad valorem taxes, insurance, interest during construction, return on investment 
required, and specific requirements-for plants.in the area of operation for 
the estimating companies. The-utiUty-usual-l-y—expects to earn-a-minimum 
of 20% ROI on its equity portion. The exploration and producing investors 
have learned that a minimum acceptable rate of return on investment for their 
portion ofthe projects is also 20% ROI. ' The average conventional energy 
venture (non-geothermal) usually obtains about twice this rate of return. 

The return on investment for the developer is most sensitive to the price 



received for the energy. Next to reliability of supply, the utilities desire 
to use geothermal energy in its electricity generating systems is dependent 
upon its price being low enough to make its use worthwhile. Much like coal 
and uranium, geothermal fuel prices will be a negotiated price between the 
supplier and the user. Each field will have significant differences in 
design so a uniform price cannot be expected for construction of the production 
facilities, or construction of the utilities conversion plant. 

The nature of the reservoir geometry and the ability of the reservoir to 
respond to changes in production, rates, and temperatures, will determine the 
final costs for producing electricity from each geothermal project. 

The basic structure of price must provide an attractive rate of return to 
the prospector. To achieve this, the prospector's risk capital investment 
and time at risk before income must be minimized. Most important, the 
revenue should reflect the actual value of the energy sold. 

COST COMPARISONS 

The cost comparisons between the various sources of energy that will be 
available and useable for electricity generation during the next decade 
will affect the rate of geothermal energy's growth. The economic desirability 
of the production or use of a-fuel is sensitive to its price. Regulatory 
requirements have direct effect upon production and construction costs. 
The tax treatment for each fuel system is a dynamic one. This makes it very 
difficult to assess the resulting economics. 

The amount of money needed to construct and operate plants to use each fuel 
is a strong component of how much the customer will pay per unit of fuel. 
The heat rate of the energy conversion system determines the amount of fuel 
needed to supply the plant. In electricity generating plants, the heat rate 
is the number of BTU's required to produce a net kilowatt hour. The average 
coal and oil burning plant uses 8,500 to 10,500 BtU/kwh. A nuclear plant 
uses about 14,000 BTU/kwh. Geothermal plants use between 21,000 to 33,000 
BTU per net kwh. 

OIL 

Electricity produced from oil fired plants is directly related to the cost 
of low sulfur fuel oil. An oil fired turbine generator plant costs between 
$385.00 and $400.00 per kw. A combined cycle plant is about $300^00 per kw. 
The difference in heat factor, operating cost, and available capital for 
these plants establish which will be used for meeting the increased demand 
and plant replacement schedule within a utilities service area. The estimated 
cost of fuel oil in mills per kwh developed by Stanford Research Institute, 
is approximately 23 mills per kwh. Strong competition between suppliers 
results in a stabilizing effect upon the overall price of oil. Utility 
planners have estimated the range of price of oil to be 20.5 to 21 mills 
per kwh. -These cost ranges combined with new plant costs will produce 
electricity between 33 and 44 mills per kwh. 



COAL 

Coal prices are related to specific sources of supply and dedication of 
specific sources of coal to certain plants. Coal does not presently have 
the wide range of usefulness that oil enjoys today. This limits the sub­
stitution of one coal for another. 

The price of steam coal and plant construction costs to meet environmental 
requirements result in an estimated price of 35 mills for electricity 
generated in new coal plants. Fuel suppliers currently estimate coal can 
be delivered within a one-thousand mile radius for 9 to 10 mills per kwh 
if surface mining methods are used. 

NUCLEAR 

Nuclear fuel plants appear to offer the least expensive electricity for a 
non-indigenous source of energy. 

The utility .industry estimates they will be paying 6 to 6.5 mills per kwh 
for nuclear fuels and plant costs in 1977 dollars will be $800 to $1000 
per KW. The estimated cost of electricity from such plants will be between 
32 to 34 mills per KWH. 

GEOTHERMAL 

Comparison of conventional electricity prices with geothermal steam, electri­
city prices are a matter of public record. This is the least expensive of 
all thermal systems employed in the U.S. To obtain a comparison of hot water 
flash steam plants, it is necessary to use developments outside of the USA 
for performance factors. Economics of hot water flash to steam projects 
continue to be impressive. Cerro Prieto's development is ve ry encouraging 
as exploratory work confirms this development can exceed 500 MW. The improve­
ment in heat recovery with double flash units would reduce the cost of 
electricity and increase the size of reserves significantly. Seventy-five 
megawatts have now been developed and work is underway for the next 75 MW. 
The first unit of 75 MW was developed for $264/KW, and produced electricity 
for approximately $.008 tax free. Today, costs would be about twice that 
amount. The generation cost includes the well field operation as this is 
an integrated operation. It is estimated the second 75 MW plant will produce 
electricity for about 16 mills tax free. 

.It is possible to use the development work now in progress at Momotombo 
Nicaragua to evaluate the costs of developing a hot-water-flash-field 
today. DeGolyer McNaughton, the international consulting firm and Herman 
Dykstra, a reservoir engineering consultant, have completed examination of 
all the field test data from Momotombo. Tests using bottom hole pressure 
devices iri selected wells were combined with full field flowing tests. 
The firm concluded that double flash turbines could produce 96 MW for more than 
3C) years using the portion of the reservoir developed. Subsequent completion 
tests have demonstrated more than 100 MW capacity. 



Turbine specifications are now being prepared to have 8 plant turbine with 
80 Dsig first stage and 20 psig second stage. The power plant for this 
225 C field may have two 35 MW units in operation by mid 1980. The estimated 
cost for the electricity generating plant installed will be $460/KW. A 
savings of $26 million in foreign exchange would result from this development. 

STEAM 

Geyser's steam price of 16.5 mills per kwh is about as inexpensive as 
geothermal energy can be produced today. The 1978 price of 16.5 mills per 
kwh is well below the compistitive value of this energy. 20 mills per kwh 
would be a price more nearly reflecting its actual value in an area using 
oil or coal for electricity generation. 

Plants to use a dry steam are the lowest in cost to build. PG&E's plant 
#15 is expected to cost $320/KW with provisions for H2S treatment. This 
is an increase of 250% over the average of the 1961-1974 period. In the same 
period, the cost of electricity generated averaged about 5.6 mills per net 
kilowatt hour. 1979 operating costs will have increased the price of 
electricity to 25 to 30 mills per kilowatt hour. 

Summarizing the preceding discussion on comparison of costs and resultant 
prices of electricity, we can tabulate oil, coal, nuclear vs. geothermal 
as follows: 

Oil Coal Nuclear 

Fuel mi l ls per kwh 
Plant $/KW 
Elec t r i c i t y Busbar 

mills/kwh 

Fuel mi l ls per kwh 
Plant $/KW 
E lec t r i c i t y Busbar 

mills/kwh 

RESERVE ESTIMATES 

20-23 
300-400 
33-44 

Steam 

14.5-16 
320 -

22.5-24 

9-11 
580-950 
35-36 

Geothermal 

Flash 450° F 

16-20 
450-475 
25-30 

6-7 
800-1000 
32-34 

Binary 

26-30 
500-1000 
40-48 

With these competitive conditions ahd an idea of the required investments 1n 
plant and fields, we can. now estimate the potential reserves identified 
in relation to the proven reserve. 

The proven reserves of the Geysers is now 908 megawatts. The potential 



reserves are another 1100 MW. To infer that the hot water area surrounding 
the dry steam reservoir will be productive of waters that will be used in 
flash steam plants is reasonable. Inferred hot water flash res€rve should 
be approximately 1,000 MW. 

The proven reserves in the Imperial Valley are 400 megawatts. Potential 
reserves of Brawley, East Mesa, Heber, Niland, and Westmoreland total 1600 
MW. Reserves have been inferred with another 1,000 MW in these and similar 
anomalies within the province. Considerable work must be done on conversion 
systems, and deep drilling in the California portion of the Imperial Valley 
if another 5,000 MW are to be moved from the resource category into the 
reserve category in the next 20 years. 

Coso, Lassen, Mono-Long Valley, Mammoth, Randsburg, can be credited with 
about 700 MW of inferred reserves. Sufficient drilling has not been done 
in these areas to estimate reservoir quality, water characteristics, and 
temperature distribution. 

In the western Utah area, Roosevelt is the only area with proven reserves. 
It appears that sufficient testing and plant design work has been completed 
to assign 80 MW to that classification. 120 MW potential and 300 MW inferred 
reserves can be assigned to Roosevelt on information now available. The 
remainder of that general area including Cove Fort - Sulfurdale, Thermal-
Black Mountain should have 1,000 megawatts potential reserves and 500 MW 
inferred". 

Testing of potential areas in Nevada has not progressed to the stage where 
proven reserves can be assigned. The potential reserves of Phillips' three 
areas, and Chevrons' two areas in the northern half of the state, indicates 
400 MW reserve. An additional 600 MW can be inferred on the basis of 
drilling data being extrapolated with geophysical surveys. With continued 
confirmation success in the Carson sink area, an additional 500 MW could be 
moved from resource to inferred reserves. New Mexico's Valles Caldera is 
considered as having 100 MW potential reserve. From the size of the anomaly 
and the temperature indicated by surface springs, an inferred reserve of 
another-300 MW should be assigned. This area has a total reserve of 400 MW. 

Oregon does not have proven reserves except in the direct use of the heat 
contained in the subsurface waters around Klamath Falls. The exploration 
for geothermal energy useful for generation of electricity has been encour­
aging in the northeast extension of the Gerlach-Baltazor trend into Oregon 
from northwest Nevada. The Alvord area has 200 MW potential reserves and 
100 MW inferred. Between Alvord and Vale Hot Springs another 400 MW can 
be inferred. An additional 300 MW can be inferred from other heat flow and 
geophysicaT -survey-work-in-the- general- area. 

This table summarizes these reserve catagories. 



SUMMARY 

• 

Geysers 

Imperial Valley 

Coso-Lassen, 
Long-Valley, 
Mammoth, Rands­
burg 

Roosevelt 

Cove Fort, 
Sulferdale, 
Black Mountain-
Thermal 

N. Nevada 

New Mexico 

Alvord Area 

Alvord to Vale 

Other Oregon SE 

Subtotal 

Total Reserves 

ELECTRICITY 

Proven 
(Measured) 

MW 

908 

400 

80 

1,388 

11,188 MW 

GENERATION RESERVES 

Potential 
(Indicated) 

MW 

1,100 

1,600 

120 

1,000 

400 

100 

200 

4,500 

Inferred 
(Geol-Geoph) 

MW 

1,000 

1,000 

700 

300 

500 

600 

300 

100 

400 

300 

5,200 

The direct use of geothermal heat in the U.S. is on a local project basis 
except in Klamath Falls, Oregon and Boise, Idaho. Local greenhouse operations, 
, individual processing plants in industrial and agricultural projects are 
found throughout the western U.S., Alaska, Texas and Southeast Appalachians. 
It is estimated these present direct uses represent proven reserves of 35 MW. 

Reserves cannot be assigned to geopressure-geothermal projects. It is hoped 
the government research work in progress can develop sufficient data to 
provide inferred reserves in 20 years. 

Reserves now identified in the three catagories total 11,088 MW. This rapid 
build up from the reserve of 500 MW existing just four years ago demonstrates 
an aggressive search for and investment in producing areas. The 164,000,000 
barrels of fuel oil that will be saved annually for electricity generation 



.when this is developed is about 1/TO the amount of direct use potential 
e.xisting today. 

An oil accummulation to provide 164,000,000 bbls per year for 30 years would 
require 4.9 billion bbls to be available for production. Consider that less 
than .2 of 1% of all wildcats drilled in the U.S. during the last four years 
discovered producible reserves over the life of the field greater than 
1 mm bbl s of oi.l. 

To assess the impact of the development of this reserve now identified plus 
the stimulus such development wiTT give to explbration requires an assumption 
that the governmental agencies believe indigenous sources of energy are 
necessary to the economy of the USA. 

In 1975 the forecast of the growth of geothermal capacity spanned 5,000 MW 
to 20.000 MW on Tine by 1985. The forecast by B. Greider at the 1975 
United Nations Symposium was that 6,000 MW capacity would be on line by 
1985. This required a reserve of 11,000 megawatts be discovered. The 
"reserve has been discovered. The majority of the prospects contributing 
to this growth were on federal lands. These same prospects were recognized 
to be primarily in a temperature range that during most of the productive 
lifetime the reservoir would produce fluids at less than 400 F. The basic 
assumption underlying these forecasts was that viable economie incentives 
for geotherrnal would be similar to ones for other natural resource develop­
ments. 

Stanford Research Institute, The University of California, Riverside, and 
Science Application Inc. have each provided thoughtful studies oh the effect 
.of tax incentives for the development of geothermal resources. The effect 
of such tax treatment hais been focused on the resulting price of electricity 
or upon how much income this would "shelter" for the producer. 

Each .study has sidestepped the critical question of how large a capacity 
can be economically developed from recognized prospects with the subject 
incentives, How many would be developed lacking such economic stimuli. The 
next-question-that-^shouTd^have been"an'swered'is: " what is the flow back'to 
government agencies in tax revenues if certain incentives are initiated? 
This demands caireful analysis ofl the possibility of reduced tax flow from 
projects that are certain to be developed without the incentives versus the 
increased tax revenue from those projects that would not have been developed 
without the incentives. 

Consideration of the dynamic effect of taxation regulations on an incipient 
industry will show a tremendous benefit to government agencies in increased 
tax revenues. Robert Rex prepared the following two illustrations demonstra­
ting the flow of monies to federal, state, and county agencies for a single 
48 net MW project on federal lands and the effect if 1,000 MW developed on 
federal leases. 



ESTIMATED GOVERNMENT REVENUES 
FROM FIELD DEVELOPMENT PROGRAM 

1000 MW PROJECT 

10% Federal Royalty Payments 

Federal Income Taxes 

State Income Taxes 

Ad Valorem Taxes 

$1,462,500,000 

1,243,750,000 

1,398,125,000 

345,625,000 

$4,450,000,000 

ASSUMES: 
25 MILS/KWH 

30 YEAR PROJECT LIFE 
6% ANNUAL INFLATION RATE 

ESTIMATED GOVERNMENT REVENUES 
FROM FIELD DEVELOPMENT PROGRAM 

EAST MESA 48 MW PROJECT 

10% Federal Royalty Payments 

Federal Income Taxes 

State Income Taxes 

Ad Valorem Taxes 

$ 70,200,000 

67,110,000 

16,590,000 

59,700,000 

$ 213,600,000 

ASSUMES 
25 MILS/KWtt 

30 YEAR PROJECT LIFE 
6% ANNUAL INFLATION RATE 

If the reserves now known on federal lands are developed additional ones 
will be added in the process of development and by the increased exploration 
attracted to the area of successful development. Five thousand megawatts 
production on federal lands and two thousand MW on non-federal lands should 



return to the goyernment 903 million dollars in revenues each year over the 
first 30 years of the projects lives. 7.02 billion dollars would flow 
to the federal government as royalty, .9.4 billion as income tax. 2.3 
billion would be allocated to the various states' income tax revenues 
and more than 8.4 billion dollars to local county governments as ad valorum 
taxes. 

• SUMMARY 

In 1973 the, geothermal reserves in the U.S. were 500 MW. Reserves identified 
since 1970 total about 11,100 MW.. This is enough energy to supply the. total 
electrical needs for IT,OOO,000 people. To generate the same electricity 
using fuel oil 164 million barrels per year would be needed. Five billion 
barrels of oil would need to be discovered to supply the equivalent energy 
for 30 years,. 

Geothermal energy ean compete with the other types of energy now being used 
in the U.S. To do .so, the ehergy must be available from its reservoir at 
a temperature above 400 F. Below this temperature, operating cost rise 
significantly as the number of wells to produce and reinject the fluid 
increases. 

Tax incentives must be provided to encourage significant investment in the 
mid temperature hot water resources if this type of energy is to be developed. 

The eost of the plants rise rapidly as the temperature of the reservoir 
decreases. The volume of fluid required to move through the system increases 
rapidly to supply the required heat. There are eeonomie limits established 
by temperature that must be recognized. If the BTU content of a ton of 
coal -drops, there-is a point where it is not useable for power productioni 
The same is true for oil and gas fluids as their associated water or inert 
gas ratio increases., Geothermal fluids quality and usefulness is also 
dependent upon its BTU content per unit volume produced. The building of 
power plants for m-id temperature projects is critical to the utilization of 
thisH arge-^resource:;' 

For this reason,'.it is diffieult to present a specific cost of electricity 
.produced by broad types of resource. The probabTe range of prices for 
electricity generated from steam and hot water reservoirs today is:-

HiTls/KWH 

Steam-4S0°-F:and above — 2 2 . 5 - 2 4 

Hot water-flash - below 400° F - 36 - 5 0 

above 400° F 25 - 30 

Binary 40 - 48 



The expected value of a geothermal project, the field costs and the result­
'ing costs to generate electricity are affected by the. interrelated variables 
such as: 

- Temperature of fluids 

- Composition of fluids 

- Geology of reservoir 

- Cost drilling 

- Flow rate per well 

- Well spacing 

- Turbine system 

- Operating costs. 

Research must continue on how to make fluids with temperatures below 400 F 
useful. The teehnology is now mature:. There are vast quantities of heat 
in this resource awaiting the solution to the economic problems of using 
this low grade heat-

Risk capital must be readily available in units of 10 to 15 million dollars 
at the beginning of exploration,. Development to 400 MW may require up to 
100 million dollars investment before payout of the first 50 MW unit is 
obtained. The investor with sufficient money to carry out a successful 
program will compare the return of invested capital offered by similar 
projects (utilizing similar technoTogy and business know-how). The projects 
offering the best rate of return for similar risk and investment will usually 
be the ones selected for funding. 

The biggest problem in obtaining risk^ capital is the uncertainty of the 
business. This includes the discrimination in tax treatment of hot water 
versus steam. - This precludes being able to market the.energy at competitive 
prices and obtain as favorable rate of return as other industries offer. 
Prospective investors should have assurance tha.t .government-r-ules and regu­
lations will encourage the discovery and use of this energy. 
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APPENDIX 

GEOPRESSURE - GEOTHERMAL RESERVOIRS 

Tert iary bas;ins around the world have been discovered to have reservoirs at 
greater than norma.l pressure gradients. These geopressured zones frequently 
have higher than normal geothermal gradients. Exploration and f i e l d develop'^ 
ment for. o i l ahd gas production in Texas' and Louisiana has outl ined an area 
of interest extending several hundred miles from the Rip Grande River to the 
Delta of the Mississippi paral le l to the Gulf Coast. I have not recognized 

-any reserves in th is catagory. 

The economies of developing th is combination of k inet ic energy, low grade 
heat energy,, and methane, i s unfavorable at th is t ime. Uncertainty as to the 
producibii i t y is caused by the knowledge that to have geopressure, the sand 
formations must be discontinuous and the reservoirs must be confined in a 
l imi ted areal conf igurat ion. Without such l i m i t s , normal temperatures and 
pressures would ex is t . In the deeper reservoirs of the geopressured areas, 
higher temperatures have, been reported by Louisiana State University personnel. 
These deeper reservoirs (18,000' to 19,000') are reported .to be at temperatures 
above 400''F, The low permeabi T i t les reported With the moderate reservoir 
thiekness (400') w i l l require a maximum producing rate of 20,CiOO bbls 
per day (instead of the 40,000 bbls usually used) per well i f excessive 
drawdown is i;o be avoided. The wells would probably" require 640 acre spacing 
to eliminate well interference ef fects. The producer-injector ra t io should 

-be planned for 1 :1 . However, an i n i t i a l testing, period for the f i r s t modules 
ean conf irm-this-assumption. 

The pepartment of Energy plans a deep $&,000,0Q0 well test of th is type of 
geopressured prospect. The results w i l l be valuable in t ry ing to design a 
Workable method to recover and use th is very expensive submarginal energy 
accumulation. Table's I I I , IV, and V, synthesize my opinions. 

Table HI 

GEOPRESSURE ECONOMICS 

BASIS 

Reservoir Thickness (assumed) 400' 
Penneabil i t y / F t . . Less than 10 md 
Surface Pressure (desired) 3,000 PSI - 4,000 PSI 
Flow Before In ject ion req'd- 1.0 - 1,1 b i l l i o n bbls 
Time Before In ject ion Less than 2 years 
Minimum spacing, producers 

(interference) 640 acres 
Draw Down Limi't 3500 PSI 

' In ject ion Pressure 5000 PSI 
Net Methane in Solut ion. 75 SCF/bbl 



Table IV 

GEOTHERMAL ECONOMICS 

SCOPE FACILITIES 

Field Size 200 MW 
Barrels Per Year 600 Million 
Barrels Per Day Per WLll 20,500 
10 Wells Each 2-5 MW Unit 
80 Producers 80 Injectors 
Plant Net 200 x< .85 
Plant Load Factor 70% 

Operating costs and 'taxes can only be estimated, It is certain they will not 
be less than those experienced in keeping a gas or oil field in operating for 
30 years. • 

Table V 

INVESTMENT & REVENUE 

160 Wells 0 $6 M Eac. $96,0 M 

(includes surface-facilities) 

Heat @ ,020/kwh Gas @ $ 1,75 MCF 

Energy Revenue 21,25 M/Yr 

Gas Revenue 85., 75 M/Yr 

Revenue Total $107,00 M/Yr. 

EXPENSE 

Operating Gos_ts:$200/Wen/Day = $12 K/Yr 

•Property & State Tax 15% x Gross/Yr = IBM" 

Total Expense. = $28 M 

INCOME 

Income - $107M - $28MJ = $79 M 

Net $79M X 50% (Income Taxes) = $39.5.M" 

Payout $:960/$39.5 = 24 Years ROI = 4% 

There are adequate problems to solve in utrlization of geopressured-geothermal 
reservoirs. .These are primarily related to geologic problems. Dtscontinuous 
sands -form, the reservoir rocks ih geopressured systems. The lack of continuity 



prevents fluid moving to lower pressured zones in a natural adjustment to 
normal pressure results in the abnormal geopressures. This very discontinuity 
results in limited reservoirs of restricted areal extent. 

In many geologic situations, faulting and fracturing provide the plumbing that 
allows geothermal fluids to move into the producing reservoirs. The vertical 
movement of fluids along these faults is thought to be an important factor 
necessary for high production rates over the long life required for energy 
production. 

Geopressured reservoirs have no such plumbing, othenvise, their pressures would 
be normal. The sealed faults in the geopressured areas will cause rapid pressure 
decline unless produced volumes are compensated by having equal volumes reinject­
ed into the same sand bodies. It is for this reason this source of energy must 
remain an energy resource with no defined reserves. 
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VUNITED STATES GEOLOGICAL SURVEY RESEAigil BISSTITIilTS 
GEOTHERMAL RESEARCH PROGRAM^) EABTH SCIEIICE L^i 

FISCAL YEAR 1979 -) ^' 

The U.S. Geological Survey's Geothermal Research Program is a multi-
disciplinary effort with the goal of understanding the nature, distri­
bution, and energy potential of the Nation's geothermal resources. 
Knowledge gained from research activities of the program is used to 
provide reliable, documented estimates of the magnitude, of these 
resources for use in planning a national energy policy. In addition, 
the program's work is applied to advancing the methodology of explora­
tion for geothermal energy sources, to developing a systematic 
knowledge of the characteristics of natural geothermal systems that may 
affect their development, and to solving certain environmental problems 
that may be associated with the extraction of geothermal energy. The 
program is, therefore, divided into five broad categories: 

1. National and regional resource inventory 
2. Exploration and assessment technology 
3. Resource characterization 
4. Geologic controls of subsurface porosity and permeability / 
5. Geoenvironmental effects of geothermal production 

A new geothermal resource assessment of the United States will be published 
in early 1979 as USGS Circular 790. This new assessment is the culmination 
of a 3-year effort to update and refine the first geothermal resource 
assessment of the U.S., published by the USGS in 1975 as Circular 726. 

All of the geothermal energy produced to date has been from hydrothermal 
systems in permeable rock. Two types of geothermal environment,, however, 
may represent even larger potential sources of energy--the geopressured 
zones of large sedimentary basins and hot dry rocks. For FY-79, the 
Geothennal Research Program has been funded to increase its effort in 
understanding the resource potential of these environments. Additionally, 
an increased emphasis is being placed on regional geothermal characteriza­
tion and assessment of the Cascade Mountains of Washington, Oregon, and 
northern California. This is intended to be the beginning of a concerted 
effort over the next few years to achieve a better understanding of the 
active volcanic, tectonic, and hydrothermal processes that characterize 
the Cascades. The Cascade studies will include geologic mapping, 
petrologic study of hydrothermally altered areas, fluid geochemistry, and 
both regional and detailed geophysical surveys. 

The Geothermal Research Program includes a wide variety of geologic, 
geochemical, geophysical, and hydrologic studies that are conducted 
within both the Geologic and Water Resources Divisions of the Geological 
Survey. The program is not organized as a line activity but is adminis­
tered by the Geologic Division under the "lead division" concept. The 
program as a whole is managed by Robert L. Christiansen, Program 



Coordinator (Menlo Park, California), under the direction of Robert I. 
Tilling, Chief of the Office of Geochemistry and Geophysics (Reston, 
Virginia). Donald E. White, senior scientist in geothermal research, is 
advisor to Christiansen and Tilling. Christiansen also directly coordinates 
geothermal investigations carried out in the Geologic Division; studies 
done in the Water Resources Division are coordinated by Franklin H. 
Olmsted (Menlo Park). The Geothermal Research Program supports research 
outside the USGS through a program of extramural grants and contracts 
managed by Donald W. Klick (Reston). Approximately .15 percent of the 
program's funds are designated for this extramural research. Klick 
also serves as Washington liaison between the Survey and other Federal 
agencies having geothermal programs. 

The Geothermal Research Program is organized and managed separately from 
the activities of the Conservation Division related to geothermal leasing 
on Federal lands. However, much of the infonnation produced by the 
Geothermal Research Program has a direct bearing on classification and 
evaluation of those lands for geothermaT leasing. Timely and efficient 
exchange of information between these two activities is accomplished by 
joint planning and funding of certain data-gathering activities between 
the Research Program and the Conservation Division's lease-evaluation 
section. In addition, the Geothennal Research Program Coordinator 
maintains regular contact with the Conservation Division's Area 
Geothermal Supervisor. 

Some activities of'the Geothennal Research Program directly support some 
programmatic objectives of the Department of Energy, and DOE and its 
predecessors have provided some funding to increase the timeliness of 
those activities. 

Until 1971, the USGS did not have a specifically organized and funded 
program of geothermal research and resource evaluation. Limited 
investigations of hot springs, geysers, and hydrothermal systems had 
been conducted since 1945 as part of the Geologic Division's continuing 
work in investigating the nation's energy and mineral resources. Congress 
first authorized a specific program of geothennal research in FY-72. 
The fiscal history of the program is shown below: 

FY-71 $205,000 (part of ongoing Geologic Division program) 
FY-72 $665,000 
FY-73 $2,255,000 
FY-74 $2,555,000 (also $300,000 from NSF and $120,000 from AEC) 
FY-75 $8,966,000 (also $343,000 from ERDA) 
FY-76 $9,114,000 (also $320,000 from Conservation Division, USGS 

and $315,590 from ERDA) 
FY-77 $9,243,000 (also $130,705 from Conservation Division, USGS 

and $532,000 from ERDA) 
FY-78 $9,438,000 (also $116,731 from Conservation Division, USGS 

and $1,011,823 from DOE) 
FY-79 $11,863,000 



The internal work of the Geothermal Research Program is carried out in 
individual projects. These fall into six topical categories: 

1. General studies of geothermal systems and the transfer and, 
storage of geothermal. heat. 

2. Regional geothennal investigations. 
3. Studies of hydrothermal systems and fluid geochemistry. 
4. Studies of volcanic systems and magma chambers. 
5. Studies of geopressured geothermal systems. 
6. Development of geochemical and geophysical techniques for 

geothennal exploration and assessment. 

The project titles, project chiefs and their locations, and a brief 
description of each project are listed following. 



GEOTHERMAL SYSTEMS; HEAT TRANSFER AND STORAGE 

1. Geothermal Resource Assessment - L. J. Patrick Muffler (Menlo Park) 
Inventory of the U.S. geothennal resources and resource base. 

2. Geothermal Resource Evaluation (GEOTHERM) - James R. Swanson (Menlo Park) 
Creation of a computer file to store and retrieve numerical data on 
geothermal fields. 

3. Geothermal Geophysics - Don R. Mabey (Salt Lake City) 
A group of geophysical studies including aeromagnetic and gravity 
surveys and regional analysis of geothermal areas. Includes 
systematic acquisition and compilation of data on designated 
Known Geothermal Resource areas to support Conservation Division's 
lease-evaluation activities. 

4. Teleseismic and Microearthquake Geothermal Studies - H. M. Iyer 
(Menlo Park) 
Delineation of magma systems and the deep structure of geothermal 
areas through the use of microearthquake surveys and teleseismic 
P-wave traveltime delays. 

5. Geothermal/Tectonic Seismic Studies - Craig S. Weaver (Menlo Park) 
Detailed study of the seismicity of selected geothennal areas and 
their tectonic framework. 

6. Active Seismic Exploration of Geothermal Sources - David P. Hill 
(Menlo Park) 
Detailed determination of the velocity structure of the crust and 
upper mantle for use in.studying the composition and pressure-
temperature characteristics of geothennal systems. 

7. Geothennal Processes, Heat Flow - Arthur H. Lachenbruch (Menlo Park) 
Theoretical studies of heat flow combined with field observations 
in the Western United States to increase understanding of the 
processes of heat and mass transport in the crust and upper mantle, 
and of the nature and distribution of geothennal resources. 

8. Physics of Geothermal Systems - Thomas C. Urban (Menlo Park) 
Measurement of temperatures and thennal properties in drill holes 
and integration of available geologic and hydrologic infonnation 
to better understand temperature distribution and heat transfer 
within geothennal systems. 

9. Geothennal Reservoirs - Manuel Nathenson (Menlo Park) 
Investigation of convective heat flow in geothennal reservoirs to 
refine methods of assessing geothermal resources. 

10. Physics of Geothermal Fluid Flow - William N. Herkelrath (Menlo Park) 
Laboratory experiments to understand how high temperature gradients 
effect multiphase fluid flow through porous media. 



n . Numerical Model Ti rig o f Liquid Geothermal Systems - Michael L. 
Sorey (Menlo Park) 
pevelopment of numerical models describing heat t ransfer and 
f l u i d flow in three-dimensional, l iqu id-saturated porous media. 

12. Multiphase Fihfte-Element Models - James W. Mercer (Reston) 
Development o f mathematical models for predict ing the spatial 
and temporal behavior o f hot-water and vapor-dominated geothermal 
reservoirs. 

13. Mathematical Modeling of Energy Transport in Multiphase Ground 
Water Systems - Al len F. Moench (Menlo Park) 
Mathanatical modeling of multiphase gedthermal systems to determine 
heat f low, temperature and pressure d i s t r i bu t i ons , and convection 
rates, 

14. Geothermal Fission-track Studies - Gharles U. Naeser (Denver) 
Use of the thermal sens i t i v i t y of f i ss ion tracks in apat i te to 
develop a bet ter understanding of the thennal h is tor ies of volcanic 
and crystal ! ine-bas ement rocks in geothermal systems. 

15. Geothennal Petrophysics - Gary R. Olhoeft (Denver) 
Laboratory measurement of the physical properties of geothennal 
materials under conditions simulating the i r natural environment, 

16. Rocks Under Geothermal Conditions - Lours PeseTni-ck (Menlo Park) 
A study of elastic-wave propagation in roeks at high temperature 
and pressure for use in detecting and locat ing geothermal energy 
sources. 

17. Pressurized Fractures in Hot Rock - David D. Pollard (Menlo Park) 
A study of the physical processes associated with the i n i t i a t i o n 
and propagation of large f l u i d - f t l led fractures in hot rock. 

IB. Subsidence Research in Geothermal Areas - Francis S. Riley (Denver) 
Monitoring of ground movements in geothennal areas for a base-line 
record and to develop an understanding of the mechanism of 
subsidence caused by withdrawal o f geothermal f l u i d s . 

19. Intermediate-Depth D r i l l i n g - J . Glenn Blevtns (Menlo Park) 
D r i l l i n g to depths to 2000 feet for aquifer t es t i ng , heat-flow 
measurementSi and hydrologic data in gedthermat areas. 



REGIONAL INVESTIGATIONS 

1. Regional Geothermal Hydrology of Southwestern Montana - Robert B. 
Leonard (Helena) 

' Determination and descrintion of the nature and distribution of 
thennal springs in southwestern Montana. 

2. Hydrologic Oata on Geothermal Systems, Idaho - E. G. Crbstwaite 
(Boise) 
Collection of hydrologic data from shallow and intennediate depth 
wells on and near the Snake River Plain, Idaho, for use in 
understanding the OGeurrence and flow Of ground water In the: basin. 

3. Geothermal Studies of the Snake River Plain - S. S. Oriel 
(Denver) 
Geologic mapping of the Snake River Plain, Idaho, to provide a 
framework for geothermal Investigations. 

4. Snake River Plain Geoelectric Studies - William D. Stanley (Denver) 
Investigation pfthe Shake River Plain-Yellowstone region using 
deep electrical sounding techniques, 

5. Geothermal Potential of Owyhee County, Idaho - E. 8. Ekren (Denver) 
Geplogic inapping and stratigraphic Study to determine the geologic 
features of probabTe geothermal reservoir rocks of the western 
Snake River Plain and its western margih aiid identification of 
possible geothermal targets wtthin the area of study. 

6. Oregon Geothermal Reconnaissance - Norman S. MacLeod (Menlo Park) 
Evaluation of the geothermal potential of central and southeastern 
Oregon. 

7. Geothermal Hydrologic Reconnaissance, Oregon - Edward A, Sammel 
(Menlo Park) 
Description and, evaluatipn of several geothermal systans in Oregon 
including the Klamath' Falls, Newberry, Summer Lake, and Warner 
Valley Areas, 

8. Hydrologic Reconnaissance of Geothennal Areas in Nevada and 
California - Franklin H. Olmsted (Menlo Park) 
Study of the hydrology and geology of several hydrothennal systems 
in northern and central Nevada and fomulation of eonceptual 
models of those systems for which the most data are available. 

9. Black Rock Desert Geothermal. Studies - Alan H. Welch (Carson' City) 
Hydrologic and geophysical investigation of hydrothermal systems 
in the western Black Rock Desert, Nevada, to determine the systems' 
fluid recharge and discharge and total heat budget. 

10.. Imperial Valley Seismic Geothermal Studies - Gary Fuis (Menlo Park) 
Investigation of the relation between earthquakes and geothermal 
areas j and monitoring changes in seismicity that liiay result from 
commercial geothermal development. 



11. Geothermal Hydrology of the Lower Coachella Valley, Southeastern 
California - James H. Robison (Menlo Park) 
Description of the geohydrologic framework of the Coachella 
Valley and how It may relate to geothermal systems; evaluation 
of.other data that may indicate geothermal systems In the area. 

12. Alaska Geothermal Reconnaissance- Thomas P. Miller (Anchorage) 
Evaluation of the geothermal resources of Alaska, especially 
the Aleutian volcanic, arc, and the Wrangell Mountains. 

HYDROTHERMAL SYSTEMS AND FLUID GEOCHEMISTRY 

1 . Thermal Waters - Donald E. White (Menlo Park) 
Investigation of the origins and characteristics of thermal waters. 

2. RoGk-Water Interactions - Robert Q. Fournier (Menlo Park) 
Development of criteria for estimating conditions deep in hydros 
thennal systems using chemical compositions of fluids from 
thennal springs and wells. 

3. GeoGhemical Indicators - Alfred H,. Truesdell (Menlo Park) 
Application of chemical and Isotopic methods to the, study of geo­
thermal systems to determine subsurface temperatures, flow direc­
tions, origins and ages of recharge waters, and the influence of 
subsurface processes on the chemical and Isotopic compositions of 
geothermal fluids. 

4. Geochemical Studies of Geothermal Systems - Ivan Barnes (Menlo 
Park) 
Collection and analyses of liquid and gas samples from thermal 
springs and wells for chemical and isotopic data that can be used 
to estimate reservoir temperatures, outline favorable areas for 
geothennal exploration. Identify potential pollution problems, 
and estimate recharge-discharge relations. 

5. The National Center for the Thermodynamic Data of Minerals -
John L. Haas, Jr. (Reston) 
Critieal evaluation ahd compilation of published thermodynamiG 
data from International sources for minerals found In geothermal 
environments. 

6. Trace Elements - Everett A. Jenne (Menlo Park) 
Anaylsis of trace elements discharged from geothermal springs and 
determination of how these elements are dissipated in the natural 
environment. 

7. Oxygen Isotopes, Geothennal - James R. O'Neil (Menlo Park) 
Analysis of l i g h t stable isotope ra t io in geothermal f l u i ds and 
minerals. 

8-. Isotope Geochemistry pf Hydrothermal Fluids - Tyler Coplen (Reston) 
Analysis of deuterium of geothermal f l u i d s . 



9. Stable Isotopes and Ore Genesis, Geothennal - Robert 0. Rye (Denver) 
Studies of sulfur isotopes and other stable isotope systems at 
Yellowstone National Park; 

10- Eleetrochemistry of Minerals - Motoakl Sato (Reston) 
Development of Instrumentation for monitoring the CO2. coraponent of 
volcanic and geothermal gases. 

11. Geology of Yellowstone Thermal Areas - Melvin H. Beeson (Menlo Park) 
A study of the structural controls of hydrothennal systems and the 
nature of hot spring deposits and alteration products in Yellowstone 
National Park. 

12. Hydrothermal Alteration in the Cascades - Melvin H. Beeson (Menlo Park) 
Detailed field mapping and laboratory petrological and mineralogical 
studies of selected aetive and fOssil geothermal systems of the 
Western and High Cascades., 

13. Geology of Thermal Areas In and around Lassen Volcanic National 
Park - L, J. Patrick Muffler (Menlo Park) 
A geologic study of the volcanic roeks south and east of Lassen 
Peak, California, to provide the geologic framework for geochemical 
studies of gases and water from Lassen thermal areas. 

14. Pre-Tertiary Geology of The Geysers/Clear Lake Areas, California -
Robert d. McLaughlin (Menlo Park) 
Determination of the structure of Pre-Tertiary rocks in The Geysers/ 
Clear Lake geothermal area and development of an understanding of 
the relation between structure and the occurrence of geothennal 
fluids, 

15. Earthquake Studies in The Geysers/Clear Lake Region - Charles G. 
Bufe (Menlo Park) • 
Determination of the relationship between present seismicity at The 
Geysers/eiear Lake area and regional electronics and local 
deformation associated with the magma body presumed to exist at 
depth. 

16. Gas Geochemistry in Hawaii - Tom Casadevall (Hawaiian Volcano Observatory) 
Study of volcanic and geothermal gases associated with Kilauea 
and Moana Loa volcanoes. 

17. Geothertnal Reconriaissance of the Salt River Val ley, Arizona - Phi l ip P. 
Ross (Flagstaf f ) 
Hydrologic studies to determine the extent and d is t r i bu t ion of 
geothermal waters In the western Salt River Val ley, 

18. Geothermal Studies of the Vein Systan at Creede, Colorado -
P, M. Bethke (Reston) 
Investigation of the thermal, chemical, and isotopic evolution 
of ancient geothermal f lu ids in the Creede ore-forming system. 
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VOLCANIC SYSTEMS AND MAGMA CHAMBERS 

1. Regional Volcanology - Robert L. Smith (Reston) 
CTassification, characterization, and geothermal evaluation of 
volcanic systems in the Western United States. 

2. Geothennal Geochronology - Marvin Lanphere (Menlo Park) 
Radiometric dating of Igneous rocks from geothermal areas by K/Ar 
methods, and developinent of a thermoluminescence method for dating 
young volcanic rocks* 

3. G-14 Dating, Geothermal - Stephen W. Robinson (Menlo. Park) 
Dating of young vplcanic events using the Ĉ ** method,, 

4. Tephrochronology, Central Region - Glen A. Izett (Denver) 
Integrated study of volcanic ash beds by chemical, mineralogical, 
Isotopic-age, and paleomagnetic methods in order to date Cenozoic 
continental sedimentary units, to relate the ashes to their source 
areas, and to determine aspects of the eruptive history and 
magmatic evolution of certain volcanic areas. 

5. Geothermal Paleomagnetic Studies - Shennan Gromme' (Menlo Park) 
Reconstruction of the history of Holocene geomagnetic secular 
variation as a basis for dating young volcanic rocks, and the 
application of other paleomagnetic and rock-magnetic techniques 
to the study of volcanic geothermal systems. 

6. Geophysical Characterization of Young Silicic Volcanic Fields -
David L. Williams (Denver) • 
Characterization of volcanic geothermal areas using gravity, 
aeromagnetic and other geophysical data. 

7. Kinetics of Igneous Processes - H. R. Shaw (Menlo Park) 
Applicatioh of oomputer analysis to study of mass and energy 
balances In the evolution of high-level silicic magma chambers 
and the interaction between magma, country rock, and hydrothermal 
systems. 

8. Roots of Calderas and Fossil Geothermal Systems - Peter W. Lipman 
(Denver) 
Investigation of caldera-related structures that are sites of 
fossil hydrothennal systems in order to determine structural 
relations between volcanic and plutonic features that constrain 
the P-V-T^X conditions of hydrothermal circulation, alteration, 
and mineralization, 

9. San Francisco Volcanic Field - Edward W. Wolfe (Flagstaff) 
Geological studies designed to determine whether magma exists in 
the crust under the San Francisco volcanic field of north-central 
Arizona. 



10. Springerville Volcanic Field, Arizona - Edward W. Wolfe (Flagstaff) 
Areal geologic mapping of the Springerville volcanic field in east-
central Arizona. 

11. Petrology of the Yellowstone Plateau Volcanic Field - Robert L. 
Christiansen (Menlo Park) 
Investigation of origin and evolution of the Yellowstone magmas, 
and geochemical studies of zoned silicic magma chambers. 

12. Yellowstone Seismic Analysis - Andrew M. Pitt (Menlo Park) 
Study of seismicity patterns in the Yellowstone region to 
determihe how these patterns relate to the fluid circulation, 
thennal regime, and tectonics of the region. 

13. Geology of the Coso Mountains - Wendell A. Duffield (Menlo Park) 
Study of the geology, structural setting, and volcanic evolution of 
the late Cenozoic Coso volcanic field. 

14. Long Valley-Mono Basin Geologic Studies - Roy A. Bailey (Reston) 
Detailed geologic mapping and petrologic study of the Long Valley 
caldera in east-central California. 

15. Clear Lake Volcanics, California - B. Carter Hearn, Jr. (Reston) 
Geologic mapping, isotopic dating, and geochemical studies of the 
Clear Lake volcanic field in northern California. 

16. Volcanology and Petrology of Mt. Shasta - Robert L. Christiansen 
(Menlo Park) 
A study of the volcanic evolution of Mount Shasta, California, and 
its relation to surrounding volcanic areas. 

17. Medicine Lake Volcanic F ie ld , Cal i fornia - Ju l ie M. Donnelly 
(Menlo Park) 
Geologic mapping and studies of the geochemistry and geochronology 
of the Medicine Lake volcano to determine the geothennal potential 
of this young volcanic system. 

18. Mount Mazama (Crater Lake), Oregon - Charles R. Bacon (Menlo Park) 
Detailed geologic mapping and geochemical studies of Mt. Mazama, a 
collapsed volcano in south-central Oregon that offers a unique 
opportunity to decipher the evolution of a shallow silicic magma 
reservoir that may have present-day analogues elsewhere in the Cascade 
Range. 

19. Hawaiian Geothermal Studies - Robert W. Decker (Hawaiian Volcano 
Observatory) 
Geologic, geophysical, and geochemical studies to determine the 
structure and physical properties of shallow magma reservoirs and 
hydrothermal systans, especially at Kilauea volcano. 
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20. Seismic Studies of Hawaiian Magma Reserviors - Frederick W. Klein 
(Hawaiian Volcano Observatory) 
Analysis of seismicity to determine the location, physical properties, 
and behavior of magma chambers beneath Kilauea volcano and its rift 
zones. 

21. Volcano Deformation Studies - James Dieterich (Menlo Park) 
A study of surface deformation and tilting around Kilauea and Mauna 
Loa volcanoes, Hawaii, to better understand the geometry and mechanics 
of shallow magma chambers. 

22. Potential Methods for Subsurface Magma Mapping, Kilauea Volcano, 
Hawaii - Charles J. Zablocki (Denver) 
Geoelectrical studies designed to characterize the magma body under 
Kilauea volcano, Hawaii, and to understand hydrothennal systems 
related to the volcano. 
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GEOPRESSURED GEOTHERMAL SYSTEMS 

1. Geopressured-Geothermal Resources of the United States - Raymond H. 
Wallace, Jr. (Bay St. Louis) 
Study of the hydrology of the geopressured Tertiary sediments of 
the Gulf Coast Region. 

2. Stratigraphy and Sedimentation of Geopressured Zones - Richard Q. 
Foote (Corpus Christi) 
Subsurface geologic studies of the offshore and deeper onshore geo­
pressured zones of the Gulf Coast to characterize their stratigraphic 
framework and depositional environments, and ultimately to predict 
the extent and characteristics of source beds and reservoir rocks 
for waters charged with methane gas. 

3. Geophysical Detection of Geopressured Zones - Richard Q. Foote 
(Corpus Christi) 
Development of geophysical methods for detecting and delineating 
lateral and vertical lithologic successions in the geopressured 
zones of the Texas-Louisiana Gulf Coast. 

4. Geochemistry of Geopressured Systems - Yousif K. Kharaka (Menlo 
Park) 
Study of the geochemistry and mineralogy of the Gulf Coast 
geopressured systems to develop guidelines for delineating favorable 
exploration areas and identifying potential pollution, waste 
disposal, and corrosion problans associated with their production. 

DEVELOPMENT OF GEOTHERMAL-EXPLORATION TECHNIQUES 

1. Volatile Elements and Compounds ih Geochemical Exploration -
Margaret E. Hinkle (Denver) 
Construction and field testing of a helium "sniffer" to test the 
use of helium concentration in soil gases as a method of geothermal 
exploration. 

2. Stable Isotopes, Geothermal - Irving Friedman (Denver) 
Evaluation of the Pallman method (sucrose inversion) in detennining 
anomalous shallow geothennal gradients; application of obsidian-
hydration dating to young volcanic rocks. 

3. Remote Sensing, Geothermal - Kenneth Watson (Denver) 
Development of thermal infrared techniques for geothermal resource 
exploration. 

4. Engineering Geophysics - Hans D. Ackermann (Denver) 
Determining relations between the rock properties of geothennal 
systems and their seismic-wave transmission properties by seismic 
measurements in the field and application of these relations to 
problems of geothermal exploration. 
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5. Geothermal Regional Studies - Robert Simpson (Denver) 
Analysis of regional geophysical data pertinent to geothermal 
studies. 

6. Potential-field Methods - Bimal Cbattacharyya (Denver) 
Inversion of aeromagnetic data to provide thermal models of 
geothermal regions. 

7. Resistivity Interpretation - Adel Zohdy (Denver) 
Development and application of solutions for inversion of 
resistivity data in geothennal areas. 

8. Electrical Techniques for Shallow to Medium-Depth Exploration for 
Geothennal Systans - Donald B. Hoover (Denver) 
Development of self-potential and audiomagnetotelluric techniques 
for more effective use in the exploration of geothennal systems. 

9. Development and Evaluation of Magnetotelluric and Telluric 
Methods - James E. O'Donnell (Denver) 
Evaluation and improvement of magnetotelluric and telluric survey 
techniques in prospecting for geothermal resources. 

10. Physical Properties of the Crust and Upper Mantle by Geomagnetic 
Variation - David V. Fitterman (Denver) 
Development and application of the geomagnetic variation sounding 
technique for use in estimating the physical state of the crust and 
upper mantle, with anphasis on the geothermal potential of large 
regions. 

11. Variometer Array and Transient Electromagnetic Investigations on 
the Sierran Front and Rio Grande Rift - James N. Towle (Denver) 
Determination of crustal and upper-mantle structure in regions of 
geothennal potential using geomagnetic array techniques. 

12. Electromagnetic Modeling and Inversion of Controlled-Source Measure­
ments - Walter L. Anderson (Denver) 
Development of numerical techniques and computer programs for 
electromagnetic modeling and inversion of controlled-source 
electromagnetic data. 

13. Geophysical Instumentation and Field Support - Frank C. Frischknecht 
(Denver) 
Design, construction, and procurement of new geophysical equipment 
for use in geothermal research and exploration; repair and mainte­
nance of existing equipment; and field support of geophysical 
operations. 

14. Borehole Geophysics as Applied to Geothermal Research - W. Scott 
Keys (Denver) 
Development of accurate, reliable geophysical logging systems for 
geothermal wells. 
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Projects Current as of October 1, 1978 
EXTRAMURAL RESEARCH GRANTS AND CONTRACTS 

1. UNIVERSITY OF ALASKA - Donald L. Turner 
Downhole fission track i- K/Ar age determinations and the measurement 
of perturbations in the geothennal gradient. 

2. UNIVERSITY OF ARIZONA - Denis L. Norton 
Chemical mass transfer between circulating fluids and rocks in 
modern geothennal systems. 

3. BROWN UNIVERSITY - John Hermance 
Modeling the magnetotelluric response of three-dimensional geothennal 
structures. 

4. BROWN UNIVERSITY - Joseph P. Kestin 
Thermophysical properties of water substances and of aqueous solutions 

5. BROWN UNIVERSITY - E. M. Parmentier 
A modeling study of physical processes in cooling intrusions and 
their relation to the evolution of geothermal systems. 

6. UNIVERSITY OF CALIFORNIA, BERKELEY - Frank Morrison 
Interpretation of self-potential data from geothennal areas. 

7. UNIVERSITY OF CALIFORNIA, SAN DIEGO - Harmon Craig 
Isotope and chiemical studies of geothermal gases. 

8. UNIVERSITY OF CALIFORNIA, SAN DIEGO - John M. Goodkind 
A study of gravity variations as a monitor of water levels at 
geothermal sites. 

9. COLORADO SCHOOL OF MINES - George V. Keller 
Evaluation of methods for deep exploration of the earth. 

10. COLORADO SCHOOL OF MINES - Charles H. Stoyer 
Automatic inversion of time-domain electromagnetic data by catalog 
look-up. 

11. ENSCO, INC. - Edward Page 
Special geothennal ground noise experiment, 

12. GEORGIA INSTITUTE OF TECHNOLOGY - Robert P. Lowell 
Convection in narrow vertical spaces. 

13. -UNIVERSITY OF HAWAII - Murl1 H. Manghnani 
Laboratory investigation of the seismic and thermal properties of 
basalts to melting temperatures. 

14. UNIVERSITY OF NEVADA, RENO - Keith Priestley 
Detailed seismic characterization of geothermal subprovinces in 
central Nevada." 
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15. NEW MEXICO STATE UNIVERSITY - Chahdier A, Swanberg 
The correlation among water chemistry data, regional heat flow, 
and the geothermal potential of the western U.S. 

16.. PURDUE UNIVERSITY - Lawrence W. Braile 
Support of seismic refraction profiling research In Yellowstone 
National Park and the Snake River Plain. 

17. SAN DIEGO STATE UNIVERSITY - Gordon Gastil 
Reconnaissance study of thermal springs in the Peninsula Ranges of 
southern and Baja California. 

18. SOUTHERN METHODIST UNIVERSITY - David D, Blackwell 
Heat flow study and geothermal resource analysis of the Snake River 
Plain and margins, Idaho. 

19. SOUTHERN METHODIST UNIVERSITY - Bavid D. Blackwell 
Workshop on thermal measurements applied to geothermal exploration. 

20. SOUTHERN METHODIST UNIVERSITY - Wayne J. Peeples 
Simultaneous inversion of data from disparate geophysical experiments. 

21. STANFORD UNIVERSITY - David M. Boore 
Eyaluation of intennediate period seismic waves as an exploration 
tool for geothermal areas. 

22. SYSTEMS, SCIENCE AND SOFTWARE, INC. - T- David Riney 
Integrated model of the shallow and deep hydrothermal systems in 
the East Mesa area. Imperial Valley, California, 

23. UNIVERSITY OF TEXAS, DALUS - Ronald W. Ward-
Evaluation of geothermal systems using teleseisms. 

24. UNIVERSITY OF TEXAS. DALLAS - ROnald W. Ward 
Workshop on active and passive seismic methods applied to geotherma] 
systans. 

25. UNIVERSITY OF UTAH - David S. Chapman 
Delineation of heat flow provinces in Utah. 

26. UNIVERSITY OF UTAH - William. P. Nash and WiUiam Parry 
Petrology and geochemistry of the Blackfoot Reservoir region, 
southeastern Idaho. 

27. WEI2MANN INSTITUTE OF SCIENCE - Emanuel Mazor 
Evaluation of nobel gases in the exploration for geothermal energy. 

28. WOODS HOLE OCEANOGRAPHIC INSTITUTION - William J. Jenkins 
Mapping of volcanic and conducted heat flow sources for thennal 
springs in the western U.S'.' using helium isotopes and other rare gases, 

29. WOODWARD-CLYDE CONSULTANTS - George E. Brogan 
Faults and occurrences pf geothermal anomalies. 
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Geothermal Resource Assessment 

of the New England States 

Introduction 

On July 1, 1980, a two year program to conduct an assessment of 

the geothermal resource potential of the New England region (Fig. 1) 

was initiated under contract DE-FCO7-80RA50272 between the Department 

of Energy and Amherst College of Amherst, Massachusetts, at a funding 

level of 365,000• Subsequently a six month no-cost extension was 

granted to terminate the study at the end of 1982. Most of the field 

work was conducted during the summer months, with laboratory work and 

literature searches being pursued during the academic year. 

Even though, for geologic reasons, there appeared to be only a 

small possibility that hydrothermal geothermal resources might occur 

in the region, the existence of warm springs in western Massachusetts, 

the abnormal radioactivity in certain plutonic rocks in the region, 

and the high population and industrial density justified a survey at 

a low level of funding. 

Since modem day earth scientists, except for hydrologists and 

ground water geologists, pay little or no attention to springs and 

their characteristics, it was necessary to go back and pursue the early 

geological literature concerned with New England and this in itself 

raised a problem. Early investigators wrote in a most prosaic style 

and rarely had indices in which specific features were listed, so 

often it was necessary to read an entire work in search of clues to 
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FIGURE 1: The New England States 



springs of unusual character. Within these works the location of fea­

tures are also vague and frequently given in terms of the current land 

owner and structures. 

Early visits were made to the offices of the State Geologist, the 

State Energy Office, and the Water Resources Division Office of the 

U. S. Geological Survey, in search of information relating to springs 

and wells in the region. Compilation of geological and geophysical 

data have been made and compared in search of areas that could serve 

as targets for more detailed investigations. 

Results of the Survey 

With the exception of Sand Springs in Williamstown, Massachusetts, 

there are no identifiable hydrothermal geothermal resources in the New 

England region. The radioactive plutons of the White Mountains of New 

Hampshire do not, apparently, contain sufficient stored heat to make 

them a feasible target for an induced hydrothermal system such as exists 

at Fenton Hill near Los Alamos, New Mexico. The only potential source 

of low grade heat is the large volume of ground water contained within 

the unconsolidated sediments related to the Pleistocene glaciation of 

the region. 

During the course of the survey an unusual and unexplained thermal 

anomaly was discovered in St. Johnsbury, Vermont, which is described 

towards the end of this report. 



Summary of the Geologic History of New England 

The oldest exposed rocks in New England (Plate I) are part of the 

Grenville Group of Precambrian age and crop out in the core of anticlin-

orial uplifts in western Vermont, Massachusetts and Connecticut. These 

rocks contain a long history, which includes repeated periods of sedimenta­

tion, deformation, metamorphism and intrusion. Rocks of Grenville age 

are believed to underlie virtually all of New England. The Grenville 

orogeny ended about 950 million years ago. 

In Late Precambrian time rifting of the landmass containing the 

Grenville rocks occurred producing what some geologists term the "proto-

Atlantic" ocean. Late Precambrian and Early Paleozoic sediments and vol­

canic material were deposited forming a continental shelf, slope and rise. 

Present day western New England contains rocks that were probably formed 

on the continental slope, with volcanic island arcs farther to the'east. 

Continued erosion of the land raass to the west and north permitted the 

encroachment of the ocean westward creating large epeiric seas covering 

most of New England and the region to the west by Late Cambrian time and 

into Ordovician time. 

The "proto-Atlantic" ocean began to close by Middle Orodvician time 

and deformation commenced with the advent of the Taconic orogeny. This 

deformation caused folding, thrusting, uplift and granodiorite intrusions 

of the Oliverian and Highlandcroft Magma Series (Plate II). The orogeny 

affected northern Maine and western New England and adjacent New York 

east of the Hudson River.producing an elevated land mass. Erosion and 

sedimentation produced another sequence of continental margin sediments 

in Silurian and Devonian times but situated farther to the east in cen-



tral Vermont, Massachusetts and Connecticut. 

All of New England was again subjected to intense deformation (the 

Acadian orogeny) during Late Devonian time, producing intense metamor­

phism and intrusion.̂  of the New Hampshire Magma Series (Plate II) . Ero­

sion of the resulting mountain chain produced deltaic deposits that 

spread over much of the region during Pennsylvanian time. Large swampy 

areas developed on the deltaic deposits ultimately producing coal. These 

deposits are preserved today in Rhode Island and adjacent Massachusetts 

in the Narragansett Basin (Plate I). 

In Late Pennsylvanian time or Early Permian time deformation again 

affected the region during the Appalachian orogeny, which in New England 

caused the folding, low grade metamorphism and granitic intrusion (Narra­

gansett Pier granite) in Rhode Island and eastern Connecticut and Massa­

chusetts. 

Rifting began in Late Triassic time as a result of regional warping 

and associated faulting. Nonmarine, red fluvial and dark lacustrine sed­

iments and basalts filled the rift valleys and basins into Jurassic time, 

creating the rock sequence now preserved in the Connecticut River Valley 

of Massachusetts and Connecticut and a much smaller basin in southwestern 

Connecticut. 

In Late Jurassic time the present Atlantic Ocean began to open and 

the present continental shelf, slope and rise began to develop. While 

the oldest dated rocks in the shelf pile are of Jurassic age the oldest 

exposed rocks (at Martha's Vineyard) are of Cretaceous age. Associated 

with the opening of the Atlantic Ocean was the formation of a large 

group of calderas during Jurassic and Cretaceous time. The calderas and 

associated volcanic activity were centered in the middle of New Hampshire 



forming the alkalic igneous rocks of the White Mountain Magma Series 

(Plate II) . 

With the end of the volcanic activity the New England region has 

been subject to erosion with the exception of the advance of continental 

glaciers during Pleistocene time. The terminal morraines of the last 

advance are found in Massachusetts on Cape Cod, Martha's Vineyard and 

Nantucket Island. With the retreat of the ice sheet glacial till and 

lake deposits were spread unevenly over the entire region. 

Tectonic Setting 

The entire region of New England is essentially the northern exten­

sion of the Appalachian Mountains orogenic belt which in New England 

has been divided by Zen (1968) into several broad zones. (Fig. 2).Each of the 

zones forms a tectonically distinct geologic unit and usually has a dis­

tinct stratigraphy. It is perhaps easiest to discuss the zones from 

west to east across the structural grain of New England. 

The westernmost zone associated with the Appalachian orogenic belt 

lies mostly outside of New England. This zone, termed the foreland, con­

sists of rocks that are chiefly Cambrian to Middle Ordo-vician quartzites 

and carbonate rocks overlain by Middle Ordovician shale. The zone is to 

the immediate west of the orogenic belt and includes the rocks in the 

Hudson Valley and the Champlain lowland. The degree of deformation is 

very slight but increases to the east. 

A north-south trending belt of metamorphosed Lower Paleozoic car­

bonate rocks forms the next zone, termed the Middlebury-St.. Albans 

Synclinoria. The rocks correlate lithologically and stratigraphically 
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with those of the foreland. They have, however, undergone two periods 

of deformation (the Taconic and Acadian orogenies). To the south the 

rocks are folded recumbently. The degree of folding dirainishes north­

ward and in westem Massachusetts and Vermont the rocks are broken by 

thrust faults (Plate I). Within this belt of folded and faulted rocks 

is a zone of allochthones that slid into place from the east. They re­

present a facies that is intermediate between the platform sequence of 

the foreland and volcanic-bearing eugeosynclinal rocks. During Middle 

Ordovician time these masses slid into their present position as subma­

rine "sheets", and are composed of rocks that range in age from Cambrian 

to Middle Ordovician. 

The next zone eastward is dominated by large massifs of Precambrian 

rocks. In the New England region they are the Green Mountain massif 

(Vermont) the Berkshire massif (Massachusetts) and the. Housatonic and 

New Milford massifs (Connecticut). They are the cores of large anti-

clinoria, the limits of which extend beyond the exposures of the Precam­

brian rocks. 

The next zone to the. east of the massifs consists of eugeosynclinal 

Paleozoic rocks that are intensely sheared, folded and metamorphosed to 

varying degrees. These comprise the westem limb of the Connecticut 

Valley-Gaspe synclinorium. In New England this zone can be subdivided 

into two subzones. The westem subzone consists of a homoclinal se­

quence dipping eastward off the massifs. The eastem subzone consists 

of domes superimposed upon isoclinal and possible recumbent folds. Ul­

tramafic rocks are associated with both subzones. 

The same eugeosynclinal sequence of rocks is exposed in the next 

zone, the Bronson Hill Anticlinorium, but here the structure consists 
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of a series of knappes with a second line of gneiss domes superimposed 

on the nappes. The domes extend from northwestem New Hampshire to 

Long Island Sound. 

The Merrimack Synclinorium comprises the next zone. It extends 

from northem Maine through central New Hampshire into eastem Massa­

chusetts and Connecticut. Stratigraphically, rocks of this zone corres­

pond to those in the Connecticut Valley-Gaspe Synclinorium from which 

they are separated by the gneiss domes of the Bronson Hill Anticlino­

rium. 

The coastal belt is composed of a heterogeneity of eugeosynclinal 

rocks containing a large volume of volcanic and nonmarine rocks. These 

are probably of Ordovician, Silurian and Early Devonian age. There are 

also rocks of possible Precambrian age in southwestem New England. 

Superimposed on these zones of pre-Arcadian rocks are two sequen­

ces of younger non-marine rocks, namely the Pennsylvanian age Narragan­

sett and Boston basins and the Triassic-Jurassic age basin of the Conn­

ecticut River Valley. Both of these sequences probably covered most 

of New England at the time of deposition but have subsequently been 

removed by erosion. 

The zones outlined above, with the exception of the Triassic-Jur­

assic basin, have been variously affected by one or more orogenies since 

the beginning of Paleozoic time, and evidence of additional orogenic 

events can be found in the Precambrian rocks. The Paleozoic orogenic 

events pro-vide a useful reference for gross division of the stratigra­

phic column as used on the geologic map (Plate I). 

The Taconic orogeny affected rocks of Cambrian and Ordovician age, 

so rocks of those ages are grouped as one unit on the geologic map. 
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This orogeny was apparently long lived, beginning in isolated locali­

ties in the Middle Ordovician and may include some events that occurr­

ed as late as Late Silurian time. The time between the Taconic and 

Acadian orogenies is represented by the deposition of Silurian to Mid­

dle Devonian rocks in New England. The Acadian orogeny had far great­

er affect on New England than either the Taconic or the later Appala­

chian orogenies, producing a higher grade of raetamorphism and a large 

volume of plutonic rocks, which persisted from preorogenic to post-

orogenic time. It was also responsible for the formation of the syn­

clinoria and anticlinoria and the formation of most of the nappes. The 

Appalachian orogeny affected the late Paleozoic rocks of eastem Massa­

chusetts and Rhode Island.' 

The Triassic-Jurassic detrital and volcanic rocks are confined to 

the partly fault-bounded basin in central Massachusetts and Connecticut, 

are unmetamorphosed and therefore truly post orogenic. Thus in New Eng­

land the late tectonic events appear to be restricted to high-angle 

faulting accompanied by volcanism and the emplacement of the White Moun­

tain Magma Series. 

Bouger Gravity Anomalies in New England 

The first gravity map of the region was prepared by Longwell (1943) 

and covered a portion of southem New England. It was followed by a 

map and report by Woolard_ (1948) covering most of New England. These, 

and subsequent more detailed investigations (Bean, 1953; Joyner, 1963; 

Bromery, 1967; Diment, 1968; Kane and Bromery, 1968; Kane, 1970) have 

been combined by Kane et al. (1972) to produce a Bouguer gravity map 
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of the region. The gravity map accompanying this report (Plate III) 

is a modification of the map of Kane et al. (1972). 

Negative gravity values are dominant throughout New England and 

exceed -70 milligals in northwestem Massachusetts, southeastem Ver­

mont and central New Hampshire. Positive gravity values exceeding 

+40 milligals are located in southwestem Connecticut and in the Cape 

Ann region north of Boston (Plate III). 

Gravity trends are mostly north-south in western and southern 

New England and shift to a northeasterly trend in the rest of the re­

gion becoming most pronounced in Maine. The diversity in trend corre­

lates in a general way with lithology and structure (Plate I). 

Regional gravity anomalies are considered to be the result of 

variation in crustal thickness (Kane et al., 1972). Local anomalies 

appear as a sharp steepening of gradients and local closure of isogals. 

In New England the best defined cause of local, steep anomalies are 

masses of plutonic rock, the most common being felsic plutons associated 

with gravity lows. The pile of sedimentary rock in the Narragansett 

and Boston Basins does not produce a gravity low, probably as a result 

of the low grade metamorphism that accompanied the Appalachian orogeny. 

Likewise, the thick pile of post-tectonic sediments in the Connecticut 

River Valley does not give any indication of there being an associated 

gravity low probably due to their thorough cementation (in part of sec­

tion by iron carbonate and iron oxide) and the presence of lava flows. 

The regional gravity field correlates well with major geologic fea­

tures, with gravity highs overlying broad areas of uplift and the lows 

over broad areas of subsidence and deposition (Longwell, 1943; Woolard, 

1943). Two of the regional lows occur over large felsic plutons, one 
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being the White Mountains of central New Hampshire within the Merrimack 

Synclinorium and the other in extreme northeastern Vermont within the 

Connecticut Valley-Gaspe Synclinorium. 

The correspondence between tectonic features and major gravity fea­

tures is apparent on a large scale, but does not hold in detail as noted 

by Diment (1968). Note, for example, the offset of gravity and tectonic 

highs in extreme western Massachusetts, It would seem, therefore, that 

the regional anomalies are caused by major crustal or crust-mantle struc­

tures of considerable vertical extent that are sometimes masked by geo­

logic features within the upper crust such as the multiple thrusting of 

thin crustal sheets in western New England. 

The predominate regional features of the westem part of New England 

are the positive linear gravity high and the adjacent gravity low to 

the west (Plate III). Diment (1968) concluded that the principal cause 

of the high is the relative uplift of dense lower crust material while 

the low results from the depression of less dense crustal material into 

the more dense mantle. The gravity field in extreme western New England 

shows a range in gravity values over the relatively short distance of 

125 km from + 40 mgals in southwestem Connecticut to - 65 mgals along 

the New York-Massachusetts border. This is in sharp contrast to the 

range/distance relationship in the rest of New England. 

Another regional gravity low is more subdued and narrower than that 

in extreme western New England and occurs along the southem Vermont-

New Hampshire border and extends into central Massachusetts. This low 

corresponds well with the Bronson Hill Anticlinorium which is composed 

of mantled gneiss domes and nappes. While local gravity lows appear 
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over the domes, the more extensive feature is probably the result of the 

presence of a broad band of low density felsic material at depth below 

the anticlinorium. 

The regional trend of the gravity field in the eastem two thirds 

of New England is northeast and parallel to the principal trend of the 

Appalachians. The regional field diminishes northwestward from the Gulf 

of Maine to the Canadian border. In Maine the local variations in the 

gravity field are associated with differences in lithologies, except in 

southeastem Maine over rocks that lie within the sillimanite isograd. 

(Plate III). Local gravity lows with sharp closure occur over Devonian 

age plutons. The large, elongate gravity low in northem Maine along 

the International Boundary is associated with the lower Paleozoic rocks 

of the Connecticut Valley-Gaspe Synclinorium . In southwestern Maine, 

most of New Hampshire, eastern Massachusetts, eastem Connecticut and 

western Rhode Island there is little correspondence between gravity lows 

and the Devonian age plutons. This large area of New England contains 

rocks that have been metamorphosed to sillimanite grade. Thompson and 

Norton (1968) have concluded that rocks within the sillimanite isograd 

were buried to at least 20 km based on metamorphic mineral equilibria. 

Exposure of these rocks at the surface may well indicate that the deep 

erosion accompanying uplift has removed most of the Devonian age felsic 

plutons. The deep gravity lows over the White Mountains are caused by 

the plutons of Jurassic and younger age which postdate the metamorphic 

event. 

There is also a notable correspondence between gravity lows and 

topographic highs over much of New England, suggesting that the high­

lands are isostatically balanced by low density masses at depth. A 

majo.r exception is the gravity low associated with the Green Mountain-
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Sutton Mountain anticlinorium and the gra-vity low just westward over 

the Lake Champlain lowland. Since both of these regions are underlain 

by masses of complexly overthrust sheets of rock it is presumed that 

the crust in this region possesses enough lateral strength so that the 

load imposed by the overthrust sheets (the anticlinorium) is supported 

by the underthrust sheet (the lowland). 

Seisraicity 

The level of seismicity, and the accordingly varied earthquake in­

tensity, varies greatly from place to place in the northeastern United 

States. Although the region does not lie in a belt of major seismic 

activity, many earthquakes have been recorded since arrival of the first 

European settlers, and one area, Moodus, Connecticut, was sacred to 

the Indians because of the numerous tremors occurring there. The larg­

est recorded seismic event (estimated intensity of VIII) occurred off 

Cape Ann, Massachusetts in 1755. Currently about 30 to 40 earthquakes 

are recorded yearly in the New England region. 

Within New England there are certain areas (Figure 3) of higher 

seismiscity which appear to have remained stable over the last 300 years 

according to available historical records (Hadley and Evine, 1974). Re­

cent, more accurately measured earthquake epicenters (Figure 4) for the 

period from October 1975 to June 1978 (Chiburis et al., 1978) fall with­

in those areas of higher seismic activity in central New Hampshire and 

southem New England. However, the rate of activity within the areas 

of higher historical seismicity has been varied. For example, the area 

around Boston and Cape Ann was active in the first half of the Eight-
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eenth Century but has been quiet in more recent times. (Compare Fig­

ures 3 and 4). 

Sbar and Sykes (1973) discussed the concentration of epicenters 

between Boston and Ottawa, Canada and suggest that the epicenters form 

a seismic zone. While it appears that a clustering of epicenters forms 

a zone from the north end of Lake Champlain to Ottawa, extension to the 

southeast is far from certain. The area of north-trending clustering 

of epicenters in eastern New Hampshire and the low seismicity belt of 

Vermont and Western Massachusetts conform to the regional structural 

trend and cut across the proposed Boston-Ottawa seismic belt of Sbar 

and Sykes. 

A number of different causes have been called upon to explain the 

seismic activity in New England. Isostatic adjustment following de-

glaciation, stress acciunulations at the borders of bodies of mafic rock 

due to density contrasts, reservoir filling and faulting have all been 

suggested as the possible causes for the seismic activity. None of 

these suggested causes can fully explain the distribution pattern of 

New England earthquakes, however. 

Isostatic rebound due to ice unloading is certainly possible for 

the cause of some of the events, but in two areas of high seismic acti­

vity along the Maine coast the crust is sinking. The largest concentra­

tion of mafic rocks in New England lies within the belt of low seismi­

city of Vermont. Earthquakes do appear to be spatially related to the 

Mesozoic calderas in New Hampshire. The filling of the large Quabbin 

Reservoir in central Massachusetts has not generated any noticeable 

change in the local seismic activity. Movement along fault segments is 

considered the most likely cause of the earthquakes. Fault plane solu-
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FIGURE 3: Recorded seismic events in New England from 1534 
to 1977 (From Barosh et al., 1979) 
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FIGURE 4: Recorded seismic events in New England 
fbr the period October 1975 to June 1978. 

(From Chiburis et al., 1978) 
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tions made from seismograph records from New England also suggest in­

directly that the earthquakes originate on faults. However, there is 

no record of any surface fault movement accompanying a New England earth­

quake and nowhere in the literature is there any mention of an active 

fault. Since detailed mapping in New England has only begun in the 

1930's there is not enough information available to reveal a basic tec­

tonic pattem. Eastern Massachusetts and Connecticut are now known to 

be highly faulted and the rest of southem New England is probably e-

qually as faulted (Figure 5). As for northern New England there has 

been little detailed mapping, but where "it has been completed suggests 

that faults are abundant. The present evidence suggests major north­

east zones of faulting, across New England, with north and northwest 

trends being less abundant. 

Major problems arise when attempting to date faults or periods of 

faulting. Many of the mapped faults in New England are of a compress­

ional nature and are of Paleozoic age (225 5o 600 .m.y.), which may have 

been selectively reactivated. Also, there are very few areas of Meso­

zoic (65 to 225 m.y.) rock and virtually no Tertiary (1.8 to 65 m.y.) 

rocks, and where they do exist they are mantled by glacial till. The 

age of faults that cut the Mesozoic rocks is unknown but must predate 

the Cretaceous peneplanation that affected all of New England. 

It would appear that areas of high seismicity are associated with 

zones of known or probable faults, but not with the zones of Paleozoic 

age compressional faults found in western New England. Zones of Meso­

zoic age high angle extensional faults are in some causes areas of high 

seismicity: the Champlain lowland, the southern Connecticut River Valley, 

the Narragansett Bay area, and the White Mountains of New Hampshire. 
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Except for seismic events in and near the IJhite Mountains, the 

active areas of the New England region that have been instrumentally 

recorded occur in lowlands, bays, and major river valleys. These geo­

morphic features are directly related to -the geology of the region. 

The lowlands are underlain by weak or soft rocks or have formed by ex­

tensional faulting and subsidence. Historic earthquake activity in 

New England therefore may be related to extensional faulting and may 

indicate minor rifting (Barosh, 1979). 

Lineament Pattems in New England 

The Mesozoic basins of Connecticut were studied by Hobbs and the 

first lineament maps were prepared in 1901, 1904, and 1911. He was 

among the first to recognize the existence of regional topographic lin­

eaments. This pioneering work drew much attention and disbelief. More 

recently D. U. Wise and his students at the University of Massachusetts, 

Amherst, have been conducting fault, fracture and lineament studies in 

New England, particularly in western Massachusetts and Connecticut. 

Wise (1976) noted that throughout New England the most pronounced 

linears are oriented N20E, N25W and N70E, of which the N25W set is the 

most pervasive. These linears cross all major tectonic boundaries in 

New England and hence must post-date the Paleozoic metamorphic events 

and the Late Paleozoic to Middle Mesozoic basin and caldera formation. 

Comparison of the linear trends (Figure 6) and the faults of the 
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region (Figure 5) clearly shows that the topographic linears are not 

great fault lines. However, Truesdell and Wise (1975) show that the 

linear trends correlate with small (up to a few meters displacement) 

fault orientations in a restricted area of western Massachusetts. 

Whether this correlation holds throughout all of New England is un­

known at this time. 

Wise (1976) interprets the linears in New England as beginning 

as incipient faults of a few tens to a few hundreds of kilometers of 

length follô 'H.ng regional stress trajectories. They may become small 

faults, fault zones or zones of more intense development of joints. 

In the case of joint concentrations the joints need not parallel the 

zone itself, but merely be more intensely concentrated within the 

zone. Once formed these linears will maintain their existence, even 

penetrating sedimentary.cover, by concentrating along them tidal strains, 

younger tectonic strains or the effects of propogation of seismic 

waves. At the surface the zone, be it fractured or faulted, provides 

easy access for ground water and deeper weathering to allow etching and 

preservation as elements of the topography. 

Heat Flow 

To date there have been seventeen heat flow measurements completed 
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FIGURE 6: Inajor l ineaments in New Engl.and ( a f t e r wise , 1976) 
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within the New England States. A detailed discussion of the thermal 

history is contained in Birch et al. (1968). The locations of the heat 

flow sites are given in Table 1 and Figure 7. The geologic distribution 

of the sites shows' that the majority have been confined to Paleozoic-

Mesozoic plutonic rocks in New Hampshire (eight), Massachusetts (tT%ro) 

and Maine (two). The three sites in Vermont are located in the Precam­

brian core of the Green Mountain anticlinorium. Of the twelve sites po­

sitioned in plutonic rocks three are located in the highly radioactive 

Com^ay granite (185 m.y.) of the White Mountain Magma Series, and the re­

mainder in New England rocks of the New Hampshire Magma Series (360 m.y.). 

The highest heat flow values (Q) in New England are found in the Conway 

granite and the lowest in the Precambrian rocks of Vermont. 

Since the bulk of the heat flow determinations in New England have 

been made in New Hampshire from rock of Devonian age or younger. Birch et 

al. (1968) have postulated a thermal history for New England (i.e.. New 

Hampshire) beginning with Lower Devonian time. At that time there already 

existed in New Hampshire about 10 km of Ordovician and Silurian sediments 

deposited bver a span of 100 m.y. Starting in Devonian time the rate of 

deposition increased and 15 km or raore of deposits accumulated over a 

span of 50 m.y., which'was followed by deformation, uplift and intrusion of 

the New Hampshire Magma Series comprising the Acadian orogeny. Erosion 

and uplift continued throughout the rest of Paleozoic time. During Tri­

assic time another period of volcanism began in New England accompanied 

by the emplacement of the White Mountain Magma Series of which the Conway 

Granite represents the final phase. Since that time New England has been 

subject of slow uplift and erosion with a minor interruption during the 

Pleistocene glacial advance. 



TABLE 1 

HEAT FLOW IN NEW ENGLAND 
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Heat Flow '; 

LOCATION 

Blue Hill, ME 

Casco, ME 

Brewster, MA 

Cambridge, MA 

Chelmsford, MA 

Millers Falls, MA 

Bradford, NH 

Concord, NH 

Durham, NH 

Fitzwilliam, NH 

Kancamagus, NH 

North Conway, NH 

North Haverhill, NH 

Waterville, NH 

Microcals/cm sec. 
Topographic Geologic 
Corrected Corrected 

1.44 

1.80 

1.16 

1.20 

1.63 

1.67 

1.59 

1.73 

1.08 

1.63 

2.27 

1.89 

1.34 

2.15 

1.30 

1.63 

1.29 

1.20 

1.48 

1.51 

1.44 

1.57 

0.98 

1.48 

2.13 

1.95 

1.21 

2 .21 

From Birch et al., 1968 
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The net effects of varying rates of sedimentation, intensity of 

metamorphism and the depths of emplacement of plutonic rocks (15, km for 

the New Hampshire Series versus 6 km for the Conway Granite) and erosion 

rates have altered the normal heat flow regime such that corrections have 

to be applied. However the magnitude of the "geological" corrections 

is not great (Table 1). 

The correction for erosion effects are best applied to sites in New 

Hampshire, namely Bradford, Concord, Fitzwilliam and also Chelmsford, 

Massachiasetts and Casco, Maine, all of which lie within the belt of deep 

Paleozoic sedimentation. Less certain is the application cf erosion-

rate correction at Blue Hill, Maine, North Haverhill and Durham, New Hamp­

shire, and Millers Falls, Massachusetts. However, for the above Birch 

et al. (1968) have calculated a mean geothermal gradient of 18.3 C/km 

from averaged measured gradients with a mean value of 20.2 C/km thus pro­

viding a reduction of 9.4% in the topographically corrected values for 

heat flow. For the heat flow values calculated for the sites in the I'Thite 

Mountain Magma Series (North Conway, Kancamagus and Waterville, New Hamp­

shire) a correction factor of 1.6 /km was subtracted from the gradients. 

The same correction factor has been applied to the gradients measured 

at the three sites in Precambrian rocks in Vermont. In the case of the 

site at Brewster, Massachusetts on Cape Cod, a 10% upward correction was 

applied to take into consideration the deposition of about 100 meters of 

sand following the retreat of the Pleistocene glaciers. 

M. P. Billings (1964) prepared a map (unpublished) in which he con­

toured "equivalent uranium" (eU) for Maine, New Hampshire and Vermont. 

The quantity eU was used to show the gamma activity from uranium, thorium 

and potassium in terms of the amount of uranium and daughter products in 
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equilibrium required to produce the same effect. Although the formula 

used by Billings (eU = U + 0.48Th +' 3K; U and Th in ppm, K in per-
gamma 

cent) is different from that to calculate equivalent uranium for heat 

generation (eU ̂  ,= U + 0.27Th + 0.37K), eU is roughly propor-" thermal gamma o J t- t-

3 

tional to A, the rate of heat generation per cm . Therefore a correla­

tion between heat flow (Q) and A also provides a correlation between 

heat flow and eU. Birch et al. (1968) noted a strong correlation be­

tween heat flow values and eU contours of Billings and concluded that 

contours of bedrock eU can be converted to heat flow contours with errors 

2 
on the order of 0.2 microcal/cm sec for the region. 

Heat flow values for the Precambrian anorthosite in the Adirondack 

2 
Mountains of New York average 0.8 microcal/cm sec and this value is 

attributed to be the contribution of the lower crust and raantle to the 

flux. Subtracting that amount from the calculated heat flow in the Con-

2 
way Granite leaves 1.2 microcal/cm sec to be supplied by radioactive 

decay in the granite. Assuming even distribution of radioactive elements 

in the granite, Billings et al. (1968) calculate upper limit of the thick­

ness of the Conway Granite to be 6 km, which is reasonable agreement 

with an estimate of 4.5 km thickness required to explain the gravity low 

(Joyner, 1963). 

New England Ground Water Resources 

Most of the ground water resources in New England lie in the region 

defined by the U. S. Water Resources council as the Glaciated Appalachians 

region, the exception being Nantucket, Martha's Vineyard and Cape Cod 

which lie in the Coastal Plain ground water region. In the region aver-



28. 

age annual temperature ranges frora 3.3 C (38 F) in northern Maine to 

10 C (50 F) in Connecticut, Rhode Island and southeastern Massachusetts. 

The annual average precipitation ranges frora 1000 mm (40 in.) in the 

north to 1140 mm (45 in.) in the south. By 1975 ground water constitu­

ted twenty-three percent of the total fresh water withdrawals in the na­

tion. In New England ground water contributed twelve percent of the to­

tal fresh water withdrawals. 

Most of the New England region is underlain by impermeable crystall­

ine rocks from which small amounts of ground water are retrieved for do­

mestic and livestock supplies from fracture zones. Sedimentary rocks 

in the region consist of carbonate and clastic sequences. The carbonate 

rocks, consisting of limestone, dolomite and calcareous shales, occur in 

the Hoosatonic River Valley in western Massachusetts and Connecticut and 

in the Aroostook Valley in northern Maine. Wells drilled in carbonate 

rocks can produce substantial ground water supplies if large solution open­

ings are penetrated in the zone of saturation. The non-carbonate sedi­

mentary rocks are mostly confined to the Connecticut River Valley lowland 

and consist of shale, sandstone, arkose, conglomerate and interbedded 

basalts. The sedimentary rocks yield small to moderate supplies, some 

wells providing as much as 19L/s (300 gal/min). 

In parts of New England low grade metamorphosed sedimentary rocks 

yield small to moderate supplies of water. Rocks of this type, consist­

ing of metaconglomerate, argillite, phyllite, slate and marble, occur 

widely in Maine, in western Massachusetts and westem Connecticut, north­

west of Boston, and in the Boston and Narragansett Basins of eastern and 

southeastern Massachusetts and southeastem Rhode Island. In a few 

places supplies up to 32L/s (500 gal/min) are obtained from strongly frac-
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tured zones. 

The most productive sources of ground i-zater in New England are un­

consolidated sediments,which consist of glacial and glaciofluvial de­

posits and the reworked glacial deposits in present day river and stream 

valleys, termed watercourse aquifers. Thomas (1952) defines watercourses 

as hydrologic units that include both surface water of a river channel 

and the"' ground water in the alluvium that forms the flood plain. The 

glacial deposits in New England consist mostly of stratified drift (sand 

and gravel) with moderate to high permeability. The watercourse aqui­

fers provide the highest yields of ground water with some individual 

wells yielding up to 125L/s (2000 gal/min) due to hydraulic continuity 

between the river and surrounding porous and permeable glacial outwash 

that underlies the flood plain. With the retreat of the glacial ice 

front northward at the close of Pleistocene time large volumes of melt 

water produced deep river channels, which were later filled with alluvium. 

With the reduction in discharge and subsequent land uplift that accompa­

nied the glacial retreat, many of these river courses have been greatly 

reduced in size and some completely abandoned, and reraain today as deep 

valleys filled with alluvium. They have an extent, thickness and perme­

ability far greater than present streams could possibly produce, and 

some no longer form any part of the present -drainage system. However, 

the opportunity for recharge may, in many cases, be limited to direct 

infiltration from precipitation and the perennial yield is likely to be 

less than that of the watercourse aquifers. 

The contribution of ground water to the total discharge of a river 

is the base flow. The mean stream flow (Sinnott, 1982) for the New 

2 3 
England Region has been determined to be about 258 x 10 m /d 
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9 
(68 X 10 gal/d). Using a conservative estimate of a base flow of forty 

percent of the mean streara flow of the entire region the average total 

2 3 9 

yield of groundwater to discharge is about 102 x 10 m d/ (27 x 10 gal/d). 

The large volume of lateral discharge of ground water in glacial till 

and allu-vium that mantles all of New England therefore will in most 

cases dilute and mask any heated water that might be discharged at the 

bedrock surface. 

Use of Ground water as an Energy Source 

Technology Property Associates (TPA) of Burlington, Massachusetts, 

has constructed an office building that uses ground water for both heat­

ing and cooling purposes as a backup for the primary solar energy system. 

The system is maintained and operated by Aerospace Systems, Incorporated 

which states that although the system was designed as a backup, the water-

to-water heat piunp is able to extract 3 1/2 times more useable energy 

from water than an electrical resistance heating element could produce, 

and could be the primary energy source in a properly designed building 

in New England. 

The extraction of energy from water courses has been proposed for 

the City of Stamford, Connecticut, through which the Rippowan River 

flows. The proposer, Wormser Scientific Corporation of Stamford, notes 

that the ground water conditions in Staraiford are well known as the re­

sult of over 500 borings taken in conjunction with planning and construc­

tion of a 130 acre urban renewal project and the earlier construction of 

Interstate Highway 1-95. 

Two main shallow-aquifers -t-̂ aver̂ se-S-t-amford in a N-S direction and 

one of these is rated as being capable of supplying 2.8 million gallons 
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per day on average for consumptive use, i.e, without any return of 

the water to the aquifer. The water temperature varies between 10 C 

(50 F) and 11 C (52 F) annually. The proposer (personal communication, 

Wormser Scientific Corporation) plans to extract water from the aquifer 

to cool structures and return this water, nô j warmer by 5 to 8 C by 

their calculations, to the aquifer at a different location. It is this 

system that currently is in use in the TPA structure. They state that 

the direct distribution aquifer cooling system uses about 10% of the 

electrical energy requirements needed to operate a conventional air con­

ditioning cooling system. Heat pumps in the heating mode extract heat 

from ground water at 10 C and amplify it using a compression refrigera­

tion cycle to around 37 C (100 F) for heating purposes. The reinjected 

water will be cooled to around 5 C, but the araount of water reraoved and 

reinjected into the aquifer will be a sraall fraction of the total volume 

available. 

The very large volume of ground water available in New England makes 

this resource a potential source of energy using water interface heat 

pumps. 

Thermal Springs in New England 

Seepage springs are abundant in New England, especially at the contact 

of glacial till and bedrock. There are some springs, however, that are 

fracture controlled and apparently circulate raeteoric water to sufficient 

depth to become heated by the normal geothermal gradient. 

A search of the literature, particularly that of the nineteenth 

century, was conducted to establish the existence of any possibly warm. 



32. 

springs. In a report on the geology of Vermont, Adams (1848) makes note 

of Morgan Spring in the center of Bennington as possibly being a warm 

spring. Stearns et al. (1937) report that the spring was listed again 

in 1934 as a thermal spring with a temperature of 11.7 C (53 F) which 

is 4 C above the mean annual temperature. The spring is not listed by 

Waring (1965) nor Ber-ry et al. (1980) and a visit to the area failed to 

locate the spring. 

Daubney (1839) reported another slightly warm spring at Cannan, 

Vermont, but no subsequent listing could be found, nor could the spring 

be located. 

Hitchcock (1861, p. 174) in a report on the geology of Vermont noted 

a number of springs producing calcareous deposits. When visited these 

proved to be normal ground water springs in a carbonate terraine. 

Lebanon Springs - Sand Springs Area of New York and Massachusetts 

Both Lebanon Spring in eastern New York and Sand Spring in Williams­

town, Massachusetts have somewhat elevated temperatures that have been 

utilized for a number of purposes over the past decades. Lebanon Spring 

is located in the northwest comer of the Pittsfield west 7 1/2 quadrangle 

and lies about 17 miles south-southeast of Sand Springs. 

At Lebanon Spring a 400 room hotel named Coltimbia Hall was built in 

1794. The structure was removed in 1928 ironically because of the high 

cost of conventional heating. The Rutland Railroad laid a mile long pipe 

line from the spring in 1906 for recharging locomotive boilers. After 

abandonment of the railroad about thirty local families tied into the 

line and use .the warm waters for domestic purposes. At the present time 
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t he re i s no use of the spring waters re la ted to elevated teraperature. 

Sand Spring has been in use since pre-Colonial times. Carlin (1972) 

states that the spring was used by area Indian tribes as a landmark and 

campground for hunting and war parties, lying near the intersection of a 

north-south trail and the Mohawk Trail. A health spa. Graylock Hall, con­

taining 26 large baths and 5 sunken bathing pools was built in the 1880's. 

A bottling works was added in 1893 and ceased production in 1972. 

The most recent geological study of the Lebanon and Sand Springs . 

by Dunn Geoscience Corporation for New York State Energy Research and De­

velopment Authority (1981) states that the thermal waters issue from 

Cambro-Ordovician rocks involved in the thrust belt of wesfern New England 

and eastern New York. They interpret the elevated water temperatures to 

be the result of deep ground water circulation along permeable zones cre­

ated along thrust fault planes. In the case of Lebanon Springs,Cambrian 

age phyllites have been thrust westward over Ordovician dolomite, and the 

dolomite has been as a result tensionally fractured to provide permeabi­

lity (Fig. 8). Since the geothermal gradients in the area do not appear 

to be high it is estimated that water circulation to about 1 km depth 

could account for the 22 C (72 F) measured at Lebanon Spring. 

The thermal springs at Williamstown, Massachusetts, may occur in a 

slightly different geologic setting. The springs occur at three locations ; 

each location forming the apices of a triangle approximately one mile dis­

tant from each other. Unfortunately the detailed bedrock geology is ob-

scUted by surficial materials at the point of issue for each spring. At 

Sand Spring itself the thermal water with a temperature of 24 C (76 F) 

flow may be along the contact of Cambrian quartzite thrust over Ordovician 

limestone (Fig. 8). The remaining two springs appear to issue from a 
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FIGURE 8: Geological cross sections in westem Massachusetts. Section loca­
tions shown on Figure 9B. Section A-A' shows the warm springs at 
Williamstown, MA, are associated with high angle reverse faults in­
volving the Cambro-Ordovician Stockbridge group (OCs) and the 
Cambrian Cheshire formation (Cc). Section B-B' shows the Lebanon 
Springs emerging at the contact of the Ordovician Wallomsac formation 
(Ow) and the Stockbridge group after ascending on the thrust fault 
about 1000' to the southeast. (Modified from OTSERDA Report 81-4 
prepared by Dunn Geoscience Corporation). 
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fault zone within the Ordovician dolomite. The water temperatures were 

recorded as 19.5°C (67°F) for the northern and 20°C (68°F) for the south­

ern spring. Since the geothermal gradients in the vicinity of Williams­

town are not elevated it would appear that deep circulation of ground 

water is the source of the heated waters. 

Hansen et al. (1974) have analyzed the waters from wells at Sand 

Springs (Table 2). The warm waters are represented by analyses S'2, S'2a 

and S'8. It is obvious that there exists a direct correlation between 

temperature and SiO^ content, suggesting that the waters of Sand Spring 

probably attain a higher temperature at depth. The flow rate at the 

springs is approximately 24,000 gallons per hour (Waring, 1965). 

The New York State Energy Research and Development Authority report 

(1981) prepared by Dunn Geoscience Corporation gives the results of a 

survey of water chemistry, temperature and raeasured gradients,which includ­

ed a portion of western Massachusetts and southwestern Vermont. The sili­

ca contents and measured water temperatures at the surface are given in 

Table 3, and locations on Figure 9. 

The feasibility of utilizing the therraal waters of Sand Spring for 

domestic heating purposes appear to be good. The water quality is ex­

cellent; the water temperature is approximately 14 C above that of normal 

ground water and the flow rate (400 gal/min) more than adequate. 

Some geothermal gradients in western Massachusetts and southwest­

ern Vermont are abnormally high and increase into east­

ern New York. The background geothermal gradient appears to fall in the 

range of 5 - 7 C/km. The abnormally high gradients (Figure 9, Table 4) 

form a north-northeast trending zone extending from Lebanon Springs New 

York to the -vicinity of Pownal, Vermont, and range up to four times the 
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TABLE 2 

CHEMICAL ANALYSES OF SPRINGS IN WILLIAMSTOM, MASSACHUSETTS 

Local Well // 

Temp. °C 

Si02 (mg/l) 

Fe (ug/1) 

>In (ug/1) 

Ca (mg/l) 

Mg (mg/l) 

Na (mg/l) 

K (mg/l) 

HCO3 ^""^/^^ 

CO3 (rag/1) 

SO^ (mg/l) 

Cl (mg/l) 

F (mg/l) 

NO3 (rag/1) 

pH 

S2 

21.0 

13.0 

20.0 

0 

21.0 

11.0 

3.3 

1.3 

116.0 

0 

8.6 

2.0 

0 . 1 

0.4 

8.2 

S2a 

22.0 

12.0 

20.0 

0 

23.0 

8.8 

2.0 

0.9 

118.0 

0 

8.1 

1.0 

0 . 1 

1.0 

7.8 

S3 

11.0 

0 .5 

10.0 

0 

24.0 

4.2 

1.3 

0 .2 

84.0 

0 

7.5 

0.4 

0 .2 

1.0 

7.7 

S6 

8.1 

4 .2 

— 

18.0 

3.0 

0 . 3 

0 . 1 

68.0 

0 

6.0 

0 . 1 

0 .0 

4.2 

7.7 

S7 

22.0 

12.0 

20.0 

0 

25.0 

8.9 

2.0 

0.9 

114.0 

0 

8.1 

1.3 

0 . 1 

0.4 

8.1 

S8 

17.8 

7.2 

20.0 

0 

46.0 

11.0 

1.9 

0.6 

177.0 

0 

11,0 

0 .8 

0 . 1 

0 .7 

8.0 

S9 

8.9 

0 .6 

10.0 

0 

36.0 

11.0 

1.9 

0 .8 

154.0 

0 

6.5 

0 .6 

0.2 

1.1 

8.1 

From Hansen et al., 1974 
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"C/k 

FIGbUE 9: a) 

b) 

Geothermal gradients ( C/km) in westem 
Massachusetts, New York and Vermont. Communi­
ties shown are: B = Burlington, 'VT., PO = Pownal, 
VT,, W = Williamstown, MA, P = Pittsfield, MA, 
and LS = Lebanon Springs, NY. 

Location of wells listed in Table 3. The cross-
sections in Figure 8 are located near Williamstown 
(A-A') and Lebanon Springs (B-B'). 
(Modified from NYSERDA Report 81-4 prepared by 
Dunn Geoscience Corporation.) 
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SILICA CONTENTS AND WATER TEMPERATURES 

Western Massachusetts and S. W. Vermont 
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Sample 
Number NAME 

MASSACHUSETTS: 

Shyffer 

2 

3 

4 

5 

6 

7 

8 

Leab 

Monette 

Fenander 

Locke 

Greylock H. S. 

Mt. Hope Farm 

Rhodes 

I'Jhite 

10 

11 

VERMONT: 

12 

13 

Jericho Valley Motel 

Hamilton 

Sheldon 

Gen. Cable 

Silica 
_2£m_ 

5.9 

5.6 

5.7 

5.3 

6.1 

6.7 

6.3 

5.5 

6.1 

5.2 

4.2 

T(°C) 

7.2 

11.9 

11.8 

8.3 

LOCATION 

Deerhill Rd., 
Richmond, MA. 

Rt. 43, Hancock, MA. 

Rt. 43, Hancock, ̂ !A. 

Rt. 43, Hancock, MA. 

Oblong Road, 
Williamstown, MA. 

Williamstown, MA. 

Williamstown, MA. 

Hancock Road, 
Williamstown, MA. 

Oblong Road, 
Williamstown, MA. 

Rt. 43, Hancock, MA. 

Hancock, MA. 

6.5 10.3 Rt. 396, NY/VT border 

9.2 Rt. 396, N. Pownal, VT. 
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TABLE ^ 

TEMPERATURE GRADIENTS 

Eastern New York and Adjacent Vermont and Massachusetts 

LOCATION 

Pownal, VT. 

Hancock, MA. 

Hancock, MA. 

Rt. 43 & Rt. 22, Stephentown, N. Y. 

Stephentown Center, N. Y. 

Rt. 43, Hancock, MA. 

Wyomack Road, South Stephentown, N. Y, 

West Road, Lebanon Springs, N. Y. 

Saltbox Farra Road, Hancock, MA. 

Bailey Road, Hancock, MA. 

Bailey Road, Hancock, MA. 

Churchill Road, Pittsfield, MA. 

Off Rt. 22, Stephentown, N. Y. 

Vt. Route 9, Bennington, VT. 

West Road, West Richmond, MA. 

DEPTH 
(^ETERS) 

220 

140 

155 

145 

185 

130 

160 

80 

190 

260 

125 

160 

80 

105 

185 

GRADIENT 
(°C/kra) 

23.63 

14.82 

17.03 

14.72 

21.60 

18.36 

24.68 

10.83 

7.72 

9.06 

6.73 

7.01 

12.40 

3.86 

7.95 
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apparent normal gradient (from 6.7 to 23.6 C/kra.). However no addition­

al thermal springs and no wells pumping heated waters have been located. 

New England Water Well Temperatures 

Since most of the consumptive water supplies in New England are de­

rived from surface storage reservoirs and the bulk of the ground water 

contribution to that supply is derived from unconsolidated glacial sedi­

ments, only a small fraction comes frora wells driven to bedrock. Although 

the rocks of the region are highly fractured and faulted, water wells in­

tersect only a rainute fraction of these structures and therefore provide 

a very small sampling of the fluids possibly circulating within them. 

Water temperatures from bedrock wells range from 6 C (41 F) at Pres-

que Isle, Maine from a 94m (310') well to 19 C (67 F) at Somerset, Massa­

chusetts, from a 457ra (1500') well (Table 5). Most water temperatures 

fall below 13 C (55 F) and in Massachusetts, which contains the largest 

number of drilled wells, the average temperature is 11.4 C (Table 6). 

Specific Regions of Initial Interest 

Based upon geological and geophysical studies certain areas in New 

England were considered to have the highest potential for the possible ex­

istence of hydrothermal geothermal resources. These included the White 

Mountains region of central Nex̂^ Hampshire, the Narragansett Basin of Massa­

chusetts and Rhode Island, the Connecticut River Valley extending from 

Connecticut north into Vermont, and the overthrust belt of western Massa-
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Partial Chemical Analyses in ppra of 
Waters frora Selected Wells in New England Bedrock 
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Location 

MASSACHUSETTS: 

Abington 

Brockton 

Duxbury 

E. Bridgewater 

Taunton 

Mattapoisett 

Lynnfield 

Wilmington 

Middleborough 

Adams 

Windsor 

Charlemont 

Goshen 

Bernards ton 

Hardwick 

Belchertown 

Easthampton 

Florence 

Hatfield 

Barre 

Boxford 

Georgetown 

Newbury 

Egermont 

Washington 

Williarastown 

Gill 

Chicopee 

Depth 
(m) 

15 

31 

33 

25 

64 

' 

180 

125 

7 

146 

45 

77 

32 

7 

61 

56 

143 

92 

7 

7 

7 

7 

37 

30 

15 

113 

40 

34 

Source 
Rock 

Gneiss 

Gneiss 

Gneiss 

Gneiss 

Argillite 

Argillite 

Schist 

Schist 

7 

Quartzite 

Gneiss 

Gneiss 

Gneiss 

Gneiss 

Gneiss 

Gneiss 

Triassic 

Triassic 

Triassic 

Gneiss 

Gneiss 

Gneiss 

Gneiss 

Limestone 

Gneiss 

Limestone 

Sandstone 

Shale 

T(°C) 

7.2 

7.8 

8.9 

11.1 

11.7 

9.4 

7.8 

9.5 

9.4 

10.8 

9.7 

9.4 

9.5 

9.8 

10.1 

10.6 

12.3 

11.9 

12.6 

10.1 

10.0 

10.0 

11.1 

10.0 

13.3 

8.9 

13.3 

12.8 

Si02 

9.6 

11 

5.3 

17 

24 

25 

17 

11 

11 

17 

13 

15 

12 

17 

21 

18 

21 

25 

31 

14 

8 

15 

13 

6.9 

12 

6.6 

11.0 

15. 

Ca 

12 

22 

8.4 

16 

15 

37 

14 

23 

3.2 

6.6 

16 

9 

10 

13 

11 

14 

29 

31 

27 

7 

17 

22 

13 

0.2 

22 

23 

24 

96 

Mg 

3.3 

5.3 

2.0 

8.4 

2.5 

9.1 

5.0 

5.8 

2.0 

1.4 

6.2 

5.7 

6.8 

7.2 

6.2 

5.2 

2.6 

4.3 

5.2 

5.8 

4.8 

9.0 

4.4 

0.1 

7.4 

13 

15 

19 

Na 

8.8 

4.9 

4.1 

8.3 

14.0 

11.0 

7.3 

13.1 

5.8 

1.1 

5.3 

4.2 

5.0 

6.1 

7.3 

4.1 

4.2 

3.0 

4.6 

3.6 

8.0 

14.0 

59.0 

103.0 

2.5 

1.1 

4.3 

18 

K 

1.2 

.6 

1.4 

1.0 

1.1 

3.7 

1.2 

1.9 

.5 

.3 

.7 

.4 

.6 

1.1 

.9 

.6 

.5 

.5 

.7 

1.1 

1.8 

1.5 

2.2 

0.2 

4.9 

0.7 

1.1 

1.5 
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Location 

CONNECTICUT: 

Granby 

Simsbury 

Avon 

Avon 

Framingham 

Framingham 

Framingham 

Bristol 

Southington 

Plainville 

Bloomfield 

Glastonbury 

Manchester 

Portland 

MAINE: 

Presque Isle 

Raymond 

Vassalboro 

Charlestown 

Nê r̂port 

Monson 

Bucks Harbor 

North Berwick 

VERMONT: 

Bennington 

West Dover 

Newfane 

Chester 

Danby 

Ludlow 

Hartland 

Rutland 

Pittsfield 

Barre 

Depth 
(m) 

100 

91 

31 

26.5 

> 

132 

107 

46 

130 

67 

185 

76 

183 

36 

94 

181 

76 

72 

37 

96 

52 

84 

42 

26 

35 

14 

21 

11 

13 

22 

15 

22 

Source 
Rock 

Triassic 

Gneiss 

Triassic 

Gneiss 

Triassic 

Triassic 

Triassic 

Gneiss 

Triassic 

Triassic 

Triassic 

Gneiss 

Triassic 

Gneiss 

Limestone 

Granite 

Schist 

Schist 

Limestone 

Slate 

Rhyolite 

Schist 

Gneiss 

Gneiss 

Gneiss 

Serpentine 

Marble 

Schist 

Schist 

Schist 

Gneiss(?) 

Granite 

T(°C) 

12 

10.5 

12.2 

10.4 

12.8 

10.5 

12.2 

11.6 

10 

12.8 

11 

12.8 

12.8 

11. 

6 

6.5 

10.5 

9.8 

9.8 

9.6 

10.7 

9.8 

9.7 

9.9 

8.9 

8.3 

9.4 

9.1 

9.2 

9.4 

10.6 

7.8 

SiO^ 

12 

12 

13 

10 

24 

16 

13 

27 

24 

20 

17 

15 

14 

12 

8.5 

16 

13 

8.4 

8.5 

-

14 

13 

14 

16 

11 

13 

9 

14 

15 

17 

19 

21 

Ca 

8.1 

8.5 

19 

5.7 

26 

17 

31 

17 

35 

31 

28 

6.3 

27 

33 

7.4 

27 

29 

26 

73 

4.8 

35 

23 

8.2 

13 

21 

7 

29 

11 

17 

19 

11 

9 

Ma 

1.1 

h.9 
1.8 

1.6 

9.3 

1.3 

5.3 

7.8 

3.6 

7.9 

15 

1.3 

10 

5.3 

14 

4.6 

9.7 

9.5 

7.0 

1.6 

3.8 

3.1 

5.3 

9.6 

5.1 

14.2 

13. 

6.2 

8.1 

7.2 

7.9 

4.7 

Na 

39.0 

2.1 

3.5 

2.2 

6.0 

20.0 

3.7 

6.7 

5.5 

4.6 

7.8 

3.6 

2.3 

9.1 

6.0 

8.4 

3.5 

-

2.3 

3.7 

-

8.2 

6.9 

4.4 

3.9 

2.1 

3.4 

4.5 

3.1 

4.7 

6.3 

7.2 

K 

.6 

.6 

.4 

.4 

.5 

.8 

.6 

1.4 

3.6 

1.4 

1.1 

1.7 

- .8 

1.9 

.5 

.6 

3.6 

-

.5 

1.4 

-

3.1 

.7 

.5 

.6 

.4 

.8 

1.2 

.6 

1 

.8 

3.1 



43. 

TABLE 6 

Water Temperatures from Selected Bedrock Wells of Massachusetts 

LOCATION DEPTH (m) TEMPERATURE (°C) 

Westem Massachusetts: 

Dalton 194 7.8 

Dalton 156 10 

Dalton 58 10 

Great Barrington 156 10.6 

Lee 196 10 

New Marlborough 9 7.2 

Pittsfield 193 7.8 

Stockbridge 75 9.4 

Williamstown 152 12.8 

Williamstown 113 8.9 

Greenfield 47 9.4 

Chicopee 138 8.9 

Chicopee 155 13.3 

Chicopee 246 13.9 

Chicopee 215 9.4 

Springfield 160 9.5 

Springfield 105 10 

Southeastern Massachusetts: 

Acushnet 30 14.4 

Easton 64 12.8 

New Bedford 7 10 

New Bedford 15 15.6 

New Bedford 12 10.1 

New Bedford 4 12.2 

North Attleboro 152 12.2 

North Attleboro 105 "' 7.2 

Rehoboth 30 13.3 
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LOCATION 

Rehoboth 

Rehoboth 

Rehoboth 

Rehoboth 

Rehoboth 

Seekonk 

Swansea 

Swansea 

Somerset 

Somerset 

Taunton 

Taunton 

Taunton 

Taunton 

DEPTH (m) 

35 

34 

49 

93 

12 

40 

60 

29 

457 

305 

154 

19 

154 

64 

TEMPERATURE (OC) 

11.1 

12.2 

13.3 

10.6 

13.4 

13.8 

13.9 

12.6 

17 

19 

13.7 

12.1 

12.2 

12.0 

Northeastern Massachusetts: 

Boxford 56 

Chelmsford 22 

Dracut 53 

Lowell 46 

Newbury 59 

Newbury 37 

11.0 

12.2 

12.3 

12.7 

9.3 

11.2 
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chusetts and Vermont. While no potential resource can be postulated 

for any of these regions as a result of this study a discussion of each 

is given herein to explain their selection. 

The White Mountain Region 

There has been much speculation over the past few years concerning 

the possibility of there being moderately high temperatures at depth with-

.in certain plutons that are a part of the White Mountain Magma Series. 

The relatively young plutons range in age from 110 to 182 m.y. (Tilton 

and Davis, 1951; Folard, 1970). Billings and his students (Billings, 

1928; Billings and Williams, 1935; Henderson, 1949; Moke, 1946; Smith 

and others, 1940) delineated eight plutonic rocks of differing composi­

tion, which are considered to be consanguineous. Billings (1945) conclud­

ed that the intrusives were eraplaced by cauldron subsidence and stoping. 

Geophysical studies on the Merry-making stock in New Hampshire (Griscom 

and Bromery, 1968) support the suggestion of Chapraan (1968) that the plu­

tons represent cumulates and that, they crystallized as floored intrusions 

with mafic rocks at depth. 

The White Mountain Magma Series is composed of a group of plutonic 

and volcanic rocks that range in composition from gabbro to syenite. Of 

these, biotite granites near Conway and Waterville, New Hampshire, give 

the highest heat flow values (1.95 to 2.21 HFU - see Figure 7) of any 

so far determined in New England. The high heat flow is attributed by 

Birch et al. (1968) to the abnormally high concentrations of uranium, 

thorium and potassium contained in the granites. Osberg et al. (1978) 

have determined that the concentration of radioactive elements is fixed 

in allanite, huttonite, thorite and zircon, and dispersed in biotite, feld-
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spar and quartz. 

Birch et al. (1968), apparently using simple assumptions about the 

shape of the plutons and the distribution of the radioactive elements, 

calculated that the surface heat flow could be generated in plutons 6 

to 10 km thick and would reach temperatures of 150 to 200 C at depths 

of between 4 and 5 km. Osberg et al. (1978) concluded from detailed 

gravity studies that the Conway granite is between 4 and 5.25 km thick. 

They further conclude from temperature modeling that the high heat flow 

which Birch et al. (1968) attributed to being derived primarily from 

concentrations of radioactive elements in the granites is open to ques­

tion. Osberg contoured the heat flow values and suggests the existence 

of a north northeast trending ridge of high surface heat flow which he 

interprets to represent a "bump" in background heat flew. He suggests 

that the heat flow entering the crust at 10 km depth is larger (1.3 HFU) 

than elsewhere in New England (the 0.8 HFU value of Birch). Using the 

higher value for heat entering the upper crust they derived a temperature 

distribution model giving temperatures of 76 to 110 C at 5 km and 93 

to 135°C at 5.25 km. 

The Osberg study therefore suggests only minor temperature increases 

wichin and beneath the Conway and related granites. Field observations 

and literature search of the region yield no evidence of any springs or 

ground waters of even-slightly elevated temperatures. Thus it appears 

unlikely that there is any potential for low temperature hydrothermal 

geothermal resources associated with the plutons of the White Mountain 

Magma Series. 

The Narragansett Basin 

Lyons and Chase (1976) report that the carboniferous rocks of the 
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Narragansett Basin (Figure 2, Plate I) are predominently conglomerate, 

arkose, graywacke, siltstone and shale with some coal. Only rough es­

timates of the total thickness of the sedimentary sequence are possible 

due to the scarcity of outcrop, rapid facies changes and structural com­

plexities. The thickness probably lies between 2000 and 12000 feet. 

Mutch (1968) concluded that the region was an isolated inter-montane ba­

sin characterized by rapid deposition of various types of fluvatile sedi­

ments. He also believes the total thickness of the sequence to be close 

to 12000 feet. The more pelitic sediments have been metamorphosed to 

slate and phyllite and the metamorphic grade increases southward to staur­

olite grade in parts of southern Rhode Island. The sedimentary rocks 

are highly indurated and the permeability quite low. Frimpter and Maevsky 

(19 79) report that in many core samples from test borings healed and un­

healed fractures and slickenside surfaces were common, indicating that 

these rocks had undergone brittle deformation. '̂Jhere the fractures are 

open ground water occurs under pressure, but yields are low. During 1977 

the U.S.G.S. conducted pump tests on twelve observation wells and yields 

ranged frora 0.36 to 30 gal/min with very slow recovery after pumping was 

stopped in all but one case. Four wells yielded water with temperatures 

above the normal 10 - 11 C ground water temperatures in the Basin. Two 

wells at Bristol, Rhode Island, both yielded water with the temperature at 

15 C (59 F), and the water remained salty throughout the pump test._ Two 

wells at Somerset, Massachusetts, one 1000 feet and the other 1500 feet 

deep, gave very low yields of water at 17 C (63°F) and 19 C (67°?) respect­

fully. The deeper well is located about 100 feet from the shore of 

Narragansett Bay and the specific conductance of thewiler rose" lrom"5I0" 

to 880 during a three hour pump test indicating salt water inflow into 



48. 

the well. The elevated temperatures in the Somerset welis are probably 

caused by inflow of discharge from the nearby Brayton Point New England 

Power plant. 

The Connecticut Valley 

The present day Connecticut Valley is a topographic low developed 

by the erosion of Mesozoic age detrital sedimentary rocks. Geologically 

it is an asymmetrical structural trough or elongate basin that is 

fault-bounded on the eastern margin (Fig. 10). The development of the 

trough was controlled by physical differences in the underlying Paleo­

zoic metamorphic rocks. The north-south trend follows zones of weakness 

defined by the low grade metamorphic rocks of the Connecticut Valley-

Gaspe synclinorium, which separate the zones of mantled gneiss domes of 

the Berkshires to the x̂?est from the domes of the Bronson Hill Anticlino­

rium to the east. The geometry of the edges of the basin is influenced 

by local basement structures, especially the dipping flanks of the domes. 

The Mesozoic age basin is divided into tx-jo sub-basins to the north 

and south of Amherst, Massachusetts. The northern portion, known as the 

Deerfield Basin, contains less than 1 km of detrital sediments and vol­

canics. The southern and more extensive part of the structural feature 

is known as the Hartford Basin,which extends south from Amherst to Long 

Island Sound. The thickness of Mesozoic age rocks exceeds 4 km under 

Springfield, Massachusetts. The two basins are separated as the result 

of a large intrusion of tonalite of Devonian age (the Belchertown Com-

_plex2_that cutsacross _the roĉ ks of the Connecticut Valley-Gaspe Synclin-

oriura and into the west flank of the Bronson Hill Anticlinorium thus 

disrupting the north-south zones of structural weakness between the two 
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FIGURE 10: The Mesozoic Basin of the Connecticut River 
Valley is fault controlled on the eastem margin, 
and divided into two sub-basins separated by the 
Devonian age Belchertown intrusive complex (BC). 
Cities located are Amherst (A) and Springfield (S), 
Massachusetts and Hartford (H) and New Haven (i>IH) , 
Connecticut. The western edge of the basin is 
ah erosional contact denoted by the double'"dotted-• 
line. 
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belts. Subsidence of the two basins was greatest on the eastern side 

along a westerly dipping listric fault system so the general dip of 

the Mesozoic rocks is to the east. 

Wise (1979) and his students have been conducting detailed studies 

of the structures related to the basins and a number of patterns have 

emerged. They show that a trend of N30-40 E extensional structures 

dominates the region, especially within and east of the basins. These 

structures are represented by basalt dikes, veins, joint sets and nor­

mal faults. They conclude that much of the eastern border fault zone 

of the basins is composed of segments of faults of this type. In areas 

where the trend of the basin parallels the structural N30-40E trend the 

movement on the faults is dip slip, the trend is interpreted as being 

the regional extension direction during the early to raiddle stages of 

basin forraation. Late stage movements on the faults controlling the 

basin appear to be of a strike-slip nature as indicated by slickensides 

on the fracture and fault planes. 

Portions of the Belchertown intrusive complex contain an unusual 

amount of allanite, a member of the epidote group containing up to 3% 

thorium and rare earths. It was thought that the heat provided by radio­

active element decay might be trapped by the overlying Triassic-Jurassic 

sedimentary rocks and provide a heat source for any deep .circulating 

waters. Unfortunately the distribution of allanite is quite sporadic, 

and the principal concentration is found in that part of the complex 

which lies on the west side of the structural basin and is covered by 

only a thin veneer of sedimentary rocks. There are no known water wells 

in the area which penetrate into bedrock, since most of the valley re­

gion, between the' exposures of the complex to the east and west is man-
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tied by a thick cover of glacial sediments. 

The faults that bound the basin on the east side of the Connecti­

cut River Valley are thoroughly cemented, show no evidence of any move­

ment in historic time and are aseismic. Wells that do penetrate into 

the Triassic-Jurassic rocks show no evidence of elevated temperatures 

(see Table 5). One well, in Hadley, Massachusetts, was reported (Gruy 

Federal, personal communication) to be 250 feet deep and yielding water 

at 15.6°C (60 ), but attempts to locate the well failed. This well, 

and all wells in Hadley, would overly the buried Belchertown complex 

but are completed in glacial sediment. All tot̂ m wells are 70 feet deep 

or less and do not exceed 11 C (52 F). 

The St. Johnsbury Thermal Anomaly 

During the course of field investigation an unusual thermal anomaly 

was discovered in the town of St. Johnsbury in northeastern Verraont. 

The toxm is underlain by Siluro-Devonian schists which are mantled 

with thick ice-contact glacial sediments forming broad terraces. The 

owner of the residence at 115 Main Street reported a small roughly circu­

lar area of about 15 feet diameter next to the house upon which snow 

would melt' and only moss would grow, and further that this occurrence 

had been noted in diaries of former occupants in the 19th century. 

During April and May, 1981, several visits to the site were raade, 

and a series of auger holes drilled to lengths up to 8 feet. A probe 

recofdfed temp'Sratures varying-from-9fr-F--to i:05-F-;---The-materla-1 in-whi-eh-

the holes were drilled is a clean, dry sand. The following is an 
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exerpt from a letter dated June 28, 1981 from the property owner. 

"In the afternoon I noticed again what I have noticed 
in the past, a slight gassy smell coming from the hole. 
Thinking it might be swamp gas in small quantity I 
eventually decided to try lighting it with a match, so 
at 5:15 p.m. I did so, and the hole burst into flame 
and kept on burning. Since there are now five holes 
in the hot area, I tried thera all with matches and 
all burst into flame, though none as powerfully as the 
new hole. I should have done this last summer for I 
recall' the gassy smell t̂ hen I dug a hole with a shovel 
in the hot area." 

The local utilities company has no record of any gas line in the area. 

The source of the gas and the heat remains unexplained. 
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Geothermal Resource Assessment 

of the Uew England States 

Introduction 

On July 1, 1980, a two year program to conduct an assessment of 

the geothermal resource potential of the New England region (Fig. 1) 

was initiated under contract DE-FCO7-80RA50272 between the Departraent 

of Energy and Amherst College of Amherst, Massachusetts, at a funding 

level of $65,000. Subsequently a six month no-cost extension was 

granted to terminate the study at the end of 1982. Most of the field 

work was conducted during the summer months, with laboratory work and 

literature searches being pursued during the academic year. 

Even though, for geologic reasons, there appeared to be only a 

small possibility that hydrothermal geothermal resources might occur 

in the region, the existence of warm springs in westem Massachusetts, 

the abnormal radioactivity in certain plutonic rocks in the region, 

and the high population and industrial density justified a survey at 

a low level of funding. 

Since modern day earth scientists, except for hydrologists and 

ground water geologists, pay little or no attention to springs and 

their characteristics, it was necessary to go back and pursue the early 

geological literature concerned with New England and this in itself 

raised a problem. Early investigators wrote in a most prosaic style 

and rarely had indices in which specific features were listed, so 

often it was necessary to read an entire work in search of clues to 
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FIGURE 1: The New England States 



springs of unusual character. Within these works the location of fea­

tures are also vague and frequently given in terms of the current land 

owner and structures. 

Early -visits were made to the offices of the State Geologist, the 

State Energy Office, and the Water Resources Division Office of the 

U. S. Geological Survey, in search of inforraation relating- to springs 

and wells in the region. Compilation of geological and geophysical 

data have been made and compared in search of areas that could serve 

as targets for more detailed investigations. 

Results of the Survey 

With the exception of Sand Springs in Williamstown, Massachusetts* 

there are no identifiable hydrothermal geothermal resources in the New 

England region. The radioactive plutons of the White Mountains of New 

Hampshire do not, apparently, contain sufficient stored heat to make 

them a feasible target for an induced hydrothermal system such as exists 

at Fenton Hill near Los Alamos, New Mexico. The only potential source 

of low grade heat is the large volume of ground water contained within 

the unconsolidated sediments related to the Pleistocene glaciation of 

the region. 

During the course of the survey an unusual and unexplained thermal 

anomaly was discovered in St. Johnsbury, Vermont, which is described 

towards the end of this report. 



Summary of the Geologic History of New England 

The oldest exposed rocks in New England (Plate I) are part of the 

Grenville Group of Precambrian age and crop out in the core of anticlin-

orial uplifts in western Verraont, Massachusetts and Connecticut. These 

rocks contain a long history, which includes repeated periods bf sediraenta­

tion, deformation, metamorphism and intrusion. Rocks of Grenville age 

are believed to underlie virtually all of New England. The Grenville 

orogeny ended about 950 million years .ago. 

In Late Precambrian time rifting of the landmass containing the 

Grenville rocks occurred producing what some geologists terra the "proto-

Atlantic" ocean. Late Precarabrian and Early Paleozoic sediraents and vol­

canic material were deposited forming a continental shelf, slope and rise. 

Present day western New England contains rocks that were probably formed 

on the continental slope, with volcanic island arcs farther to the east. 

Continued erosion of the land mass to the west and north permitted the 

encroachment of the ocean westward creating large epeiric seas covering 

most of New England and the region to the west by Late Cambrian time and 

into Ordovician time. 

The "proto-Atlantic" ocean began to close by Middle Orodvician time 

and deformation commenced with the advent of the Taconic orogeny. This 

deformation caused folding, thrusting, uplift and granodiorite intrusions 

of the Oliverian and Highlandcroft Magma Series (Plate II). The orogeny 

affected northern Maine and westem New England and adjacent New York 

east of the Hudson River.producing an elevated land mass. Erosion and 

sedimentation produced another sequence of continental margin sediments 

in Silurian and Devonian times but situated farther to the east in cen-
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tral Vermont, Massachusetts and Connecticut. 

All of New England was again subjected to intense deformation (the 

Acadian orogeny) during La.te Devonian time, producing intense metamor­

phism and intrusion of the New Hampshire Magma Series (Plate II). Ero­

sion of the resulting raountain chain produced deltaic deposits that 

spread over rauch of the region during Pennsylvanian time. Large swampy 

areas developed on the deltaic deposits ultimately producing coal. These 

deposits are preserved today in Rhode Island and adjacent Massachusetts 

in the Narragansett Basin (Plate I). 

In Late Pennsylvanian time or Early Per-mian time defor-raation again 

affected the region during the Appalachian orogeny, which in New England 

caused the folding, low grade raetamorphism and granitic intrusion (Narra­

gansett Pier granite) in Rhode Island and eastern Connecticut and Massa­

chusetts. 

Rifting began in Late Triassic time as a result of regional warping 

and associated faulting. Nonmarine, red fluvial and dark lacustrine sed­

iments and basalts filled the rift valleys and basins into Jurassic time, 

creating the rock sequence now preserved in the Connecticut River Valley 

of Massachusetts and Connecticut and a much smaller basin in southwestern 

Connecticut. 

In Late Jurassic time the present Atlantic Ocean began to open and 

the present continental shelf, slope and rise began to develop. While 

the oldest dated rocks in the shelf pile are of Jurassic age the oldest 

exposed rocks (at Martha's Vineyard) are of Cretaceous age. Associated 

with the opening of the Atlantic Ocean was the formation of a large 

group of calderas during Jurassic and Cretaceous time. The calderas and 

associated volcanic activity wete centered in the middle of New Hampshire 



forming the alkalic igneous rocks of the I'Jhite Mountain Magraa Series 

(Plate II). 

With the end of the volcanic activity the New England region has 

been subject to erosion with the exception of the advance of continental 

glaciers during Pleistocene time. The terminal morraines of the last 

advance are found in Massachusetts on Cape Cod, Martha's Vineyard and 

Nantucket Island. With the retreat of the ice sheet glacial till and 

lake deposits were spread unevenly over the entire region. 

Tectonic Setting 

The entire region of New England is essentially the northern exten­

sion of the Appalachian Mountains orogenic belt which in New England 

has been divided by Zen (1968) into several broad zones. (Fig. 2).Each of the 

zones forins a tectonically distinct geologic unit and usually has a dis­

tinct stratigraphy. It is perhaps easiest to discuss "the.zones from 

west to east across the structural grain of New England. 

The westernmost zone associated with the Appalachian orogenic belt 

lies mostly outside of New England. This zone, termed the foreland, con­

sists of rocks that are chiefly Cambrian to Middle Ordovician quartzites 

and carbonate rocks overlain by Middle Ordovician shale. The zone is to 

the immediate west of the orogenic belt and includes the rocks in the 

Hudson Valley and the Champlain lowland. The degree of deformation is 

very slight but increases to the east. 

A north-south trending belt of metamorphosed Lower Paleozoic car­

bonate rocks forms the next zone, termed the Middlebury-St. Albans 

Synclinoria. The rocks correlate lithologically and stratigraphically 



FIGURE 2: Location of major structural features in New England 



with those of the foreland. They have, however, undergone two periods 

of deformation (the Taconic and Acadian orogenies). To the south the 

rocks are folded recumbently. The degree of folding diminishes north­

ward and in western Massachusetts and Vermont the rocks are broken by 

thrust faults (Plate I). Within this belt of folded and faulted rocks 

is a zone of allochthones that slid into place, from the east. They re­

present a facies that is intermediate between the platform sequence of 

the foreland and volcanic-bearing eugeosynclinal rocks. During Middle 

Ordovician time these masses slid into their present position as subma­

rine "sheets", and are composed of rocks that range in age from Cambrian 

to Middle Ordovician. 

The next zone eastward is dominated by large massifs of Precarabrian 

rocks. In the New England region they are the Green Mountain massif 

(Vermont) the Berkshire massif (Massachusetts) and the Housatonic and 

New Milford massifs (Connecticut). They are the cores of large anti­

clinoria, the limits of which extend beyond the exposures of the Precam­

brian rocks. 

The next zone to the. east of the massifs consists of eugeosynclinal 

Paleozoic rocks that are intensely sheared, folded and metamorphosed to 

varying degrees. These comprise the westem limb of the Connecticut 

Valley-Gaspe synclinorium. In New England this zone can be subdivided 

into two subzones. The westem subzone consists of a homoclinal se­

quence dipping eastward off the massifs. The eastem subzone consists 

of domes superimposed upon isoclinal and possible recumbent folds. Ul­

tramafic rocks are associated with both subzones. 

The same eugeosynclinal sequence of rocks is exposed in the next 

zone, the Bronson Hill Anticlinorium, but here the structure consists 



of a series of knappes with a second line of gneiss domes superimposed 

on the nappes. The domes extend from northwestem New Hampshire to 

Long Island Sound. 

The Merrimack Synclinorium comprises the next zone. It extends \ 

from northem Maine through central New Hampshire into eastem Massa--

chusetts and Connecticut. Stratigraphically, rocks of this zone corres­

pond to those in the Connecticut Valley-Gaspe Sj^clinorium from which 

they are separated by the gneiss domes of the Bronson Hill Anticlino­

rium. 

The coastal belt is composed of a heterogeneity of eugeosynclinal 

rocks containing a large volume of volcanic and nonmarine rocks. These 

are probably of Ordovician, Silurian and Early Devonian age. There are 

also rocks of possible Precambrian age in southwestem New England. 

Superimposed on these zones' of pre-Arcadian rocks are two sequen­

ces of younger non-marine rocks, namely the Pennsylvanian age Narragan­

sett and Boston basins and the Triassic-Jurassic age basin of the Conn­

ecticut River Valley. Both of these sequences probably covered most 

of New England at the time of deposition but have subsequently been 

removed by erosion. 

The zones outlined above, with the exception of the Triassic-Jur­

assic basin, have been variously affected by one or more orogenies since 

the beginning of Paleozoic time, and evidence of additional orogenic 

events can be found in the Precambrian rocks. The Paleozoic orogenic 

events pro-vide a useful reference for gross division of the stratigra­

phic column as used on the geologic map (Plate I). 

The Taconic orogeny affected rocks of Cambrian and Ordovician age, 

so rocks of those ages are grouped as one unit on the geologic map. 
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This orogeny was apparently long lived, beginning in isolated locali­

ties in the Middle Ordovician and may include some events that occurr­

ed as late as Late Silurian time. The time between the Taconic and 

Acadian orogenies is represented by the deposition of Silurian to Mid­

dle Devonian rocks in New England. The Acadian orogeny had far great­

er affect on New England than either the Taconic or the later Appala­

chian orogenies, producing a higher grade of metamorphism and a large 

volume of plutonic rocks, which persisted from preorogenic to post-

orogenic time. It was also responsible for the formation of the syn­

clinoria and anticlinoria and the formation of most of the nappes. The 

Appalachian orogeny affected the late Paleozoic rocks of eastem Massa­

chusetts and Rhode Island. 

The Triassic-Jurassic detrital and volcanic rocks are confined to 

the partly fault-bounded basin in central Massachusetts and Connecticut, 

are unmetamorphosed and therefore truly post orogenic. Thus in New Eng­

land the late tectonic events appear to be restricted to high-angle 

faulting accompanied by volcanism and the emplacement of the White Moun­

tain Magma Series. 

Bouger Gravity Anomalies in New England 

The first gravity map of the region was prepared by Longwell (1943) 

and covered a portion of southem New England. It was followed by a 

map and report by Woolard._ (1948) covering most of New England. These, 

and subsequent more detailed investigations (Bean, 1953; Joyner, 1963; 

Bromery, 1967; Diment, 1968; Kane and Bromery, 1968; Kane, 1970) have 

been combined by Kane et al. (1972) to produce a Bouguer gravity map 
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of the region. The gravity map accompanying this report (Plate III) 

is a modification of the map of Kane et al. (1972). 

Negative gravity values are dominant throughout New England and 

exceed -70 milligals in northwestern Massachusetts, southeastem Ver­

mont and central New Hampshire. Positive gravity values exceeding 

•f40 milligals are located in southwestem Connecticut and in the Cape 

Ann region north of Boston (Plate III). 

Gravity trends are mostly north-south in western and southern 

New England and shift to a northeasterly trend in the rest of the re­

gion becoming most pronounced in Maine. The diversity in trend corre­

lates in a general way with lithology and structure (Plate I). 

Regional gravity anomalies are considered to be the result of 

variation in crustal thickness (Kane et al., 1972). Local anomalies 

appear as a sharp steepening of gradients and local closure of isogals. 

In New England the best defined cause of local, steep anomalies are 

masses of plutonic rock, the most common being felsic plutons associated 

with gravity lows. The pile of sedimentary rock in the Narragansett 

and Boston Basins does not produce a gravity low, probably as a result 

of the low grade metamorphism that accompanied the Appalachian orogeny. 

Likewise, the thick pile of post-tectonic sediments in the Connecticut 

River Valley does not give any indication of there being an associated 

gravity low probably due to their thorough cementation (in part of sec­

tion by iron carbonate and iron oxide) and the presence of lava flows. 

The regional gravity field correlates well with major geologic fea­

tures, with gravity highs overlying broad areas of uplift and the lows 

over broad areas of subsidence and deposition (Longwell, 1943; Woolard, 

1943). Two of the regional lows occur over large felsic plutons, one 
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being the White Mountains of central New Hampshire within the Merrimack 

Synclinorium and the other in extreme northeastern Vermont within the 

Connecticut Valley-Gaspe Synclinorium. 

The correspondence between tectonic features and raajor gravity fea­

tures is apparent on a large scale, but does not hold in detail as noted 

by Diment (1968). Note, for example, the offset of gravity and tectonic 

highs in extreme western Massachusetts.- It would seem, therefore, that 

the regional anomalies are caused by major crustal or crust-mantle struc­

tures of considerable vertical extent that are sometimes masked by geo­

logic features within the upper crust such as the multiple thrusting of 

thin crustal sheets in westem New England. 

The predominate regional features of the westem part of New England 

are the positive linear gravity high and the adjacent gravity low to 

the west (Plate III). Diment (1968) concluded that the principal cause 

of the high is the relative uplift of dense lower crust material while 

the low results from the depression of less dense crustal material into 

the more dense mantle. The gravity field in extreme western New England 

shows a range in gravity values over the relatively short distance of 

125 km from + 40 mgals in southwestem Connecticut to - 65 mgals along 

the New York-Massachusetts border. This is in sharp contrast to the 

range/distance relationship in the rest of New England. 

Another regional gravity low is more subdued and narrower than that 

in extreme westem New England and occurs along the southem Vermont-

New Hampshire border and extends into central Massachusetts. This low 

corresponds well with the Bronson Hill Anticlinorium which is composed 

of mantled gneiss domes and nappes. I^ile local gravity lows appear 
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over the domes, the more extensive feature is probably the result of the 

presence of a broad band of low density felsic material at depth below 

the anticlinorium. 

The regional trend of the gravity field in the eastem two thirds 

of New England is northeast and parallel to the principal trend of the 

Appalachians. The regional field diminishes northwestward from the Gulf 

of Maine to the Canadian border. In Maine the local variations in the 

gravity field are associated with differences in lithologies, except in 

southeastem Maine over rocks that lie within the sillimanite isograd. 

(Plate III). Local gravity lows with sharp closure occur over Devonian 

age plutons. The large, elongate gravity low in northem Maine along 

the International Boundary is associated with the lower' Paleozoic rocks 

of the Connecticut Valley-Gaspe Synclinorium . In southwestern Maine, 

most of New Hampshire, eastem Massachusetts, eastem Connecticut and 

westem Rhode Island there is little correspondence between gravity lows 

and the Devonian age plutons. This large area of New England contains 

rocks that have been metamorphosed to sillimanite grade.. Thompson and 

Norton (1968) have concluded that rocks within the sillimanite isograd 

were buried to at least 20 km based on metamorphic mineral equilibria. 

Exposure of these rocks at the surface may well indicate that the deep 

erosion accompanying uplift has removed most of the Devonian age felsic 

plutons. The deep gravity lows over the White Mountains are caused by 

the plutons of Jurassic and younger age which postdate the metamorphic 

event. 

There is also a notable correspondence between gravity lows and 

topographic highs over much of New England, suggesting that the high­

lands are isostatically balanced by low density masses at depth. A 

majo.r exception is the gravity low associated with the Green Mountain-
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Sutton Mountain anticlinorium and the gra-vity low just westward over 

the Lake Champlain lowland. Since both of these regions are underlain 

by masses of complexly overthrust sheets of rock it is presumed that 

the crust in this region possesses enough lateral strength so that the 

load imposed by the overthrust sheets (the anticlinorium) is supported 

by the underthrust sheet (the lowland). 

Seismicity 

The level of seismicity, and the accordingly varied earthquake in­

tensity, varies greatly from place to place in the northeastern United 

States. Although the region does not lie in a belt of major seismic 

activity, many earthquakes have been recorded since arrival of the first 

European settlers, and one area, Moodus, Connecticut, was sacred to 

the Indians because of the numerous tremors occurring there. The larg­

est recorded seismic event (estimated intensity of VIII) occurred off 

Cape Ann, Massachusetts in 1755. Currently about 30 to 40 earthquakes 

are recorded yearly in the New England region. 

Within New England there are certain areas (Figure 3) of higher 

seismiscity which appear to have remained stable over the last 300 years 

according to available historical records (Hadley and Evine, 1974). Re­

cent, more accurately measured earthquake epicenters (Figure 4) for the 

period from October 1975 to June 1978 (Chiburis et al., 1978) fall with­

in those areas of higher seismic activity in central New Hampshire and 

southem New England. However, the rate of activity within the areas 

of higher historical seismicity has been varied. For example, the area 

around Boston and Cape Ann was active in the first half of the Eight-
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eenth Century but has been quiet in more recent times. (Compare Fig­

ures 3 and 4). 

Sbar and Sykes (1973) discussed the concentration of epicenters 

between Boston and Ottawa, Canada and suggest that the epicenters form 

a seismic zone. While it appears that a clustering of epicenters forms 

a zone from the north end of Lake Champlain to Ottawa, extension to the 

southeast is far from certain. The area of north-trending clustering 

of epicenters in eastern New Hampshire and the low seismicity belt of 

Vermont and Western Massachusetts conform to the regional structural 

trend and cut across the proposed Boston-Ottawa seisraic belt of Sbar 

and Sykes. 

A number of different causes have been called upon to explain the 

seismic activity in New England. Isostatic adjustment following de-

glaciation, stress accumulations at the borders of bodies of mafic rock 

due to density contrasts, reservoir filling and faulting have all been 

suggested as the possible causes for the seismic activity. None of 

these suggested causes can fully explain the distribution pattern of 

New England earthquakes, however. 

Isostatic rebound due to ice unloading is certainly possible for 

the cause of some of the events, but in two areas of high seismic acti­

vity along the Maine coast the crust is sinking. The largest concentra­

tion of mafic rocks in New England lies within the belt of low seismi­

city of Vermont. Earthquakes do appear to be spatially related to the 

Mesozoic calderas in New Hampshire. The filling of the large Quabbin 

Reservoir in central Massachusetts has not generated any noticeable 

change in the local seismic activity. Movement along fault segraents is 

considered the most likely cause of the earthquakes. Fault plane solu-
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FIGURE 3: Recorded seismic events in New England from 1534 
to 1977 (From Barosh et al., 1979) 
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FIGURE 4: Recorded seismic events in New England 
for the period October 1975 to June 1978. 

(From Chiburis et al., 1978) 
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tions made from seismograph records from New England also suggest in­

directly that the earthquakes originate on faults. However, there is 

no record of any surface fault movement accompanying a New England earth­

quake and nowhere in the literature is there any mention of an active 

fault. Since detailed mapping in New England has only begun in the 

1930's there is not enough information available to reveal a basic tec­

tonic pattem. Eastern Massachusetts and Connecticut are now known to 

be highly faulted and the rest of southem New England is probably e-

qually as faulted (Figure 5). As for northern New England there has 

been little detailed mapping, but where it has been completed suggests 

that faults are abundant. The present evidence suggests major north­

east zones of faulting, across New England, with north and northwest, 

trends being less abundant. 

Major problems arise when attempting to date faults or periods of 

faulting. Many of the mapped faults in New England are of a compress­

ional nature and are of Paleozoic age (225 5o 600 .m.y.), which may have 

been selectively reactivated. Also, there are very few areas of Meso­

zoic (65 to 225 ra.y.) rock and virtually no Tertiary (1.8 to 65 m.y.) 

rocks, and where they do exist they are mantled by glacial till. The 

age of faults that cut the Mesozoic rocks is unknown but must predate 

the Cretaceous peneplanation that affected all of New England. 

It would appear that areas of high seismicity are associated with 

zones of known or probable faults, but not with the zones of Paleozoic 

age compressional faults found in western New England. Zones of Meso­

zoic age high angle extensional faults are in some causes areas of high 

seismicity: the Champlaiilowland, the southem Connecticut River Valley, 

the Narragansett Bay area, and the White Mountains of New Hampshire. 
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Except for seismic events in and near the White Mountains, the 

active areas of the New England region that have been instrumentally 

recorded occur in lowlands, bays, and major river valleys. These geo­

morphic features are directly related to the geology of the region. 

The lowlands are underlain by weak or soft rocks or have formed by ex­

tensional faulting and subsidence. Historic earthquake activity in 

New England therefore may be related to extensional faulting and may 

indicate minor rifting (Barosh, 1979). 

Lineament Patterns in New England 

The Mesozoic basins of Connecticut were studied by Hobbs and the 

first lineament maps were prepared in 1901, 1904, and 1911. He was 

among the first to recognize the existence of regional topographic lin­

eaments. This pioneering work drew much attention and disbelief. More 

recently D. U. Wise and his students at the University of Massachusetts, 

Amherst, have been conducting fault, fracture and lineament studies in 

New England, particularly in western Massachusetts and Connecticut. 

Wise (1976) noted that throughout New England the most pronounced 

linears are oriented N20E, N25W and N70E, of which the N25W set is the 

most pervasive. These linears cross all major tectonic boundaries in 

New England and hence must post-date the Paleozoic metamorphic events 

and the Late Paleozoic to Middle Mesozoic basin and caldera formation. 

Comparison of the linear trends (Figure 6) and the faults of the 
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region (Figure 5) clearly shows that the topographic linears are not 

- great fault lines. However, Truesdell and Wise (1975) show that the 

linear trends correlate with small (up to a few meters displacement) 

fault orientations in a restricted area of western Massachusetts. 

Whether this correlation holds throughout all of New England is un­

known at this time. 

Wise (1976) interprets the linears in New England as beginning 

as incipient faults of a few tens to a few hundreds of kilometers of 

length following regional stress trajectories. They may become small 

faults, fault zones or zones of more intense development of joints. 

In the case of joint concentrations the joints need not parallel the 

zone itself, but merely be more intensely concentrated within the 

zone. Once formed these linears will maintain their existence, even 

penetrating sedimentary cover, by concentrating along them tidal strains, 

younger tectonic strains or the effects of propogation of seismic 

waves. At the surface the zone, be it fractured or faulted, provides 

easy access for ground water and deeper weathering to allow etching and 

preservation as elements of the topography. 

Heat Flow 

To date there have been seventeen heat flow measurements completed 
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FIGURE 6: Major lineaments in New England (after wise, 1976) 
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within the New England States. A detailed discussion of the thermal 

history is contained in Birch et al. (1968). The locations of the heat 

flow sites are given in Table 1 and Figure 7. The geologic distribution 

of the sites shows that the majority have been confined to Paleozoic-

Mesozoic plutonic rocks in New Hampshire (eight), Massachusetts (txjo) 

and Maine (two). The three sites in Vermont are located in the Precara­

brian core of the Green Mountain anticlinorium. Of the twelve sites po­

sitioned in plutonic rocks three are located in the highly radioactive 

Conway granite (185 ra.y.) of the \7hite Mountain Magma Series, and the re­

mainder in New England rocks of the New Hampshire Magma Series (360 m.y.). 

The highest heat flow values (Q) in New England are found in the Conway 

granite and the lowest in the Precambrian rocks of Vermont. 

Since the bulk of the heat flow determinations in New England have 

been made in New Harapshire from rock of Devonian age or younger, Birch et 

al. (1968) have postulated a therraal history for New England (i.e.. New 

Hampshire) beginning with Lower Devonian time. At that time there already 

existed in New Hampshire about 10 km of Ordovician and Silurian sediments 

deposited over a span of 100 m.y. Starting in Devonian time the rate of 

deposition increased and 15 km or more of deposits accumulated over a 

span of 50 m.y., which-was followed by'deformation, uplift and intrusion of 

the New Hampshire Magma Series comprising the Acadian orogeny. Erosion 

and uplift continued throughout the rest of Paleozoic tirae. During Tri­

assic tirae another period of volcanism began in New England accompanied 

by the emplacement of the White Mountain Magma Series of which the Conway 

Granite represents the final phase. Since that time New England has been 

subject of slow uplift and erosion with a minor interruption during the 

Pleistocene glacial advance. 

file:///7hite


TABLE 1 

HEAT FLOW IN NEW ENGLAND 
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Heat Flow 

LOCATION 

Blue Hill, ME 

Casco, ME 

Brewster, MA 

Carabridge, MA 

Chelmsford, MA 

Millers Falls, MA 

Bradford, NH 

Concord, NH 

Durham, NH 

Fitzwilliam, NH 

Kancamagus, NH 

North Conway, M 

North Haverhill, NH 

Waterville, NH 

Microcals/cm sec. 
Topographic Geologic 
Corrected Corrected 

1.44 

1.80 

1.16 

1.20 

1.63 

1.67 

1.59 

1.73 

1.08 ' 

1.63 

2.27 

1.89 

1.34 

2.15 

1.30 

1.63 

1.29 

1.20 

1.48 

1.51 

1.44 

1.57 

0.98 

1.48 

2.13 

1.95 

1.21 

2 .21 

From Birch et al., 1968 
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The net effects of varying rates of sedimentation, intensity of 

metamorphism and the depths of emplacement of plutonic rocks (15; km for 

the New Hampshire Series versus 6 kra for the Conway Granite) and erosion 

rates have altered the normal heat flow regime such that corrections have 

to be applied. Hcwever the magnitude of the "geological" corrections 

is not great (Table 1). 

The correction for erosion effects are best applied to sites in New 

Hampshire, namely Bradford, Concord, Fitzwilliam and also Chelmsford, 

Massachusetts and Casco, Maine, all of which lie within the belt of deep 

Paleozoic sedimentation. Less certain is the application of erosion-

rate correction at Blue Hill, Maine, North Haverhill and Durham, New Harap­

shire, and Millers Falls, Massachusetts. Hc3wever, for the above Birch 

et al. (1968) have calculated a raean geothermal gradient of 18.3 C/km 

from averaged measured gradients with a mean value of 20.2 C/km thus pro­

viding a reduction of 9.4% in the topographically corrected values for 

heat flow. For the heat flow values calculated for the sites in the White 

Mountain Magma Series (North Conway, Kancamagus and Waterville, New Hamp­

shire) a correction factor of 1.6 /km was subtracted from the gradients. 

The sarae correction factor has been applied to the gradients raeasured 

at the three sites in Precambrian rocks in Vermont. In the case of the 

site at Brewster, Massachusetts on Cape Cod, a 10% upward correction was 

applied to take into consideration the deposition of about 100 meters of 

sand following the retreat of the Pleistocene glaciers. 

M. P. Billings (1964) prepared a map (unpublished) in which he con­

toured "equivalent uranium" (eU) for Maine, New Hampshire and Vermont. 

The quantity eU was used to show the gamma activity from uranium, thorium 

and potassium in terms of the amount of uranium and daughter products in 
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equilibrium required to produce the same effect. Although the formula 

used by Billings (eU = U + 0.48Th + 3K; U and Th in ppm, K in per-^ ° gamma 

cent) is different from that to calculate equivalent uranium for heat 

generation (eU ̂  = U" + 0.27Th -f 0.37K), eU is roughly propor-' 
thermal gamma 

3 

tional to A, the rate of heat generation per cm . Therefore a correla­

tion between heat flow (Q) and A also provides a correlation between 

heat flow and eU. Birch et al. (1968) noted a strong correlation be­

tween heat flow values and eU contours of Billings and concluded that 

contours of bedrock eU can be converted to heat flow contours with errors 

2 
on the order of 0.2 microcal/cm sec for the region. 

Heat flow values for the Precambrian anorthosite in the Adirondack 

2 
Mountains of New York average 0.8 microcal/cm sec and this value is 

attributed to be the contribution of the lower crust and mantle to the 

flux. Subtracting that amount frora the calculated heat flow in the Con-

2 
way Granite leaves 1.2 microcal/cm sec to be supplied by radioactive 

decay in the granite. Assuming even distribution of radioactive elements 

in the granite, Billings et al. (1968) calculate upper limit of the thick­

ness of the Conway Granite to be 6 km, which is reasonable agreement 

with an estimate of 4.5 km thickness required to explain the gravity lc«\? 

(Joyner, 1963). 

New England Ground Water Resources 

Most of the ground water resources in New England lie in the region 

defined by the U. S. Water Resources council as the Glaciated Appalachians 

region, the exception being Nantucket, Martha's Vineyard and Cape Cod 

which lie in the Coastal Plain ground water region. In the region aver-
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age annual teraperature ranges from 3.3 C (38 F) in northern Maine to 

10 C (50 F) in Connecticut, Rhode Island and southeastern Massachusetts. 

The annual average precipitation ranges from 1000 mm (40 in.) in the 

north to 1140 mm (45 in.) in the south. By 19 75 ground water constitu­

ted twenty-three percent of the total fresh water withdrawals in the na­

tion. In New England ground water contributed twelve percent of the to­

tal fresh water withdrawals. 

Most of the New England region is underlain by impermeable crystall­

ine rocks from which small amounts of ground water are retrieved for do­

mestic and livestock supplies from fracture zones. Sedimentary rocks 

in the region consist of carbonate and clastic sequences. The carbonate 

rocks, consisting of limestone, dolomite and calcareous shales, occur in 

the Hoosatonic River Valley in western Massachiasetts and Connecticut and 

in the Aroostook Valley in northern Maine. Wells drilled in carbonate 

rocks can produce substantial ground water supplies if large solution open­

ings are penetrated in the zone of saturation. The non-carbonate sedi­

mentary rocks are mostly confined to the Connecticut River Valley lowland 

and consist of shale, sandstone, arkose, conglomerate and interbedded 

basalts. The sedimentary rocks yield small to moderate supplies, some 

wells providing as much as 19L/s (300 gal/min). 

In parts of New England low grade metamorphosed sedimentary rocks 

yield small to moderate supplies of water. Rocks of this type, consist­

ing of metaconglomerate, argillite, phyllite, slate and marble, occur 

widely in Maine, in western Massachusetts and western Connecticut, north­

west of Boston, and in the Boston and Narragansett Basins of eastern and 

southeastern Massachusetts and southeastem Rhode Island. In a few 

places supplies up to 32L/s (500 gal/min) are obtained from strongly frac-
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tured zones. 

The most productive sources of ground water in New England are un­

consolidated sediments,which consist of glacial and glaciofluvial de­

posits and the reworked glacial deposits in present day river and stream 

valleys, termed watercourse aquifers. Thoraas (1952) defines watercourses 

as hydrologic units that include both surface water of a river channel 

and the ground water in the alluvium that forms the flood plain. The 

glacial deposits in New England consist raostly of stratified drift (sand 

and gravel) with raoderate to high permeability. The watercourse aqui­

fers provide the highest yields of ground water with some individual 

wells yielding up to 125L/s (2000 gal/min) due to hydraulic continuity 

between the river and surrounding porous and permeable glacial outwash 

that underlies the flood plain. With the retreat of the glacial ice 

front northward at the close of Pleistocene time large volumes of melt 

water produced deep river channels, which were later filled with alluvium. 

With the reduction in discharge and subsequent land uplift that accompa­

nied the glacial retreat, many of these river courses have been greatly 

reduced in size and some completely abandoned, and reraain today as deep 

valleys filled with alluvium. They have an extent, thickness and perme­

ability far greater than present streams could possibly produce, and 

some no longer form any part of the present drainage system. However, 

the opportunity for recharge may, in many cases, be limited to direct 

infiltration from precipitation and the perennial yield is likely to be 

less than that of the watercourse aquifers. 

The contribution of ground water to the total discharge of a river 

is the base flow. The mean stream flow (Sinnott, 1982) for the New 

2 3 
England Region has been determined to be about 258 x 10 m /d 
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9 
(68 X 10 gal/d). Using a conservative estimate of a base flow of forty 

percent of the mean stream flow of the entire region the average total 

2 3 9 

yield of groundwater to discharge is about 102 x 10 m d/ (27 x 10 gal/d). 

The large volume of lateral discharge of ground water in glacial till 

and alluvium that mantles all of New England therefore will in most 

cases dilute and mask any heated water that raight be discharged at the 

bedrock surface. 

Use of Ground water as an Energy Source 

Technology Property Associates (TPA) of Burlington, Massachusetts, 

has constructed an office building that uses ground water for both heat­

ing and cooling purposes as a backup for the primary solar energy systera. 

The system is maintained and operated by Aerospace Systems, Incorporated 

which states that although the system was designed as a backup, the water-

to-water heat pump is able to extract 3 1/2 times more useable energy 

from water than an electrical resistance heating element could produce, 

and could be the primary energy source in a properly designed building 

in New England. 

The extraction of energy from water courses has been proposed for 

the City of Stamford, Connecticut, through which the Rippowan River 

flows. The proposer, Wormser Scientific Corporation of Stamford, notes 

that the ground water conditions in Stamford are well known as the re­

sult of over 500 borings taken in conjunction with planning and construc­

tion of a 130 acre urban renewal project and the earlier construction of 

Interstate Highway 1-95. 

Two-mai-n—shallow aquifers—traverse Stamford in a-N=S direction and 

one of these is rated as being capable of supplying 2.8 million gallons 
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per day on average for consumptive use, i.e, without any return of 

the water to the aquifer. The water temperature varies bet\<7een 10 C 

(50 F) and 11 C (52 F) annually. The proposer (personal communication, 

Wormser Scientific Corporation) plans to extract water frora the aquifer 

to cool structures and return this water, ntjw warmer by 5 to 8 C by 

their calculations, to the aquifer at a different location. It is this 

systera that currently is in use in the TPA structure. They state that 

the direct distribution aquifer cooling systera uses about 10% of the 

electrical energy requirements needed to operate a conventional air con­

ditioning cooling system. Heat pumps in the heating mode extract heat 

from ground water at 10 C and amplify it using a compression refrigera­

tion cycle to around 37 C (100 F) for heating purposes. The reinjected 

water will be cooled to around 5 C, but the araount of water removed and 

reinjected into the aquifer will be a small fraction of the total volume 

available. 

The very large volume of ground water available in New England raakes 

this resource a potential source of energy using water interface heat 

pumps. 

Thermal Springs in New England 

Seepage springs are abundant in New England, especially at the contact 

of glacial till and bedrock. There are some springs, however, that are 

fracture controlled and apparently circulate meteoric water to sufficient 

depth to become heated by the normal geothermal gradient. 

A search of the literature, particularly that of the nineteenth 

century, was conducted to establish the existence of any possibly warm 
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springs. In a report on the geology of Vermont, Adams (1848) raakes note 

of Morgan Spring in the center of Bennington as possibly being a warra 

spring, Stearns et al. (1937) report that the spring was listed again 

in 1934 as a thermal spring with a temperature of 11.7 C (53 F) which 

is 4 C above the mean annual temperature. The spring is not listed by 

Waring (1965) nor Eevxy et al. (1980) and a visit to the area failed to 

locate the spring.-

Daubney (1839) reported another slightly warm spring at Cannan, 

Vermont, but no subsequent listing could be found, nor could the spring 

be located. 

Hitchcock (1861, p. 174) in a report on the geology of Vermont noted 

a number of springs producing calcareous deposits. When visited these 

proved to be normal ground water springs in a carbonate terraine. 

Lebanon Springs - Sand Springs Area of New York and Massachusetts 

Both Lebanon Spring in eastern New York and Sand Spring in Williams­

town, Massachusetts have somewhat elevated temperatures that have been 

utilized for a number of purposes over the past decades. Lebanon Spring 

is located in the northwest corner of the Pittsfield west 7 1/2 quadrangle 

and lies about 17 miles south-southeast of Sand Springs. 

At Lebanon Spring a 400 room hotel named Columbia Hall was built in 

1794. The structure was removed in 1928 ironically because of the high 

cost of conventional heating. The Rutland Railroad laid a mile long pipe 

line frora the spring in 1906 for recharging locomotive boilers. After 

abandonment of the railroad about thirty local families tied into the 

line and use .the warm waters for domestic purposes. At the present tirae 
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thereis no use of the spring waters related to elevated temperature. 

Sand Spring has been in use since pre-Colonial times. Carlin (1972) 

states that the spring was used by area Indian tribes as a landmark and 

campground for hunting and war parties, lying near the intersection of a 

north-south trail and the Mohawk Trail. A health spa. Graylock Hall, con­

taining 26 large baths and 6 sunken bathing pools was built in the 1880's. 

A bottling works was added in 1893 and ceased production in 1972. 

The raost recent geological study of the Lebanon and Sand Springs 

by Dunn Geoscience Corporation for New York State Energy Research and De­

velopment Authority (1981) states that the thermal waters issue from 

Cambro-Ordovician rocks involved in the thrust belt of western New England 

and eastern New York. They interpret the elevated water teraperatures to 

be the result of deep ground water circulation along permeable zones cre­

ated along thrust fault planes. In the case of Lebanon Springs,Cambrian 

age phyllites have been thrust westward over Ordovician dolomite, and the 

dolomite has been as a result tensionally fractured to provide permeabi­

lity (Fig. 8). Since the geothermal gradients in the area do not appear 

to be high it is estimated that water circulation to about 1 km depth 

could account for the 22 C (72 F) measured at Lebanon Spring. 

The thermal springs at Williamstown, Idassachusetts, may occur in a 

slightly different geologic setting. The springs occur at three locations ; 

each location forming the apices of a triangle approximately one mile dis­

tant from each other. Unfortunately the detailed bedrock geology is ob­

scured by surficial materials at the point of issue for each spring. At 

Sand Spring itself the thermal water with a temperature of 24 C (76 F) 

flow may be along the contact of Cambrian quartzite thrust over Ordovician 

limestone (Fig. 8). The remaining two springs appear to issue from a 
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FIGURE 8: Geological cross sections in westem Massachusetts. Section loca­
tions shown on Figure 9B. Section A-A' shows the warm springs at 
Williamstown, MA, are associated with high angle reverse faults in­
volving the Cambro-Ordovician Stockbridge group (OCs) and the 
Cambrian Cheshire formation (Cc). Section B-B' shows the Lebanon 
Springs emerging at the contact of the Ordovician Wallomsac formation 
(Ow) and the Stockbridge group after ascending on the thrust fault 
about 1000' to the southeast. (Modified from OTSERDA Report 81-4 
prepared by Dunn Geoscience Corporation). 
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fault zone within the Ordovician dolomite. The water teraperatures were 

recorded as 19.5°C (67°F) for the northern and 20°C (68°F) for the south-

ern spring. Since the geothermal gradients in the vicinity of Williams­

town are not elevated it would appear that deep circulation of ground 

water is the source of the heated waters. 

Hansen et al. (1974) have analyzed the waters from wells at Sand 

Springs (Table 2). The warm waters are represented by analyses S'2, S'2a 

and S'S. It is obvious that there exists a direct correlation between 

temperature and SiO^ content, suggesting that the waters of Sand Spring 

probably attain a higher temperature at depth. The flow rate at the 

springs is approxiraately 24,000 gallons per hour (Waring, 1965). 

The New York State Energy Research and Developraent Authority report 

(1981) prepared by Dunn Geoscience Corporation gives the results of a 

survey of water cheraistry, teraperature and measured gradients,which includ­

ed a portion of western Massachusetts and southwestern Vermont. The sili­

ca contents and measured water temperatures at the surface are given in 

Table 3, and locations on Figure 9. 

The feasibility of utilizing the thermal waters of Sand Spring for 

domestic heating purposes appear to be good. The water quality is ex­

cellent; the water teraperature is approxiraately 14 C above that of normal 

ground water and the flow rate (400 gal/min) more than adequate. 

Some geothermal gradients in westem Massachusetts and southwest­

e m Vermont are abnormally high and increase into east­

e m New York. The background geothermal gradient appears to fall in the 

range of 5 - 7 C/km. The abnormally high gradients (Figure 9, Table 4) 

forra a north-northeast trending zone extending from Lebanon Springs New 

York to the vicinity of Pownal, Vermont, and range up to four times the 
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TABLE 2 

CHEMICAL ANALYSES OF SPRINGS IN WILLIAMSTOWN, MASSACHUSETTS 

Local Well # 

Temp. °C 

Si02 ("^S/l) 

Fe (ug/1) 

Mn (ug/1) 

Ca (mg/l) 

Mg (mg/l) 

Na (mg/l) 

K (mg/l) 

HCO3 (rag/1) 

CO3 (mg/l) 

SO^ (mg/l) 

Cl (rag/1) 

F (mg/l) 

NO3 (rag/1) 

pH 

S2 

21.0 

13.0 

20.0 

0 

21.0 

11.0 

3.3 

1.3 

116.0 

0 

8.6 

2.0 

0 . 1 

0.4 

8.2 

S2a 

22.0 

12.0 

20.0 

0 

23.0 

8.8 

2.0 

0.9 

118.0 

0 

8.1 

1.0 

0 . 1 

1.0 

7.8 

S3 ' 

11.0 

0 .5 

10.0 

0 

24.0 

4.2 

1.3 

0 .2 

84.0 

0 

7.5 

0.4 

0 .2 

1.0 

7.7 

S6 

8.1 

4.2 

— 

— 

18.0 

3.0 

0 . 3 

0 . 1 

68.0 

0 

6.0 

0 . 1 

0 .0 

4.2 

7.7 

S7 

22.0 

12.0 

20.0 

0 

25.0 

8.9 

2.0 

0.9 

114.0 

0 

8.1 

1.3 

0 . 1 

0.4 

8.1 

S8 

17.8 

7.2 

20.0 

0 

46.0 

11.0 

1.9 

0.6 

177.0 

0 

11.0 

0 .8 

0 . 1 

0 .7 

8.0 

S9 

8.9 

0.6 

10.0 

0 

•36.0 

11.0 

1.9 

0 .8 

154.0 

0 

6.5 

0.6 

0 .2 

1-1 

8.1 

Frora Hansen et al., 1974 
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FIGURE 9: a) 

b) 

Geothermal gradients ( C/km) in westem 
Massachusetts, New York and Vermont. Communi­
ties shown are: B = Burlington, VT., PO = Pownal, 
VT., W = Williamstown, MA, P = Pittsfield, MA, 
and LS = Lebanon Springs, NY. 

Location of wells listed in Table 3. The cross-
sections in Figure 8 are located near Williamstown 
(A-A') and Lebanon Springs (B-B'). 
(Modified from NYSERDA Report 81-4 prepared by 
Dunn Geoscience Corporation.) 



TABLE 3 

SILICA CONTENTS AND WATER TEMPERATURES 

Western Massachusetts and S. W. Vermont 
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Sample 
Number NAME 

MASSACHUSETTS: 

Shyffer 

2 

3 

4 

5 

Leab 

Monette 

Fenander 

Locke 

6 Greylock H. S, 

7 Mt. Hope Farm 

8 Rhodes 

9 l^ite 

Silica 

5.9 

6.1 

10 

11 

VERMONT: 

12 

13 

Jericho Valley Motel 

Hamilton 

Sheldon 

Gen. Cable 

5.2 

4.2 

6.5 

9.2 

T(°C) 

7.2 

LOCATION 

5.6 

5.7 

5.3 

6.1 

6.7 

6.3 

5.5 

11.9 

11.8 

8.3 

Deerhill Rd., 
Richmond, MA. 

Rt. 43, Hancock, MA. 

Rt. 43, Hancock, MA. 

Rt. 43, Hancock, MA. 

Oblong Road, 
Williamstown, MA. 

Williamstown, MA. 

Williamstown, MA. 

Hancock Road, 
Williamstown, MA. 

Oblong Road, 
Williamstown, MA. 

Rt. 43, Hancock, MA. 

Hancock, MA. 

6.5 10.3 Rt. 396, NY/VT border 

Rt. 396, N. Pownal, VT, 
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TABLE 4 

TEMPERATURE GRADIENTS 

Eastern New York and Adjacent Vermont and Massachusetts 

LOCATION 

Pownal, VT. 

Hancock, MA. 

Hancock, MA. 

Rt. 43 & Rt. 22, Stephentown, N. Y. 

Stephentown Center, N. Y. 

Rt. 43, Hancock, MA. 

Wyomack Road, South Stephentown, N. Y. 

West Road, Lebanon Springs, N. Y. 

Saltbox Farm Road, Hancock, MA. 

Bailey Road, Hancock, MA. 

Bailey Road, Hancock, MA. 

Churchill Road, Pittsfield, MA. 

Off Rt. 22, Stephentown, N. Y. 

Vt. Route 9, Bennington, VT. 

West Road, West Richmond, MA. 

DEPTH 
(METERS) 

220 

140 

155' 

145 

185 

130 

160 

80 

190 

260 

125 

160 

80 

105 

185 

GRADIENT 
(°C/kra) 

23.63 

14.82 

17.03 

14.72 

21.60 

18.36 

24.68 

10.83 

7.72 

9.06 

6.73 

7.01 

12.40 

3.86 

7.95 
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apparent normal gradient (from 6.7 to 23.6 C/km.). However no addition­

al thermal springs and no wells puraping heated waters have been located. 

New England Water Well Teraperatures 

Since most of the consumptive water supplies in New England are de­

rived frora surface storage reservoirs and the bulk of the ground water 

contribution to that supply is derived from unconsolidated glacial sedi­

ments, only a small fraction comes from wells driven to bedrock. Although 

the rocks of the region are highly fractured and faulted, water wells in­

tersect only a minute fraction of these structures and therefore provide 

a very small sarapling of the fluids possibly circulating within thera. 

Water temperatures from bedrock wells range from 6 C (41 F) at Pres­

que Isle, Maine from a 94m (310') well to 19 C (67 F) at Somerset, Massa­

chusetts, frora a 457ra (1500') well (Table 5). Most water temperatures 

fall below 13 C (55 F) and in Massachusetts, which contains the largest 

number of drilled wells, the average temperature is 11.4 C (Table 6). 

Specific Regions of Initial Interest 

Based upon geological and geophysical studies certain areas in New 

England were considered to have the highest potential for the possible ex­

istence of hydrothermal geothermal resources. These included the White 

Mountains region of central New Hampshire, the Narragansett Basin of Massa­

chusetts and Rhode Island, the Connecticut River Valley extending from 

Connecticut north into Vermont, and the overthrust belt of western Massa-



TABLE 5 

Partial Chemical Analyses in ppm of 
Waters from Selected Wells in New England Bedrock 
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Location 

MASSACHUSETTS: 

Abington 

Brockton 

Duxb ury 

E. Bridgewater 

Taunton 

Mattapoisett 

Lynnfield 

Wilmington 

Middleborough 

Adams 

Windsor 

Charlemont -

Goshen 

Bernards ton 

Hardwick 

Belchertown 

Easthampton 

Florence 

Hatfield 

Barre 

Boxford 

Georgetown 

Newbury 

Egermont 

Washington 

Williamstown 

Gill 

Chicopee 

Depth 
(m) 

15 

31 

33 

25 

64 
7 

180 

125 

( 

146 

45 

77 

32 

7 

61 

56 

143 

92 

7 

7 

7 

7 

37 

30 

15 

113 

40 

34 

Source 
Rock 

Gneiss 

Gneiss 

Gneiss 

Gneiss 

Argillite 

Argillite 

Schist 

Schist 

7 

Quartzite 

Gneiss 

Gneiss 

Gneiss 

Gneiss 

Gneiss 

Gneiss 

Triassic 

Triassic 

Triassic 

Gneiss 

Gneiss 

Gneiss 

Gneiss 

Limestone 

Gneiss 

Limestone 

Sandstone 

Shale 

T(°C) 

7.2 

7.8 

8.9 

11.1 

11.7 

9.4 

7.8 

9.5 

9.4 

10.8 

9.7 

9.4 

9.5 

9.8 

10.1 

10.6 

12.3 

11.9 

12.6 

10.1 

10.0 

10.0 

11.1 

10.0 

13.3 

8.9 

13.3 

12.8 

Si02 

9.6 

11 

5.3 

17 

24 

25 

17 

11 

11 

17 

13 

15 

12 

17 

21 

18 

21 

25 

31 

14 

8 

15 

13 

6.9 

12 

6.6 

11.0 

15. 

Ca 

12 

22 

8.4 

16 

15 

37 

14 

23 

3.2 

6.6 

16 

9 

10 

13 

11 

14 

29 

31 

27 

7 

17 

22 

13 

0.2 

22 

23 

24 

96 

Mg 

3.3 

5.3 

2.0 

8.4 

2.5 

9.1 

5.0 

5.8 

2.0 

1.4 

6.2 

5.7 

6.8 

7.2 

6.2 

5.2 

2.6 

4.3 

5.2 

5.8 

4.8 

9.0 

4.4 

0.1 

7.4 

13 

15 

19 

Na 

8.8 

4.9 

4.1 

8.3 

14.0 

11.0 

7.3 

13.1 

5.8 

1.1 

5.3 

4.2 

5.0 

6.1 

7.3 

4.1 

4.2 

3.0 

4.-6 

3.6 

8.0 

14.0 

59.0 

103.0 

2.5 

1.1 

4.3 

18 

K 

1.2 

.6 

1.4 

1.0 

1.1 

3.7 

1.2 

1.9 

. .5 

.3 

.7 

.4 

.6 

1.1 

.9 

.6 

.5 

.5 

.7 

1.1 

1.8 

1.5 

2.2 

0.2 

4.9 

0.7 

1.1 

1.5 
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Location 

CONNECTICUT: 

Granby 

Simsbury 

Avon 

Avon 

Framingham 

Framingham 

Framingham 

Bristol 

Southington 

Plainville 

Bloomfield 

Glastonbury 

Manchester 

Portland 

MAINE: 

Presque Isle 

Raymond' 

Vassalboro 

Charlestown 

Newport 

Monson 

Bucks Harbor 

North Berwick 

VERMONT: 

Bennington 

West Dover 

Newfane 

Chester 

Danby 

Ludlow 

Hartland 

Rutland 

Pittsfield 

Barre 

Depth 
(m) 

100 

91 

31 

26.5 
•} 

132 

107 

46 

130 

67 

185 

76 

183 

36 

• 94 

181 

76 

72 

37 

96 

52 

84 

42 

26 

35 

14 

21 

11 

13 

22 

15 

22 

Source 
Rock 

Triassic 

Gneiss 

Triassic 

Gneiss 

Triassic 

Triassic 

Triassic 

Gneiss 

Triassic 

Triassic 

Triassic 

Gneiss 

Triassic 

Gneiss 

Limestone 

Granite 

Schist 

Schist 

Limestone 

Slate 

Rhyolite 

Schist 

Gne is s 

Gneiss 

Gneiss 

Serpentine 

Marble 

Schist 

Schist 

Schist 

Gneiss (?) 

Granite 

T(°C) 

12 

10.5 

12.2 

10.4 

12.8 

10.5 

12.2 

11.6 

10 

12.8 

11 

12.8 

12.8 

11. 

6 

6.5 

10.5 

9.8 

9.8 

9.6 

10.7 

9.8 

9.7 

9.9 

8.9 

8.3 

9.4 

9.1 

9.2 

9.4 

10.6 

7.8 

Si02 

12 

12 

13 

10 

24 

16 

13 

27 

24 

20 

17 

15 

14 

12 

8̂ 5 

16 

13 

8.4 

8.5 

-

14 

13 

14 

16 

11 

13 

9 

14 

15 

17 

19 

21 

Ca 

8.1 

8.5 

19 

5.7 

26 

17 

31 

17 

35 

31 

28 

6.3 

27 

33 

7.4 

27 • 

29 

26 

73 

4.8 

35 

23 

8.2 

13 

21 

7 

29 

11 

17 

19 

11 

9 

Mg 

1.1 

1.9 

1.8 

1.6 

9.3 

1.3 

5.3 

7.8 

3.6 

7.9 

15 

1.3 

10 

5.3 

14 

4.6 

9.7 

9.5 

7.0 

1.6 

3.8 

3.1 

5.3 

9.6 

5.1 

14.2 

13. 

6.2 

8.1 

7.2 

7.9 

4.7 

Na 

39.0 

2.1 

3.5 

2.2 

6.0 

20.0 

3.7 

6.7 

5.5 

4.6 • 

7.8 

3.6 

2.3 

9.1 

6.0 

8.4 

3.5 

-

2.3 

3.7 

-

8.2 

6.9 

4.4 

3.9 

2.1 

3.4 

4.5 

3.1 

4.7 

6.3 

7.2 

K 

.6 

.6 

.4 

.4 

.5 

.8 

.6 

1.4 

3.6 

1.4 

1.1 

1.7 

.8 

1.9 

.5 

.6 

3.6 

-

.5 

1.4 

-

3.1 

.7 

.5 

.6 

.4 

.8 

1.2 

.6 

1 

.8 

3.1 
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TABLE 6 

Water Temperatures from Selected Bedrock Wells of Massachusetts 

LOCATION DEPTH (m) 

Westem Massachusetts: 

Dalton 194 

Dalton 156 

Dalton 58 

Great Barrington 156 

Lee 196 

New Marlborough 9 

Pittsfield 19 3 

Stockbridge 75 

Williamstown 152 

Williarastown 113 

Greenfield 47 

Chicopee 138 

Chicopee 155 

Chicopee 246 

Chicopee 215 

Springfield 160 

Springfield 105 

TEMPERATURE ("C) 

7.8 

10 

10 

10.6 

10 

7.2 

7.8 

9.4 

12.8 

8.9 

9.4 

8.9 

13.3 

13.9 

9.4 

9.5 

10 

Southeastern Massachusetts: 

Acushnet 30 

Easton 64 

New Bedford 7 

New Bedford 15 

New Bedford 12 

New Bedford 4 

North Attleboro 152 

North Attleboro 105 

Rehoboth 30 

14.4 

12.8 

10 

15.6 

10.1 

12.2 

12.2 

7.2 

13.3 
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LOCATION 

Rehoboth 

Rehoboth 

Rehoboth 

Rehoboth 

Rehoboth 

Seekonk 

Swansea 

Swansea 

Somerset 

Somerset 

Taunton 

Taunton 

Taunton 

Taunton 

DEPTH (ra) 

35 

34 

'• 4 9 

93 

12 

40 

60 

29 

457 

305 

154 

19 

154 

64 

TEMPERATURE (̂ C) 

11.1 

12.2 

13.3 

10.6 

13.4 

13.8 

13.9 

12.6 

17 

19 

13.7 

12.1 

12.2 

12.0 

Northeastern Massachusetts: 

Boxford 56 

Chelrasford 22 

Dracut 53 

Lowell 46 

Newbury 59 

Newbuiry 37 

11.0 

12.2 

12 .3 

12.7 

9 .3 

11.2 
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chusetts and Vermont, ^̂ fhile no potential resource can be postulated 

for any of these regions as a result of this study a discussion of each 

is given herein to explain their selection. 

The White Mountain Region 

There has been much speculation over the past few years concerning 

the possibility of there being moderately high temperatures at depth with­

in certain plutons that are a part of the White Mountain Magma Series. 

The relatively young plutons range in age from 110 to 182 m.y. (Tilton 

and D.avis, 1951; Folard, 1970). Billings and his students (Billings, 

1928; Billings and Williams, 1935; Henderson, 1949; Moke, 1946; Sraith 

and others, 1940) delineated eight plutonic rocks of differing composi­

tion, which are considered to be consanguineous. Billings (1945) conclud­

ed that the intrusives were eraplaced by cauldron subsidence and stoping. 

Geophysical studies on the Merrymaking stock in New Hampshire (Griscom 

and Bromery, 1968) support the suggestion of Chapman (1968) that the plu­

tons represent cumulates and that they crystallized as floored intrusions 

with mafic rocks at depth. 

The White Mountain Magma Series is composed of a group of plutonic 

and volcanic rocks that range in composition from gabbro to syenite. Of 

these, biotite granites near Conway and Waterville, New Hampshire, give 

the highest heat flow values (1.95 to 2.21 HFU - see Figure 7) of any 

so far determined in New England. The high heat flow is attributed by 

Birch et al. (1968) to the abnormally high concentrations of uranium, 

thorium and potassium contained in the granites. Osberg et al. (1978) 

have determined that the concentration of radioactive elements is fixed 

in allanite, huttonite, thorite and zircon, and dispersed in biotite, feld-
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spar and quartz. 

Birch et al. (1968), apparently using simple assumptions about the 

shape of the plutons and the distribution of the radioactive elements, 

calculated that the surface heat flow could be generated in plutons 6 

to 10 km thick and would reach temperatures of 150 to 200 C at depths 

of between 4 and 5 km. Osberg et al. (1978) concluded from detailed 

gravity studies that the Conway granite is between 4 and 5.25 km thick. 

They further conclude from temperature modeling that the high heat flow 

which Birch et al. (1968) attributed to being derived primarily from 

concentrations of radioactive elements in the granites is open to ques­

tion. Osberg contoured the heat flow values and suggests the existence 

of a north northeast trending ridge of high surface heat flow which he 

interprets to represent a "bump" in background heat flc3w. He suggests 

that the heat flow entering the crust at 10 km depth is larger (1.3 HFU) 

than elsewhere in New England (the 0.8 HFU value of Birch). Using the 

higher value for heat entering the upper crust they derived a temperature 

distribution model giving temperatures of 76 to 110 C at 5 km and 93 

to 135°C at 5.25 km. 

The Osberg study therefore suggests only minor temperature increases 

within and beneath the Conway and related granites. Field observations 

and literature search of the region yield no evidence of any springs or 

ground waters of even slightly elevated temperatures. Thus it appears 

unlikely that there is any potential for low temperature hydrothermal 

geothermal resources associated with the plutons of the White Mountain 

Magma Series. 

The Narragansett Basin 

Lyons and Chase (1976) report that the carboniferous rocks of the 
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Narragansett Basin (Figure 2, Plate I) are predominently conglomerate, 

arkose, graywacke, siltstone and shale with some coal. Only rough es­

timates of the total thickness of the sediraentary sequence are possible 

due to the scarcity of outcrop, rapid facies changes and structural com­

plexities. The thickness probably lies between 2000 and 12000 feet. 

Mutch (1968) concluded that the region was an isolated inter-montane ba­

sin characterized by rapid deposition of various types of fluvatile sedi­

ments. He also believes the total thickness of the sequence to be close 

to 12000 feet. The more pelitic sediments have been metamorphosed to 

slate and phyllite and the metamorphic grade increases southward to staur­

olite grade in parts of southern Rhode Island. The sediraentary rocks 

are highly indurated and the perraeability quite low. Frimpter and Maevsky 

(1979) report that in many core saraples frora test borings healed and un­

healed fractures and slickenside surfaces were coramon, indicating that 

these rocks had undergone brittle deformation, tflaere the fractures are 

open ground water occurs under pressure, but yields are low. During 1977 

the U.S.G.S. conducted pump tests on twelve observation wells and yields 

ranged from 0.36 to 30 gal/min with very slow recovery after pumping was 

stopped in all but one case. Four wells yielded water with temperatures 

above the normal 10 - 11 C ground water temperatures in the Basin. Two 

wells at Bristol, Rhode Island,both yielded water with the temperature at 

15 C (59 F), and the water reraained salty throughout the pump test._ Two 

wells at Somerset, Massachusetts, one 1000 feet and the other 1500 feet 

deep, gave very low yields of water at 17 C (63°F) and 19 C (67°?) respect­

fully. The deeper well is located about 100 feet from the shore of 

Narragansett Bay and the specific conductance of the water roŝ e~~ffom~5l0 

to 880 during a three hour pump test indicating salt water inflow into 
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the well. The elevated temperatures in the Somerset wells are probably 

caused by inflow of discharge frora the nearby Brayton Point New England 

Power plant. 

The Connecticut Valley 

The present day Connecticut Valley is a topographic low developed 

by the erosion of Mesozoic age detrital sedimentary rocks. Geologically 

it is an asymmetrical structural trough or elongate basin that is 

fault-bounded on the eastern margin (Fig. 10). The developraent of the 

trough was controlled by physical differences in the underlying Paleo­

zoic metamorphic rocks. The north-south trend follows zones of weakness 

defined by the lov? grade raetaraorphic rocks of the Connecticut Valley-

Gaspe synclinoriura, which separate the zones of mantled gneiss domes of 

the Berkshires to the west frora the doraes of the Bronson Hill Anticlino­

rium to the east. The geometry of the edges of the basin is influenced 

by local basement structures, especially the dipping flanks of the domes. 

The Mesozoic age basin is divided into two sub-basins to the north 

and south of Amherst, Massachusetts. The northern portion, known as the 

Deerfield Basin, contains less than 1 km of detrital sediments and vol­

canics. The southern and more extensive part of the structural feature 

is known as the Hartford Basin,which extends south from Amherst to Long 

Island Sound. The thickness of Mesozoic age rocks exceeds 4 km under 

Springfield, Massachusetts. The two basins are separated as the result 

of a large intrusion of tonalite of Devonian age (the Belchertown Com­

jilex) that cuts across_ th^ rocks of the Connecticut Valley-Gaspe Synclin­

orium and into the west flank of the Bronson Hill Anticlinorium thus 

disrupting the north-south zones of structural weakness between the two 
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DEERFIELD 
BASIN 

HARTFORD 

BASIN 

FIGUPvE 10: The Mesozoic Basin of the Connecticut River 
Valley is fault controlled on the eastem raargin, 
and divided into two sub-basins separated by the 
Devonian age Belchertown intrusive coraplex (BC). 
Cities located are Amherst (A) and Springfield (S), 
Massachusetts and Hartford (H) and New Haven (NH), 
Connecticut. The western edge of the basin is 
an erosional confact denoted by the douhle dotted 
line. 
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belts. Subsidence of the two basins was greatest on the eastem side 

along a westerly dipping listric fault system so the general dip of 

the Mesozoic rocks is to the east. 

Wise (1979) and his students have been conducting detailed studies 

of the structures related to the basins and a number of patterns have 

emerged. They show that a trend of N30-40 E extensional structures 

dominates the region, especially x-yithin and east of the basins. These 

structures are represented by basalt dikes, veins, joint sets and nor­

mal faults. They conclude that much of the eastem border fault zone 

of the basins is coraposed of segments of faults of this type. In areas 

where the trend of the basin parallels the structural N30-40E trend the 

movement on the faults is dip slip, the trend is interpreted as being 

the regional extension direction during the early to middle stages of 

basin formation. Late stage movements on the faults controlling the 

basin appear to be of a strike-slip nature as indicated by slickensides 

on the fracture and fault planes. 

Portions of the Belchertown intrusive complex contain an unusual 

amount of allanite, a member of the epidote group containing up to 3% 

thorium and rare earths. It was thought that the heat provided by radio­

active element decay might be trapped by the overlying Triassic-Jurassic 

sedimentary rocks and provide a heat source for any deep ..circulating 

waters. Unfortunately the distribution of allanite is quite sporadic, 

and the principal concentration is found in that part of the complex 

which lies on the west side of the structural basin and is covered by 

only a thin veneer of sedimentary rocks. There are no known water wells 

in the area which penetrate into bedrock, since most of the valley re­

gion between the exposures of the coraplex to the east and west is man-
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tied by a thick cover of glacial sediments. 

The faults that bound the basin on the east side of the Connecti­

cut River Valley are thoroughly cemented, show no evidence of any move­

ment in historic time and are aseismic. Wells that do penetrate into 

the Triassic-Jurassic rocks show no evidence of elevated temperatures 

(see Table 5). One well, in Hadley, Massachusetts, was reported (Gruy 

Federal, personal communication) to be 250 feet deep and yielding water 

at 15.6 C (60 ), but attempts to locate the well failed. This well, 

and all wells in Hadley, would overly the buried Belchertown coraplex 

but are corapleted in glacial sediment. All town wells are 70 feet deep 

or less and do not exceed 11 C (52 F). 

The St. Johnsbury Thermal Anomaly 

During the course of field investigation an unusual thermal anomaly 

was discovered in the town of St. Johnsbury in northeastern Vermont. 

The town is underlain by Siluro-Devonian schists which are raantled 

with thick ice-contact glacial sediraents forming broad terraces. The 

owner of the residence at 115 Main Street reported a small roughly circu­

lar area of about 15 feet diameter next to the house upon which snow 

would melt' and only moss would grow, and further that this occurrence 

had been noted in diaries of former occupants in the 19th century. 

During April and May, 1981, several visits to the site were made, 

and a series of auger holes drilled to lengths up to 8 feet. A probe 

're'co'rdsd •temp'eratares~'va'ry ing "from 96 -P -txj--105—F r—Th-e--materi-a-l—in- which 

the holes were drilled is a clean, dry sand. The following is an 
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exerpt from a letter dated June 28, 1981 from the property owner. 

"In the afternoon I noticed again what I have noticed 
in the past, a slight gassy smell coming from the hole. 
Thinking it might be swamp gas in small quantity I 
eventually decided to try lighting it with a match, so 
at 5:15 p.m. I did so, and the hole burst into flame 
and kept on burning. Since there are now five holes 
in the hot area, I tried them all with matches and 
all burst into flame, though none as powerfully as the 
new hole. I should have done this last summer for I 
recall- the gassy smell when I dug a hole with a shovel 
in the hot area." 

The local utilities company has no record of any gas line in the area. 

The source of the gas and the heat remains unexplained. 



References Cited 

Adams, C. B. (1848) Fourth annual report on the Geological Survey of 
Vermont. 

Barosh, P. J., Coordinator (1979) New England selsmotectonic study; 
activities during fiscal year 1979. Weston Observatory, 
Boston College, Weston, MA. 

Bean, R. J. (1953) Relation of gravity anomalies to the geology of 
central Vermont and New Hampshire: Geol. Soc. America 
Bull., V. 64, no. 5, p. 509-537. 

Berry, G. W., P. J. Grim and J. A. Ikelman (1980) Thermal springs list 
of the United States: Nat'l Oceanic and Atmospheric 
Admin., key to geophysical records documentation No. 12, 
Boulder, CO. 

Billings, M. P. (1928) The petrology of the North Conway quadrangle 
in the ̂ ?̂hite Mountains of New Hampshire: Proc Amer. 
Acad. Sci., v. 63, p. 69-137. 

(1945) Mechanics of igneous intrusion in New Hampshire: 
Am. J. Sci., 243A, p. 40-68. 

(1964) Areal distribution of natural radioactivity from 
rocks in northern New England (unpublished manuscript). 

and C R. Williams (1935) Geology of the Franconia Quad­
rangle, New Hampshire: N. H. Planning and Development 
Commission, 35 p. 

Birch, P., R. F. Roy and E. R. Decker (1968) Heat flow and thermal 
history ̂ Jl New England and New York in Studies of Appal­
achian geology: northern and maritime; E-an Zen et al., 
editors; Interscience, New York. p. 437-451. 

Bromery, R. W. (1967) Simple Bouguer gravity map of Massachusetts: 
Ui S. Geol. Survey Geophys. Inv. Map GP-612. 

Carlin, R. (1972) The history of Sand Springs: Sand Springs Water 
Co., Williamstown, MA. 

Chapman, C. R. (1968) A comparison of the Maine coastal plutons and 
the magmatic complexes of New Hampshire ̂  Studies of 
Appalachian geology: northem and maritime; E-an Zen 
et al., editors; Interscience, New York. p. 385-396. 

"'Daubney,' "C.̂'U'. •B".~Ci859) Notice-of-thermai—sp-ri-ngs of-Norfeh—Amer-i-ea-:— 
Am. J. Sci., Arts 36, 1, Ser. 1, p. 88-93. 



Diment, W. H. (1968) Gravity anomalies in northwestern New England 
in Studies of Appalachian geology: northem and mari­
time; E-an Zen et al., editors: Interscience, New 
York, p. 399-413. 

Frimpter, M. H. and Maevsky (1979) Geohydrologic impacts of coal de­
velopment in the Narragansett Basin, Massachusetts and 
Rhode Island: U. S. Geol. Sur. Water Supply Paper 2062. 

Griscora, A and R. W. Broraery (1968) Geologic interpretation of aero­
raagnetic data for New England in Studies of Appalachian 
geology: northem and maritime: E-an Zen et al. , edi­
tors; Interscience, New York, p. 425-436. 

Hansen, B. P., F. B. Gay and L. G. Toler (1974) Hydrologic data of 
the Hoosic River basin, Massachusetts: U. S. Geol. 
Survey Hydrologic Data Report no. 15. 

Henderson, D. M. (1949) Geology and petrology of the eastern part of 
the Crawford Notch quadrangle. New Hampshire: Ph.D. 
dissertation. Harvard University, 153 p. 

Hitchcock, E. (1881) Report on the Geology of Vermont, v. 1. 

Joyner, W. B. (1963) Gravity in north-central New England: Geol. Soc. 
America Bull., v. 74, no. 7, p. 831-857. 

Kane, M. F. (1970) Geophysical study of the tectonics and crustal 
structure of the Gulf of Maine: Ph.D. dissertation, St. 
Louis University, St. Louis, Missouri, 106 p. 

and R. W. Bromery (1966) Simple Bouguer gravity raap of 
Maine: U. S. Geol. Survey Geophys. Inv. Map GP-580. 

Gene Simmons, W. H. Diraent, M. M. Fitzpatrick and R. W. 
Bromery (1972) Bouguer gravity and generalized geologic 
map of New England and adjoining areas: U. S. Geol. 
Survey Geophys. Inv. Map GP-839. 

Longwell, C R. (1943) Geologic interpretation of gravity anomalies 
in the southem New England-Hudson Valley region. Geol. 
Soc. America Bull., v. 54, no. 4, p. 555-559. 

Lyons, P. C and H. B. Chase (1976) Coal stratigraphy and flora of the 
northwestem Narragansett Basin m^ Geology of southeast­
e m New England: New England Intercollegiate Conference, 
1976, p. 405-427. 

Moke, C B. (1946) Geology of the Plymouth quadrangle. New Hampshire: 
JJ,... jj„—Planning-and-'Bevelopment—Commis-9ien7—2-lr-p-.-



New York Energy Research and Development Authority (1981) Analysis 
of potential geothermal resources and their use, Lebanon 
Springs area. New York: ERDA Report 81-4, prepared by 
Dunn Geoscience Corp., Latham, N.Y. 

Osberg, P. H.., R. Wetterauer, M. Rivers, W. A. Bothner and J. W. 
Creasy (1978) Feasibility study of the Conway Granite as 
a geothermal energy resource: U. Maine, Orono, Maine. 

Sbar, M. L. and L. R. Sykes (1973) Contemporary compressive stress 
and seisraicity in eastem North America: an example 
of intro-plate tectonics: Geol. Soc. America Bull., 
V. 84, p. 1861-1882. 

Sinnott, A. (1982) Summary appraisals of the nation's ground-water-
New England region: U.S. Geol. Survey Prof. Paper 813T. 

Smith, A. P , L. Kingsley and A. Quinn (1939) Geology of the Mount 
Chocorua quadrangle, New Harapshire: N. H. Planning and 
Developraent Coramission, 24p. 

Stearns, N. D., H. J. Stearns and G. A. Waring (1937) Therraal springs 
in the United States: U. S. Geol. Survey Water Supply 
Paper 679B. 

Tilton, G. R. and G. L. Davis (1959) Geochronology: in Researches in 
Geochemistry: John Wiely and Sons, 511p. 

Thomas, H. E. (1952) Ground-water regions in the United States - their 
storage facilities: U. S. 83rd Cong., House Interior 
and Insular Affairs Committee; the Physical and Economic 
Foundation of Natural Resources, v. 3, 78p. 

Truesdell, D. B., and D. U. Wise (1975) Sheet jointing and fracture 
relations in a major hardrock excavation in western 
Massachusetts. 

Waring, G. A. (1965) Thermal springs of the United States and other 
countries: U. S. Geol. Survey Prof. Paper 492. 

Wise, D. U. (1979) Fault, fracture and lineament data for westem 
Massachusetts, 253p. 

(1976) Sub-continental sized fracture systems etched into 
the topography of New England; i^ Proc. First Inter­
national Conference on New Basement Tectonics: Utah Geol. 
Association Publ. 5, p. 416-422. 

Woolard, G. P. (1968) Gravity and magnetic investigations in New Eng-
. .. land: Trans. Am. Geophvs. Union, v. 29, no. 3, .P_i. 3062317. 

Zen, E-an, editor (1968) Studies in Appalachian geology: northern 
and maritime: Interscience Publishers, New York. 



P a r t i a l Bib l iography 

Acharya, H. (1980) P o s s i b l e minimum dep ths of l a r g e h i s t o r i c a l e a r t h ­
quakes in e a s t e r n North America: Geophys. Res. L e t t e r s , v .7 
no. 8, p . 619-620. 

Adle r , H.J . (1981) Some concepts of f a v o r a b i l i t y for w o r l d - c l a s s type 
uranium d e p o s i t s in the n o r t h e a s t e r n United S t a t e s : Report 
no. GJBX-80, U.S. Dept. Energy. 

Aggarwal, Y.P. and L.R. Sykes (1981)- Earthquake hazards i n the n o r t h ­
e a s t e r n United S t a t e s : U.S. Geol . Survey Qpen F i l e Report 
no. 81-0943. 

Ahrens, L.H. (1949) Measuring geo log ic time by the s t ron t ium method: 
Geol . Soc. America B u l l . , v . 60, p . 217-266. 

A ld r i ch , L . T . , G.W. W e t h e r i l l , G.L. Davis and C R . T i l t o n (1958) 
Rad ioac t ive ages of micas from g r a n i t i c rocks by Rb-Sr 
and K-A raethods: Am. Geophys. Union T r a n s . , v . 39, p 1124-
1134. 

Aleinkoff , J.M. (1979) S t r u c t u r e , pe t ro logy and uraaium-thorium geo­
chronology in the Milford (15 ' ) quadrang le . New Hampshire: 
PhD. d i s s , , Darthmouth Co l l ege , Hanover, New Hampshire. 

Armstrong, R .L . , and..?-. Stump (1971) Add i t i ona l K-Ar d a t e s , I'/hite Mt. 
Magma s e r i e s . New England: Amer. Jou r . S c i . , v . 270, p . 331 -
333. 

Ashwal, L .D. , G.W. Leo, P. Robinson, R.E. Zartman and D . J . Hall (1979) 
The Belchertown qua r t z monzodior i t e p l u t o n , w e s t - c e n t r a l 
Massachuse t t s : a s y n t e c t o n i c Acadian i n t r u s i o n : Am. Jour . 
S c i . , V. 279, p . 936-69 

Barosh, P . J . (1980) New England s e i smo tec ton i s tudy a c t i v i t e s dur ing 
the f i s c a l year 1978: Nuc. Reg. Comm., Rept . no. CR-0939. 

(1980) Neo tec ton ics of the n o r t h e a s t e r n United S t a t e s : 
( A b s t r . ) I n t e r n a t . Geol . Congress , Resumes, no. 26, p . 314. 

Bi rch , F . S . (1979) Magnetic f a b r i c of the Exeter p l u t o n . New Hampshire: 
Jou r . Geophys. R e s . , v . 84 , no. B3, p . 1129-1137. 

(1965) Heat flow near the New England seamounts: Jour. Geo­
phys. Res., v. 70, no. 20, p. 5223-5226. 

Berkstresser, CF. (1980) Origin of some thermal waters and some so-
called conate waters: possible relationship to plate boun­
dary processes: (Abstr.) Geol. Soc. America Programs, v. 12 
no. 3, p. 67. 

Boucot, A. (1964) Geologic and aeromagnetic map of northern Maine: U.S. 
Geol. Survey Geophys. Invest. Map GP-312. 

Bothner, M. §..W. Simpson, and W.H. Diment (1978) Bouguer gravity map 
of the northeastern United States and adjacent Canada: U.S. 
Geol. Survey Open File Report n. 80-2012. 



Bottino, M.L. (1962) I'/hole rock Rbr-Sr studies on volcanics and some re­
lated granites, ̂  Hurley, P.M. et al.. Variations in iso­
topic abundances of strontium, calcium and argon air.d relat­
ed subjects: U.S. Atomic Energy Coram., 10th Annual Prog. 
Rept. for 1962, Mass. -Inst. Technol., NYC 3943. 

, P.D. Fullager, H.W. Fairbairn, W.H. Pinson, P.M. Hurley 
(1970) The Blue Hills igneous complex, Massachusetts: whole 
rock open systems: Geol. Soc. America Bull., v. 81, p. 3739-
3746. 

, W.H. Pinson, H.W. Fa-irbairn and P.M. Hurley (1963) I'Thole 
rock Rb-Sr ages of some Paleozoic volcanics and related 
granites in the nor'thern Applachians: Am. Geophys. Union 
Trans., v. 44, p. 111. 

Breunig, P.A. (1980) A crustal model for northern New England: MS thesis 
Boston College, Chestnut Hill, Massachusetts. 

Bromery, R.W. and W.B. Joyner (1967) Engineering geology of•the North­
east Corridor, Washington D.C. to Boston, Massachusetts: 
earthquake epicenters, excavations, geothermal gradients 
and borings: U.S. Geol. Survey Misc. Geol. Invest. Map 
I-514-C. 

Brookins, D.G. (1962) Progress report on Rb-Sr age investigations near 
Middletotim, Connecticut, ̂  Hurley, P.M. et al., Variations 
in isotopic abundance of strontium, calcium, and argon and 
related subjects: U.S, Atomic Energy Coram., 10th Annual 
Prog. Rept. for 1962, Massachusetts Inst. Technol., NYO -
3943, p. 61-65. 

and P.M. Hurley (1965) Rb-Sr geochronological investigations 
in the Middle Haddam and Glastonbury quadrangles, eastern 
Connecticut: Amer. Jour. Sci., v. 263, p. 1-16. 

B u t l e r , .A.P. (1961) Rat ion of Th:U in sorae p l u t o n i c rocks of the l>niite 
. Mountain magma s e r i e s . New Harapshire: U.S. Geol . Survey 

Prof. Paper 424-B, p . 67-69. 

Castle, R.O. (1975) Structural dislocations in eastern Massachusetts: 
a description of the major faults and mylonite zones that 
form the eastern Massachusetts dislocation belt: U.S-. Geol. 
Survey Bull. 1410. ' 

Caswell, W.B. (1977) Groundwater handbook for the state of Maine: Maine 
Geol. Survey. 

Chandler, W.E. (1980) Graben raechanics at the junction of the Hartford 
and Deerfield basins:Dept. Geology Contributions no. 33, 
U. Massachusetts,. Araherst, Massachusetts. 

C h i b u r i s , E.F. and T. Grahara (1978) Seismic networkds in New England: 
(Abs t r . ) Geol . Soc. America Prograras, v . 10, no. 2, p . 36. 



, R.O. Abner, and T. Graham (1980) Nor theas t e rn Uni ted 
S t a t e s e a r t h q u a k e s , 1978: Earthquake Notes , v . 5 1 , No, 1 
p . -38-40. 

Cullen, , S.R. CigX^)"'Bedrock geolo'gy of the wes te rn edge of the B'erk-
s h i r e massif , P i t t s f i e id East and Cheshire quadrangles-: 

"MS, t h e s i s . Ci ty Cblleg'e of New York, New York, 

Facca-, G'. (1980) Geothe'rmal ehergy developraent: a h i s t o r i c summary; 
Geothefmai -Energy,, y . 8 , -no. 10 -11 , p . 12-17, 

F a i r b a i r n , H.W. , P'.M, .Hurley, W.H. Pinson and R.F, Corriier (1960) Age-
of g r a n i t i c :rocks of Nova S c o t i a : Geo'l. S o c America B u l l . 
V, 71., p . .399-414. 

, W,.R. Pins'dn, P.M. .Hurley and R.F.. Cormier (1960) A 
comparison of the ages of c o e x i s t i n g b i o t i t e and musco­
v i t e in some Pa leozo ic g ran l ' t e r o c k s : Geochim. e t Cosmo­
chim. Acta , v . 19, p . 7 -9 . 

'Faul, H, T.W,, Stern,, H.H., Thomas and 'P ,L .D . Elmore (1963) Ages of i n ­
t r us ioh and m'e'tamorphism" in the no r the rn Applachians : Am. 
J o u r . S c i . , v , 261 , p ; l - i p . 

Fehn, U, and L.M:, Ca th les (1976) P o t e n t i a l hydroth'ermal corivection 
n ea r a bn a rmal ly r adlo ac t iv e plu ton S: (Abs t r , ) G e o l . Soc-
America Progr'aias., v . 8, no, 6,. p . B61-862. 

Poland, K.A-. and H. Faul (1977) Ag-es of the White-Mountain i n t r u s i v e s 
New Harapshire, Vermont and Maine, U.S.A. ; Amer.. Jour . Sc i . 
y . 277,, p . 888-904,. 

j A.W. Quinn and B.S. G i l e t t i (1971) K-Ar .and Rb-Sr J u r a s s i c 
and Cretaceous ages for i n t r u s i o n s of the l-flilte Mt. magraa 
s e r i e s , n o r t h e r n New England: Amer, Jou r . S c i . , v . 270, p . 
321-330. 

Fbye, W,C. and A-,C, Lane (1934) C o r r e l a t i o n s by r a d i o a c t i v e ' mine ra l s 
in the metamorphic rocks of sou thern New England: Amer. 
Jour-. A c i . , 5-th Series . , v . 2 7 , p.. 127-138. 

Graham, T. and E.F. .Chiburis (1980) Faul t p l ane s o l u t i o n s and. the s t a t e 
of s t r e s s in New England: Earthquake Notes , v . 51 , no,, ,2 
p . 3-12. 

Gore, R.Z. (1976) Ayer c r y s t a l l i n e complex a t Ayer, Harvard and C l in ton 
Massachuset ts ; - Geol . S o c Araerica Mem. 145, p . - 103-124. 

Hatheway, R:.B. (1980) Evidence of larg.e s c a l e motions of t h e e a r t h ' s 
c r u s t recorded in a n c i e n t r o c k s : P r o c Rochester Aciadi Sc i . 

- — •- - v.- 13 , no>3,- pT79i-- - - - • —.- -,-.-.. . . . . . . . . , _ _ 

Hess, C T . (1980") Radon 22 I n p o t a b l e water s u p p l i e s of New England: 
New England Water Works A s s o c J p u r , , v . 94, a c 2 , p . 113-
128/ 



Hurley, P.M. (1961) The northern Applachians in. Kulp, J.L. , Ed. 
Geochronology of rock systems: New York Acad. Sci. Annals 
V. 51, art. 2, p. 397-399. 

, R. Boucot, A.L. Albee (1959) Minimum age of the Lower 
Devonian slate near Jackson, Maine: Geol. Soc. America 
Bull., v.70, p. 947-950. 

,H.W. F a i r b a i r n , W.H. Pinson and G Faure (1960) K-A and Rb-
Sr minimum ages for the Pennsylvanian s e c t i o n in the Nar ra ­
g a n s e t t b a s i n : Geochim. e t Cosmochim. Acta , v . 18, p . 247-
258. 

, and CK. Shearer (1981) Paleomagnetic i n v e s t i g a t i o n s in 
igneous-metamorphic rock u n i t s in e a s t e r n New England: 

•Canadian Jou r . Ear th Sc iences , v . 18, no. 8 , p . 1248-
1260. 

J a f f e , H.W., H.T. Evans and R.W. Chapman (1956) Occurrence and age of 
c h e v k i n i t e from D e v i l ' s S l i de f a y a l i t e - q u a r t z s y e n i t e near 
S ta rk , New Hampshire: Am. M i n e r a l o g i s t , v . 4 1 , b . 474-487. 

, D, G o t t f r i e d , C.L. Waring and H.W. Worthington (1959) Lead 
alpha age d e t e r m i n a t i o n s of accessory mine ra l s of igneous 
rocks (1953-1957): U.S. Geol, Survey B u l l . 1097-B, p . 65-
148. 

Joyner , W.B. (1963) Grav i ty in n o r t h - c e n t r a l New England: Geol . Soc. 
America B u l l . , v . 74, no . 7, p . 831-857. 

Ke l ly , W.J.. (1982) An i s o t o p i c s tudy of Massabesic g n e i s s , sou the rn 
New Hampshire. MS t h e i s i . U n i v e r s i t y of New Hampshire. 

Kovach, A. , P.M. Hurley, and H.W. F a i r b a i r n (1977) Rb-Sr whole rock age 
d e t e r m i n a t i o n s of. the Dedham g r a n o d i o r i t e , e a s t e r n Massa-

• c h u s e t t s : Amer. Jou r . S c i . , v . 277, p . 905-912. 

Lacroix, A.V. (1980) A short note on cryoseisms: Earthquake Notes, v.51 
no. 1, p. 15-20. 

La Sa la , A.M. (1964) Records and logs of s e l e c t e d we l l s and t e s t b o r ­
ings in the B r i s t o l - S o u t h i n g t o n - P l a i n v i l l e a r e a : Conn. 
Water Resources Coram., B u l l . 5. 

L o l l e r , G.R. (1979) Geologic and p e t r o l o g i c s tudy of the Lexington 
b a t h o l i t h , w e s t - c e n t r a l Maine: PhD. d i s s . , Syracuse Univ. 

Lpng, L.E.. (1962) I so top ic age s tudy , Dutchess County, New York: Geol . 
Soc. America B u l l . , v . 73 , p . 997-1006. 

Lyons, J . B . (1961) Uranium and thorium in the o lde r p l u t o n i c rocks of 
New Hampshire: U.S. Geol . Survey Prof . Paper 424-B, p . 6 9 - 7 1 . 

and H. Faul (1968) Isotopic geochronology of the northern 
Applachians ̂  Zen, E-an et al., editors; Studies in Appa­
lachian geology: northern and maritime: Interscience Pub., 
New York, p. 305-319. 



Lyons, J.B., H.W. Jaffe, D. Gottfried and CL. Waring (.1957) Lead-
aipha ages of some New Hampshire granites; Am. Jour. Aci. 
v". 255, p. 527^546. 

I 1 T—I I •— and D.E, L iv ings ton (1977) Rb-Sr ages of the New Hampshire 
p l u t o n i c s e r i e s : Geol . Soc. America B u l l . , v . 88, p . 1808-
1812. 

Lyons, P,C. and H.W. Krueger (19/6) Pe t ro logy , cherais t ry and age of the 
R a t t l e s n a k e p lu ton and i m p l i c a t i o n s for o the r al 'icalic p l u ­
tons of sou the rn New England: Geol . Soc. America Hem, 146 
p . 71-102. 

MacFadyen, J .A. (1965) Sone t e c t o n i c a s p e c t s of r e c e n t hea t flow meas­
urements : ( A b s t r . ) Am. Geophys. Union T r a n s . , v . 46 , no. 1 
p . 160-161. 

McCracken, R.A. (1980) Ground water r e s o u r c e s manageraent: Jou r . New 
England Water Works A s s o c , v . 94, no . 4 , p 275-280. 

McHone, J .G. and H.D. Wagener (1980) D i s t r i b u t i o n of uraniura and t h o r ­
ium in c e n t r a l New England and n o r t h e a s t e r n New York: 
(Abs t r . ) Geol . Soc. America Prograras, v . 12, no. 2, p . 73. 

Naylor , R.S. (1969) Age and o r i g i n of the O l i v e r i a n domes, c e n t r a l -
western New Hampshire: Geol. Soc. America B u l l . , v . 80 
p . 405-428. 

(1975) Age prov inces in the n o r t h e r n Applachians : Annual 
Review Ear th and P l a n e t a r y Sc i ences , no . 3 , p . 387-400. 

Novak, S.W. (1979) Pe t ro logy of the Center Pond p l u t o n , L inco ln , Maine; 
(Abs t r . ) Geol . Soc. America Programs, v . 1 1 , no . 1, p . 47 . 

Osberg, P.H. (1978) Syn thes i s of the geology of the n o r t h e a s t e r n Appa­
l a c h i a n s , U.S.A. : Geol . Survey of Canada, Paper 78-13 , p . 
137-147. 

Page, L.R. (1980) Guides to p rospec t ing for uranium and thorium in New 
• Hampshire and ad jacen t a r e a s : U.S . Geol . Survey, Open F i l e 

Report no. 80-657. 

P a i j i t p r a p a p o n , V. (1982) Paleomagnetism of Mesozoic p l u t o n i c and v o l ­
can ic rocks of t h e White Mountains, New Hampshire: MS t h e s i s 
Weslyan U n i v e r s i t y , Middletown, Connec t i cu t . 

P a u l i d e s , L. (1978) Bedrock geo log ic map of the Mars H i l l quadrangle 
and. v i c i n i t y , Aroostook County, Maine; U.S . Geol . Survey 
Misc. I n v e s t . S e r . , no. 1-1064. 

P a t t e r s o n , J . L . (1976) A geophys ica l s tudy of the Waldeboro p lu ton 
south c e n t r a l Maine; MS t h e s i s . S t a t e U n i v e r s i t y of New 
York, Buffa lo . 



Pepper, J.D. (1975) Stratigraphic and structural relationships of the 
Brim.fi.eld group in northeast central Connecticut and ad­
jacent Massachusetts; U.S. Geol, Survey Bull., no, 1389. 

Pinson, W.H. (1961) Some points on the geological time scale from Nova 
Scotia and New England, 2i Kulp, J..L., ed. , Geochronology 
of rock systems; New York Acad. Sci. Annals, v. 91, art. 2 
p. 372-377. 

(1962) Rb-Sr study of the Westerly , Rhode Island, granite 
G-1, and new Rb-Sr values for G-1 and W-l, in. Hurley, P.M. 
et al.. Variations in isotopic abundances of strontiuiji 
calciura and argon and related subjects: U.S. Atomic Energy 
loth Annual Prog. Rept. for 1962, Massachusetts Inst. Tech­
nol., NYO-3943, p. 71-73. 

Potisat, S. (1978) Copper and uranium in the red beds of the Connecti­
cut Valley: MS thesis, WesleyanUniv., Middletown, Connec­
ticut. 

Quinn, A.W., H.W. Jaffe, W.L. Sraith and C.L. Waring (1957) Lead-alpha 
ages of Rhode Island granite rocks compared to their geolo­
gic ages: Am. Jour. Sci., v. 255, p. 547-560. 

Rogers, J.W. (1965) Distribution-of thorium, uranium and potassium in 
three cores of the Conway granite: Am. Jour. Sci., v. 263 
no. 9, p. 817-822. 

Snyder, G.L. (1961) Bedrock geology of the Norwich quadrangle, Connec­
ticut: U.S. Geol. Survey, Geol. Quad. Map GQ-144. 

Sterns, T.W. and H.J. Rose (1961) New results from lead-alpha measure­
ments: Am. Mineralogist, v. 46, p. 606-612. 

Stover, C.U.,M.L. Barnhard, B.C. Reagor and S.T. Algermissen (1981) 
Seismicity map of the states of Connecticut and Rhode Is­
land: U.S. Geol. Survey, Misc. Field Studies Map no. MF-
1283. 

Tilton, G.R., G.W. Weatherill, G.L. Davis and C.A. Hopson (1958) 
Isotopic ages of zircon from granites and pegmatites: 
Am. Geophys. Union Trans.-,. v.38, p. 360-371." 

Toulmin, P. (1961) Geologica l s i g n i f i c a n c e of l e a d - a l p h a and i s o t o p i c 
age de t e rmina t i ons of " a l k a l i c " rocks of New England: Geol. 
Soc. America Bull . , , v . 72, p . 775-780 

Wise, D.U. (1980) Discovery of a Mesozoic fault doraain extending at 
least 100 km. northeast of the Newark Basin: (Abstr.) 
Geol. Soc. Araerica Programs, v. 12, no. 2, p. 89-90. 

•23rtiiia'rr, 'R.E.,-Gv SnydeTT T-:Wr "St-erh-,- R';F.-Mar-vtn'-and^C-.-R.- -Bookman 
(1965) Implications of new radiometric ages in eastern 
Connecticut and Massachusetts: U.S. Geol. Survey Prof. 

' Paper 525D, p. 1-10. 



_, P.M. Hurley, H.W. Kreuger and B.J. Giletti (1970) a Permian 
disturbance of the K-Ar ages in Nev? England: its occurance 
and causes: Geol. Soc. America Bull., v. 81, p. 3359-3374. 

_,and R.F. Marvin (1971) Radiometric age of the Quincy, Cape 
Ann and Peabody granites from eastern Massachusetts: Geol. 

. Soc. America Bull., v. 82, p.937-958. 


