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PREFACE 

The technical interchange meeting documented here i s  the f i f t h  such meeting 

where people interested i n  geothermal energy i n  the Eastern U.S. have m e t  t o  

exchange technical information. 

d i f f i c u l t  task of balancing time and e f f o r t  i n  doing t h e i r  assigned jobs and 

These meetings are intended t o  a s s i s t  a l l  i n  the 

keeping t rack of what others are doing i n  similar or  re la ted tasks. A l l  of 

these meetings have served t h e i r  intended purpose, and the s teadi ly  growing 

response t o  them is  taken t o  be one sure indication tha t  they f u l f i l l  a need i n  

the geothermal community. 

W e  thank those who attended the meeting and presented sumrmaries of t he i r  

work. Par t icu lar  recognition is due Dr .  David B. Lombard and Mr. Randall C. Stephens 

of the Department of Energy who assis ted i n  the organizakion of the meeting and 

contributed t o  its success. 

success of the meeting were: 

David B. Lombard; and Dr. A. M. Stone of The Johns Hopkins University Applied 

Physics Laboratory. 

Session chairmen who were instrumental i n  the 

D r .  Charles Bufe, U.S. Geological Survey; D r .  

The Coolfont Convention Center i n  Berkeley Springs, W. Virginia, provided a 

pleasant s e t t i ng  and very su i tab le  f a c i l i t i e s  fo r  the meeting. 

of Mrs. SharonRyan is acknowledged f o r  those arrangements. 

recept ionis t  a t  the meeting w a s  Mrs. Barbara Klaess of The Johns Hopkins University 

Applied Physics Laboratory. 

The able  ass is tance 

The very capable 

On the evening of November bth, a f t e r  dinner, Mr. Paul RQdzianko, president 

of the Geothermal Energy Co., provided us  with a fascinating discussion on the 

mechanics of s t a r t i ng  and 

Finally, Mrs. Margaret Sexton, Mrs. Barbara aess, M r s .  Carolyn Si las ,  and 

Mr. W i l l i a m  B. Chapman of The Johns Hopkins University Applied Physics Laboratory 

very capably took care of the myriad of items required t o  hold the meeting and t o  

issue these Minutes i n  a min imum of t i m e .  

iii 
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INTRODUCTION 

- The Technical Information Interchange Meeting, held at Berkeley Springs, 
West Virginia, on November 6-7, 1980, was the fifth in a series, each previously 
under separate auspices. 

The first inf 
the Near-Normal Gradient Workshop, was held in March 1975 under the aegis of 
the Energy Research and Development Administration. 
Information Meeting was held at the Applied Physics Laboratory in September 1978 
under the auspices-of the Division of Geothermal Energy, Department of Energy 
(DOE). 
United States was sponsored by the Geothermal Resources Council in Roanoke, 
Virginia in April 1979. 
of Geothermal Resource Management, DOE. 
by the Division of Geothermal 

on interchange meeting on Eastern geothermal programs, 

The second Technical 

A symposium on Geothermal Energy and Its Direct Use in the Eastern 

The fourth such meeting was sponsored by the Division 
This, the fifth, was again sponsored 

The seventy-four attendees represented DOE/RA, U. S. Geologic Survey, 
NOAA, state geologic offices, state energy offices, DOE Regional Offices, 
Program Research and Development Announcement (PRDA) recipients, industrial 
representatives, the national laboratories, a financial analyst, and interested 
county officials (see Section XXXX fo the list of attendees). Virtually all 
attendees participated in the progr summarizing their efforts in promoting 
the use of geothermal energy in the Eagt. 
enthusiastic and successful interchange meeting, with most participants ex- 
pressing a desire for additional meetings in this format. 

By all accounts this was an 

In the evening of the first day, an informal talk was given by Mr. Paul 
Rodzianko, president of the Geothermal Energy Co., who is both a skilled 
lecturer and writer as well as a practioner in the art of organizing, financing 
and operating B direct-use geothermal project. 

The agenda for the meeting are presented in Section 

During the first morning, an overview of the current programs of DGE/DOE 
was presented by the keynote speaker, as well as a review of the Eastern 
geothermal resource assessment program by the DGE contractors, Gruy Federal 
and Virginia Polytechnic Institute and State University. 
Rock program was reported by the Los Alamos Scientific Laboratory (LASL) and 
its contractors. Included here were a detailed study of the area between 
Crisfield, MD and Wallops Island, VA by D'Applonia, Inc., Florida and the 
eastern Gulf coastal plains by the University of Florida, potential hot dry 
rock sites mid-continent and northeastern New England by LASL, and Ohio and 
western Pennsylvania state resources by Kent State University, and, finally, 
the extensive geothermal resource assessment program funded by DGE and New 
York State Energy Research Administration (NYSERDA). The final talk in this 
series consisted of a resume' of the User-Coupled Resource Confimtion. 
program by the r Eastern programs were pre- 
sented, notabl ysis Institute for the 
Tennessee Valley Authority (TVA) region, and the Nebraska resources by the 
University of Nebraska. 

The Eastern Hot Dry 

Idaho Operations Office. 
t of the Oak Ridge Energ 



on geothermal vaporization of 
Maryland, by the Columbia Cas 
PRDAs and PONS by EG&G. Other 

orts on geothermal 
emphasis to market p 
1 report on faiI4re 

responsibility for the conte 
Furthermore, correspondeac gard to any paper s 

*In one or two cases, as indicated in the appropriate text, 
assembled by APL/JHI from the author's notes or telephoned . 
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We are meeting today because, for the immediate future, the energy outlook 
is not bright. 
within the next couple of years, if it has not done so already. What was 
a buyer& market has*become a seller's market. 

For the people of the United States, there are two messages in this: 

World energy demand will exceed world energy production 

0 

a 

The day of the free energy lunch is gone. 

At times in the next few years, the energy lunch pickings at any 
price may be lean indeed. 

The prospects for future decades are brighter. 
can expect to have ample quantities of energy from alternative resources: 
oil shale, nuclear breeders, fusion, and advanced solar and geothermal 
technologies, to name a few. 
thornier. 
dependence on imported fuel, to the future independence we expect to achieve, 
without being subjected to the severe social and economic stress that could 
accompany major supply interruptions and/or a continued steep rise in oil 
prices? 

This is one of the most serious questions f 
because it involves not only money, politics, and people's lifestyles, but 
because basic national security is at risk as well. During the next several 
years, while our consumption of energy still exceeds our ability to supply it 
from within, we are extremely vulnerable to externally imposed interruptions 

Beyond the year 2000, we 

The problem for the short and mid-terms is 
The question is, how can we as a.nation move from today's 

ng the United States today, 

of supply. 

The problem is real. 
I suspect we could satisfy our national energy demand for a considerable time 
by burning the paper on which they are printed. 
conclusions seems to be that no single regulation, no individual course of 
action, no one energy source, can be relied upon to pick up all of the slack. 
There is a possibility, however, that we can convert potential disaster into 
mere discomfort by 

Conservation is our first line of defense in the energy wars. 
twin advantages of being immediate and relatively cheap. 
conservation is great because the economics of energy in the U.S. heretofore 
have encouraged profligacy. 
lot. 

As a nation, we have e measurable progress in 
few years. 
with a moderate hand Automobiles that guzzle gas are a drug on the market, 
and fuel efficient m 1s are hot sellers. 
have achieved impressive energy savings by applying simple management techniques. 
The rate at which we! import oil has peaked 
gradually, more recently at a faster rate. 

It has awned so many studies in the past decade that 

A consensus of their 

plying a combination of solutions to the problem. 

It has the 
The potential for 

we have been wasting a can save a lot b 

rvation over the past 
Individuals have insulated their homes and tuned their thermostats 

Communities and private industries 

gun to fall -- at first 
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Despite their encouraging signs, we are not yet out o f  the woods. 
conservation may be neceseary, it certainly is not sufficient. 
of our national energy consumption to a level commensurate with present 
domestic energy production would exact an enormous toll on our economic, 
social and political systems. 

While 
The reduction 

Few af us would be willing to pay such a price. 

Consequently we must identify -- attd tap on a commercial scale -- in the near 
to mid-term -- substantial new domest-ic energy sources. 
leg of the national energy strategy. 
are meeting here today. 
surface, can contribute significantly to our domestic energy supply in the 
closing decades of this millennium. 
to make that happen. 

Geothermal heat is an attractive alternative to imported oil or gas; it 
satisfies the requirements for being a key domestic energy contributor: 
is available within the United States, and it is environmentally benign. 
The production technology for hydrothermal electric power and direct heat 
systems is known and easily available to U.S. industry. 

That is the second 
And that brings us to the reason we 

Geothermal energy, heat from beneath the earth's 

It is your responsibility -- and mine -- 

it 

The generation of electric power from high temperature hydrothermal resources 
is currently economical, with the cost per KM being roughly comparable to 
that of electrfc power from coal -- and certainly less than oil, 
high temperature of resources are found principally in the western third of 
the country, while the largest power markets are in the east. 

Unfortunately, 

Geothermal resources at temperatures below 300F are not currently economical 
for electric power generation, but they are ideal for nearby direct use 
applications, and they are widely distributed throughout the United States. 

Technically, hydrothermal systems for electric power and for direct heat 
applications are ready for industrial development. 
competitive with imported oil. 
as coal-oil mixtures, oil and gas from the outer continental shelf, and 
alcohol fuels, hydrothermal resources can help bridge the gap while advanced 
technologies are befng developed €or synfuels, geopressured, and hot dry rock 
resources, all expected to come on line in the 1990's. 

Both are economically 
Together with other near term supplies such 

Federal interest in geothermal resources is not new. 
U.S. Geological Survey conducted a preliminary assessment of the nation's 
geothermal resources, (this work has been updated twice since that time). 
1970, the Congress authorized the Secretary of the Interior to issue geothermal 
leases for certain federal lands. 

In the last 1960's, the 

In 

Early in the 1 9 7 0 ' ~ ~  as concern about future energy supplies began to mount, 
geothermal resource programs were begun in the Atomic Energy Commission and 
the National Science Foundation. 
Research and Development Administration. 
were moved into ERDA and consolidated. 
structure became part of the Department of Energy. 
Pocus has broadened to include a major effort aimed at industrial and commercial 
development of geothermal resources. 

In 1975 the Congress formed ERDA, the Energy 
The AEC and NSF geothermal programs 

Two years later the entire ERDA 
Since that time the program 

i- 
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The DOE is not the only federal agency with an interest in geothermal energy. 
The Departments of Agriculture and the Interior, for example, have responsibility 
for millions of acres of federally owned lands, much of which has geothermal 
potential. 
be heated by geothermal energy.* The Treasury Department regulates the collection 
of taxes that have been adjusted for geothermal credits allowed by law. 
Housing and urban development is deeply concerned with alternative energy 
sources for heating new and rehabilitated dwelling units and commercial space. 

The Defense Department has many military installations that might 

The responsibility for welding these diverse federal interests into a coherent 
geothermal energy program has been assigned by Congress to the Interagency 
Geothermal Coordinating Council. 
Secretary for Resource Applications, and other agencies are represented at the 
Assistant Secretary level. The Council establishes national geothermal policy 
in the context of the overall national energy strategy, and plans the federal 
geothermal energy program. The Council also develops recommendations for 
Congressional action to alleviate barriers to geothermal resource development, 
and submits a consolidated federal geothermal budget to the President's Office 
of Management and Budget each year. 

The IGCC produces an annual report to the Congress, presenting the progress, 
status and plans of the federal geothermal program. If any of you want copies 
of the latest annual report, please speak to Mr. Paddison and he will see that 
you get them. 

The U.S. presently generates 900 megawatts of electric power from geothermal 
energy, and produces an additional 11 trillion BTU's for space heating and for 
industrial and agricultural purposes every year. 
annual savings of about 10 million barrels of oil. With the cooperation of 
all levels of government and private industry -- together we could generate 
up to 6,000 MW of electric power and produce up to 300 trillion BTU's of direct 
heat by 1990 -- saving over 100 million barrels of oil per year. 
The direct heat goals, of course, are of primary interest to those of us in the 
east because hydrothermal resources here are not hot enough to generate 
economical electric power. But we are fortunate because much of the identified 
eastern resource is located close to existing and potential markets for 
direct heat. Many of these markets are now served by gas and oil or by 
electric power generated by burning natural gas or oil. 

How can these resources be tapped to serve these markets quickly enough and in 
sufficient quantity to achieve our goals for direct thermal uses? 
has given DOE the responsibility for making it happen -- not as a massive 
federal program imposed upon the states, cities and industries, but rather as 
8 commercial market activity. 

In formulating a strategy for our hydrothermal industrialization program, we 
have kept in mind from the start that the desired end will be accomplished by 
literally tens of thousands of independent decisions to commit community, 
corporate, and individual resources of money and manpower to geothermal develop- 
ment. 

The Council is chaired by the DOE Assistant 

This is equivalent to an 

The Congress 

We in the federal program can provide information, assistance, guidance, 
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and sometimes 8 mddirrum of fiscal 1 
can make it possible for the industrfalization process to occur, but we cannot 
force it. 
thousands of others like you. 

Our strategy, basically, is to focus government efforts upon barriers to 
geothem&l development, including: 

icant for the geothermal gears. We 

The ultimate outcome is truly your challenge and the challenge of 

- Lack of resource knowledge, 

- Lack of direct technical, economic, and institutional experience 
with geothermal systems, 

The perception of high economic risk, common to the initfal commercial 
stages of any new technology, 

Lack of tax parity with other renewable and alternative energy sources, 

Lack of appropriate legislation and regulatory apparatus at the 
state level, 

- 

- 
- 

- Lack of an industrial iafrastructure to seririce user needs, 

- Lack of comunication among a highly diverse community of geothermal 
interest. 

Although particulars will vary with time, place, and local requirements, our 
basic program approach involves the following elements: 

- Resource definition (cooperation with states) 

- Reservoir confirmation (user-coupled; alters risk) 

- Energy market analysis (loc8lized by resource definition results) 

- Assistance to state legislatures (NCSL) 

- State commercialization teams - state focus, info center, prospectus, 
brokering 

- Technical assistance to would-be developers and users 
- Geologic/hydrologic 
- Engineering/economic 

- Feasibility study loans 

- Pioneer projects 

- Develop advanced technology to reduce costs 
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- Cooperative projects with OFA 
(HUD-direct heat) 
(DOLbs tudies) 

S 

- Reservoir confirmation loans 

- Tax incentives 

- Loan guaranties 

In all this we are moving toward the creation of the industrial infrastructure 
that will be needed: 
We are doing this in part by engaging industrial firms to provide our free 
technical assistance, and by competing much of our study and drilling and 
construction business to the private sector to provide "hands-on" geothermal 
experience. 

Finally, we are working wit 
laws, rules, and regulations that impede industrial development of geothermal 
resources, and to provide incentives to spur that development. 

You will learn much more in detail about this program effort during this meeting, 
and I would like to give you something of a preview by highlighting some of the 
more significant achievements of this program. 

future "geothermal" listings in the yellow pages. 

her federal agencies and the Congress to adjust 

- In the past two years we have confirmed the presence of extensive 
moderate temperature hydrothermal reservoirs beneath the Atlantic 
coastal plain, and identified substantial markets for low grade 
heat co-located with these resources. 

We have identified areas of high promise for moderate temperature 
hydrothermal resources in upper and western New York State. 

- We have defined a major moderate temperature hydrothermal zone across 
much of central Texas. 

- 

We have started resource e 
eastern states. 

on projects in seve 

1 - We have initiated a program of free (but limited) technical assistance 
for potential developers and users of geothermal resources in the east. 

- We have signed contracts for cost shared geothermal wells adjacent 
to potential industrial users in Delaware and New York State, and 
have begun exploratory drilling on the site of a potential industrial 
user in Virginia. 

In July 1980 we began a cost-shared user-coupled drilling program 
to identify resources for direct heat applications. 
will be announced shortly. 

- 
Contract awards 
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- We are suppoftfng the fiist ltate geothermal industrialization team 
on the east coast in Delaware. 

- We have provided legal/t&chnical staff help to several eastern State 
Legislatures that wish to review the legal status of geothermal 
development in their respective states. 

- We have supported the construction of hydrothermal direct heat 
projects itl Texas and the Dakotas. 

- We have supported the construction and testing of a prototype pilot 
plant of revolutionary desiga to investigate the production of 
electrical power from moderate to low temperature brines in Arkansas. 

And finally, as a result of a cooperative DOE/Navy engineering analysis, 
the Navy has planned to use geothermal resources to heat a large 
hangar-like building at the Naval Air Rework Facility in Norfolk, 
Virginia. 

Throughout the country, DOE is currently funding 33 technical/econorcical 
feasibility studies for specific applications. 
sharing over 20 direct heat demonstration projects, including . 

district heating projects and space heating installations in 
hospitals and schools. 
Dakota. 

A DOE apptopriate technology grant has been awarded for using geothermal 
energy to preheat feedwater for a gas fired plant that supplies 
electric power and space heat to the University of South Carolina 
Medical Center. 

- 

- 
We are also cost- 

Two of these are in Texas, and two in South 

- 

As these accomplishments show, eastern geothermal resources are ready for 
cbuuuercial development as alternatives to natural gas and oil for many applica- 
tions. 

We in the Department of Energy are providing support and assistance, but you are 
the bottom line. Pour decisions and actions, not ours, will put geothermal 
power to work in homes, farms and factories. Your efforts, not ours, will cut 
directly into impbrts of foreign oil and you, not we, will reach the goals. 
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L 10/28 /80 NOM'S GEOTHERMAL MAPPING PROGRAM 

TIMETABLE : 

i 

Already published: 

Geothermal Resources of the  Western United S ta t e s  1977 

Three  maps fo r  USGS Circular 790, 1978-1979 

Geothermal Resources of Colorado 1980 

Geothermal Resources of Idaho 1980 

Geothermal Resources of New Mexico 1980 

Geothermal Resources of Utah 1980 

Thermal Springs L i s t  fo r  the  United S ta t e s  1980 

Maps i n  Production 

Geothermal Resources of California t o  be printed by January 15, 1981 

Geothermal Resources of Montana t o  be printed by March 1, 1981 

Geothermal Resources of North Dakota t o  be printed by March 1, 1981 

Geothermal Resources of Washington t o  be printed by March 15,1981 . 

Geothermal Resources of Texas t o  be printed by May 15, 1981 

Additional maps on the drawing board f o r  FY81 include Geothermal 
Resources of t he  following: Alaska,  Arizona, Kansas, Nebraska, 
Oregon, Virginia, and Wyoming. A technical  map of New Mexico w i l l  
a l s o  be worked on during FY81. On t h e  f a r  horizon are public maps 
of Hawaii, Missouri, Oklahoma and numerous technical  maps. 

PHILOSOPHY OF MAPPING PROGRAM 

i The maps NOAA produces are designed wo audiences, the general public 
and the ear th  science community. To t h i s  end two maps w i l l  be produced 
for each state, a "public usage" map and a "geotechnical" map f o r  which 
New Mexico w i l l  be the prototype. 
ed t o  be of use t o  the  entrepreneur, land planner, l ega l  community, and 
environmentalist a s  w e l l  as t h e  explorat ionis t .  This genre of map has 

i t '  
The "public usage" map has been design- u 

a l so  t o  be a t o o l  fo r  education of t he  general public con- 
agnitude of t he  geothermal ource within a given state. 

age the expanded usage o e geothermal resource. The 
aps, t o  which DOE has g secondary pr ior i ty ,  w i l l  empha- 

s i z e  tectonic ,  geophysical, and geochemical information as  re la ted  t o  the  
geothermal resources of a given state. 

A s  such, it is  hoped that the  public ma 11 a l s o  serve as  a promotional 
L 
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DATA PRESENTED ON I STATE ''PUBLI 
.- 

Geothermal Data: Springs rature ,  flaw, TDS, depth, areas 
cansidered t o  

.gradient rang 

Cultural  and geographic data  displayed on the  map include urban areas, 
roads, railroads, airports,-drainage, off- l imits .areas  such as packs, 

mi l i ta ry  lands, 'WE reservations, and KGRA's. 

PLAYERS I N  THE GEOTHERMAL MAPPING PROGRAM: 

fo r  finding addi t iona l  geothermal resources, 
binations of the  above data sets. 

ents,  and wilderness areas, national fo re s t s ,  Indian reservations,  

DOE --- funding and policy formulation 

STATE T E W  --- either state geologic agencies or  univers i ty  teams 
responsible f p r  data col lect ion and in te rpre ta t ion  

NOAA --- cartographic expertise, design of maps, and da ta  qua l i ty  control 

USGS --- base,map negatives, GEOTHERM FILE, upcoming update of low-temperature 
portion of Ci!rcular 790 

University of Utah Research ' Inst i tute  and Los Alamos Sc ien t i f i c  
'Laboratory --- l k i s o n  between NOAA and state teams.as w e l l  as map ed i to r i a l  
f unc t ion 

Government Pr int ing Office --- arranges contracts  f o r  pr in t ing  of maps and 
contract  s 

Private  contractors i n  Denver Metro Area --- cartographic services,  
photographic services,  typesetting, supplies,  etc. 

METHOD OF MAP PRODUCTION: 

The o r ig ina l  plan w a s  t o  contract  t o  the USGS Top0 Division t o  provide NOAA 
with d ig i t ized  base map data so as t o  be ab le  t o  custom design each map 
using a machine ,plotter.  
probleps, the  USGS w a s  unable t o  provide,NOM with timely, accurate digi t ized 
data. 
fo r  a l l  information tha t  one would see on a USGS 1:500,000 top0 base map. 
.Geo,thermal information is  usually machine scribed from s ta te  provided 
d i g i t a l  data or from N O M  digi tszing of state provided hand plots.  
gnformation such as mil i tary reservations, DOE reservat ions,  wilderness 
areas, etc. are normally hand scribed from source documents such as BLMmaps. 
Then the scribed boundary p la tes  are e i t h e r  photographically exposed to  
photo-sensitive peel coat material o r  overlayed with CUT'n'PEEL t o  hand make 
our t i n t  coats. A l l  infomation i n  lists, t i t l e  blocks, squibs, temperatures, 
flow rates, etc. is  photo-typeset and made i n t o  e i t h e r  thinf i lm posi t ives  
or s t r ip f i lm  stickyback f o r  stickup to  posit ives.  
made in to  negatives f o r  manufacture of color  proofs. 

Because of technical problems and personnel 

Thus w e  went t o  obtaining base map negatives through USGS NCIC's 

Cultural 

These posi t ives  are then 
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Between USGS provided negatives ( a t  a cos t  of approximately $1200 per 
state) and NOAA manufactured negatives, approximately 30 negatives go 
in to  t h e  production of each colorproof. The color  proofs allow us  t o  
e d i t  negatives and a r r i v e  a t  the  f i n a l  format of t h e  maps. A f t e r  t h e  
f i n a l  version is  agreed upon we composite our t h i r t y  negat ives  down to  
about 15 negatives based on color  and percent screen of co lor  f o r  each 
negative. 
l i ve ry  t o  a pr in te r .  
a t i v e s  t o  siialuminum p la t e s  which encompass the  six basic co lo r s  with 
screens f o r  f i n a l  printing. 

These f i f t e e n  negatives are then forwarded t o  GPO f o r  de- 
The p r in t e r  i n  turn composites t h e  f i f t e e n  neg- 

WHAT IS NOAA AND WHY IS N O M  MAKING GEOTHERMAL MAPS? 
NOAA is t h e  National Oceanic and Atmospheric Administration which f a l l s  
under t h e  U.S. Department of Commerce. Major functions of NOAA include 
the  National Weather Service, National Ocean Survey, National Marine 
Fisher ies  Service, National Environmental S a t e l l i t e  Service, and Envi- 
ronmental Data and Information Service (EDIS). 
Data Centers including theNationa1 Geophysical and Solar-Terrestr ia l  
Data Center i n  Boulder, Colorado. 
with NGSDC i n  Boulder obtained a copy of USGS Circular  726 (Assessment 
of Geothermal Resources of t he  United States-1975) and,as he w a s  a heat 
flow s p e c i a l i s t , f e l t  that t h i s  w a s  good mater ia l  f o r  a multicolored 
map. 
States 1977, was produced la rge ly  by computer graphical methods and was 
funded by DOE. 
geothermal maps and one publication. 

Under EDIS f a l l s  numerous 

In  1977, Paul G r i m ,  a geophysicist 

The r e su l t i ng  map,Geothermal Energy Resources of t h e  Western United 

Since that time the  Datamapping Group has produced n ine  
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Coordination: 
UURI, LASL, DOE, 
USGS, others 

Data flow for state geothermal maps. 
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GRUY FEDERAL, INC. 

Gruy Federal Work Plans for  FY 1981 

Gruy Federal, Inc. w i l l  provide technical and administrative support t o  DOE for  
the Hydrothermal Resources Program. The work will include tasks i n  the resource 
definition and technical assistance areas. 

The resource definition task will include geothermal def ini t ion e f for t s  where 
s t a t e  coupled teams are  not presently active, provide liaison and information 
dissemination ac t iv i t i e s  among s t a t e  coupled ac t iv i t ies  i n  the east ,  and a s s i s t  
the U. S. Geological Survey i n  i ts  ongoing assessment of low temperature resources 
i n  the United States. 

The technical assistance task shall provide assistance t o  prospective geothermal 
users through l ia ison,  information dissemination, reservoir analyses and engineering 
and economic studies. The Gruy s ta f f  will also be available to  make presentations 
of geotechnical information concerning geothermal resources t o  s t a t e ,  county, 
and local governments, and others interested i n  the development of eastern 
geothermal resources. 

During N-1980 several reports were prepared which are available t o  the public: 

Renner, J.L., and Vaught, Tracy L., 1979, Geothermal resources of the 
eastern United States : Houston, Gruy Federal , Inc. , Report DOE/ET/28373-T2. 
Available from NTIS. (Stapled copies available from R. A. Gray, Division 
of Geothermal Energy, DOE, Washington, D. C.) 

Vaught, Tracy L., 1980, Temperature gradients i n  a portion of Michigan: A 
review o f  the usefulness o f  data from the AAPG geothermal survey of North 
America: Houston, Gruy Federal , Inc. , Report DOE/NV/10072-1 available 
from NTIS. 

Reports on the preliminary definition. o f  geothermal resources I n  the s ta tes  of 
I l l i no i s  and Indiana have been transmitted t o  DOE for release and will be 
available through NTIS i n  several months. 
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Atlantic Coastal Plain Geological Targeting and Evaluation: 

Progress Report 

Joseph J. Lambiase 
Virginia Polytechnic Institute 

and State University 

Our exploration model for geothermal resources beneath the Atlan- 
tic Coastal Plain requires four criteria These are: 
1. a source of radiogenic heat in the crystalline basement complex 
underlying the Coastal Plain sediments; 2. a relatively thick sedi- 
mentary insulator; 3. relatively low thermal conductivity of that 
insulator; and 4. favorable reservoir conditions in the basal sedi- 
mentary units. 

for a resource. 

During the past year, we have drilled,several test holes that 
were located to improve our knowledge of the crystalline basement, and 
to detelfmine geothermal gradients and heat flow in previously unex- 
plored areas; some of these holes constitute the first geothermal 
exploration in South Carolina and Georgia. Table 1 summarizes the 
depth, purpose for drilling, and geothermal gradient for each hole; 
all locations are identified in Figure 1. In the upcoming year, an 
additional basement hole will be drilled at the location indicated in 
Figure 1. two geothermal gradient holes will be drilled at as 
yet undetermined locations. 

Also, 

Of the four criteria for a geothermal resource listed above, res- 
ervoir conditions in the basal sedimentary units is the least under- 
stood. Laczniak (1980) recently completed a mathematical modelling 
study of Atlantic Coastal Plain geothermal resources. He assumed a 
doublet system with a production well and a reinjection well in a 
semi-confined aquifer. Reservoir temperature was modelled through 
time assuming different values for permeability, well spacing and well 
production. The results indicate that Atlantic Coastal Plain 
resources can be viable for at least fifteen years of continuous pump- 
ing with adequate well spacing. Some of Laczniak's results are sum- 
marized in Figure 2 and 3. 

Evaluation of reservoir potential must consider the size and geo- 
graphic distribution of aquifers within the basal units of the Atlan- 
tic Coastal Plain. Generally, the basal units are wedge-shaped, and 
thicken from west to east. Also, the depth to the top of these units 
increases from west to east. The geographic distribution and size of 
sand bodies that are potential aquifers within these formations is 
controlled by the depositional system in which the sediments were 
deposited. 

There are three general depositional systems that can be recog- 
nonmarine, mar- nized in the basal Atlantic Coastal Plain sediments: 
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ginal marine and shallow ripe. Non-marine deposits 
characterized by relatively high sand/clay ratios and comparatively 
small sand bodfes which tend to be physically adjacent so that they 
often form large, composite aquifer systems. Marginal marine deposits 
have relatively less sand, but tend to form large sand bodies that are 
more isolated from each other by clay deposits than are non-marine 
sand bodies. Shallow marine deposits have even lower sandlclay ratios 
but larger and more isolated sand bodies than marginal marine depo- 
sits. Generally, the basal Coastal Plain units tend to be more non- 
marine at the north and west, and more shallow marine at the east and 
south. Also,  depositional system often changes vertically in the sed- 
imentary section. Figure 4 depicts a hypothetical cross-section of a 
basal sedimentary unit showing its thickness and depth as well as the 
distribution of sand bodies within it assuming a non-marine to marine 
transition from west to east. 

We are investigating the distribution of sand bodies within the 
Atlantic Coastal Plain sediments using drill hole and seismic data. 
There are few drill holes that penetrate the basal units, and electric 
logs from these holes indicate that there are several potential aqui- 
fers in these units (Figure 5 ) .  We are using VIBROSEIS reflection 
seismic data to determine the areal extent of potential aquifers, and 
to explore for potential aquifers in areas where there is no drill 
hole data. 

In summary, much of our past year's effort has been aimed at 
locating and evaluating potential geothermal reservoirs. Also, sev- 
eral new drill holes have improved our knowledge of the crystalline 
basement, and initiated exploration in South Carolina and Georgia. In 
the coming year, we will continue to determine geothermal gradients 
add to explore for potential geothermal reservoirs. 

Reference 

Laczniak, R. J., 1980. Analysis of the relationship between output 
and well spacing in a typical Atlantic Coastal Plain geothermal 
doublet system. Unpub., M.Sc. thesis, Virginia Polytechnic Insti- 
tute and State University. 
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I I Table 1 

Drill Hole Data 
1 I 

Purpose Total Geo t herma 1 sep 
Depth (:n) Gradient (Oc/ktu). for  Dri 11 i ng Hole .# i" --- Loca t i on 

26 I s l e  o f  Wight,  VA 500 
k 
b 16A Kinston, NC 21 9 

13A Myrtle Beach, SC 448 
10 Charleston, SC 283 i 

$i Salley, SC 353 18 9 
7A Savannah, GA 300 *3 - 

KB Kings Bay, GA 29% 22 
- CP Cove Point, MD *1 1100 

25 basement data 
23 basement data 
30 basement data 
34 geothermal gradien 

basement data 
geothermal gradien 
geotherma 1 gradi er, 
geothermal gradien 
basement data 
geothermal gradien 
basement data 

- Smith Point, VA *2 1100 
3 

59 

*1 - In progress; estin;ated to ta l  depth 
*2 - Estimated to ta l  depth 
*3 - Gradient not yet determined 
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t) -------- 
FQ$e 1. Locations o f  t e s t  holes drilled during the past year. 

hole to  be drilled next year i s  a filled circle .  
The basement 
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li NEBRASKA (=EOTHERMAL RESOURCES 

William I). Gosnold, Jr. 
University of Nebraska a t  O m a h a  

a ‘si. 
Abstract i : ’  

k Analyses of ex i s t ing  data indicate that potent ia l  low-temperature 

I geothermal resources are accessible t o  about two-thirds of Nebraska. 

conclusion is supported by the r e s u l t s  of temperature gradient measurements 

This  

i n  shallow holes (60 m t o  570 m) and bottom hole temperatures from deep o i l  

and gas exploration wells which indicate  t h a t  t he  subsurface temperatures i n  

north-central  and western Nebraska a r e  s ign i f icant ly  higher than would be 

expected f o r  the continental  platform. Geothermal gradients greater than 

40 K/km are common f o r  bottom hole temperature daka from holes with depths 

of 1 km o r  p e a t e r .  

provide a means f o r  understanding the thermal s t ructure  of Nebraska and lead 

t o  the  conclusion t h a t  t he  high subsurface temperatures are due t o  la rge  sca le  

flow of w a r m  waters from the Kennedy Basin i n  South Dakota and the Denver 

B a s i n  i n  Colorado. Comparisons between shallow &adient measurements and 

L 
L 
i; 

Preliminary r e s u l t s  of 27 new heat flow measurements 

the deep bottom hole temperatures a r e  proving t o  be valuable as an assess- 

ment procedure. The bottom hole temperature data do ident i fy  areas with 
I 

5d’ anomalous subsu temperatures, and hhe heat flow data  provide a means 

f o r  in te rpre t ing  the overa l l  geothermal picture.  
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Introduction 

The geothermal resource assessment of Nebraska includes the compilation 

of ex is t ing  data ,  analyses of bottom hole temperatures logged i n  exploration 

wells, and surface heat f low measurements. The assimilation and in te rpre ta t ion  

of these da ta  is i n  an advanced stage and it is expected that the ult imate 

goal of the  project ,  $.e., the production of a user-oriented geothermal 

resource map, w i l l  be at ta ined by mid-1981. i 

Existing Data 

The assimilation of ex is t ing  data is summariped by Gosnold (1979, 1980 a )  L 
and is shown as a composite map i n  Figure 1. 

thermal resource poten t ia l  of Nebraska based on these da ta  i s  depicted i n  

An in te rpre ta t ion  of the  geo- 

Figure 2 from Gosnold (1980 a ) .  

a depth of one kilometer with the  constraint  that the isotherms a re  drawn 

only where they l i e  within sedimentary formations t h a t  could poten t ia l ly  

produce large amounts of water. 

Eigure 2 i s  a teqperature contour map f o r  

Some of the sedimentary u n i t s  of i n t e r e s t  

'are the  Dakota Gywp of Cretaceous age, the Lansing Group and Kansas City 

Croup of Pennsylvanian age, the  Hunton Formation of Silurian-Devonian age, 

and t h e  S t .  Pe te r  Sandstone of Ordovician age. 

67 5 of Nebraska overl ies  a potent ia l  geothermal iresource with temperatures 

greater than 40 OC a t  a depth of one kilometer. The 50 "C isotherm l ies  

at depths ranging from 1.0 t o  1.4 km within the  poten t ia l  resource area,, 

Some l oca l  areas  are evidently warmer because temperatures ranging from 70 "C 

t o  105 OC have been recorded i n  w e l l s  ranging i n  depth from 1.3 km t o  1.5 km 

i n  western Nebraska. 

da ta  used a re  from depths of one kilometer o r  greater and there  i s  no extq-  

The da ta  indicate  that about 

An important fea ture  of Figure 2 is t h a t  a l l  temperature 
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polation of shallow gradient data. 

of the poten t ia l  geothermal resource. 

Bottom Hole Temperature Data 

The r e s u l t  is a reliable representation 

Compilation of bottom hole termperatures and s t ra t igraphic  data recorded 

f o r  about 13,000 exploration wells is 60 $ completed. 

i n  several  ways i n  the resource assessment. 

These data will be used 

One of t he  products of t h i s  phase 

I of the study w i l l  be a geothermal gradient contour map of Nebraska. 

combination of t h i s  new map with the s t ra t igraphic  data w i l l  y ie ld  a refined 

The 

version of the map shown i n  Figure 2. The bottom hole temperatures w i l l  a l so  

be compared t o  the  shallow gradients measured i n  heat flow holes and i n  holes 

of opportunity, e.g., water wells. Comparisons of t h i s  type have been made 

f o r  several  areas i n  Nebraska and have produced in te res t ing  r e su l t s ,  some of 

which are discussed later i n  t h i s  paper. 

s t ra t igraphic  data w i l l  a l s o  be combined t o  produce temperature contour maps 

of those formations which have poten t ia l  fo r  producing large quant i t ies  of 

c 
The bottom hole temperatures and 

. water, E 
Heat Flow Data 

Twenty-seven new heat flow determinations are, i n  progress (Gosnold, 1980 b) 

and the preliminary r e s u l t s  are given i n  Figure 3. 

preliminary because the& conductivit ies have not yet been determined 

Some of the values a r e  

and estimated conductivit ies are used. The estimated conductivit ies are the 

ac tua l  conductivit ies determined f o r  other  wells t h a t  penetrate the rocks i n  

question. 

one were completed f o r  heat flow measuzements, 

tegt hole that has a t o t a l  depth of 570 m and penetrates about 420 m of Pre- 

The d r i l l  holes used range i n  depth from l j O  m t o  570 m and a l l  but 
i; 

The one exception is a mining 1 
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Cambrian c rys ta l l ine  rocks on the Nemha Ridge i n  southeastern Nebraska. 
2 Sixteen of the heat flow values are greater than 84 mW/ m ( 2 H.F.U.) 

2 and eight  of the  values are greater than 125 mW/ m 

are markedly greater  than expected f o r  the Great Plains  on the basis of 

previous conventional heat flow s tudies  (Roy, Blackwell, and Decker, 1972; 

Combs and Simmons, 1973; Lachenbruch and Sass, 1977). However the values 

are consistent with the heat flow map of the  United S ta t e s  produced by 

Swanberg and Morgan (1979) on the basds of geochemical data. An analysis  

of the heat flow da ta  may be obtained by use of t& continental  heat flow 

model of Vitorello and Pollack (1980) t o  predict  a hypothetical heat flow 

value f o r  the Great Plains ,  According t o  Vitorello and Pollack (1980) the 

heat flow components f o r  a continental  platform should be 27 mW/ m 

the  lrantle, 18 t o  36 mW/ m from the radioactive c rus t ,  and a zero tectonic  

component. This gives a range of hypothetical heat flow values of 45 mW/ rn 

t o  63 mW/ m . These hypothetical values are useful  i n  in te rpre t ing  the  

. measured heat flow values because they provide a reasonable estimate of  the  

(3 H.F.U.). These values 

2 from 

2 

2 

2 

magnitude of any addi t ional  heat sources, 

sources a r e  on the order of 40 mW/ m 

additional sources are far greater than could be reasonably expected f o r  

addi t ional  c rus t a l  radioact ivi ty  o r  mantle sources and are interpreted t o  be 

due t o  convective heat t ransport  i n  the upper crust. 

I n  t h i s  case the  addi t iona l  heat 

2 2 to 130 mW/ m . These values f o r  

! 

The existence of a laxge convective heat flow component i n  Nebraska is 

consistent with the heat flow map of Swanberg and Morgan (1980) and it could 

not have been ant ic ipated by the  previous conventional heat flow s tudies  because 

%hey included no data from Nebraska. Two separate convective systems could 
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account f o r  the high heat flow values in Nebraska. 

the north-central mrt of Nebraska and the  south-central part of South 

Dakota, 

theMadisonformationmayentertheDakota Group through a subcrop connection 

beneath South Dakota and flow within the  Dakota Group thmugh pa r t s  of 

South Dakota and Nebraska. Warm waters a re  encountered i n  numerous wells 

penetrating the Madison and the Dakota i n  South Dakota (Schoon and McGregor, 

One system underlies 

I n  t h i s  region, whfchincludes the Kennedy Basin, w a r m  water from 

1974) and 12 water wells i n  north-central Nebraska produce w a r m  water from 

the Dakota Group, Four of the 12 Nebraska wells reach the Dakota a t  depths 

ranging from 260 m t o  296 m anti flow a t  rates ranging from 4 g p m  t o  19 gpm 

with water temperatures averaging about 28 OC (Souders, 1976) . 
of about 30 OC i n  the  Dakota Group would cause temperature gradients of about 

75 K/ km i n  the  regions overlying the Dakota Group. 

agrees with the  least-squares gradients determined f o r  near by heat flow 

holes. 

north-central Nebraska showing the  e f f ec t  of the shallow heat source. 

A temperature 

This value generally 

Figure 4 is a hypothetical gradient curve and heat flow model f o r  

It is 

important t o  note t h a t  the high surface-gradients do not continue below the  

heat source. 

A different convective system is postulated io account f o r  the high heat 

flow in western Nebraska. 

of the  Dakota Group from Volk (1972) and Figure 5-b is a cross sect ion along 

the. . l ine A-A' i n  Figure 3-a. 

Figure 5-a is a structure-coutour map of the  top 

It is proposed t h a t  meteoric water en ters  the 

Dakota along its outcrops at the  western margin of the  Great P l a i n s  and flows 

within the formation through Colorado and Wyoming i n t o  Kansas and Nebraska. 

The flowing water would be heated s igni f icant ly  a t  Ceptns of 2* km i n  the 
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Denver basin and.would carry a large amount of heat in to  Nebraska and t 

I 

L 
i 

t 

Kansas as depicted i n  Figure 5-b. 

scale  water flow system is not known from other  geological s tud ies  and is 

merely inferred froni the heat flow data collected i n  t h i s  study. However 

it is considered t h a t  such a system is the  most reasonable explanation f o r  

It is important to note that the large 

t 
i 

the  hikh heat flow values i n  western Nebraska. 

Comparisons between shallow gradient da ta  from the heat flow holes and 

the bottom hole temperature da ta  are shown i n  Figures 6 9  7, and 8. I n  

general the bottom hole temperatures a r e  lower. than would be predicted by 

extrapolation of the shallow gradients. A good example of the differences 

between the  two da ta  s e t s  is seen i n  Figurn 8.  There the temperatures from 

the heat flow holes are plot ted at 10 m in te rva ls  and the bottom hole temperatu 

are plot ted as single  points  indicated by le t ters  A ,  B, & C and numbers 1 

thru  12. Figure 9 is a map showing the r e l a t ive  locations of t he  wells. 

The heat flow holes i n  Figures 8 & 9 are gas exploration wells that w e r e  

I L 

'completed f o r  heat flow and the  or ig ina l  bottom hole temperatures are indicated L 
t 
t 
1 
1 

by, the  letters. 

erature  is available f o r  well "B". 

up t o  the top of the Niobrara Formation about one; year before the  temperature 

gradients w e r e  measured. 

the maximum depths of the holes, indicated by A & C ,  shows that the  origina3. 

bottom hole temperatures are about 10 'C'to 15 OC low. 

between the two data s e t s  show good agreement and lead t o  two conclusionsr 

1) The bottom hole temperature data  set does ident i fy  areas of anomalous 

Well "C" has not yet been logged and no bottom hole temp- 

The wells were cemented from t h e i r  bottoms 

Extrapolation of the  equilibrium gradients t o  

I n  general, the  comparisons 

I- I 

6ubsurface temperatures. 2) The bottom hole temperature da ta  set probably 
I, 
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represents the minimum temperatures t o  be expected a t  a given depth, 

ii 
c 
L 
0 
6 
i '  . 

Y 

Conahding Remarks 

The ex is t ing  data indicate  some potent ia l  f o r  low temperature 

geothermal resources i n  Nebraska, and t h i s  is borne out by heat flow 

determinations and by analyses of bottom hole temperature data. 

bottom hole temperature da ta  a r e  useful as a large data set f o r  identifying 

poten t ia l  resource areas. 

The 

The heat flow values are extremely useful i n  

the in te rpre ta t ion  of subsurface temperatures i n  sediment covered areas 

l i k e  the Great Plains.  
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Structure contour map of the Dakota group from ,Volk, (1972). 
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A LOW ENTHALPY CONVECTIVE SYSTEM I N  WESTERN OHIO 

Melinda S. Cannon, Charles  A. Tabet,  and Yoram Eckstein - 
Department' of Geology 
Kent S t a t e  Universi ty  

Kent, Ohio 44242 

ABSTRACT 

A d i s t i n c t  p o s i t i v e  anomaly in t h e  tempera- 
t u r e s  of t h e  shal low (Pleis tocene)  a q u i f e r s  along 
t h e  Cincinnati-Findlay Arch i n  Western Ohio coin- 
c i d e s  wi th  a low geothermal gradient .  
model of convect ive c u r r e n t s  assoc ia ted  with a 
t e n s i o n a l  f a u l t  and/or f r a c t u r e  system along t h e  
crest of t h e  Arch is suggested a s  an explanat ion 
of t h e  anomaly. Hydrochemical information indi-  
cates t h a t  var ious  q u a n t i t i e s  of warmer ground 
water, wi th  t h e  composition c h a r a c t e r i s t i c s  of 
deep bedrock a q u i f e r s ,  is present  as a n  admixture 
i n  t h e  shal low aqui fe rs .  
c e p t u a l  model of convection i n  f r a c t u r e s .  

A conceptual 

This  confirms t h e  con- 

INTRODUCTION 

An a n a l y s i s  of a network of 370 bottom h o l e  
temperature readings recorded i n  var ious  o i l  and 
gas  boreholes  throughout Ohio i n d i c a t e s  r a t h e r  low 
t o  moderate increases  i n  temperature with depth. 
The range is between 15' and 25OC per  kilometer. 
The lowest va lues  f o r  t h e  geothermal grad ien t  coin- 
c i d e  wi th  t h e  a r e a  of t h e  Cincinnati-Findlay Arch. 
Remarkably, t h e  a n a l y s i s  of  ground water tempera- 
t u r e s  a t  depths  of 50 t o  150 f e e t  shows a prominent 
p o s i t i v e  anomaly, which co inc ides  with t h e  Arch. 
The inverse  c o r r e l a t i o n  between t h e  geothermal 
grad ien t  and temperatures i n  t h e  shal low a q u i f e r s  
is of p a r t i c u l a r  i n t e r e s t ,  as it s i g n a l s  a deep 
convect ive system. 

BASEMENT SURFACE 

The Precambrian basement rocks in Ohio, none 
of which are exposed a t  t h e  sur face ,  are known from 
cores  and c u t t i n g s  obtained from w e l l s  d r i l l e d  f o r  
o i l  and gas. Figure l a  shows t h e  shape of t h e  
Precambrian basement s u r f a c e  which d e f i n e s  a broad 
p la teau- l ike  s t r u c t u r e  i n  western %io, i d e n t i f i e d  
by Green (1957) as t h e  Indiana-Ohio platform. 
f e a t u r e  relates very genera l ly  to t h e  Cinc inna t i  
Arch. Eastward of t h e  Arch, t h e  basement s l o p e s  
down a t  a n  acce lera ted  rate, increas ing  from an 
approximate 40 f e e t  per m i l e  t o  more than 100 f e e t  
per  mile, d e l i n e a t i n g  t h e  western margin of t h e  
Appalachian basin.  

This 

Cores and c u t t i n g s  from e a s t e r n  and c e n t r a l  
Ohio i n d i c a t e  t h a t  t h e  basement c o n s i s t s  of a 
metamorphic complex dominated by quartzo- 

f e l d s p a t h i c  gne iss  and smaller  amounts of quartz-  
mica s c h i s t ,  amphibolite, marble, and assoc ia ted  
c a l c - s i l i c a  rocks (Figure l b ) .  It appears  t h a t  
t h e  western one-third of Ohio is under la in  by 
Precambrian quartzo-feldspathic  rocks, inc luding  
gne iss  as w e l l  as more massive rocks c l a s s i f i e d  
a s  g r a n i t e .  Addit ional ly ,  s e v e r a l  fine-grained 
igneous rocks have been c l a s s i f i e d  as r h y o l i t e  
and t r a c h y t e  (McCormick, 1961). 

Sr-Rb and K-Ar age determinat ions on b i o t i t e  
and muscovite from t h e  basement rocks i n  Ohio, 
f a l l  i n  t h e  range 870-940 m.y., wi th t h e  excep- 
t i o n s  of Sr-Rb ages of two t r a c h y t e  and r h y o l i t e  
samples. 
average 1260 m.y. (Lidiak et a l . ,  1966). 

These two samples yielded ages which 

No rocks younger than Precambrian have been 
i d e n t i f i e d  i n  t h e  buried basement complex i n  Ohio. 

GRAVITY DATA 

Figure IC represents  a compilat ion of var ious  
reg iona l  and d e t a i l e d  g r a v i t y  surveys c a r r i e d  out  
by Heiskanen and U o t i l a  (1956). Woolard and 
J o e s t i n g  (1964). Pincus (1960), Newhart (1975), 
Haidarian (1976), Williams (1976), and Quick 
(1976). 

Most of t h e  major anomalies shown i n  Figure 3 
represent  d e n s i t y  c o n t r a s t s  wi th in  t h e  Precambrian 
basement complex. 
smaller  amplitude anomalies of e a s t e r n  Ohio may 
be due t o  both increas ing  depth t o  t h e  basement 
complex and decreasing he terogenei ty  of t h e  com- 
plex. 
anomalies of western Ohio are probably due t o  
g r e a t e r  he te rogenei ty  of t h e  basement. 

The g r e a t e r  wavelength and 

The higher  magnitude and more complex 
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Four major anomalies i n  northwestern Ohio . 
were i n t e r p r e t e d  i n  d e t a i l  (Pincus, 1960). Three 
of these  were p o s i t i v e  and are r e l a t e d  t o  gabbroic 
or amphibol i t ic  masses, and one l a r g e  nega t ive  
anomaly is r e l a t e d  t o  deep g r a n i t i c  bodies. 

GEOTHERMAL REGIME 

Prel iminary eva lua t ion  of t h e  geothermal 
p o t e n t i a l  i n  Ohio w a s  i n i t i a t e d  with s p e c i a l  
i n t e r e s t  d i r e c t e d  pr imar i ly  towards the  areas 
def ined by t h e  nega t ive  Bouguer anomalies assoc i -  
a ted  with t h e  quartzo-feldspathic  rock masses i n  



nnon et a l .  
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A 

E~AMPHIBOLITE 
mGRAN1TE. OUARTZO-FELDSPATHIC GNEISS 
mRHYOL1TE. TRACHYTE, ANDESITE O-L-W-&Io 1.W~1.5 
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m X P O S E D  IGNEOUS-METAMORPHIC COMPLEX 
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Fig. 1. a - Precambrian basement sur face ;  

t h e  western p a r t  of t h e  s t a t e .  It was assumed t h a t  
t he  body of t he  quartzo-feldspathic  rocks,  buried 
under more than 2000 f e e t  of t h e  sedimentary blan- 
ke t ,  may genera te  enough radiogenic  hea t  t o  main- 

TENPERATURE BRADIEWT SCALE WILES) 
f*C/hm) 0 M 

b * WLL LOCATION 

Pig. 2. Geothermal g rad ien t  i n  Ohio. 
i 

Li - Basement l i t ho logy ;  c - Bouguer anomaly. 

t a i n  a n  anomalous geothermal g rad ien t  i n  the  re- 
gion. A map of t h e  g e o t h e r m l  g rad ien t  in Ohio, 
prepared on t h e  b a s i s  of a network of 370 bottom 
hole  temperature readings  i n  o i l  and gas  boreholes  

AT APPROXIYATELV 100' &PTH 

1.F) 
Fig. 3. Temperature i n  s h a l l o w  a q u i f e r s  of Ohio. . 
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(Fig. 2 ) ,  did rfot revea l ,  however, any d i s t i n c t  
p o s i t i v e  anomaly. One reninrkoble f e a t u r e  was t h e  
c l o s e  a s s o c i a t i o n  of t h e  Cinc inna t i  Arch with a 
mildly low geothermal grad ien t ,  ranging from less 
than 1 5 O  up t o  20°c/km (Fig. 2). 
geothermal grad ien t  map with t h e  shal low (50-150 
f e e t )  ground water temperature map (Fig. 3). re- 
vealed a s u r p r i s i n g  i n v e r s e  c o r r e l a t i o n  between 
t h e  two maps. The wst d i s t i n c t  f e a t u r e  on t h e  
ground water temperature may i s  t h e  prominent high, 
s t r i k i n g  roughly i n  t h e  northward d i r e c t i o n  along. 
t h e  Cincinnati-Findlay Arch i n  t h e  western p a r t  of 
t h e  s t a t e .  This  f e a t u r e  is assoc ia ted  with t h e  
low geothermal grad ien t  on Figure 2. The topo- 
graphy of t h e  reg ion  is f a i r l y  f l a t .  Therefore, 

Compaiison of t h e  

?i 

I 

' 

(Shale) 
CONEMAUGH 
(Sh ,Ss .Cwl.8 Ls 1 

(Cw1,SS .Bh..BL 
SYLVANIA a DUNDEE 
(Ss.,Da1.,6 L..) 

1ppe.I WTTSVILLE 6 ALLEGHENY 

-------- - ---- 

CINCINNATIAN FMS. -= (Sh. 8 L8.1 

TRENTON, BLACK RIVER.8 OLENWOOD lor.br.sbl (Sandy Dal..Ls..6001.) 

so* 
55. 

60. 
65. 

70. 

75. 

80. 

(GRADIENT (GRADIENT 
W F / z )  32*Fh) 

Fig. 4. Three-layer (aquifer/aquiclude/aquifer) 
conceptual  model of the ' ternperature  f i e l d  around a 
fracture-convect ing system. 

it has  to be  concluded that t h e  higher  temperature 
of t h e  ground water along t h e  r i d g e  of t h e  
Cinc inna t i  Arch is a r e s u l t  of a deeper convect ive 
ground water movement, probably along a system of 
f a u l t s  and v e r t i c a l  f r a c t u r e s .  A conceptual  model 
of t h e  system is shown in Figure 4. 

. 

HYDROGEOLOGIC SETTING 

The s t r a t i g r a p h i c  and s t r u c t u r a l  s e t t i n g  of 

Cannon et n l .  

tbe'model i s  depicted on Figure 5. 

The ground water p o t e n t i a l  i n  western Ohio CS 
dependent on recharge t o  t h e  carbonate  aqui fe rs .  

The permeabi l i ty  of the  a q u i f e r s  is genera l ly  
der ived from secondary poros i ty  including j o i n t s ,  
f r a c t u r e s ,  and s o l u t i o n  channels. The carbonate  
a q u i f e r s  a r e  confined beneath a layer of g l a c i a l  
till ranging i n  th ickness  from 20-40 f e e t  throrrgh- 
out most of t h e  a r e a ,  except where c l o s e l y  assoc i -  
a ted  wi th  buried v a l l e y s .  
t o  t h e  a q u i f e r s  is derived from vertical  leakage 
through t h e  conf in ing  layer .  

Much of t h e  recharge 

The mechanism of  d i f f e r e n t i a t i o n  between 
negat ive  (downwards) and p o s i t i v e  (upwards) con- 
vec t ion  i n  t h e  f r a c t u r e s  and its d i s t r i b u t i o n  
r e l a t i v e  to  t h e  s t r u c t u r e  is not apparent a t  t h i s  
s tage .  Both negat ive  and p o s i t i v e  convection may 
produce low geothermal grad ien t ,  bu t  only p o s i t i v e  
anomaly i n  t h e  temperatures of shal low ground 
water (Figures 364). ' 

, HYDROCHEMICAL EVIDENCE 

Based on t h e  assumption t h a t  a p o s i t i v e  con- 
v e c t i v e  flow would br ing  i n t o  t h e  shallow a q u i f e r  
no t  only warmer water, but  a l s o  some anomalous 

' chemical concentrat ions of dissolved s o l i d s ,  a n  
. extens ive  compilat ion of t h e  chemical d a t a  from 

w e l l s  located along t h e  Arch was c a r r i e d  out .  
e a r l y  confirmation of t h e  model by hydrochemical 
d a t a  was found in w e l l s  from Greene, Montgomery 
and Ilamilton count ies .  Wells Mo. 102 and Gr. 104 
are both shallow, pene t ra t ing  P le i s tocene  sedi-  
ments, whereas Gr. 111 is deeper, d r i l l e d  i n t o  
the.Trenton formation (Fig. 5). Water from Mo. 
101 & 102 has  t h e  h ighes t  concent ra t ion  i n  
d4ssolvcd s o l i d s ,  and is warmest compared t o  a l l  
t h e  w e l l s  d r i l l e d  i n  t h e  P l e i s t o c e n e  a q u i f e r  i n  
t h e  study area (Fig. 6). 

An 

Graphical representa t ion  of t h e  a n a l y s i s ,  
following Piper  method (Piper 1953). i n d i c a t e s  

Fig. 5 .  Generalized s t r a t i g r a p h i c  and s t r u c t u r a l  s e c t i o n  a c r o s s  Ohio. 

VI-3 I '  



Cannon et  al. 
t h a t  t h e  composition of Uo. 102 can be  obtained by 
mixing 98% of t h e  water.from Gr. 104, and 27 of t h e  
water  from G r .  111 (Fig. 7). A similar mixing 
p a t t e r n  may be recognized i n  t h e  water from Mo. 
101. 
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Fig. 6. Chloride and s i l i c a  concent ra t ions  and 
tevpcra tures  f.n shalXow a q u i f e r s  on Cinc inna t i  Arch 
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Fig. 7. 
cene aqui fe r ’water  of t h e  Cinc inna t i  Arch. 

Mixing system betwegn bedrock and Ple i s to-  

CONCLUSIONS 

A d i s t i n c t  admixture of ground water with t h e  
composition t h a t  i s , c h a r a c t e r i s t i c  f o r  deep bed- 
r,ock formations, found i n  a &allow Ple is tocene  
a q u i f e r  represents  s u f f i c i e n t  confirmation f o r  t h e  
proposed model. Consequently, it is implied t h a t  
a geothermal p o t e n t i a l ,  obviously a t  low enthalpy 
l e v e l ,  is a v a i l a b l e  i n  western Ohio. It is associ-  
a t e d  with a convect ive f low of ground water, a long 
a system of t e n s i o n a l  f r a c t u r e s  andfor  f a u l t s ,  
developed a t  t h e  crest of t h e  Cincinnati-Findlay 
Arch. 
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Excerpts from: Mawath, Gerry, 1980 - Heat Generation and Ter- 
restrial Heat Flow in Vorthwestern Pennsylvania; 
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ABSTRACT 

A steady-state divided bar and a thermistor probe has been used 
to obtain thermal conductivity measurements of rock-core samples 
f r o m  siX boreholes and temperature gradient measurements f r o m  
two boreholes in northwestern Pennsylvaniao When combined, these 
measurements yield uncorrected heat flow values for Clarion and 
Venan o Counties of  lo& HFU (60.28 
mW/m27 respectivelyo Fully corrected for the effects of  a secon- 
dary recovery experiment, the Allegheny river, Pleistocene cli- 
matic variations, and the effects of topography the heat f lows 
are 1.84 HFU (77.02 mW/m2) and 2.00 HFU (83072 mW/m2) These 
values are highest among the heat flow measurements reported to 
this date for the Allegheny Plateauo 

A temperature gradient map constructed on the basis o f  over 380 
reported bottom-hole-temperature measurements of deep oil and 
gas wells in conjunction with measurements of the temperature 
in shallow aquifers in Pennsylvania, indicates that the high 
heat flow values in Clarion and Venango Counties coincide with 
a local, relatively high geothermal gradient 

Study of the radiogenic heat production based on analyses of 
64 samples of  basement material suggests that the heat flow and 
geothermal gradient anomaly in Clarion and Venango Counties are 
apparently associated with a shallow crustal heat sourceo 

1.73 HF'U (72.42 mW/m2) and 
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Table.1. Basic information on boreholes used in core and heat flow survey. 

Locat-ion Well Name 
(Fig. 1) 

* E  Bowser 

F Wile 

A Bankson 

C Hazlett 

, B  Marsh 

D Reed 

G Ignition 

' 4  
H 
H 
I 
h, 

. H  Nor r i son. 

Permit No. 

CLA-16 5 

CLA-173 

VEN-16 9-P 

VEN-17 2-P 

VEN-174-P 

VEN-160 

VEN-154 

None 

North Lat. East Long. Elevation Depth Remarks 
DEG MIN DEC #IN' (m) 

41° 13.98' 79O 31.87' 402.3 

41° 13.49' 79O 33.25' 373.1 

41° 27.61' 79O 41.14' 459.3 

41° 21.49; 79O 48.07' 410.0 

41° 23.77". 79O 43.43' 443.5 
. .  

41° 20.39' 79O 48.00." 430.7 

41° 24.93" 79O 44.19' 426.7 

41'O 23.87' 79O 4-3.41' 443.5 

749.2 Gradient and 
core, well 

646.2 Core well. 

362.7 Core well 

365.8 Core well 

363.3 Core well 

76052 Core well 

172.2 Ignition well 
for secondary . 
rec04er.y- 
experimenk 

323..1 Gradient well 
n 
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Figure ~ 2 .  Tectonic mp of Venango and Claridn counties 
(Lqqette, 1.936 and Newport, 1973). 
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Figure 3. Sample locations and lithology of Clarion 

and Venango County gradient wells. 
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Table 2. Summary of 

c Porosity 
( % I  H 

H 
1 
b\ 

. Sonic, 
Velocity 

e (mps) 

n 
range 

x 
CY 

n 
range 

x 
cr 

n 
range - 

X 
(r 

n 
range - x 
0- 

thermal conductivity, porosity, and-sonic velocity measurements. 

L I T H O L O G Y  

Shale 

13 
3 . 33-5.43 
4.13 
0.70 

6 
3.52-5.71 
4.79 

. 0.73 

6 
1.99-5 055 
3.75 
1.23 

6 
3908-4800 

4-421 
303 

Si1 tstone 

7 
5 . 36-8 . 28 
7.51 
1.02 

6 
7 . 91-8 . 99 

8.40 
0.39 

6 
1.27-3.39 

2.47 
0.79 

6 
4293-4701 
4504 
159 

Sandstone 

34 
5.32-9 . 92 
7.64 
1.30 

34 

8.86 
1.48 

5.88-11.63 

34 

6.33 
3.63 

2.26-15.32 

29 
2903-4665 
4197 
434 

Conglomerate 

10 
7.62-12.69 
10.15 
1.57 

10 

11 . 26 
1.51 

8.35-12.99 

; ' 1 0  
1.20-10.65 
4.72 
2.84 

9 
2931-5278 
4577 
687 
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4 0  I 

R-6.25 a’1.2 

q ( ~ ~ ~ )  

‘je1.44 ~ ~ 0 . 5 5  

Figure 6 . Thermal gradient, mean conductivity, and heat f l o w  for the 

Venango County w e l l .  
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. .  B O W S E R  

Figure 7 .  Thermal gradient, mean 

Clarion County well. 
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4 Uncorrected + River + Pleistocene Corrections E 
1 
P Morrison 1.92+O .75 (80.37t31.40) 1.1!i-4.08 (48.14-170.79) 30 -51 -0 -99 5.71 

Bowser 1.97tO .47 (82.46t19.67) 1.11-2.92 (46..46-122.23) 25.60 -0.99 7.50 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - o ~ ~ ~ ~ ~  

Uncorrected t River t Pleistocene + Topographic Corrections - '  
n 

Morrison 2.00tO .72 (83.72t30.14) 1.08-3 -35 (45.21-140.23) 31 . 95 -0.99 6 .lo 
Bowser 1.84tO .36 (77.02t15 -07) 1.19-2.56 (49.81-107.16) 24.99 -0.99 7.44 

. .  

Note: 1. Extrapolated temperature at a depth of 30.5 meters. 
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An Integrated Geophysi cal-Geological Study of  Potent ia l  
Hot Dry Rock Si tes  i n  t h e  Midcontinent 

b Y  
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Ekploration fo r  Hot Dry Rock (HDR) as a poten t ia l  energy resource i n  the  

midcontinent of t he  United States  is of considerable in t e re s t  because of t h e  

large population density of t he  region and the  increasing demand on conventional 

energy sources. 

spread d is t r ibu t ion  of potent ia l ly  favorable conditions fo r  HDR geothermal sites 

including radiogenic plutons, residual intrusive heat,  anomalous upper mantle 

heat,  thermal conductivity anomalies, geohydrology, and sedimentary rock blan- 

keting. 

Available geological and geophysical data indicate  the  wide- 

P 

Accordingly, a cooperative e f fo r t  among several  major un ivers i t ies  has been 

funded by DOE thsough LASL t o  develop a HDR s i t e  exploration s t ra tegy fo r  t he  

region from the  Rocky t o  Appalachian Mountains excluding t h e  G u l f  Coast geo- 

pressured region and the  Madison aquifer of North and South Dakota, and t o  

i n i t i a t e  a test  of t h i s  s t ra tegy by applying it t o  selected favorable areas.  

In  addition, t he  s t a tus  of pertinent w a i l a b l e  regional geologlc and geophysical 

data will be ascertained and t h e  data evaluated. These data w i l l  be col la ted 

Find synthesized and i n i t i a l  s teps  w i l l  be taken t o  analyze these data and t o  

delimit areas i n  which regional data a re  insuff ic ient  f o r  locating broad areas 

favorable for  HDR s i te  development. 
. 

and t e s t ing  a midcontinental HDR exploration strategy. 
cated by the  shaded regions of Figure 1 and include the  western Nebraska s i te  

being studied by the  University of Texas-Dallas and New Mexico S ta t e  University 

Three areas have been ident i f ied  and ar.e being investigated f o r  developing 

The test areas a r e  indi- 

groups, t he  northern Mississippi Embayment s i te  being investigated by the  Univer- 

d i ty  of Texas-El Paso group, and the  eastern Michigan s i t e  being considered by 

the  Purdue University group. 

t i o n  of basement d r i l l  hole data by the  University of Pittsburgh group (Lidiak 

& Denison) and t h e  geochemical and in-situ temperatures by t h e  New Mexico Sta te  

University group. 

The panhandle of western Nebraska,(kl.O - 43.O)ON, (104.0 - 102.0)0W shown 

&n Figure 2,recommended for  study as a HDR t e s t  s i t e  i s  characterized by a pro- 

minent, broadly defined negative Bouguer gravity anomaly (see Figure 3).  

uasement geology generalized f o r  t h e  area by Lidiak (1972) is  included i n  Figure 

3 8s well as the  location of LASL's proposed MT t erse. The results of t he  MT 

Integral  par t s  of these studies include t h e  compila- 

The 

study Will be incorporated i n  the  HDR evaluation of t h e  t e s t  s i t e  as they become 

available. Magnetic anomaly data at a 6 mile f l i g h t  l i n e  spacing a l so  have been 

made available recently by the  NURE magnetic study. 

1 ~- 
I 
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Figure 3.  Preliminary Bouguer gravity anomaly map, and basement geology 
from Lidiak (1972),for the western Nebraska test s i t e  area. 
Light shaded areas correspond t o  grani t ic  basement rocks and 
dark shaded regions to s c h i s t s  and granofels .  LASL'S proposed 
MT l i n e  a l s o  i s  shown. 
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Figure &., Heat flow values in  the north central United S t a t e s  (after Combs 
and Simmons, 1973) i n  w a l  CUI’~ = 1 HFU = 41.8 ~ W I U ’ ~ ) .  
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s 
H 
H 
I 
U 

I 
Figure 5; Bottom hole  temperature gradients for Nebraska (a f ter  AAPG-USGS, 

1976). Contours are  a t  3.7O c/km (0.2°F/100ft) intervals .  The 
36' c/km.contour corresponds t o  the 2.0°F/100ft contour on the 
AAPG-USGS map. L i m i t  of s i l i ca  anomaly taken from Swanberg and 
Morgan (1978). 
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' The existence of a prominent thermal anomaly (= 2HFU) i n  western Nebraska 

can be postulated from the heat flow data given i n  Figure 4 which has been 

generalized from Combs and Simmons '(1973) and Sass et al. (1976). 
gradient contour map of t he  United S ta tes ,  generated bas ica l ly  from o i l  and gas 

well bottom hole temperature da ta ' for  t he  Geothermal Survey of North brnerica 

(AAPG-USGS, 19761, confirms t h e  existence of a geothermal anomaly i n  western 

The temperature 

Nebraska, although it is contoured as-a ser ies  of separate anomalies, as shown 

in Figure 5 .  
indicate t h a t  t h i s  i s  a s ingle  cont 

reanalysis of t he  s i l i c a  data has confirmed t h i s  conclusion (Swanberg and Morgan, 

1980). 

Groundwater s i l i c a  data compiled by Swanberg and Morgan (1978) 
ous anomaly as a l so  shown on Figure 5 .  A 

W.D. Gosnold of t he  University of Nebraska-Omaha has been making temperature 

q a d i e n t  measurements i n  wells across Nebraska and with h i s  cooperation these 

r e su l t s  w i l l  be integrated i n t o  t h e  study. 

&d temperatures obtained from SA, Na-K-Ca and Na-K-Ca-Mg geothermometry as w e l l  
as groundwater f luoride concentrations are being compiled f o r  the  western Nebraska 

test s i te  from the  U.S.G.S. water qual i ty  f i l e  (WATSTORE). . To complement the  

Nebraska study, bottom hole temperature data from the  states surrounding western 

Nebraska are being reexamined from the  AAPG data  f i l e  and, where appropriate, 

new da ta  w i l l  be sought out and new data compilations wi l l  be made and integrated 

A l s o ,  in-situ groundwater temperat&es, 

with the  Nebraska and other AAPG data.  

The Mississippi Ehbayment t e s t  s i t e  has ten ta t ive ly  'been chosen t o  include 

the area bounded by (34.5 - 3 6 . 5 ) O N ,  (93.0 - 89.O)OW as i l l u s t r a t e d  i n  Figure 6. 
This area w a s  chosen because of the  good coverage of geophysical data ,  t h e  

evidence f o r  recent tectonic ac t iv i ty  (New Madrid Seismic Zone), t he  possible 

association with an ancient r i f t  zone, and evidence fo r  elevated heat flow. 

de t a i l s  of t h e  geologic h is tory  of t h e  area a re  poorly known because of t he  thick 

Cenozoic sediments present. 

an aulacogen, probably of l a te  Precambrian age. 

ahomalies i n  the  area cor re la te  with trends of epicenters,  and t h i s  correlat ion 

led  t o  t h e  suggestion that the  old boundaries of t h e  aulacogen have been react i -  

ed. The many correlat ive gravity and magnetic anomalies suggest widespread 

The 

However, t h e  embayment is  widely accepted as b k h g  

The trends of gravity and magnetic 

plutonism, probably of pre-Cenozoic age. 

suggested by t h e  formation of an aulacogen is  of i n t e re s t .  

Also, t h e  deep fractur ing of t h e  c rus t  

' Gravity and magnetic data coverage fo r  t h e  s i te  is considerable. Current 

gravity coverage is  i l l u s t r a t e d  i n  Figure 7 as the  number of s ta t ions  per 1 x l  
quadrilateral .  

0 0  

Magnetic data coverage is shown i n  Figure 8 where the  f l i g h t  l i n e  

*.:.,. 
. , .. . .  VIII-8 
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b .  Figure 

AEROMAGNETIC COVERAGE u 
- a  .:: Current aeromagnetic coverage for the M i s s i s s i p p i  Embayment HDR test site. 

These data are available at 1 m i l e  f l i ght  l i n e  intervals. 
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spacing for  these data is  roughly 1 m i l e .  As i l l u s t r a t ed  i n  Figure 9 ,  available 
heat flow data obtained from recent studies by the  University of Texas-El Paso 

and New Mexico State  University indicate some high values for the test si te.  The 

occurrence of elevated temperatures i n  the t e s t  s i t e  area also is  being investi-  
gated by studying the  in-situ groundwater temperatures, as well as temperatures 
derived from S i ,  Na-K-Cd. and Na-K-Ca-Mg geothermometers, and groundwater fluoride 
concentrations, which are  being synthesized from the  U.S.G.S. water quali ty f i l e  
(WATSTORE) . 

Considerable geological and geophysical data are available t o  recommend the  

As shown i n  Figure 10 (Hinze e t  a l . ,  1975) gravity anomaly data,  which 

0 region (42.25 - 43.25)ON, (84.50 - 82.50) W i n  eastern Michigan as a potent ia l  
HDR s i t e .  

are available at a 6 m i l e  gr id  interval ,  characterize the  area as a pronounced 
negative gravity anomaly (= -30 mgal). 

g ran i t ic  intrusive associated w i t h  t h e  Grenville Front. 
fo r  the  study region are generalized from geophysical and limited d r i l l i ng  in&or- 
mation i n  Figure 11 (Hinze et al., 1975). 
t o  suggest the anomaly source is  due t o  a thickening of Devonian or Si lur ian 
evaporites (Hinze et al .  , 1975 ; Chandler, 1977). 
anomaly source i s  an intrabasement l i thological  variation is  given by the magnetic 
data i n  Figure 12 (Hinze e t  a l ,  1975) which are  available on a 3 m i l e  f l i gh t  l i n e  
interval .  The data generally characterize the  study region as a negative magnetic 

The anomaly source probably is a basement 
Basement l i thologies  

To date, at least, there  i s  no evidence 

Further evidence indicating the  

anomaly. 

Accordingly, these results suggest the  gravity anomaly source is  within some . 

of t h e  youngest basement rocks i n  t h e  midcontinent, near a major tectonic break 
(Grenville Front) and in the vicinity of a Precambrian rift that has undergone 

Proterozoic diastrophism. 
basin t h a t  is  'covered by a thick blanket of low conductivity sediments. 

heat flow data (Figurelo) a l so  a re  available for  the  study region (Combs an& 
Simmons, 1973; Judge and Beck, 1973). The geochemical data from the  U.S.G.S. 

water quali ty f i l e  (WATSTORE) also are being assembled t o  provide fundamental 

information regarding the HDR potent ia l  for  the  Michigan si te.  

Furthermore, the  probable basement source i s  within a 
L i m i t e d  

The three p i l o t  areas described above were selected on the  basis of available 
data as possible HDR sites of widely varying geologic conditions. 

s i t e  investigations a re  directed toward synthesizing available geophysical, geo- 

chemical and geological data in to  a generalized exploration strategy, as well as 
an evaluation of t he  MIR resource potential  of each of t h e  s i t e s .  An example of 

t h i s  investigative procedure i s  given fo r  t he  eastern Michigan t e s t  s i te  by the 

preliminary flow chart i l l u s t r a t ed  i n  Figure 13. 

These test  

VIII-13 
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Figure u. Basement province map (Hinze et. a l . ,  1975) for the eastern 
Michigan HDR test site. 
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MSTERK YICHIGAN HDR TEST SITE ISVESTIGATIOK 
(Preliminary Flow Chart) 
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Figure 13. Preliminary flow chart for eastern Michigan HDR test site investigation. 
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The Midcontinent RDR Group als as been ac t ive  i n  preparing t h e  s c i e n t i f i c  

e from the I l l i n o i s  Deep D r i l l  Holes and plan fo r  conducting studies on the  

performing surface and in-hole geophysical investigations.  

been made fo r  obtaining core samples for  thermal conductivity and heat genera- 

t i o n  measurements ch w i l l  be per rmed by t he  UTE? group. The University of 

Pittsburgh group inspected the  core from UPH-1 and 2 and arranged for  48 synples 

from these cores t o  be obtained fo r  detai led petrologic study. 

samples w i l l  be obtained from d r i l l  hole UPH-3. 

logs w e r e  observe6 by the U . S .  Geolo ca l  Survey i n  UPH-3 subsequent t o  i t s  

completion at  1200 hrs  on M a y  20. These included three temperature logs with 

observations at 0.5 foot intervals  at 1400 hrs on M a y  22, 0545 hrs on May 25, 
and 0845 hrs  on M a y  26. 

Arrangements have 

Additional core 

A wide var ie ty  of geophysical 

VIII-18 
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SOUTHEASTERN GULF COAST HEAT FLOW PROGRAM 

Douglas L. Smith 

Department of Geology, University of Florida, Gainesville, FL 32611 

ABSTRACT 

Thirty-nine new heat flow values from western Florida, Alabama, 

Mississippi, and Louisiana range from < 1.0 heat flow unit (micro- 

calorie/cm2sec) to 2,l hfu. 

Gulf Coastal Plains are low to normal. 

(0.4 - 0.7 hfu) in norch-central Florida and northern Alabama appear 
to corroborate previous measurements in those areas. 

thermal conditions are observed in extreme western Florida (30-34"C/km 

In general, heat flow values for the 
i 

Anomalously low values 

i 

Positive 

1.1 - 1.3 hfu) and throughout much of northern Louisiana 
gradients; > 2.0 hfu) . Conditions in these areas indicate 

possibilities of potential geothermal exploitation. 

heat flow values in southwestern Mississippi suggest a continuous 

zone of mild thermal anomalies from northern Louisiana to the Florida 

panhandle. 

Relatively high 

I 

. The current program of near-surf ace geothermal research conducted 

of Florida Geophysical Laboratory in the Gulf Coastal 

rowth of an earlier project in the sou rn Appalachians 



and southeastern Coastal Plains. 

of heat flow (Smith et al., 1977, 1981) suggested relatively high 

values of heat flow (~1.4 - 1.6#heat flow units) and high geothermal 
gradients along the Atlantic Coastal Plains (figure 1). These initial 

Those initial reconnaissance surveys 

results were confirmed with the hxpansive and continuing program 

underway at Virginia Polytechnic Institute (Costain et al., 1980). 

Other indications (ffgure 21. were noted: the relatively high 

geothermal conditions do not appear to continue southward beyond 

the region of Brunswick, Georgia, where incidentally, the East Coast 

.Magnetic Anomaly turns inland. 

heat flow values were anomalously low, but the total effect of hydro- 

logic influences remains unresolved. 

Throughout the Flofida peninsula 

. 
An area of exceptionally low 

heat flux was identified with four measurements in the Appalachia 

Plateau - Valley and Ridge region of extreme northeastern Alabama 
and northwestern Georgia. 

Plafns near Pensacola, Florida, and Mobile, Alabama, suggested the 

exis tance of "normal" or above-normal thermal conditions and jus- 

tified expectations of thermal anomalies in the Gulf Coastal region 

similar to those in the Middle Atlantic Coastal Plains. 

Finally, measurements in the Gulf Coastal. 

Accordingly, the Gulf Coastal Plain. area of paahandle Florida, 

southern Alabama, southwestern Georgia, Mississippi, and Louisiana 

was considered for continued investigation. Despite a large number 

of shallow (41000 meter) depth water monitor wells and numerous 

oil and gas test wells, the area was devoid of heat flow measurements. 

The paucity of seismicity and tectonic activity in this area and the 

abundance of geologic descriptions for the subsurface rocks contri- 

buted to the decision to proceed. This investigation was limited 
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to a study of , And their 
distributions; no examination of the well-kn6wn geopressured zones 

wzs  cmtercplated. 

PROCEDURES 

- .  

Available boreholes were seiected on an opportunistic 

b 
i 
L 

t~ 

, [ '  

L 
basis 

through cooperation from stbte geological surveys.and local U. S. 

Geolagickl Survey offices, Case&$ non-flowing holies at least 150 m 

deep were sought. 

thermistor probe, four-conductor cable and reel assembly, and a 

Mueller-type Wheatstone bridge. 

Temperature measurements were made using a standard 

L 

Values were recbrded at 10 m or 20 m 

iatervals and least square grzdients were determined, where necessary, 

for separate lithologic zones penetrated by the boreholes. 

' 

-_ Drilling practices in the Gulf Coast region generally preclude 

the acquisition of core samples. Consequently, only cuttings samples 

were available for thermal conductivity determinations. Fkpresen- 

tative samples were procured and analyzed with a standard divided- 

bar apparatus using the technique described by Sass et al. (1971). 

Porosity values of 30% were assumed; however, significant porosity 

variations do not substantially alter the final therhal conductivity 

computations. Heat flow values were calculated as the product of 

the least squares thermal gradients and thd mean harmonic thermal 

conductivlty values. Topographic corrections were not considered 

necessary. 

L 

i 

L 
I 
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RESULTS 

A l l  r e s u l t s  t o  date  are summarized i n  t ab le  1. Figure 2 depicts 

coquted  heat  flow values a t  sites where measurements are complete. 

During the f i r s t  year of the program, twenty-one new heat flow values 

ranging from < 1.0 heat  flow unit t o  1.7 hfu were determined i n  

western Florida,  Alabama, Mississippi, and Louisiana. I n  general, 

the  values suggested a low t o  average heat f l u x  f o r  most of the  eastern 

Gulf Coastal Plain.  Anomalously l o w  vhlues of 0.4 hfu determined i n  

northern peninsular Florida and northern Alabama tend to  corroborate 

previously-determined values (figure 1) i n  those regions. 

Measurements a t  two sites i n  southwestern Mississippi (Natchez 
I 

.and Utica) yielded thermal gradients as high as 46"C/km (over 180- 

depth a t  Utica) and heat  f l ux  values of 1.4 hfu  and 1.5 hfu (figure 2). 
-, $ 

in, Hines County overlying the' Jackson Dopte, a maj . -  
subsurface fea ture  associated with temperature elevations as observed 

from petroleum exploration e f fo r t s .  

. Higher geothermal gradients were a l so  observed In northern 

Louisiana (i. e. 7"C/km a t  Bastrop) where two heat fl lues  of 

and 1.3 hfu were r 

western Flor ida panhandle displayed gradients of approximately 

rded. Similarly,  several deep boreholes i n  

30-34°C/km and temperatures as high as 35°C a t  500 m depth. 

temperature extrapolations of 5OoC at 1 km depth can be made a n d .  

Confident - 

are s ign i f i can t  because an extensive consumer market f o r  geothermal 
_ I  

the Pensacol - Mobile regio 

During the 1980 f i e l d  season, eighteen new hea 

s s i p p i  and northern Louisiana were determined. Other 

I 



Table 1.. 
heat  flow determinations f o r  t he  southeastern Gulf Coast p la ins .  

PreT;imin&Q fist of nev g e o t h e h l  had ien t  .ya;ues, thermal conductivity values,  and 
(*) . wei'ghted ._ ~ . average including 

- c  .o ther  zones i n  borehole. . 

. Locat ion  Depth (MI 
Floridd : 

Gainesville 500 

Ft .  Walton Bch. 500 

Navarre 280 

S t .  George Is. 273 , 

Gre tna  280 

Wellborn 300 

Whiting F ie ld  360 

';d Camp Henderson 148 
H 

OI 

Alabama: 

Guin 3.55 

Union Springs 267 

Thomas ton 340 

i f i s s i s s ipp i  : 

'Natchez 260 

Senatobia 340 

% t k a  34d 

Cjradiernt C/km 

12 e 04 

31.54 (34h)  

34 . 13 (140-280) 

21 e 18 

24.82 

19 . 7 1  

27 e 81 

12 e49 

11.28 

23.84 

37 e 07 (140-280) 

27.96 

19.94' 

45.98 

Conductfvity mcal/cmseco C 

3.11 

3.29 

3.29 

2.77 

. 3.40 

3.15 
3.52 *. 

3.34 

3.50 

3.10 

2.38 

I 

j5.07 

5.10 . I _  

3.09 

Heat Flow (hfu) 

a. 37 

l e  03 

0,983( 

0.58 

0m84 

0m62 

1,KM 

0.4 

- .  1 

0.39 

0.74 

0e74* 

1.42 

1.01 

1 48* 

r "I"- r-' r- f- 



r r- r r r r- &r-7 r z"" r- CY <r. c r- E- r. C' r- r 
1 ..- 

Table I, c a t ,  

, 

Heat Flow (hfu) - Location Depth (m) Gradient ' C/km Conduct i v i t g  mca 1 /cms ec O C 

Brooklyn 220 20 . 08 5.06 1.06 

Caw 19 0 17 . 11 4.68 0.8 
. I  

Shelby 500 23.97 4186 1.2 

Pace 280 16  . 23 5 e55 0.9 

Forest 380 27.73 3.77 0,9* 

Columbus 306 15.70 3.55 0.6 

Louisiana: 

Simp son 380 26.82 4.78 1.28 

I Scotlandvi l le  500 19  . 57 6.10 1.24* 
U 

Bogalusa 440 17  . 7 1  . 5.90 1.04 

Baton Rouge N. 500 22 . 06 5.07 1.21* 

Baton Rouge S. 500 23.64 4.42 4.42 1.10* 

Verno 220 29 . 11 4.92 1.26* 

Bastrop 260 37.45 ' 4.92 1.72* 

Calhoun 260 31.08 5.12 1.6 

Sikes 200 10.37 5.93 0.6 

Haile 236 34.98 6.46 e ,  2.1 

I 

c 



. ,Location 

-Junction. City 

Bernice . 

Marsalis 

Winnfield 

North Hodge 

Boseo 

Kelly ;- 

Deville 

Truxno 

Depth 

230 

220 

258 

215 

200 

236 

172 

250 

215 

Gradient OC/km 

24.94 

32.17 

27.48 

27 . 65 
23 . 74 
29 e 00 

44 . 23 
24.94 

33.13 

Conductivity ,mcal/m 8ec'C 

.6 . 02 
6.17 

6.50 

5.73 

5.4 

4.07 

5.72 

4.51 

6.42 

F 
m 

r 8 -  

I 

Heat Flaw (hfu) 

1.5 

-2.0 

I. 8 

1.6 

1.3 

1.2 

2.0* 

1.1 

2 e 1  

t 1 
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L 

f addi t ional  d rhinations i n  Florida and ami are incomplete. i 
Lr 

Measurements i n  s 

The new values ind ica te  t h a t  a 

and Claiborne) i n  northern Loui 

flow values (six sites average 1.75 hfu; maximum 2.1 hfu). 

gradients of 35-44OC/km w e r e  recorded i n  t h i s  region, and temperatures 

as high as 85OC can be extrapol 

i a  are planned f o r  ea r ly  1981. 
t '  

e-parish area (Ouachita, Union, b 

a i s  charactkrited by higher heat t 
Geothermal 

i 

L 

i 

. 

t o  depths of 2 km. 
i 

New values i n  Mississippi f d l  t o  suggest an extension of the  

l imited zone ;of pbs i t ive  anomalies reveal'ed i n  the f i r s t  year of 

investigations.  Values from a t o t a l  of nine sites i n  Mississippi 

average 1.1 hfu and approximate typ ica l  Gulf Coastal P la in  values. 

Based on the present ly  avai lable  data  and contingent on the  

pending cultivation of models, it is in t e re s t ing  t o  note,  without 

speculative in te rpre ta t ion ,  tha t  the  zone of elevated thermal gradients 

and heat flow values can be correlated with reported pa t te rns  of s a l t -  

t 

- L  dome intrusion$ across northern Louisiana and southwestern Mississippi. 
t 

Within the  area under investigation, a wedge-shaped zone of apparent 

and infer red  pos i t ive  geothermal conditions can be ten ta t ive ly  

proposed (figure 3) . 
t h i s  zone broadens across southern Alabama and Mississ ippi  and includes 

With an apex i n  the w e s t  Florida panhandle, 

most of northern Louisiana. The po ten t i a l i t y  f o r  exploi table  thermal 

resources i n  this region is encouraging, but is not c l ea r ly  resolved. 

I n d i a l  r e su l t s  from the continuing invest igat ion of heat  flow 

SUMMARY 

L 
L 
I 
c 
E 
1 '  

. L  and temperature gradients i n  the eastern Gulf Coastal Plains  suggest 
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Figure 3, Areas of possible i n t e r e s t  f o r  po ten t ia l  
geothermel energy exploi ta t ion (shaded) . 
Dotted l i n e  suRgests inferred zone of 
possible pos i t ive  thermal anomalies. 

at  least two d i s t i n c t  areas and a possible zone of interest amid 

general  conditions of low t o  noma1 heat  flow values. I n  extrema 

Florida, thermal gradtents t o  500 m depth are approximately 

/km;and temperatures of 5OoC can be extrapolated t o  1km depth. 

Continued evaluation of conditions i n  t h i  

v i e w  of t h e  subs tan t ia l  population and indus t r i a l  complex i n  the 

Pensacola-Mobile area. 
11 
li In northern Louisian 

southern Mss ies ippi )  , thermal gradients of 35-46"C/km and heat  flow 

values up t o  2 .1h fu  are observed, 

heat  flow is  ident i f ied ,  and a three-parish area of pa r t i cu la r  

interest can be recognized. 

extrapolated t o  2 km depth. 

L A broad area of r e l a t ive ly  high 

Temperatures as high as 85OC can be 

The near-surface thermal conditions observed t o  date  i n  the Gulf 
iI 
L Coastal P la in  do not  display an overwhelming l u r e  f o r  immediate 

1x711 



development, but conditions i n  spec i f i c  regions are such t o  suggest 

eventual consideration f o r  exploitation. 
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THE EASTERN HOT DRY ROCK TARGET PROSPECT EVALUATION 

Carl E.  Schubert 

D'Appolonia Consulting Engineers, Inc. 

ABSTRACT 

The Eastern Hot Dry Rock Target Prospect is located i n  a corridor be- 

tween Smith Island, Maryland on Chesapeake Bay and the southern t i p  of 

Assateague Island, Virginia on t h e  Atlantic Ocean. 

selected for  investigation based on heat. flow values and thermal gradi- 

ents  r e l a t ive ly  higher than other areas in  the coastal  plain. 

plorat ion program wa8 aimed at locating the most favorable location 

within the s i t e  area for  the targeting of a deep test borehole fo r  HDR 

heat extraction. 

gravity/magnetic analysis,  time-domain electromagnetic (TDEM) survey, 

Vibroseis seismic re f lec t ion  prof i l ing,  d r i l l i n g  and logging of four 

3001neter borings, and the reopening and logging of an abandoned o i l  

exploration hole. 

potent ia l  for the extraction of heat using the Hot Dry Rock concept. 

The prospect w a s  

The ex- 

The program consisted of an aeromagnetic survey, 

The r e su l t s  of t h i s  stddy indicate  that the area has 

INTRODUCTION 

The Eastern Hot Dry Rock (HDR) Target Prospect (Figure 1) was previously 

determined to have geothermal potent ia l  based on the regional studies 

by VPI & SU (Costain, et  al.,  1980). This study was sponsored by the 
Los Alamos Sc ien t i f i c  Laboratory (LASL), and executed by D'Appolonia 

Consulting Engineers, Inc. (D'Appolonia) , with the purpose of supple- 

menting and interpret ing the previous work by VPI & SU, which was 

oriented t o  wet geothermal systems, and evaluating and target ing a deep 

test boring fQr HDR extract ion experiments. 

The previous work by VPI & SU included a number of short seismic reflec- 

t ion  l ines  and several  shallow (300 meter) borings where thermal gradi- 

ent and conductivity measurements were taken. These s tudies  indicated 
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heat flow values up to 1.9 HFU actoss the site area, which are among the 

highest recorded in the coastal plain. 
(Costain, et al., 19801, and used as the preconceived basis for explora- 

tion in t h i s  study, is that of a.granitic pluton, which may, if suffi- 
ciently insulated by sediments of low thermal conductivity without 
convection systems, retain sufficient radiogenic heat to exist as a 

resource. 

The model proposed by VPL b SU 

IMESTIGATZONS PERFORMED 
Y 

Investigations included an aeromagnetic survey, gravity/magnetic analy- 

sis, time-domain electromagnetic (TDEM) survey, Vibroseis seismic re- 
flection profiling, drilling and logging of four 300-meter borings, and 

the reopening and logging of an abandoned oil exploration well found 
open to a depth of 462 meters. 
had the purpose of defining the nature of the basement rocks while the 
seismic reflection profiles provided information on the sedimentary 

cover and also provided constraints on the potential field models of the 
basement. 

ary cover and data for the thermal analyses. 
discussed separately below, and the locations of individual measurement 

points are shown in Figure 1. 

%e gravity, magnetic, and TDEM methods 

The borings provided additional information on the sediment- 

The individual methods are 

Drilling ProgramlAnalysis of Thermal Data 
Four holes to 300 meters were bored by drilling a three-inch casing and 

abandoning the bit at total depth, without cementing. Thermal gradient 
and natural gamma measurements were made. 

was known from previous work that recovery in the unconsolidated sedi- 
ments was difficult and feasible only in clay-rich horizons. In addi- 
tion to the borings drilled for this study, the E. G. Taylor No. 1 aban- 
doned oil exploration well was located and found to be open to a depth 

of 462 meters and was also logged. 

b 

No cores were attempted as it 

L.  

i 

L 
L 
L 

The exceptional consistency of the gamma log signatures between borings 

(Figure 2)  enabled a reliable correlation of shallow formations across 
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the  s i t e  area. The the 1 gradients i n  c l a  proved t o  be r e l a t i v e l y  

high, as was the na tura l  gamma response t o  the  same clay un i t s ,  produc- 
ing  a grea t  s i m i l a r i t y  i n  ove ra l l  response between the  gamma and thermal 

gradient logs (Figure 3). Individual sedimentary formations proved t o  
have cons is ten t  l i t h o l o g i c  and thermal proper t ies  across the s i te  area 

(Figure 41, leading t o  the  conclusion t h a t  l imited conductivity d a t a  

can be reasonably extrapolated t o  i n t e r p r e t  va r i a t ions  i n  thermal data 

across the  site. 

The range and mean of the  observed gradients are: 

FORMATION ' GRADIENT MEAN - +/s.d. 

St.  Marys (n  12) 30.9 - 40.8 34.4 + 2.9 
Choptank (n 12) 25.4 - 35.5 28.8 T 2.7 
C a  l v e r t  (n = 11) 47.0 - 55,s 51.3 T 2.8 
Piney Point/ '(n = 4 )  37.3 - 52.1 44.4 f - 5.4 

Nanj emoy 

The higher gradients i n  any p a r t i c u l a r  formation generally l i e  i n  the 

eas t e rn  p a r t  of the  si te.  

depth in t e rva l s .  

e n t  over a 500-meter i n t e r v a l  averages 45 degrees Centigrade per kilo- 
meter, o r  about 50 percent more than the  30 degrees Centigrade per  

kilometer customarily assumed as an average c r u s t a l  gradient. 
estimated t h a t  the  gradients w i l l  f a l l  t o  the  c r u s t a l  average with 

deeper depths, as was observed by VPI & SU a t  the  C r i s f i e l d  w e l l ,  i n  
response t o  changes in.therma1 conducti 

Some gradien ts  p e r s i s t  over f a i r l y  la rge  
For example, i n  t he  E. G. Taylor 1-G w e l l ,  the  gradi- 

It i s  

Magnetic/Gravity Analysis I 

An aeromagnetic survey covering i n  excess of 1,300 l i n e  miles was flown 
over the  s i te  area (Figure 5) and was analyzed i n  conjunction with 

e x i s t i n g  gravity coverage of over 200 s t a t i o n s  t o  estimate b e d r o c k l i t h -  
ology and s t ruc tu re .  

mediate magnetization) were in te rpre ted  as well  as three  mafic (high 
magnetization, high gravi ty) .  

i n t e r p r e t  a depth t o  basement rock over t he  s i te  area, which shows an 

increase  i n  basement d ip  i n  the  eas t e rn  t h i r d  of t he  s i t e  as well  as 

Three g ran i t e  plutons (low gravi ty ,  low t o  in te r -  

The magnetic d a t a  have been analyzed t o  
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is such that the crystalline basement 

nt by over 

present techniques cannot be relied 

exceeds in depth the seismic 

Accordingly , seismic mapping 
on to always record top of crystalline basement. 

kiiometers in places. 

The controlled source TDEM method, as well as two deep DC electrical 
soundings, were used to determiie spatial resistivity variations. 

Approximately 85 square miles i 
vestigated using six transmitt 

200 kilowatts and 42 receiver lokations. 
variations of resistivity in the upper sedimentary section, probably due 

to the presence of saline aquifers. 

tiveness of determining the electric81 properties of the basement rocks. 

The electric structure is a five,layer, QH type section (Pl>P2>P3>P4>P5) 
with the conducting layer above crystalline basement having a resistiv- 

ity of less than 2.0 ohm-meters. The lateral variation of resistivity 

noted in the deep conducting layer could be due to a 9.3 degree Centi- 

grade change if all the resistivity changes were due t o  temperature, 

i.e., porosity, salinity, etc,, were constant. 

the eastern part of the site were in- 

sites with an output- of up to about 

This method encountered large 

This somewhat limited the effec- 

The variance of electrical properties of the sedimentary cover may limit 

the effectiveness of electrical methods in the Atlantic Coastal Plain. 

Seimnic Reflect ion 

Twenty-five miles of a Vibroseis seismic reflection survey were per- 

formed to connect existing seismic lines and provide an interpretation - 
of the depth to bedrock and to establish the digposition of sedimentary 

r than the units penetrated by the shallow borings. The 
use of this technique to provide depth control on deep high thermal con- 

ductivity formations such as the Patuxent Formation is critical in esti- 
mating the temperature at the basement rock surface. 

depth control obtained from this survey provided a model constraint for 

the potential field analysis. 

In addition, the 
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CONCLUDING DISCUSSION 

The use of shallow borings for measuring the geothermal gradient pro- 
vides a valuable tool for assessing the geothermal potential in the 
Atlantic Coastal Plain, but the information should be assessed with 
caution. 

cause a lagre change in geothermal gradients. 
relations should be carefully established so that gradients can be as- 

sessed in context of the formations penetrated. 
coastal p ain are not flat, but can be modeled as a wedge thickening to 

the east, and borings of equal depth parallel to the dip will penetrate 
formations of very different thermal conductivities. 

basement and deep sedimentary horizon temperatures, thermal conductivity 
data are required. 

the Crisfield well, exists. Data from the Crisfield deep well can be 
extrapolated within the adjacent area using existing conventional well 

logs from the Taylor deep well for guidance. 

Variations in Lithology between formations in this site area 

Thus, stratigraphic cor- 

Sediments on the 

To estimate the 

Only one deep boring to basement with such data, 

Drilling with casing is a practical and. efficient way to make a stable 

hole to determine thermal gradient data in areas of largely unconsoli- 
dated sediments to depths of at least 300 meters. 
have shown excellent correspondence, and the short drilling time and 

absence of heat produced by cementing allows the well to arrive at a 

relatively rapid thermal equilibrium. 

Repeated thermal logs 

The assessment of basement lithology in the absence of expensive deep 
borings can be accomplished by analyzing gravity and magnetic data. 
Anomalies found are interpreted as due both to lithologic changes in the 

basement and variations in the depth to bedrock. 
studies provide control on the model, as well as determining the dispo- 

sition of deep sedimentary horizons, important to the assessment of the 
variation of temperature with depth. 

seismic basement is usually not the true crystalline basement, but in- 
durated sediments resting unconformably over the igneous/metamorphic 

basement. 

- 

Seismic reflection 

. 
In the coastal plain however, * 

I 

In the coastal plain, electrical methods appear to have 
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grosg basement c h a r a c t e r i s t i c s .  HOW- 

ever ,  although notie was found; technique i s  cdpable of l oca t ing  

major f l u i d  f i  a u l t  zones which could be detr imental  

t o  HDR ex t r ac t ion  technology. 

The s i te  bas 
fau l ted  l i t h o l o g i c  un i t s .  The C r i s f i e l d  w e l l  was d r i l l e d  with ant ic ipa-  

t i o n  t h a t  i t  

g r a n i t i c  p lu t  ping . t o  the  w under Chesapeake Bay. Our ana lys i s  

confirms t h a t  nd t h a t  t he  wel l  l a y  o f f  the  pluton. 

Figures  7 and 8 i l l u s t r a t e  our t imafes of the  temperatures with depth. 

A number of po ten t i a l  d r i l l i n g  t a r g e t s ,  where temperatures a t  the  top of 

basement i n  excess of 80 degree6 Centigrade are reasonable and where 

t 

ident  i f  i e d  . 

was mapped as  shown f n  Figure 6 ,  showing a complex of 

t l i e  on &r a east c lose  t o  the  e a s t e r n  margin of a 

* *\ 

pluton exists 

a tu re s  over 100 degrees Centigrade could be found, have been 

The fu tu re  of HDR i n  the  Delmarve area hinges on a number of p o t e n t i a l  

developments. 

1982. 

one i n  d e t a i l  approaching t h i s  study. 

be whether o r  not the  second HDR s i t e  should be amenable t o  e l e c t r i c i t y  

generat ion o r  t o  a i r e c t  use. 

from t h i s  p ro jec t ,  has been looking a t  a number of t a r g e t s  i n  the  east 

f o r  pursu i t  of HDR energy ex t r ac t ion  t o  produce e l e c t r i c i t y .  

The second HDR s i t e  i s  an t i c ipa t ed  t o  be se lec ted  by late 

A number of o ther  sites are under inves t iga t ioh  present ly ;  only 

P a r t  of the  dec is ion  process w i l l  

A commercial venture,  ;ent i re ly  separa te  

r a l l  r e s u l t s  i nd ica t e  t h a t  p o t e n t i a l  does e x i s t  i n  t he  Eas te rn  

Hot Dry Rock Target Prospect f o r  t he  development of an HDR geothermal - 
resource t o  supply hot  water f o r  d i r e c t  use. Consideration of t h e  s i te  

of e l e c t r i c i t y  appears uhreasonable i n  l i g h t  of t he  

present  s t a t u s  of technology and f i rm knowledge of t he  basement rock 

charac te r ics .  The eas t e rn  p a r t  of the  s i t e  area appears t o  have the  

g rea t e s t  po ten t i a l  f o r  development, pr imari ly  t o  higher  predicted 

temperatures. 
I 
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LEBANON SPRINGS 
PROGRESS REPORT 

1.0 INTRODUCTION 

1.1 Warm water with a temperature of about 7 2 O  F has long been known to 
occur at Lebanon Springs, New York. In addition, warm water with a 

temperature of about 74O F has been tapped at the Sand Springs area, 
approximately 20 miles north, at the qortheastern edge of Williams- 
town, Massachusetts. 
Development Agency (NYSERDA) agreed to support a program to determine 
the feasibility of developing the Lebanon Springs waters or, alter- 

In 1979 the New York State Energy Research and 

natively, of developing potentially similar waters in the vicinity 
of Lebanon S 

1.2 The waters at Lebanon Springs are used by some 40 households for ordin- 
ary domestic purposes. 
water not used by other homeowners. 
that the flow is 500 gallons per minute. 
made to NYSERDA, 
right to test th 
rights to set up a facility to use any excess warm waters. 
of legal uncertainties, an alternate research path was to explore in 
the region to determine why Lebanon Springs was warm and if other 
springs might exist or be developed through drilling. 

1.3 Although it was geologically feasible and probably legal to develop 
water by drilling up the mountain from Lebanon Springs, reducing the 
flow of the springs was considered probable; and, hence, the de- 
cision was made to look elsewhere for warm water. The alternate 

research path of trying to find warm water away from the Lebanon 
Springs area was ultimately followed. 

The owner of the spring has the right to a l l  
The sign on the springs indicates 

Before the proposal was 

Geoscience Corporation (DGC) had obtained the 
ing to determine flow but had no assurance of 

Because 

. 

1.4 The possibility of locating the developable warm water did not appear 
I 

to be too remote because: 
in the same general belt; 

(1) the warm waters at Williamstown were 
(2) a deep gravity low occurred with its ' 
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L 
axis parallel to the possible warm water trends; and, (3) the re- 
search on the carbonated waters of the Sarafoga area indicated 
abnormal heat occurred at several areas in fhe general capital 
district. 

2.0 EXPLORATION PROGRAM 

2.1 Temperature Gradients 

A search for abandoned r wells into rock in the general area of 
western Rensselaer County was instituted to determine if any abnor- 
mally high temperature gradients occurred in the area. 

2.2 Active Domestic Wells 

Meanwhile, a program was started to measure the silica content and 

temperatures of active domestic wells which obtained water from bed- 
rock. 

2.3 Geologic Mapping 

A program of geologic outcrop mapping of the belt between Lebanon 
Springs and Williamstown was started which had the multiple purposes 
of: (1) trying to see why the warm springs occurred; (2) trying to 
determine if structural conditions could exist where other warm water 
might be located; and, 
springs existed. 

(3) trying to see if any other warm seeps or 

3.0 RESULTS 

3.1 In a sense, all three research programs were successful in that they 
yielded positive results. 
almost certainly exist in the region. 
in that they did not result in locating one or more specific sites 

All showed that additional warm waters 
The programs failed, however, 

in New York State where warm water could be developed in the imedi- - 
3 ,  

ate future, 
1 

L 
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3.2 

3.3 

Temperature Gradients 

Twenty-eight abandoned wells were located and temperatures measured 
every five meters using a thermister probe and recorder. Figure 1 
shows the location of these wells and the temperature gradients in 
OC/km. 
south appeared to average about 8'C/km, i.e., gradients are abnor- 
mally low relative to apparent worldwide averages. 
northwest, and west of Lebanon Springs, some gradients were located 
which were from two to nearly four times the background gradient of 
8OC/km. 
somewhat higher than worldwide norms. 

The regional background gradient to the east, north, and 

To the north, 

The highest gradient was 30°C/h at Poestenkill and was 

Silica-Temperatures of Active Domestic Wells 

Figure 2 summarizes the results of silica and temperature measure- 
ments of active domestic wells which penetrated rock. 
were from 100 to 500 feet deep. 
number and the temperature in degrees centigrade is the lower. 
though no high values were observed, the values did appear to show a 
pattern. 
temperatures and, conversely, for the lower silica values. 
a line can be drawn around most wells which had water silicas of 
over 12 ppm and/or temperature of 10.3°C or higher. 
of these wells with the higher Si02 are also those with the higher 

Most wells 
The Si02 content in ppm is the upper 

Al- 

Generally, the high silica values were with higher well 
Further, 

Rote that many 

. temperatures. The dashed sections of line indicate alternate . 

Figure 3 shows the same line superimposed 
ents of Figure 1. 
same zone. We believe that these correlations indicate the methods 
used are promising research tools for this part of the United States, 
just as somewhat deeper wells were found to be in the Central United 

States. 
meters as pH, lithology and well depths. 

the temperature gradi- 
We see that the higher gradients fall into the 

The tool may be refined by determining such additional para- 
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u 3.4 Geologic Mapping u 3.4 Geologic Mapping 
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Figure 4 shows the area where geologic mapping was done. 
the location of two additional warm springs. 
showed that all warm springs and wells were along or near major faults. 
Two additional warm springs were located about one mile west of 
Williamstown, but unfortunately, in Massachusetts. 
and well locations were compatible with the warmth of the water being 
the result of deeply circulating ground-water along major zones of 
permeability. 

It alsa shows 
The geologic mapping 

The warm springs 

3.5 Integration of Data 
., . 

Figure 5 shows the location of the C02-rich brine area of the Capital 
District, the major negative gravity anomazy of the area, the termin- 
ation of a magnetic high against the axis of the gravity low, along 
with the warm area line as indicated by the data from wells and well 
waters. 
gravity low. 
south and east coincides with the boundary of the warm area. 

I 

Note that'almost all of the warm area falls within the 

Note also that the boundary of the gravity low to the c Note 

also that the southern boundary of the thermal area and the gravity 
low coincide with the only east-west displacement that we know of 
along Logan's line. 

f '  
iii 

Currently we can only guess about the nature of these correlations 
and do not feel we should speculate further at this time. 

4.0 CONVECTIVE SYSTEMS 

4.1 One final consideration which must be evaluated is the movement of 
heat in the area, The east 
set of Logan's line appears to bound the gravity low and the thermal 
low.  
centrate along fault zones in that the highest thermal gradients seen 
are along the Saratoga and MacGregor faults. 
dence now favors the hypothesis that heat is brought up from depth 
in aqueous convective systems. 

hi 
which shows as an off- L " .  

I; Heat in the Schenectady-Albany-Saratoga area appears to con- 

We feel that the evi- 
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4.2 

4.3  

4.4 

Figure 6 depicts our c6ncept of hoQ d MI 
suggebt ttrdt the major i$f af dowcitsard 
C02 is released fh large& nts. The refrigeration effect of 
exsolving bf CO2 and the e 
water (along with the rock)& 
water r h 8  ebnvect2velp brhging heat and new C02 up from below. 
The higheiit temperature gradients should be at thk zones of up-Qelling 
water, the lswest at zones of down-welling water. 

g water Occur where 

ion of gas as it rises cools the 
The cooled water sinks and the wanner 

Figure 7 depicts our concep 
called "bot tl6 $topper" ef € 

and Sarato&& faults we obsetved higher winter temperature gradients 
and deep GO2 release (as deep as 250 feet, as against the summer 
release zone of 20-30 feet). 

f what occurs during winter months--' 
. Xn several wells near the IkcGregor 

Normally such temperature changes occur 
because of deep winter citcdlation of ground water which was warmed 
during the summer. Rowever. the possibility of relatively pure summer 

r. 
* 

t 

1 
6 

water circulating deeply into a heavier brine was a little difficult 
to visualize. 
explained by this mechanism. 
freezes and most normal exits for CO2 are blocked. 
builds up; the cooling effect of C02 release is radically reduced and 
the temperature gradients increase. Such changes in temperature gra- 
dients shauli3 be irregularly distributed along fault zones and co- 

lacede with areas where large quantities of CO2 are released. 

And the apparent Increase of C o p  pressure could not be 
We suggest that the ground surface 

i 
'c 

Hence C02 pressure 

1 

If conveeti6n I s  the primary mechanism for hest transfer--as it 
apparently is in most thermal areas of the world--the pattern which 
we will ultimately find In Rensselaer County near Lebanon Springs 
should have strong linear features colncidiag with some fault zones. 

James R. Dum I- 
Punn Geoscience Corporation L d  

NovcMbr 4, 1980 
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6 Progress of New York Capital District Geothermal Exploration 

1.0 INTRODUCTION i, 
1.1 Saline and carbonated saline waters occur in the Capital 

District of NewYork, most notably in the Saratoga Springs 
vicinity. The springs are not thermal, their temperatures 
being generally the same or slightly cooler than normal 

ground water; but they do have an unusual chemistry with up 

. to 20,000 ppm total solids and large volumes of carbon 

dioxide. There are fresh water thermal springs occurring 

in nearby Lebanon Springs , New York, and in' Williamstown, 

Massachusetts . The presence of these thermal springs 

and the unusual chemistry of the Saratoga waters have led 

to further exploration of a possible geothermal system in 

the Capital District area. The program is funded by the 

New York State Energy Research and Development Authority 
(NYSERDA) and the U . S. Department of Energy. 

1.2 The presence of a convective geothermal system in the 

Capital District area is suggested indirectly from geochemi- 

cal data and more directly from thermal gradient measure- 

ments. Exploration techniques have included detailed 
water chemistry, free and dissolved gas analysis, a silica- 
water temperature survey, the thermal gradient measurement 
program, a small scale gravity survey'coupled with recal- ' ' 

culation of existing data, and a passive seismic survey. 
The thermal gradient measurement 

most  direct evidence of 

is supported by the geochemical and gravity data showing a 

coincidence of the apparent thermal area , the locations of 

saline and carbonated wells , waters within the latter group 

m has produced the 

t; and that data 



showing unusual twce element compos ns,  and the lo 

of possibly related gravity structures. Further exploration 

is intended to impro 

tem and to aid in  the selection of one or more sites for deep-- 

our understanding of the thermal sys- 

2 .O MPWRATION PROGRAM ANI) RESULTS 

2 . 1 Water Chemistry a a s  Chemistry 

Water and gas sa were collected from abandoned and 
operating wells producing saline and carbonated waters in 

a nfne-county area s 

Figure 1) . The samples were analyzed for a complex suite 

of elements and several gases including carbon dioxide, 

oxygen and argon , nitrogen, helium, and light hydrocarbons. 

Water temperature, pH, and alkalinity were measured a t  

the t ime  of sampling. 

. 

unding the Capital District (see 

? 

Results of these analyses were difficult to interpret because 
of a complex mixing problem of the saline and carbon dioxide- 

rich components with the surface waters and an apparent . 

ionic filtration of the waters away from assumed zones of 
issuance. The most concentrated solutions, however, and . 

those producing the more unusual trace element compositions 

did tend to be associated with major fault zones 8 particularly 

in the Saratoga Springs vicinity. Perhaps the most notable 

trace indicator present in high concentrations was silica, 

occurring in concentrations up to 70 ppm in Saratoga Springs 

itself. Gas analyses indicated that the largest quantities 

of carbon dioxide released were also associated with the major 

fault zones but also that significant amounts of natural gas 

are being carried in waters in the area. Helium was present 

in some gas samples in quantities exceeding 4,000 ppm; but, 

although the area over which the helium is being released 

overlaps the apparent area of interest indicated by other 
XII-2 
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Location Map for Standard Geochemical Samples. 
Phase II: Samples numbered. 
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chemical parameters it is clearly offset from it. The sig- 

nificance and relationship of the helium to the area is 

not clear a t  this t i m e .  Oxygen and carbon isotopes were 

previously measured on carbon dioxide gas exsolving from the 

Saratoga waters, and the pertinent ratios indicated a thermal 

origin for the gas. Another series of isotope analyses are 

currently underway . 
2 . 2 Silica-Water Temperature Analysis 

Consequent to finding high silica contents in some waters 

t 

in Saratoga Springs, water samples were collected from 

wells penetrating bedrock in a broad area around Saratoga 

Springs and analyzed for silica content and water tempera- 

ture. A correlation ob higher silica contents and warmer 

temperatures was noted and a general trend of slightly higher 

silica contents around Saratoga Springs and along the fault 

zones, decreasing away from these areas (see Figure 2) . No 

values of the magnitude noted in Saratoga Springs were bund 

elsewhere, but the pattern observed appears to be useful 

in exploration and the data base will be increased and further 

analyzed 

2 -3 Temperature Gradient Measurements 

Approximately 80 thermal gradients have be-n measured in 

abandoned water wells ranging in depth from 80 to 605 meters 

using a thermistor probe and a Yellow Springs Instruments 

thermometer. This has been the most successful indicator 

of a possible geothermal system to date, with the highest re- 
producible gradient thus far measured of 44.3°C/km. A gradi- 

ent of 64.S0C/krn has been measured in the area, but it has 

not been reproduced thus far. The highest gradients ob- 

served are in the area between Saratoga Springs and Schenec- % 

tady and appear to be strongly related to the Saratoga and 

XII-4 
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2.4 

2.5 

McGregor Faults (see Figure 3). The regional backgro 

appears to be on the order of 8°C/'km to 10°C/km based on 
gradients measured around the area . Bearing this in  mind, 

we have a system apparently producing gradients from two 

to four t i m e s  background and even up to almost two times 

the worldwide average gradient . It is extremely important 

to determine i f  these gradients can be extended to depth, 

and future efforts will be in that direction. 

f -  
Gravity Survey 

The gravity data base for the Saratoga Springs to Schenectady 
area was expanded, and existing data was recalculated and 

contoured to show more clearly the configurations of gravity 

G 

c 
t 
L 
i 
L 

t'" anomalies in the area (see Figure 4). Negative bouguer gravity 
! 
b anomalies were emphasized in the areas west and south of 

Saratoga Springs and also jus t  to the south of Schenectady. 

There Is a slight gravity disturbance which may be related 

to the east-dipping Saratoga Fault and an interesting feature 
between Melrose and Mechanicville . These gravity features 

cannot be directly related to the thermal system we are dealing 

with, but there is a general correlation of high thermal gra- 

dients and carbonated waters with them. Further work may 

be merited in this area. 

Seismic Monitoring 

Members of the New York State Geological Survey have set 

up a five-station seismic network in  an effort to determine 

whether there is unusual fault activity or seismic noise 

which might be geothermally related. The network operated 

for a period of four months during which time eight minor earth- 

quakes were recorded. Three of these were actually in the 

f 
L 

area of interest, but their significance is not clear. The net- .r 
t work will be reactivated in the near future, and that monitoring 

XII-6 P 
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3.0 

will continue over the course of the next year (see Figure 5). 

CONCLUSIONS A N D  PROJECTIONS 

3.1 

3.2 

Conclusions 
.- 

Direct evidence of anomalous geothermal heat has been dem- 

onstrated through the measurement of temperature gradients 
in abandoned water wells throughout the Capital District. 

New and previous geochemical data supports these results 

and indicates that the Saratoga and McGregor Faults are. 
acting as major conduits for mineralized waters and thermally 

derived carbon dioxide. Issuant points for these waters 

and higher geothermal gradients correspond with gravity 
anomalies i n l h e  area which are also suggestive of conduits 

from depth. 

Projections 

Further exploration will involve an expanded silica sampling 

program, continued seismic monitoring of the area 8 continued 

thermal gradient measurements in abandoned wells, and a dril- 

ling program designed to confirm some of the higher gradients 

and to aid in the selection of one or more sites for deeper 

drilling. 

Margaret R . Sneeringer 
Dunn Geoscience Corporation 
November 6, 1980 
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Mid and Western New York Geothemal Resources; 

Heat Flow, Gravity and Gradient Program 
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Eastern Geothermal Technical 
Information Interchange Meeting 

Berkeley Springs, WV 
November 6, 1980 
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Work performed for the Hot Dry Rock Program under the direction of 
James Maxwell 
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I n t r o d u c t i o n  

I n s p e c t i o n  of t h e  A.A.P.G. t empera tu re  g r a d i e n t  

map for t h e  Uni ted  States (A.A.P.G., 1976, F i g u r e  1) 

r e v e a l s  t h a t  t w o  of t h e  m o s t  prominent anomal ies  i n  the 

e a s t e r n  United States are located n e a r  Cayuga Lake and 

Eas t  Aurora, N e w  York. 

near  large p o p u l a t i o n  c e n t e r s ,  c o n s i d e r a b l e  p o t e n t i a l  

e x i s t s  for t h e  use of geothermal energy and t h i s  report 

e v a l u a t e s  t h e  subsu r face  tempera tures ,  heat flow, and 

source  of t h e  anomalies.  

S ince  t h e s e  t w o  areas are l o c a t e d  

Diment, -- e t  a l .  (1972)  p r e s e n t  t h e  o n l y  pub l i shed  

heat f l o w  data for  cent ra l  and w e s t e r n  New York (F igu re  

2 ) .  

a r e a s  n e a r  Buf fa lo ,  New York, and  from s o u t h e a s t  of 

Syracuse v a l u e s  of 60 and 70 mW/m2 were obtained. 

h e a t  f l o w  v a l u e s  are s i g n i f i c a n t l y  above t h e  n o m  for 

t h e  e a s t e r n  Uni ted  S t a t e s ,  a l t hough  Diment, e t  --- a l .  (1972) 

q u e s t i o n  t h e  r e l i a b i l i t y  of some of the d a t a .  The v a l u e s  

i n d i c a t e ,  however, t h a t  anomalously h i g h  hea t  f l o w  may 

e x i s t  w i t h i n  t h e  r eg ion  i n  restricted a r e a s .  

Four h e a t  f l o w  v a l u e s  of abou t  5 0  mW/m2 are g iven  for 

These 

- 

HOdge, e t  -.- a l .  (1979,1980) have completed d e t a i l e d  

tempera ture  

p a t t e r n s  of 

g r a d i e n t  a n a l y s i s  i n  New York. 

tempera ture  g r a d i e n t s  have been  shown for 

i o c j  a 'large sampling of bot tor i -hole  tc;;nper.i 

C o n s i s t e n t  
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The r e g i o n a l  and local v a r i a t i o n s  i n  t e m p e r a t u r e  g r a d i e n t s  

are thought  t o  be r e l a t e d  to  h e a t  g e n e r a t i o n  i n  g r a n i t i c  

plutons i n  t h e  basement (Hodge, e t  a l . ,  1979) ; t h i s  

pre l iminary  conc lus ion  is c o n s i s t e n t  w i t h  the  i n t e r -  - 

p r e t a t i o n  of h e a t  f low on t h e  A t l a n t i c  coastal  p l a i n  

(Costain,  e t  al., 1980) .  Due to  t h e  r e l a t i v e l y  s imple  

geology, New York S t a t e  is an i d e a l  l o c a t i o n  f o r  t h e  

a n a l y s i s  of h e a t  f low v a r i a t i o n  and r e l a t i o n s h i p  of 

t h i s  v a r i a t i o n  to  basement l i t h o l o g y .  

I n  order t o  determine t h e  souce of h e a t . f l o w  

v a r i a t i o n ,  t h i s  s tudy  focuses  on (1) geothermal  g r a d i e n t  

c a l c u l a t i o n s  u s i n g  a d a t a  set  of 9 7 1  bottom-hole 

temperatures  recorded during r o u t i n e  e lec t r ic  logg ing  

f o r  t h e  area of  c e n t r a l  and wes tern  New York S ta te ;  ( 2 )  

t capera ture-depth  logging f o r  d e t a i l  geothermal  q r a d i e n t  

and c o n d u c t i v i t y  a n a l y s i s ;  and ( 3 )  a n a l y s i s  of g r a v i t y  and 

m a g n e t i c  d a t a  t o  d e t e r m i n e  thesubsur face  gco lcgy .  

t 
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REGIONAL GEOLOGY 

Mithin the central  and western portion of New York Sta te  the 

geologic s t ruc ture  is re la t ive ly  simple, 
shales and limestones d i p  gently to  the south and the thickness of 

Cambrian through Devonian 

this sedimentary sequence i s  about 3,000' a t  the shore of Lake Ontario 

and thickens to  the south t o  over 10,000' i n  some areas.(Precarnbrian 

' crystal l ine basement rocks under1 ie these Paleozoic sediments. The 

Paleozoic rock section a l so  contains some evaporites b u t  is composed 

principally of shales and sandstones. A t h i n  veneer of glac ia l  debris 

covers most of the area and may reach thickness as great as  600 f e e t  

i n  some Val leys. 

- Geothermal Gradients from Electric Log Temperatures 

The temperature gradient map prepared by the A . A . P . G .  

(1976) for the geothermal survey of North America made use 

of bottom-hole temperatures from approximately 125 wells 

in New York State. A data file of 971 new bottom-hole 

temperature records is now available (see 

HOdge, et al., 1980 for data listing), and the gradients 

from central and western portions of the state have been 

reevaluated. 

Surface temperatures for the gradicnt calculation 

in this study were estimated from mean cinnual temperatures 

compiled at 73 NOAA recording stations located 

throughout the state. The temperatures were corrected 
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to sea level using a lapse rate of 9.8OC/km (Jaeger, 1965) 

and a second order trend surface was calculated. 

The trend surface equation corrected to borehole collar 

elevation was then used to calculate the surface tempera- 

ture at each well location. 

The majority of wells in New York are gas wells 

drilled using air percussion methods and the results 

from measurements takeneimmediately after cessation af 

drilling indicate that a correction'for a thermal distur- 

bance must be made. 

A correction factor was adapted from the 1971 

A.A.P.G. study and applied to all the bottom-hole temper- 

atures in New York State. The correction factor equation 
i 

I 

for bottom-hole temperature is: Li 

DEPTH (ft) - 500 (ft) 
BHTCoR = 260.8696 (ft/OF) x 1.8 (OF/OC) 

I 

t 
Where BHTCOR is the amount of correction to the temperature 

at logging point DEPTE. 

the A.A.P.G. 

T h i s  linear equation simulates 
t 

non-linear emperical correction to a depth e 
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L of 1830 meters. Below 1830 meters, the correction is 

slightly higher than the A.A.P.G. factor with the maximum 

difference being less than 5OC. The correction factor 

increases temperatures in bottom-holes with depths greater 

than 150 meters (where the correction is O O C )  and at a 

depth of 1830 meters the correction factor would add 

11.7OC. 

The geothermal gradient corrected for drilling 

disturbances is calculated using the "A,A.P.G. Corrected" 

bottom-hole temperature minus the calculated surface 
a 

temperature divided by the borehole depth. Figure 3 is 

a gradient contour map using 789 well records with depths 

greater than 500 meters. 

the data set range from 15.S0C/km to 47.3OC/km and gradient 

values in the computed grid matrix range from 22.3OC/km to 

37.6O/km. 

The geothermal gradients in 

I 
1; 
& 

L 

tj  

ured gradients (Figure 3) show values for the 

nd Cayuga and Elmira anomalies to be 32 and 

36OC/km, respectively. Figure 4 sho a perspective t diagram of the elevated temperatures ghlighting the 

.relative magnitude of the gradients. T corrected - 

y-adients are considered a maximum, 
i '  



x 
H 
H 
H 
I + 
0 F i g u r e  3 - Contoured temperature g r a d i e n t s  ("C/Km) for w e l l s  w i th  depth  greater than 500 

meters assuming a d r i l i i n g  d i s t u r b a n c e  c o r r e c t i o n  similar to the c o r r e c t i o n  
u s e d  by t h e  A . A . P . G .  ( 1 9 7 1 ) .  
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GEOTHERMAL GRADIENTS FROM DETAILED TEMPERATURE LOGS 

Equilibrium temperature logs were obtained on a number of  gas wells. 

wells were d r i l l e d  pr inc ipa l ly  by a i r  percussion d r i l l s  and e l e c t r i c  logs wi th  

bottom-hole temperatures were recorded within '4-12 hours of completion. 

the wells are cased and a cement *plug1t inser ted  a t  the  bottom of  the  hole with 

no water o r  gas c i rculat ion possible at  t h i s  time. 

the  wells may remain i n  t h i s  s t a tus  fo r  a week t o  several  weeks p r i o r  t o  perfora- 

These 

Normally, 

Depending upon scheduling, 

t ion ,  stimulation, and f i n a l  completxon. I t  i s  during t h i s  in te rva l  i n  which 

the  well is cased but not perforated t h a t  temperatures are measured. 

One well logged near Auburn (13689, Fig. 5) shows r e l a t i v e l y  l i nea r  tempera- 

t u r e  gradient segments. 

well is 36.3OC/km and a gradient of 17.3OC/km is calculated for the  lower ha l f ;  

t he  average geothermal gradient is  27.S°C/km. 

shows an apparent change i n  the geothermal gradient a t  a depth t h a t  corresponds 

t o  the  top of  the  Queenston. 

The calculated gradient i n  the upper sect ion of t he  

The temperature log (Fig. 5) 

The r a t i o  of gradients i n  the  Queenston t o  

gradients above the  Queenston i n  t h i s  well is  0.47 and the  r a t i o  of the con- 

duc t iv i t i e s  i n  and above the Queeston must be equal t o  the  r a t i o  of  the gradients. 

Joyner (1960) indicates  t h a t  shales  and older sandstones and limestones from 

Pennsylvania have a similar measured conductivity r a t io .  

t u r e  logs indicate  tha t  the shales have low conductivity, thus producing higher 

geothermal gradients.  

These de ta i led  tempera- 

Because these shales blanket a large area of New York 

State ,  they e f fec t ive ly  provide a thermal insu la tor  f o r  t he  heat derived from 

below. 
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Gravi ty  of C e n t r a l  and Western New York 

The Bouguer G r a v i t y  Map of c e n t r a l  and w e s t e r n  

New York (F igu re  

Map of Northeas te rn  United States (Hi ld re th ,  1979) .  The 

p a t t e r n  of t h e  Bouguer anomalies can be c a t e g o r i z e d  i n t o  

t w o  d i s t i n c t  zones s e p a r a t e d  by a n o r t h  t r e n d i n g  h i g h  

g r a v i t y  g r a d i e n t  area t h a t  l ies to  t h e  w e s t  of Roches te r  

and ex tends  a s  f a r  s o u t h  as Arcade, New York. The h i g h  

g rad ien t  zone c o i n c i d e s  w i t h  t h e  Clarendon-Linden F a u l t  

Zone (Diment, e t  al., 1972) . The Bouguer anomaly f i e l d  

i n  t h e  wes tern  map a r e a  shows d i s t i n c t  p o s i t i v e  and 

negat ive  c l o s e d  anomalies  w i t h  a prominent n e g a t i v e  

anomaly l o c a t e d  near  E a s t  Aurora, New York. 

6 )  h a s  been taken from t h e  Bouguer 

- 

I n  t h e  e a s t e r n  p a r t  of t h e  map a r e a  t h e  

anomalies are much more subdued wi th  few p o s i t i v e  

anomalies. 

about 20 km e a s t  of Rochester  and ex tends  i n  a nor th-  

south d i r e c t i o n  t o  t h e  area around Penn Yan, New York. 

The ex tens ion  of t h i s  anomaly over. Lake O n t a r i o  shows a 

very s t r o n g  nega t ive  anomaly. 

Cayuga anomaly) c o i n c i d e s  w i t h  t h e  d i s t i n c t  t empera tu re  

A low ampl i tude  nega t ive  anomaly is l o c a t e d  

This  nega t ive  anomaly ( t h e  

g r a d i e n t  anomaly (F igu re  3). 

The Bouguer anomaly west of Binghamton 

(rigui-c 6 ) dec reases  t o  -76 xiyals. 

t u r e  g r a d i e n t  and h e a t  flow anomaly a r e  a l s o  l o c a t e d  ove r  

t h i s  nega t ive  Bouyuer  anomaly. 

A p o s i t i v e  tempera- 
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Because undefonned nea r -ho r i zon ta l  sedimentary 

rocks are found to d e p t h s  i n  excess  of 1060 meters, t h e  

c h a r a c t e r  of t h e  Bouguer f i e l d  g e n e r a l l y  reflects t h e  

d e n s i t y  d i f f e r e n c e s  i n  t h e  Precambrian Basement. S i m i l a r  

Precambrian Basement rocks  outcrop  i n  s o u t h e r n  O n t a r i o  

(Pe t raske ,  e t  a l . ,  1978) and t h e  Bouguer gravi ty  ove r  

t h i s  a r e a  shows a s t r o n g ' c o r r e l a t i o n  w i t h  Precambrian 

geology; t h e  Bouguer f i e l d s  over  g r a n i t i c  r o c k s  t y p i c a l l y  

d i s p l a y  n e g a t i v e  anomalies and gabbro ic  igneous  r o c k s  

show s t r o n g  positive anomaliesI  These p l u t o n i c  rocks  

a r e  enclosed i n  metamorphic s c h i s t s  and g n e i s s e s .  Using 

t h i s  r e l a t i o n s h i p  as  a gene ra l  gu ide ,  t h e  n e g a t i v e  

anomaly o v e r  E a s t  Aurora is a t t r i b u t e d  to a g r a n i t i c  p l u t o n  

loca ted  n e a r  t h e  top  of t h e  Precambrian Basement. 

a d e n s i t y  contrast  of -0.09 gm/cc based on measurements on 

southern On ta r io  PrecAmbrian rocks and assuming a two-dimen- 

s i o n a l  approximation, t h e  c a l c u l a t e d  t h i c k n e s s  of t h i s  den- 

s i t y  con t r a s t  may be as g r e a t  a s  5 km ( F i g u r e  7 ) .  The 

Cayuga n e g a t i v e  anomaly may l i k e w i s e  be i n t e r p r e t e d  as  

a g r a n i t i c  p lu ton  i n  t h e  Precambrian Basement (Reve t t a ,  

S e l e c t i n g  

1970). Using R e v e t t a ' s  dens i ty  c o n t r a s t  o f  -0.12 gm/cc 

and assuming a two-dimenisonal model, t h e  Cayuga anomaly 

has  a c a l c u l a t e d  t h i c k n e s s  of 6 km ( F i g u r e  8 1 .  I n  t h e  

southwestern p o r t i o n  of t h e  map is  an  area w i t h  a t h i c k  

szdimcntary sayucncc; the low g r a v i t y  i n  Lhis area :Gay 

i n  p a r t  r e f l e c t  t h i s  sequence, a l though t h e  c h a r a c t e r  
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of the g r a v i t y  low which reaches -76 mgals is similar 

i n  e x t e n t  to other g r a v i t y  lows d e l i n e a t i n g  g r a n i t e s .  

A distinct correlation between the temperature gradient 

gradient map and gravity map is apparent .(Figures 3 and 6 ) .  

East,Aurora negative gravity anomaly coincides spatially with a 

positive temperature gradient anomaly. 

The 

The Cayuga temperature 

anomaly trends in a north-south direction with the highest gradients 

delineated by the 36OC/h contour with a smaller anomaly following 

an east-west trend. 

negative Bouguer gravity anomaly. 

(36OC&) corresponds exactly with the gravLty low located between 

Elmira and Binghamton, New York. 

This north-south trend correlated again with a 

The Elmira temperature anomaly 

Source  of Heat Flow Anomalies 

A d i s t i n c t  c o r r e l a t i o n  between t h e  t e m p e r a t u r e  
L 
I; grad ien t ,  h e a t  f l o w ,  and Bouguer g r a v i t y  maps s u g g e s t  

t h a t  the s o u r c e  of t h e  thermal anomalies may be due  to t '  u r a d i o a c t i v e  h e a t  produced by g r a n i t i c  rocks  i n  t he  

Precambrian Basement. I t  has  been demonstrated (Simmons, i! 
1967; C o s t a i n ,  1980; B i r c h ,  -- e t  a l . ,  1968)  t h a t  heat  flow 

near . the  E a r t h ' s  s u r f a c e  i s  i n f l u e n c e d  by c o n t r a s t s  of heat 

production i n  t h e  E a r t h ' s  interior.  
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1 

There are t w o  major components of h e a t  f l o w  t h a t  

r i b u t e  to  s u r f a c e  heat f lux  (Birch,  e t  1 . 8  1968): 

(1) h e a t  f l o w  f r o m  the bower c r u s t  and man t l e  and (2) 

t h e  h e a t  gene ra t ed  by r a d i o a c t i v e  decay w i t h i n  t h e  c r u s t .  

Therefore,  s u r f a c e  h e a t  flow (qo) can be expressed:  

qo q* + DA 

I 

where A is  t h e  n e a r  s u r f a c e  'hea t  g e n e r a t i o n  due  to 

1 uranium, thorium, and potassium, q* is t h e  amount of 

h e a t  f lux c o n t r i b u t e d  f r o m  t h e  lower c r u s t  and man t l e  

which varies w i t h  d i f f e r e n t  provinces  (Lachenbruch 

and Sass ,  1977) ,  and  b is  t h e  depth of c o n s t a n t  concen- 

t r a t i o n s  of r a d i o a c t i v e  elements as  observed n e a r  t h e  

E a r t h ' s  s u r f a c e .  

* 

Birch,  e t  a l .  (1968) showed a st rong l i n e a r  

c o r r e l a t i o n  between  heat f l o w  and l o c a l  bedrock r ad ioac -  

t i v i t y  i n  New England and New York. 

e t  a l .  , (1980) confirms t h i s  l i n e a r  r e l a t i o n s h i p  between 

h e a t  f low and h e a t  p roduc t ion  i n  g r a n i t i c  p l u t o n s  i n  t h e  

Work by C o s t a i n ,  

sou theas t e rn  p o r t i o n  of t h e  United S t a t e s .  

Rybach (1976) reports t h a t  U, Th, and K become i n c r e a s i n g l y  

concent ra ted  i n  r e s i d u a l  l i q u i d  dur ing  p r o g r e s s i v e  

d i f f e r e n t i a t i o n  and g r a n i t e s  a r e  found t o  b e  r e l a t i v e l y  

cnr ichsd  wi th  t h e  r a d i o a c t i v e  e l e m e n t s  i n  c c .  ..bi)arison i:o 

yabbros . Therefore ,  i i icreased r a d i o a c i i v e  h a ~ t  ycnr?rat;.on 

i n  hasexcnt  rocks ( i  .e. , g r a n i t e s ) .  nay be c a u s i n g  e l e v a t e d  
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temperatures and heat flow in the East Aurora, Cayuga and 

Elmira anomalies. Figure 9 illustrates the effect of 

heat production as well as the sediment blanket effect 

on subsurface temperatures and geothermal gradients. Con- 

trasts in thermal conductivity and/or radioactive heat 

generation can explain local geothermal anomalies in 

purely conductive heat flow environments. 

Conclusion 

,There is remarkable correlation between the spatial 

distribution of the high temperature gradient, high heat 

flow anomalies, and the negative Bouguer gravity 

anomalies. 

heat flow maps with the Bouguer map suggests that the 

Comparison of the temperature gradient and 

causative heat source may be the same that is reflected in 

the gravity field. 

polation from the gravity field in exposed areas in the 

Precambrian shield of Canada, there is strong evidence 

that the negative gravity anomalie are due to granite 

bodies in the basement. Since heat production studies 

show that granites contain higher amounts of ut Th 

and K than most other crystalline rocks, the anomalous 

temperature g ents and heat are likely due to 

the greater amounts of heat conducted into the sedimentary 

rocks overlying radioactive granites in the Precambrian 

Basement rock. This process has been more or less 

undisturbed for about 500 million years and a distinct 

temperature signature has been developed. 

this study indicate that this region has significant 

temperature gradientsand heat flow anomalies as high 

From a few hascincnt smplcs, and by extra- 

Results of 

as any observed in the eastern United States. XIII-21 
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Geothermal Resource P o t e n t i a l  i n  New Hampshire and Vermont 

James C. Maxwell 

Some of t h e  earliest exploration f o r  geothermal energy i n  the  United 
es w a s  done i n  New England during t h e  1960's. 
Decker1 had published 22 values of hea t  flow f o r  New England and 

adjacent New York. 
The h ighes t  uncorrected va lue  was 2.53 microcalories per cm2 sec from a 
320 m deep hole  near Waterville, NH. 
t h e  h ighes t  value was  found t o  be 2.27 pcal cm'2 sec-' from a 305 m deep 
hole  i n  Conway g r a n i t e  near t h e  Kancamagus Highway. 
was known t o  have higher concentrations of heat-producing potassium, 
thorium and uranium than most o ther  gran i tes .  
elements and t h e i r  d i s t r i b u t i o n s  with depth have been top ic s  of d i spu te  
from 194S2 t o  t h e  present.  

By 1968, Birch, Roy 

Of these ,  8 were from New Hampshire and 3 from Vermont. 

After co r rec t io  f o r  topography, 

The Conway g r a n i t e  

The concentrations of these  

I n  1976, under t h e  d i r e c t i o n  of Hoag and S ewart3, an o v e r a l l  g rad ien t  -f and hea t  f l u x  of 29"C/km and 1.9 pcal 
deep hole  near t h e  margin of a Conway g r a n i t e  pluton near Redstone, NH. 
Hoag and S t e  ar t  e timate t h a t  t h e  hea t  flow f o r  t h i s  ho le  would have been 

. 2.7 ucal cm-' sec-! i f  it had been e n t i r e l y  i n  t h e  red phase of t h e  Conway 
grani te .  
t e rp re t ed  by Foster' t o  show a gradien t  of 40.56OC/km i n  t h e  d&epest 150 m 
i n t e r v a l  of t h i s  hole. 

sec wer,e measured i n  a 915 m 

The ?same ata used by Hoag and Stewart have r ecen t ly  been rein- 

5 Many new gradien t  measurements have recent ly  been added by Simmons 
and coworkers a t  M.I.T. 
1968 t o  t h e  present.  A t  least th ree  s u b s t a n t i a l  conclusions have re su l t ed  
from these  new data.  F i r s t ,  confirmation of above average gradien ts  and 
hea t  flow i n  t h e  v i c i n i t y  of Conway and North Conway, NH, by l oca t ing  i n  
t h i s  area 1 0  more w e l l s  wi th  grad ien ts  ranging from 22 t o  29OC/km hea t  flpw 
was determinable f o r  8 of these ,  ranging from 1.49 t o  2.26 pcal cmm2 sec- 
with t h e  higher values c lose r  t o  North Conway. Second, discovery of two 
more areas of above average gradient.  One of these ,  near Manchester and 
Concord, NH, hfs - grad ien t s  of 20 t o  26 O C / k m  and hea t  flow of 1.5 t o  1.8 
Ucal sec . The o ther  s t r add le s  the Vermont-New Hampshire state 
boundary near Bra t t leboro  and Bellows F a l l s ,  VT. Third, t h e  new d a t a  
show t h a t ,  reg iona l ly ,  g rad ien ts  and hea t  flow dec l ine  southTstwarf i n  
southern Vermont t o  values less than 15°C/kin and 1.0 p c a l  cm- and 
dec l ine  northward t o  northern Vermo t and New Hampshire t o  values less 
than 10°C/km and 1.0 ucal cm-2 sec-*. Although dens i ty  of measurements, 
except i n  t h e  Conway area, i s  still so low t h a t  add i t iona l  l o c a l  areas of 
above average va lues  may be found, these  reg iona l  t rends  are not expected 
t o  be changed much by f u t u r e  measurements. 

Table 1 shows how d a t a  dens i ty  has improved from 

sec 

i li 
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TABLE 1 

HEAT FLOW IN NEW ENGLAND 

2 (micxocals/cm sec) 

From Birch and Others, 1968 

2 Measurements 

Range 1.3 - 1.6 Average 1.5 

New Hampshire 8 Measurements 

Range 1.0 - 2.2 Average 1.7 

Vermont 3 Measurements 

Range 1.1 - 1.2 Average 1.1 

Massachusetts 4 Measurements 

Range 1.2 - 1.5 Average 1.4 

%ode Island No Measurements 

c; From Sinrmons and Others, 1980 

New Hampshire 57 New Measurements 

Range 0.76 - 2.26 Average 1.4 

i 
Vermont 59 New Measurements 

Range 0.10 - 2.57 Average 1.2 
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A Preliminary Geothermal Resource Appraisal 
of the Tennessee Valley Region 

W. P. Staub 
Institute for Energy Analysis 

Oak Ridge Associated Universities 



November 6, 1980 

A PRELIMINARY GEOTHERMAL RESOURCE APPRAISAL 

OF THE TENNESSEE VALLEY REGION* 

bY 

W. P. Staub** 

Institute for Energy Analysis 
Oak Ridge Associated Universities 

Oak Ridge, Tennessee 37830 

As part of a study of the potential for commercialization of geothermal 

energy in the Tennessee Valley region, a preliminary appraisal of geothermal 

energy resources of Kentucky and Tennessee has been completed. 

ment of resources in other parts of the region will be carried out in the 

second phase of this Etudy. 

An assess- 

Shallow, intermediate and deep aquifers were selected for study. 

Shallow groundwater temperatures were compiled from data supplied by the 

National Water Well Association and shallow aquifer characteristics were 

provided by staff of the Tennessee Valley Authority (TVA). Maps were com- 

piled for the basement and Top-of-Knox structure and temperature using oil 

and gas well data on file at various state geological survey offices. 

Results of this study indicate that the Mississippi Embayment (extreme 

western Kentucky and Tennessee) is the'most likely area within Kentucky and 

Tennessee to possess potential for direct heat utilization, but that several 

engineering problems may be encountered in attempting to use low-grade geo-, 

thermal energy from deep wells in this region. Drilling conditions are 

* This report is based on work performed by contract No. DE-ACO5-76OROOO3 
between the U.S. Department of Energy and Oak Ridge Associated Univer- 
sities. 

** W. P. Staub is a geologist with Oak Ridge National Laboratory operated by 
Union Carbide Corporation under contract W-7405-eng-26 for the U.S. 
Department of Energy, currently working under contract for the Institute 
for Energy Analysis, Oak Ridge Associated Universities. 
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l i k e l y  t o  be d i f f i c u l t  beneath the top of the Paleozoic, and geothermal 

f l u i d  from the  deeper horizons may contain i n  excess of 100,000 MG/1 t o t a l  

dissolved so l id s ,  requiring e labora te  heat exchanger and d isposa l  design 

features.  Furthermore, it is uncei ta in  whether the high geothermal gradgent 

encountered i n  shallow wells p e r s i s t s  a t  depth. 

On the  o ther  hand, shallow (less than a depth of one Km) aqu i fe r s  i n  

t h e  Miss i ss ippi  Embayment are neariy i d e a l  f o r  groundwater heat pump aug- 

mented d i r e c t  heat applications.  

depths g rea t e r  than 500 m i n  t h i s  region because adequate municipal and 

i n d u s t r i a l  suppl ies  are ava i lab le  iit much shallower depths. 

s i a n  wells are the r u l e  r a the r  than the exception in the few places where 

deeper aqu i f e r s  are developed. 

q u a l i t y  water at high flow rates. 

o r  more under a r t e s i a n  pressure heads between 5 and 20 m above ground sur- 

face. 

(2) generally low t o  moderate hardness (10 t o  120 m g / l ) ,  (3) f r e s h  t o  

s l i g h t l y  brackish (300 t o  1700 mg/l), (4) moderately a lka l ine  [8  <pH<9], and 

(5) very low i ron ,  manganese and s u l f a t e  content. 

s ion  are not expected t o  be severe. 

be about 35OC (95'F) and 40°C (104OF) f o r  wells d r i l l e d  t o  500 and 1000 m, 

Pew groundwater w e l l s  have been d r i l l e d  t o  

, 
Flowing arte- 

These a r t e s i a n  aqu i f e r s  y i e ld  exce l len t  

Individual wells produce 15 l/s (250 gpm) 

The water chemistry is described as (1) mainly sodium bicarbonate, 

Thus sca l ing  and corro- 

Groundwater temperature is expected t o  

respectively.  

pump with a coe f f i c i en t  of performance ( r a t i o  of energy output t o  input) 

I n  theory it should be possible t o  develop a groundwater heat 

approaching 6 f o r  the above geothermal resource. The temperature of the  

output f l u i d  from a heat exchanger may exceed 70°C (158°F) which would be 

high enough f o r  many space heating and some process heating requirements. 

once the  heat is ext rac ted  the cooled groundwater would be s u i t a b l e  f o r  a 

municipal or  a g r i c u l t u r a l  water supply o r  f o r  surface discharge. 

xv-2 
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I n  areas other than the Mississippi Embayment, geothermal energy is 

e i the r  too deep f o r  economical extraction or it w i l l  not be able to  compete 

with other loca l  but underutilized f o s s i l  energy resources. The only anom- 

alously high temperature wells outside the Mississippi Embayment were 

located i n  the Rome Trough near the cent ra l  part of the eastern Kentucky 

b coal basin and i n  the Moorman Syncline of the western Kentucky coal basin. 

Geothermal energy in these coal basins would face especially strong 

competition from natural  gas. 

common to  an area stretching from north cent ra l  Tennessee through eastern 

Kentucky and beyond the Tennessee Valley region t o  southern New York. I n  

Marginal gas, w e l l s  (shut-in or abandoned) are 

Clay County, Kentucky several  marginal gas wells (production rates too low 

t o  ju s t i fy  laying a long pipeline) have already been brought in to  production 

f o r  on si te u t i l i za t ion .  This is precisely the manner i n  which geothermal 

I energy would be exploited (long pipelines a re  not a viable option f o r  geo- 

thermal energy because of heat loss). 

avai lable  natural  gas could be 

environmental r e s t r a in t s  placed upon it. 

Wherever shut-in wells are already 

cheaper to  produce and less l ike ly  to  have l i  

xv-3 
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by 

S. Prestwich 
Department of Energy 

Idaho Operations Office 
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Because of: 

8 Inability 

Inability 

Reservoir Confirmation .. .Lags 

of many users to spread high risks and costs - 
of some users to get risk money 

Lack of experienced infrastructure 

a Lack of economic data 

,I N'E L-S-25 2 
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. .. . . . .... . . .. . . . . . -. . ~ . ... ._..____I. . . . . . .  .~ ~, . . . .. . . . , . . _" . . . .  -..~ . 

Proposals Must Contain 

(Key Features) 

66) .Project description - 3lans for reservoir confirmation ,usin 
i.. 

new or existing well 

Variable cost-share plan 
2 
H 
1 
.P 

0 Statement of intent to use resource if confirmed 

Evidence that land and geothermal use rights can be obtained 



Proposal 

bntract  with DOE 
Project Decision Points 

Decisi 
\ t e  selection 

> Decision point -\ 2 H Drilling and logging 
VI 1 Decision point-\ 

Flow testing \ 

. Decision point -\ 
Injection well 

\ 

f 
Energy use 



Criterla to Define Degree of Success 

Based On 3 w 
1 
a\ 

Temperature, productivity, longevity of reservoir (energy available) 

e- Intended use (engineering considerations) 



2 n 
1 
U 

Successful well 
80% developer 

Simplified Cost-Share 

Unsuccessful we1 I 
10% developer 
90% DOE 



.~ .... ~ ~~ ~ ~~ . .. . -. . .~ . . . . . .... ... . . .. . . ~ ~ .. . . . . . .. . - ~~ . . .  _. ,. , 

Management 

DOE 
Division of 

Geothermal. Energy 

I 
State 

Teams 
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Energy Security Act Loans 

@ Non-competitive 

@ Interest rate = effective rate Sec 80 Water Resources 
Development Act of 1974 

3 
l-4 
e . 1  

b 0 Forgivable 

@ Loan program termination Sept. 30, 1986 

IN E L-S-29 069 



Resource Confirmation Loan 

Q Loans for projects: 

- To determine economic viability of geothermal reservoir 

- Consist of surface exploration and drilling of exploratory wells 

3 Loan amount 
l-4 
1 
I.- 
N - Direct space, cooling, or process heat 90% 

- All other geothermal projects 50% 

$3 M maximum 

I N E L-S-29 067 



rce Confirmation Loan (cont'd) 

0 Loans repayable from resource confirmation 

- Start 3 yrs (revenues) 

- Start 5 yrs (without revenues) 

- Fully repaid within 20 yrs 

e Funding 

FY 81 

FY 82-86 - $20 M 

a Regulations required in 6 months 
I NE L-S-29 068 



Feasibility Studies Loan Authorizing Legislation 

@ Loans for nonele tric applications 
- Geothermal utility districts 
- Geothermal industrial development districts 
- Other "persons" 

e Loan amount 

Per mitt ing 
- Feasibility studies 90% loans 

- Construction (nonelectric) 75% loans 

0 Loan repayable 
- Feasibility and permitting 10 yrs. 
- Construction 30 yrs. 

e Funding 
FY 81 - $5 WI*(feasibility only) 
FY 82-86 - subject. to authorizing legislation 

. 

XVIrl4 



II P
”

 

Iw L 

L
 

y
. 
c 
*Y7 8 

0
 

r- 0
 



The DOE/DGE 
State Coupled Program 

M. Wright 
Earth Sciences Laboratory 

University of Utah Research Institute 
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A GOAL-ORIENTED PROGRAM TO 
COLLECT AND PUBLISH REGIONAL 
AND AREAL GEOTHERMAL DATA 

- TO ENCOURAGE DEVELOPMENT BY 

PROSPECTIVE USERS 

! - TO ASSIST USGS IN RESOURCE' 

INVENTORY [Circuiar 790- Update) 

SWMW-026 



* COMMERCIALIZATION PLANNING 

0 ’  USER COUPLED DRILLING 

* PONS AND PRDAs 

e USER ASSISTANCE 

* USGS REGIONAL ASSESSMENT 



. Lack of defined resources 
?- 

e Lack of an established industry 

* Limited technical and economic da€a 

Q Policy and regulatory confus-ion 

Q Environmental impact uncertainties 

.. . 



H 
H 
I cn 

c 
PURPOSE 

TO COLLECT AND PUBLISH REGIONAL. 
AND AREAL GEOTHERMAL RESOURCE DATA 

U STI F1 C AT1 0 N 

0 TO..FACILITATE SELECTION OF HIGH-QUALITY 
*. 

SITES FOR FURTHER EXPLORATION BY 
USERS AND DEVELOPERS- 

8CIMW-019 
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H w 
I 
m 

DfRECT METHOD - TEMPERATURE MEASUREMENT 

SPRINGS AND DRILL WOLES 
c 

INDIRECT METHODS' - HEAT FLOW STUDIES 
, 

= GRADIENT EXTRAPOLATION 

- CHEMICAL GEOTHERMOMETRY 

- GEOLOGIC MAPPING 

= GEOPHYSICAL SURVEYS 

- GEOCHEMICAL SURVEYS 

- HYDROLOGIC STUDIES 



3 
H 
H 
I 
W 

EXAMPLE 

+ . 
PURPOSE - TO DEVELOP AND TEST NEW 

GEOTHERMAL TARGET MOD.ELS 

METHODS - 'GEOLOGICAL AND HYDROLOGICAL 
REASONING, DRILL TESTING 

PRODUCTS - PROVEN TARGET CONCEPTS . 

- MODEL FOR EAST COAST 
GEOTHERMAL RESOURCES 
DEVELOPED AT VPI r. : 



NEEDS OF PROSPECTIVE USERS ARE PARAMOUNT 

0 RESOURCE DESCRIPTION 

LOCATION, TEMPERATURE, DEPTH, - I -  

WATER QUALITY, PRODUCTiVITY 3 
H 
H 
I * 
0 0 GEOLOGIC CHARACTERiZATION 

QISCOVERY POTENTIAL 
ti. 

8 SOURCES OF FURTHER INFORMATION 

SUPPORTING SCENTIF-IC DATA 

.PERIODIC REPORTS ALSO 'R-EQUf 



8 

8 

e 

STATEWIDE INVENTORY 

RECONNAISSANCE 1,000- 
LARGE REGIONS 10,000 Sq. 

STATE 
COUPLED 
PROGRAM 100- AREA EXPLORATION 

SELECTED AREAS 1,000 Sq. mi _1 
SITE EXPLORATION less than 7 USER 

SELECTED SITES 10 Sq. mi. UPLED 

TEST AND PRODUCTION 
WELL DRILLING 

DRILLING 
PROGRAM 

SCIMW-020 
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I. * -  

0 Reservoir Confirmation 

Lack of Lack of an 
Defined Established 

Resources Industry 
I I 

xx x x  x x  X X 

I Limited Policy and Environmental 
Technical Regulatory Impact 

Data Confusion Uncertainties 

Environmental 
Assessment 

Policy and Regulatory 
Issues Assessment 

0 Progress Monitoring 

X X x x  X X  

X X x x  X 

X X X X X 

8 

0 Market Development I '  I xx 
0 State Planning and 

Development x x  x I X X I  X 
Technology 
Demons t r a t ions x x  x x  

.. ... - X X  Pr.lmary Impact X Secondary Impact 
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Utilization of Geothermal 
Energy at  the Cove Point (Md.) 

LNG Receiving Terminal* 

by 

A. Lltchfield 
Columbia LNG Corporation 

*An appendix concerning the test w e l l  drilling at  Cove Point was 
not presented at the conference but is included - submitted by 
R. J, Gleason, V.P.I. & S.U. 
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UTILIZATION OF GEOTHERMAL ENERGY 
AT THE COVE POINT LNG RECEIVING TERMINAL 

P resen ta t ion  t o  t h e  Eas te rn  Geothermal E f f o r t s  - 
Technical  Information I n t e r  change Meeting 

November 1980 

. . e  (SLIDE 1-LOGO). . . I c e r t a i n l y  want to  thank a l l  o f  

you fo r  g i v i n g  m e  t h e  oppor tun i ty  t o  d i s c u s s  w i t h  you what w e  

f e e l  is a very  e x c i t i n g  and economic use fo r  low temperature  

e a s t  co'ast geothermal energy. The Cove P o i n t  r e c e i v i n g  

t e rmina l ,  which is j o i n t l y  owned by Columbia LNG Corporat ion 

and Consol idated System LNG Company, i s  loca ted .  . . ( S l i d e  

2-Map). . . i n  an a rea  which has  r e c e n t l y  been pos tu l a t ed  to 

con ta in  s i g n i f i c a n t  amounts of geothermal energy. Last  year  a t  

Coolfont we d iscussed  some of  t h e s e  reasons  and t h e  s u b j e c t  was 

again covered i n  t h i s  mornings s e s s i o n s ,  so, I won't go over 

them. I ' d  l i k e  to p o i n t  o u t ,  however, the  c l o s e  proximity o f  

Cove P o i n t  to  C r i s f i e l d  and Lakesv i l l e .  

This  yea r ,  however, I ' d  l i k e  t o  show you j u s t  how we 

in t end  to  use t h e  Geothermal water a t  t h e  Cove Po in t  te rmina l .  

. . . ( S l i d e  3-Old Fa h f u l ) .  . No t h i s  i s n ' t  Cove 

Po in t ,  i t ' s  "Old F a i t h f u l "  a s  I'm sure you know. W h i l e  t h e  

temperature of e a s t  coas t  geothermal water is expected t o  be 

q u i t e  a b i t  lower than t h a t  o f  our western c o u n t e r p a r t s ,  t h e  

Cove Po in t  te rmina l  . ( S l i d e  4- . . is i n  a very  

unique p o s i t i o n  of be ing  a b l e  to  u t i l i z e  l a r g e  q u a n t i t i e s  7 of 

warm water i n  t h e  vapor i za t ion  of LNG. As mentioned i t  is 

re  of t h e  geothe 1 water a t  Cove 

P o i n t  w i l l  be ab OF. Our engineers  a t  Columbia LNG 

have devised a method using p resen t  day technology f o r  

XVIII-1 



u t i l i z i n g  up t o  8000 

n e a r l y  1 .9  Bcf u r a l  gas c u r r e n t l y  b e i n g  burned 

a s  f u e l  a t  t h e  t e r m i n a l .  

energy t h i s  i s ;  i t  is s u f f i c i e n t  t o  h e a t  a l l  t h e  homes i n  a 

c i t y  of 40,000 people  and i 

400,000 barrels  of o i l  per  e a t i n g  v a l u e ,  which if 

va lued  a t  $4.00 per  m i l l i o n  s k u ' s ,  w i l l  s a v e  our customers 

m of t h i s  g e o t h e r  

To k i v e  you an i d e a  o f  how much 

t t o  approx ima te ly  

. n e a r l y  $8 m i l l i o n  a year  i n  gY ts . 
r i a l  view of out t e r m i n a l  shows most of tIie 

1023 acres w i t h i n  our p r o p e r t f  l i n e ;  325 of  which is reserved 

f o r  o p e r a t i o n s  and 700 o f  whith is  k e p t  a s  an undeveloped 

buf fer  zone. 

geothermal  resource. 

It i s  i n  t h i s  a t e a  t h a t  we expec t  t o  deve lop  t h e  

I need to p o i n t  o u t  h e r e  t h a t  o u r  s i t e  a t  Cove P o i n t  

is somewhat encumbered by an agreement  w e  reached  i n  1973 w i t h  

t h e  S i e r r a  C l u b  and t h e  Maryland Conse rva t ion  Counc i l .  The 

agreement  would n o t  a l low any i n d u s t r i a l  a c t i v i t y  to  t a k e  

p l a c e ,  i n c l u d i n g  w e l l  d r i l l i n g ,  on t h e  700 a c r e s  t h a t  

less su r rounds  t h e  325 a c r e s  t h a t  have  be rezoned f o r  

i n d u s t r i a l  use. While wells and c o n n e c t i n g  p i p e l i n e s  would 

create on ly  minimal d i s t u r b a n c e  t o  t h e  p r o p e r t y ,  w e  m u s t  

n o n e t h e l e s s  o b t a i n  concurrence  from t h e  Maryland Conse rva t ion  

Counci l  and S i e r r a  C l u b  i f  t h i s  p r o j e c t  proves f e a s i b l e .  

. . .  ( S l i d e  5 -P lan t ) .  . . I n  o r d e r  f o r  you to  unde r s t and  

how w e  i n t end  t o  u s e  Geothermal Energy a t  Cove P o i n t ,  I t h i n k  

a b r i e f  review of t h e  b a s i c  p l a n t  o p e r a t i o n s  is i n  o r d e r .  The 

t e r m i n a l  h a s  a c a p a c i t y  o f  1000 MMcfd of sendout .  However, a t  
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t h e  p re sen t  time we a r e ,  as  you know, c u r r e n t l y  o p e r a t i n g  under 

a temporar i ly  suspended c o n t r a c t  with t h e  Algerians fo r  

650 MMcfd. The te rmina l  is  b a s i c a l l y  divided i n t o  two 

areas- -s torage  and sendout  f a c i l i t i e s .  In  t h e  sendout 

o p e r a t i o n ,  LNG is withdrawn from t h e  s t o r a g e  tanks and pumped 

to two d i f f e r e n t  a r e a s  i n  t h e ' p l a n t ,  both of which vapor ize  

LNG. One is the  primary vapor i za t ion  f a c i l i t y  shown h e r e  i n  

t h i s  b u l l d i n g ,  and t h e  other is t h e  waste h e a t  recovery  a r e a  

shown by these  two black s h e l l  and tube  h e a t  exchangers. The 

vaporized LNG from both these  a r e a s  is then combined and s e n t  

out  a s  n a t u r a l  gas  through t h e  d i s t r i b u t i o n  system. 

. . .  (SLIDE 6). . T h i s  is a s i m p l i f i e d  flow diagram o f  

these two vapor i za t ion  systems--primary and waste  h e a t  recovery 

a r e a s .  LNG i s  withdrawn from s t o r a g e ,  pumped up t o  1250 p s i g  

and s e n t  to t h e  r e s p e c t i v e  a reas .  T h i s  block r e p r e s e n t s  t he  

6 

vapor i ze r  b u i l d i n g  where 75% o f  t h e  vapor i za t ion  occurs. 

t h i s  b u i l d i n g  t h e r e  a r e  ten  gas  f i r e d  submerged exhaus t  

In  

v a p o r i z e r s .  Here n a t u r a l  gas  is burned a s  a source of  h e a t  t o  

vapor ize  LNG u t i l i z i n g  approximately 1.2% of t h e  te rmina l  

throughput.  It i s  i n  t h i s  a rea  t h a t  geothermal energy can be  

b e s t  u t i l i z e d .  

The  lower s e c t i o n  of t h e  diagram r e p r e s e n t s  t h e  waste 

h e a t  recovery  vapor iza t ion .  This  system picks  up h e a t  from t h e  

t u r b i n e s  used f o r  on s i t e  e l e c t r i c a l  gene ra t ion  and vapor izes  

LNG. Approximately 25% of  the  LNG is  vaporized i n  t h i s  way. 

e . .  (SLIDE 7). . . Let-me show you how t h e  main 

vapor i za t ion  system works. P i c t u r e d  he re  is one of t h e  t e n  
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submerged exhaust  vapor i ze r s ,  each capable  of  100 MMcfd of 

LNG. You w i l l  no t e  t h a t  each vapor izer  has s i x  burners .  Here 

is a cross s e c t i o n  r e p r e s e n t i n g  one of  t h e s e  burners .  

0 . .  (SLIDE 8). . . &re is a b e t t e r  view of t h e  c r o s s  

s e c t i o n .  As t h e  name impl i e s ,  they a r e  submerged exhaust  

u n i t s .  Each bu rne r ' s  exhaust  i s  forced down i n t o  a ba th  of 

water and is bubbled up through t h e  ba th  h e a t i n g  t h e  water t o  

100°F. 

LNG a t  1250 p s i g  and vapor izes  i t .  T h i s  i s  a very e f f i c i e n t  

s y s t e m ,  bu t  t h e  bu rne r s  do consume a l o t  of g a s ,  a s  mentioned 

e a r l i e r ,  approximately 1.9 Bcf per year .  

This 100' water c o i t s c t s  these tubes which conta in  

Because t h e  LNG is vaporized and s e n t  ou t  a s  a gas a t  

on ly  40°F, you can now begin t o  see how tremendously va luab le  

a source of  warm water could be i n  accomplishing t h i s  

v a p o r i z a t i o n ,  even 100' water .  It is  these submerged exhaus t  

u n i t s  which w e  would  r e p l a c e  w i t h  a geothermal energy sys t em.  

. . .  (SLIDE 9).  . . Now l e t ' s  look a t  t h e  waste h e a t  

recovery vapor izers .  

of t h e  s h e l l  and tube  h e a t  exchangers u s e d  f o r  h e a t  recovery.  

You a r e  looking a t  a cross s e c t i o n  o f  one 

It c o n s i s t s  of  two tube  bundles i n  a s h e l l  w i t h  t h e  Lower 

bundle immersed i n  iso-butane.  The waste h e a t  i s  t r a n s f e r r e d  

from t h e  lower bundle t o  the  top  one by b o i l i n g  the  iso-butane 

which condenses on t h e  top  bundle and vapor izes  t h e  LNG i n  t h e  

tubes.  I t  is t h i s  type  of s y s t e m  which w e  b e l i e v e  holds  t h e  

g r e a t e s t  promise f o r  u t i l i z i n g  geothermal energy. Hot 

geothermal water c o u l d  be pumped i n t o  t h e  lower tube bundle ,  
, 

. . . (S l ide  10) . and t h e  system would be  set up l i k e  

i 
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t h i s .  S imi la r  to  t h e  h e a t  recovery system, b u t  w i t h  h o t  water  

from a geothermal r e s e r v o i r ,  t h e  sys t em is  very s imple and 

h igh ly  r e l i a b l e .  

I n  order  t o  supply t h e  amount of  geothermal energy w e  

need fo r  t h e  t e rmina l ,  i t  may be necessary  t o  d r i l l  perhaps a s  

many a s  20 t o  30 product ion wells.  The 8000 gpm i s  a l o t  of  

water and t o  e l i m i n a t e  any p o s s i b i l i t y  of  subsidence,  t h e  

geothermal energy sys t em w i l l  c o n s i s t  of  both product ion wells 

and r e i n j e c t i o n  wells so t h a t  a l l  t h e  water which is withdrawn 

from t h e  a q u i f e r  w i l l  be rep laced .  I should p o i n t  o u t  h e r e  

t h a t  t h e  success of  t h e  sys t em does no t  n e c e s s a r i l y  depend on 

g e t t i n g  t h i s  much water.  The re  may be no t  be t h a t  much 

a v a i l a b l e .  However, we have determined t h a t  we c o u l d  

economically u s e  any r a t e  between 1000 and 8000 gpm w i t h  

corresponding gas  sav ings  

0 . .  ( S l i d e  ll-Logo). . So where do we s tand  a t  t h i s  

po in t  i n  time i n  developing t h e  goethermal energy r e s o u r c e ?  

Last  March we approached t h e  DOE for exp lo ra to ry  funds to  be  

u s e d  i n  determining t h e  e x t e n t  of geothermal energy a t  t h e  Cove 

P o i n t  s i t e .  They have s i n c e  agreed t o  fund t h e  i n i t i a l  

exp lo ra to ry  e f f o r t  a t  Cove P o i n t ,  which is s l a t e d  t o  begin  

sometime i n  e a r l y  November. ( I n  f a c t  they  s t a r t e d  yes t e rday) .  

This  e f f o r t  w i l l  c o n s i s t  of  d r i l l i n g  a s l i m  ho le  tes t  well on 

t h e  Cove Po in t  t e rmina l  proper ty  d r i l l e d  to  a depth of about 

3000 f e e t .  E l e c t r o n i c ,  s o n i c  and r e s i s t i v i t y  logs  w i l l  b e  run  

along w i t h  numerous core samples. The thermal g r a d i e n t  or 

temperature p r o f i l e  of t h e  well w i l l  be measured, b u t  no flow 
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tests w i l l  a c t u a l l y  be runp 

t h e  exis tence of geothermaZ energy; i .e.,  t h e  presence of water 

and i t s  temperature, but w i l l  provide l i t t l e  information i n t o  

i ts  p roduc ib i l i t y .  However# i f  t h i s  i n i t i a l  t e s t  w e l l  proves 

successful t h e n  Columbia LJK w i l l  propose t h a t  a d d i t i o n a l  wells 

be d r i l l e d  i n  which flow tests can be made t o  confirm t h e  

geothermal resource.  

T h i s  tes t  well w i l l  only v e r i f y  

C o q f i v a t i o n  of t h e  resource would 

u l t ima te ly  lead t o  Columbiq LNG making app l i ca t ion  t o  the  

Federal Energy Regulatory Commission (FERC) fo r  a f u l l  s c a l e  

product ion fa ci  1 i t y  . 
Thank you, and a t  t h i s  time I ' l l  answer any ques t ions  

you may have.  
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SLIDE 2 
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T e s t  Dr i l l ing  a t  Cove Point LNG Terminal; 
Cove Point ,  Maryland 

Richard J, Gleason 
Geothermal Program 

V . P , I ,  S.U. 

As p a r t  of a D,O.E - funded program t o  evaluate low- t o  mod- 
erate temperature geothermal resource poten t ia l  i n  t he  At lan t ic  
Coastal P l a in ,  VPI & SU i s  i n  the  process of d r i l l i n g  a test  hole  
a t  t he  Cove Point LNG terminal.  It i s  hoped t h a t  geothermal grad- 
i e n t  da ta ,  aquifer  da ta ,  and perhaps basement geology, heat produc- 
t i o n ,  and heat  flow data  w i l l  be obtained from t h i s  t es t ,  

October 19-25, 1980, Dr i l l ing  began during the  week of November 
2-8, 1980, and is expected t o  continue through December, 1980. 
Estimated depth t o  basement is 3050F, 
coas ta l  p l a in  sequence can be penetrated during t h i s  d r i l l i n g ,  

two s tages .  
and 1000' w i l l  produce a 'bor ing  of approximately 11 1 / 2  'I diameter, 
Surface casing of 8 5/8 'I outside diameter w i l l  be grouted i n t o  the  
ground over t h i s  i n t e rva l ,  
t r icone  b i t  inser ted ins ide  the  surface casing,  Second s tage 
casing w i l l  be 5-55 steel tubing with 2 3/8" outs ide diameter. 
These d r i l l i n g  plans are subject  t o  change as need arises with 
d r i l l i n g  progress,  

S c i e n t i f i c  invest igat ions w i l l  include sediment sampling, e lec-  
t r i ca l  and geophysical logging, including temperature logging, These 
logs w i l l  de l inea te  po ten t i a l  aquifers  as w e l l  as a t t a inab le  temper- 
a tu re s  a t  depth. 

. basement core w i l l  be obtained f o r  petrologic  study and heat flow/ 
heat  production measurements, 

should provide a sound base of information f o r  t he  evaluation of a 
po ten t i a l  resource a t  the LNG terminal. The i n i t i a l  data base w i l l  
be a framework from which t o  plan fu r the r  geothermal t e s t i n g ,  

Rig mobil izat ion and set-up w e r e  completed during the  week of 

It is hoped t h a t  the  e n t i r e  

It i s  present ly  projected t h a t  d r i l l i n g  w i l l  be completed i n  
The i n i t i a l  d r i l l i n g  from the  surface t o  between 400 

Dri l l ing  w i l l  proceed using a 6 1/4" 

If d r i l l i n g  i s  completed t o  c r y s t a l l i n e  basement, 

Data obtained from VPI & SU tes t  d r i l l i n g  a t  Cove Point ,  Md. 
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Two Direct Applications of Geothermal 
Energy i n  New Vork 

LI 

Jim Dunn, Maggie Sneeringer, and Denis Hodge have discussed their ex- 
ploratory work t o  define the geothermal potential t n  New York. As this 
definition comes in to  focus, we are f i t t i n g  applicattons t o  it. I am going t o  
discuss two projects i n  which studies are being made for s i t e  specific verifi- 
cation of the resource and of applicability of the resource to satisfaction of 
process heat needs. Both projects have just started. We have no results yet so 
I w i l l  just discuss their motivations and scopes. 

Slide #1 is a temperature gradient contour map of western and central New ,_ 
York similar t o  the one Denis Hodge showed you earlier. One of our applications 

. is a t  the Friendship Dairies i n  Allegany county i n  the southwestern part 8f the 
State. I t  is a t  a location where the temperature gradient reads about 30 C / h .  
The other application is a t  the Cl in ton  Corn Processing Co. p l an t  near Montetuma, 
Cayuga County, i n  the N8rth Central par t  of the State. There the temperature 
gradient reads about 38 C / h .  

The Friendship Dairy project is being done as a result of the recent DOE 
PRDA for "Resource, Engineering, and Economic Studies for Direct Applications of 
Geothermal Energy. 'I The plant manufactures cottage ckeese and applications for  

- 3  2 -  

eothennal heat are listed on Sl ide  t 2 .  

During the 6 month period from January t o  June, 1980, this p l a n t  used 
468,125 gallons of .fuel oil and i t  i s  estimated t h a t  about 80% o f  i t  was used t o  
supply process heat for  these low t o  medium temperature processes. Some was also 
used for space heating. 

require somewhat higher temperatures than  those being considered a t  the Corn 
Processing Plant. This  is feasible despite the apparently lower geothermal 
temperature gradient a t  Friendship because the s i t e  i s  further south where the 

As you w i l l  5ee, the applications we are.aiming t o  satisfy i n  this project 

d 
. target geologic formations are much deepe 

These target fcrmations are the Cambrian, Patsdam and Galway (or Theresa) 
F :  formations for which Kreidler reported the presence of high permeability i n  his 

analysis of structures suitable for underground disposal of l iqu id  waste. 
the Friendship area these formations run from about 7,500 to  about 9,000 feet below 
sea level. With a surface elevation of about 1,500 feet, the iarget depth i s  i n  
the vicinity of 3 km. A geothgrmal temperature gradient o f  30 C/km would give a 
target temperature of over 200 F a t  this depth. 

enough water, this would serve nlcely t o  satisfy the highest temperature applf-  
cation being considered; namely, heating the m i l k  t o  162OF for pasteurization. 
Kreidler suggests that the Galway and Potsdam are generally good prospects for 
permeabil i ty  but,  fm t h i s  standpoint,  Friendship has a particularly interesting 
location i n  alignment w i t h  the Clarendon-Linden Fault System, as shown i n  Slide 
#3. 

In kr 

We are hoping for 190°F. If the permeability is adequate to supply 

L l  
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This is by far  the most promine I t  system i n  the area. I t s  surface 
manifestations end i n  the north r t  of Allegany county. However, there 
is suspicion tha t  deep f a u l t i n g  ds  considerably south of t h a t  w i t h  
Friendship i n  t h a t  zone of deep ing. Of course, this would enhance the 
prospect for f ind ing  h igh  permeability i n  the Galway and Potsdam formations a t  
Friends hip .  6 

t 
We have found well reco 

others were i n  adjacent Cattar County. All fbur reported encountering - 
water i n  the Cambrian - but  we 

f 4 wells i n  t ha t  area t h a t  have penetrated f 
the Galway. Two were i n  Mleg ounty, a l i t t l e  hor th  of Friendship. Two L 

t know how much. 

-2 i -  The Friendship project is primarily a study o f  engineering, economics, 
environmental  impact, inst i tut ion factors; and financing problems, Resource 

. assessment will be of a prelimina nature. There will be no d r i l l i n g .  

In contrast, the project a$ Montezuma i n  Cayuga County is rimarily resourci! 
assessment and consists largely o f  drilling and testing a deep ho P e. What can be 
anticipated i s  indicated i n  Slide #4 which shows 
A l n u t t  well which was drilled i n  1965, i n  Cayuga 
Montezuma. Our target formation t s  the Cambrian Theresa which corresponds t o  the 
Galway. S a l t  water was encounterd a t  3 levels w i t h i n  the Th 
moderate flow and one g iv ing  a low flow. However, ke don ' t  k 
meansd A target tha t  is 1 1/2 lan deep where t h g  geathermal temperatlires gradient 
i s  38 C/km would have a temperature o f  over 150 F. There are many process heat 
requirements a t  the Cl in ton  Corn Processing Plant t h a t  require temperatures be- 

year and could use up the o u t p u t  o f  a good geothermal well bu t  are not an exhaustive 
l i s t .  This p l a n t  uses 13 million gallons of o i l  a year and there are other low 
temperature appl ications, 

The hole will be tested t o  verify the geotherinal temperature profile and heat 
flow, determine the horizons of deep aquifers as well as their flow 
response t o  stimulation and t o  obtain an unweathered core sample of 
t o  help evaluate the suitability o f  the basement for heat'extraction by the hot 
dry rock method. 

from the Record af the 
ty, about 10 miles from 1 sa, two giving a 

what "moderate" 

low this. A few illustrations are noted i n  Slide #5. These illustrations it represent a poterrtial o i l  saving o f  between 1/2 and 1 mill ion gallons o f  oil a L 

The goal of the project is t o  d r i l l  a deep hole for exploration purposes. f 

d 
t 
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Eastern Geothermal Drilling Project 
Lewes, Delaware 

2. A. Saleem 
and 

w. s. Mott 
Ebasco Services, Inc. 

Presented by 

N. Tilford 
Ebasco Services, Inc. 



L Low t o  moderate temperature (85'F t o  300°F o r  3OoC t o  15OoC) hydrothermal 

resources are much more widespread than high-temperature (grea te r  than 300°F L 

1 

Id 

I 
The pro jec t  includes 

J c r y s t a l l i n e  basement 

d r i l l i n g  a w e l l  about 8,000 f e e t  deep o r  t o  t h e  

i n  Lewes, Delaware (Figure 1) , and tapping a highly 



38 

t 
I 

76O 750 

I 
76O 

c 
t u 

I ’  

/ 

t 

Figure 1. LOCATION OF PROPOSED WELL IN DELMARVA PENINSULA. 
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STATEMENT OF WORK 

0 Prepare a Project Management Plan 

0 Select the exact drill site in conjunction with the 

0 Prepare an Environmental Report for site prepara- 

Prepare the site 

b other key participants 

hd tion, drilling, and abandonment 

0 Prepare a final reference drilling plan 

Engage one or more drilling contractors depending 

Prill and complete the well, take the required sam- 
ples and tests, to  a depth to be determined by test 
results, economics, and funding limits 

0 Test the completed well for flow, temperature, 

0 Analyze all test data for its contribution to under- 
standing of the hydrology and stratigraphy of the 
Atlantic Coastal Plain 

iu 

L 

ti draw down, and mineralization 

I 

b 



PROJECT ~RGANIZATION 

Proposing Entity: 

Purveyor of Resource: 

Initial User: 

ed frbm 8 number of 

Project Director: 

Well Director: ank Pool - Fouhder 

Drilling Manager: Grace, Shursen, ffloore and &sodates 

Figure 3. PROJECT ORGANlZATlON FOR EASTERN GEOTHERMAL PROJECT, CEWES, DE.LAWARE. 
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The use of t h i s  g e o t h e m l  resource w i l l  ,replace approximately 500,000 

gallons of No. 2 fue l  o i l  o r  i t s  equivalent i n  propane per year. The 

duel saving w i l l  be realized i n  a combination of space heat,  domestic 

I 

? 

hot water, and process heat. 

I ,  
Overall project  organization is shown i n  Figure 3. The project  w i l l  be 

boaged  by the Energy Office of the State of Delaware with day-to-day 

d i rec t ion  by Ebasco Services Incorporated. An entrepreneurial en t i t y  

not ye t  selected w i l l  purvey the  resource t o  users. 

designed around the requirements of a so le  pr iva te  user, the Barcroft 

Corp., which w i l l  use most af the projected thermal and mineral content 

of the w e l l  waters. The volume of water required is  kept t o  a minimum, 

e has been 1 

resu l t ing  i n  low d r i l l i n g  costs. 
I 
i 
k ,  

Figure 4 indicates the  location of the w e l l  with respect t o  Barcroft 

( location 10). The hot  water can be piped d i rec t ly  across the  fence t o  

a heat exchanger which w i l l  be sized t o  raise the  temperature of 250 gpm 

of fresh w a t e r  from 5 5 O  t o  90°q 24 hours per day every day of the year. 

The heat exchanger design w i l l  be dependent upon the  temperature and 

mineralization of the  resource and could be l imited by results of the  

draw-down tests. I f  we produce 350 gpm a t  140°F, Barcroft w i l l  be 

u t i l i z i n g  less than 30% of the  heat ,  and other po ten t ia l  users are 

being considered. 

xx. 4 5  
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Geologic S e t t i n q  
b 

The proposed w e l l  site is  loca ted  on t h e  At l an t i c  Coastal P l a i n  near 

t h e  western margin of t h e  Baltimore Canyon Trough (Figure S), a l a r g e  
hd 

7 

sedimentary bas in  l y i n g  o f f shore  from t h e  S ta t e s  of Delaware, Maryland, 

New York, and Virginia.  

b 
The general  s t r a t i g r a p h i c  framework of t h e  

L 

b projec t  area is described by, among o thers ,  Maher*(1971), Brown e t  al. 

I (1972), Cushing e t  al (1973), and Woodruff (1979). 

under explora t ion  f o r  o i l  and gas s ince  1959, however, information about 

The bas in  has  been ILI 
I 

t h e  geologic na ture  of t h e  landward po r t ion  of t h e  Trough is not ava i lab le .  L 

i run i n  1976 f o r  t h e  Delaware Geological Survey (DGS) and provide usefu l  

s t r a t i g r a p h i c  information i n  t h e  Delaware Bay area. Figure 6 shows t h e  
u 

thickness of Coastal P l a i n  sediments o r  depths t o  pre-Jurassic basement 

based on da ta  from holes  d r i l l e d  t o  basement rocks and on ana lys i s  of 

ei magnetic and o f f shore  seismic r e f l e c t i o n  p r o f i l e s  by t h e  DGS (Benson, 
~ 

1979; and Woodruff, 1979). 

and those  sedimente which rest d i r e c t l y  upon basement i s  no t  f u l l y  

The exact na tu re  of both t h e  basement rocks u 

IY xx-7 
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Figure 5. LOCALITY MAP SHOWING THE PROJECT AREA IN RELATION TO 
THE BALTIMORE CANYON TROUGH AND THE COASTAL STATES. 
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The Coastal Plain sediments immediately overlying the c rys ta l l ine  basement 

rocks beneath Delaware generally are considered t o  be par t  of the Potomac 

Formation and are assigned a Cretaceous age. 

R. V. Smith of the  DGS (personal communication, 1980) indicates tha t  

Recent unpublished work by 

Jurassic  age sediments datable i n  offshore w e l l s  can be traced by means 

of seismic ref lec tors  i n t o  the mouth of Delaware Bay. 

may, therefore, cons t i tu te  a s ignif icant  portion of the bottom half  of 

the  Coastal Plain rocks above crys ta l l ine  basement. 

of authors have postulated the  presence of Triassic rocks buried beneath 

the  Coastal Plain sediments.. 

then the  nature of the magnetic o r  seismic basement is not clear.  

Jurassic  sediments 

, 

I n  addition, a number 

I f  t h i s  is the  case i n  the Delmarva Peninsula, 

A basement hole a t  Cape May, New Jersey (Anchor G a s  Dickinson No. l), 

immediately across Delaware Bay, encountered gneiss a t  about 6,400 fee t .  
I 

Rocks immediately above basement were ident i f ied as sands and shales and 

tentat ively assigned a Cretaceous and L a t e  Jurassic(?) age (Brown et al., 

1972). 

Delaware site. 

The Dickinson w e l l  is the closest  basement control t o  the proposed 

Woodruff (1977) indicated tha t  an acoustic boundary exists a t  about 6000 

f ee t  a t  t h e  mouth of Delaware Bay as determined from the  seismic l i nes  

run for  the  DGS. 

be seen on t h i s  l i n e  within the  three seconds of record. Velocities 

calculated f o r  t h i s  layer  average about 3.5 km/sec and are not indicat ive 

However, no clear c rys t a l l i ne  basement ref lect ions can 

of c rys ta l l ine  rocks. Analysis of interval ve loc i t ies  by R. V. Smith of 

the DGS (personal communications, 1980) indicates ve loc i t ies  of about 2.9 
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km/sec between depths of 4000 and 5500 feet .  

aeromagnetic surveys indicate  t h a t  t o  the south at  Rehoboth Bay magnetic 

basement may be as deep as 13,000 f ee t  (Woodruff, 1977). 

because of the lack of other  basement well  control and deep seismic 

re f lec t ion  prof i les ,  the  depth t o  c rys ta l l ine  basement a t  Lewes is  

estimated by the DGS as about 9,500 t o  10,000 f e e t  (Woodruff, 1979; and 

Benson, 1979). 

Calculations based on 

Specifically,  

In summary, sedimentary rocks of the  Potomac Group 

(permeable section of i n t e re s t )  may occur as deep as 9,500 feet .  A 

diagrammatic geologic sect ion through the v i c in i ty  of Lewes is  shown 

i n  Figure 7. 

Wells d r i l l e d  t o  the basement near the coast i n  the Delmarva area have 

encountered a thick sequence of Coastal Plain sediments comprising mostly 

clays, silts, and sands, Layers comprising coarser more permeable sands 

are commonly encountered j u s t  above the basement. 

similar conditions w i l l  be encountered a t  t he  Lewes site, 

w e l l  encountered a hydrothermal source with about 70 percent s a l in i ty .  

The expected s a l i n i t y  of the  hydrothermal source a t  Lewes is expected 

t o  be a t  least  70 percent. 

measured i n  the  DOE 100 

higher than the  normal thermal gradient (Woodruff, 1979). The 

primary heat source i s  probably granite-l ike rocks bearing s ignif icant  

quant i t ies  of radioactive elements. 

t o  deep-seated f rac ture  zones has a l so  been suggested (unpublished DGS report ,  

1977). The expected heat from the  hydrothermal resource along with the 

It is anticipated tha t  

The Cr is f ie ld  

A least-sq 

An a l te rna t ive  heat source re la ted  

expected high mineral content makes the Lewes Project  a prof i tab le  long-term 

combinat ion. 

xx-11. 



SE 

0 

MARINE CLAST1 5 

NONMARINE TO SHALLOWMARINE C W I C  

N - NEOGENE 
P - PALEOGENE 

K - CRETACEOUS 
J -JURASSIC 
T - rnlAsSlC 

to 

VERTEA L EXAGGERATION 126x 



13 

Anticipated Geologic and Hydrologic Information 

A w e l l  t o  t h e  c r y s t a l l i n e  basement o r  up t o  about 8000 f e e t  deep w i l l  be 

d r i l l e d  a t  t h e  Lewes s i te  i n  Delaware. I n  case t h e  c r y s t a l l i n e  basement 

is  deeper than 8000 f e e t ,  t h e  decision t o  extend t h e  w e l l  t o  t h e  basement 

w i l l  be based on t h e  a v a i l a b i l i t y  of funds. 

expressed i n t e r e s t  i n  t h e  p ro jec t  and i n  possibly providing f i n a n c i a l  

support f o r  extending t h e  w e l l  t o  t h e  basement f o r  t h e  purpose of obtaining 

geologic information (Woodruff, $ersonal communication, 3980).  

w i l l  provide information r e l a t e d  t o  area s t ra t igraphy,  deep s a l i n e  aqui fe rs ,  

Several o i l  companies have 

The w e l l  

r eg iona l  t ec ton ic s ,  and hydrocarbon deposits.  

S t r a t ig raph ic  Information 

The deep hole  at  Lewes w i l l  be  a key (control)  w e l l  i n  assess ing  t h e  

s t r a t ig raphy  of t h e  Coastal P l a i n  i n  t h e  Delmarva Peninsula. There is 

no w e l l  con t ro l  i n  southern Delaware below about 1,000 feet and t h e  

s t r a t i g r a p h i c  s e c t i o n  can only be postulated by pro jec t ing  t h e  con t ro l  

from known updip sec t ions  i n  Delaware o r  from deep holes  d r i l l e d  i n  

Maryland o r  New Jersey, 

Both t h e  age and l i t ho logy  of sediments below about 5,000 f e e t  are poorly 

known. Present ana lys i s  of o f f shore  d r i l l i n g  and geophysical da t a  by 

t h e  DGS s t a f f  i nd ica t e s  t h a t  sediments o l d e r  than Cretaceous may be present 

i n  t h e  subsurface as f a r  inshore as t h e  mouth of Delaware Bay. I f  t h i s  

i s  co r rec t ,  then some rev i s ions  i n  l o c a l  s t r a t i g r a p h i c  co r re l a t ions  and 

XX-13 



nomenclature may be necessary. r t a n t i y ,  fii cor re l a t ions  

with of fshore  d a t a  might be poss ib ie  which would a i d  i f l  b e t t e r  

understanding t h e  regfonal s t r a t i g l a p h i c  

would a l s o  provide badly 

p r o f i l e s  run i n  1976 €or t h e  DGS. 

t h e  mouth of DelawarB Bay ab0 

c r y s t a l l i n e  b 

Hydrologic I n f o h k i o n  

L i t t l e  is known about t h e  groundtd 

P l a i n  below about 1,000 f e e t .  The fresh- t water i n t e r f a c e  

ology i n  the 

t o  occur a t  about 500 f e e t  below land surface,  disregarding Iocai 

i n t rus ion  of sa l t  water i n t o  shallower aqui fe rs .  However, s 

permeability and t o t a l  dissolved s o l i d s  of i n t e r s t i t i a l  waters a t  

depths are l a rge ly  unknown. The U. S. Geol ey Water c es 

Division has ind ica ted  a need f o r  deep subsurface d a t a  as p a r t  of tlik 

reg iona l  aqu i f e r  program f o r  t h e  At l an t i c  Coastal Plain.  

Lewes w e l l  can s a t i s f y  an  immediate da ta  need f o r  t h i s  

Conventional geophysical l ogs  run i n  t h e  ho le  would assist i n  d e f i n  

not  only t h e  loca t ion  of p o t e n t i a l  aqu i f e r s  but t h e  general  q u a l i t y  ok 

t h e  water i n  these  aqu i f e r s  as w e l l .  

Data f r  

Information about Regional Tectonics and Hydrdcarbon Deposits 

Acquisition of d a t a  a t  t h e  proposed depths would do much t o  test t h e  

I: 
6 
I ’  
b 

i 

i 
L 
T 
t 

% -  v a l i d i t y  of cu r ren t  ideas  concerning t h e  reg iona l  tec tonics .  Basement 

depths indicated by geophysical da t a  i n f e r  a s t eep ly  dipping c r y s t a l l i n e  
XX-14 
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basement, possibly due t o  block fault ing.  

with theories proposed by Brown et  al. (1972) t o  explain observed sedimentation 

Such fau l t ing  would be consistent 

pat terns  i n  Atlantic Coa Plain. The test  f these ideas might 

provide guidance on sediment thickness and on possible f racture  zones as 

these parameters would influence the s i t i n g  of future  geothermal holes. 

Current i n t e r e s t  i n  hydrocarbon exploration has been centered on the  

continental  shelf  where the  sediment thickness has generally been great 

and known structures  are present. Nearshore exploration has been mainly 

ignored due t o  apparent lack of suf f ic ien t  sediment thickness. However, 

t h i s  assumption too would a t  least be pa r t i a l ly  tes ted by a hole a t  

Lewes. 

could provide hydrocarbon t raps  given i n i t i a l  generation of hydrocarbons. 

It is  a l so  possible t h a t  pinch-outs of individual beds landward 

Dri l l ing Plan 

The Lewes geothermal w e l l  w i l l  be d r i l l ed  t 

The si te w i l l  be careful ly  prepare 

site preparation 

paved road t o  the  d r i l l i n g  s i te  with crushed stone f o r  the dril l ing-related 

t r a f f i c ,  covering the area around the  h 

l i n e r  which i n  turn  w i l l  be topped w i t  

and l i n ing  of p i t s .  

a depth of about 8000 feet- 

With a polyproplene typar 

A 12% inch hole w i l l  be d r i l l ed  t o  about 150 f e e t  and opened t o  about 

20 inches. 

a t  about 140 f ee t ,  and cemented t o  the  surface (Figure 8). 

A 16-inch OD casing s t r i n g  w i l l  be run, set i n  hard clay 

The clay layer  

was  indicated by the 1000 f ee t  DOE geothermal 

XX-15 
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water w e l l  cont rac tor  w i l l  be 

t h e  shallow hole i f  it is more 

t h e  deep d r i l l i n g  contractor.  

u t i l i z e d  t o  prepare t h e  s i te  and t o  d r i l l  

economical than having a l l  work performed by 

Following the  completion of t h e  shallow hole,  a 12% inch h o l e  w i l l  be d r i l l e d  

t o  about 3000 f e e t  and a 9-5 /8  inch cas ing  w i l l  be cemented t o  t h e  surface.  
. 

An 8-3/4 inch hole  w i l l  then be d r i l l e d  t o  about 8000 f e e t  and a 7 inch 

cas ing  w i l l  be  set and cemented t o  about 2700 

f e e t  of t h e  hole,  a t o t a l  of about 200 f e e t  of 7 inch Superweld Johnson 

f ee t .  I n  t h e  lowest 5000 

screen sec t ions  w i l l  be i n s t a l l e d  aga ins t  permeable horizons. 

t h e  bottom por t ion  of t h e  hole  w i l l  be opened t o  21 inches using an 

underreamer and w i l l  b e  gravel packed as shown i n  Figure 5 before  i n s t a l l i n g  

t h e  screens. 

depending upon t h e  a v a i l a b i l i t y  of o the r  f i n a n c i a l  support and on t h e  

I f  necessary, 

The w e l l  w i l l  be extended t o  t h e  c r y s t a l l i n e  basement 

information derived from t h e  8000 f e e t  s e c t i o n  of t h e  hole. 

An app l i ca t ion  form f o r  a permit t o  d r i l l  t h e  w e l l ,  according t o  Delaware's 

l a w  and regula t ions ,  w i l l  be  submitted t o  t h e  Water Resources Section 

of t h e  Delaware Department of Natural Resources and Environmental Control. 

I n  case t h e  w e l l  is unsuccessful, t h e  S t a t e  of Delaware's w e l l  abandonment 

procedures w i l l  be followed. 

taken t o  p ro tec t  t h e  shallow f r e s h  water aqu i f e r s  from p o t e n t i a l  

I n  any case, a l l  necessary s t e p s  w i l l  be  

contamination by t h e  br ines  which would be encountered i n  t h e  geothermal 

w e l l .  
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Well cu t t i ngs  w i l l  be co l l ec t ed  a t  20 f t  i n t e r v a l s  and exatnined concurueqtly 

with t h e  d r i l l i n g  operation. 

i n  l i t ho logy  w i l l  be recorded by a qua l i f i ed  geologist .  

wi l l  be co l lec ted  f o r  d i s t r i b u t i o q  t o  DOE a n d - t h e  Deiaware Geological 

Survey. Based on predetermined tkr ia  ( w e l l  c u t t i n g  ana lys i s ,  d r i l l f n g  

rate, mud l o s s ,  major water produc$ng horizons, etc.) ,30 foot  cores w i l l  

be ex t rac ted  t o  cha rac t e r i ze  major l i t h o l o g i c  u n i t s  with increased emphasis 

placed upon units a t  levels of water ex t r ac t ion  and those underlying and 

overlying these  horizons. 

Samdles w i l l  be logged and apparent changes 

Multiple samples 

A complgte record af cores w i l l  be mabtained. 

A preliminary l i t h o l o g i c  log of t he  w e l l  wi l l  b e  prepared concurrently 

with t h e  d r i l l i n g  operation based on t h e  examination of w e l l  c u t t i n g s  and 

cores. During t h e  d r i l l i n g  operation, per iodic  temperature measurements 

w i l l  be made t o  compare t h e  observed and t h e  predicted geothermal 

gradient and t o  determine i f  water producing l aye r s  of interest tnight 

have been reached a t  depths above those  predicted based on the 

gradien t  observed i n  t h e  I000 f t  Lewes test hole. 

After t h e  completion of each major d r i l l i n g  phase, except €or t h e  f i r s t  

100 f e e t ,  a comprehensive s u i t e  of downhole geophysical l ogs  w i l l  be 

obtained. These logs  w i l l  include electrical survey, 3-D veloc i ty ,  borehole 

compensated density,  borehole compensated neutron, nuclear cement-top 

loca to r ,  s p e c t r a l  gama  ray, n a t u r a l  gamma ray, and temperature. 

bond log  w i l l  be run a f t e r  t h e  w e l l  is constructed. 

A cement 
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Temperature logs  w i l l  be  obtained f o r  each d r i l l i n g  phase primarily t o  

determine i f  it is worthwhile t o  proceed f u r t h e r  with t h e  d r i l l i n g .  

a temperature l o g  of t h e  w e l l  w i l l  a l s o  be run a f t e r  completion of t h e  w e l l  

under s t a b l e  conditions.  

However, 

The Virginia Polytechnic I n s t i t u t e  and S t a t e  

University (VPI & SU) w i l l  run temperature logs  t o  about 8000 f e e t  depth. 

Af te r  a l l  t h e  necessary down-hole logs  have been obtained, side-wall cores 

of s e l ec t ed  l aye r s  w i l l  be  obtained before i n s t a l l a t i o n  of casing. 

surveys of t h e  w e l l  w 

dev ia t iona l  problems w i l l  be appropriately controlled.  

Deviational 

a l s o  be  conducted a t  various depths and any 

During d r i l l i n g ,  s p e c i a l  d r t l l  s t e m  tests (DST) w i l l  be  conducted of 

s e l ec t ed  horizons of i n t e r e s t s .  These tests w i l l  provide information 

regarding t h e  formation f l u i d  q u a l i t y  and quantity. 

completed and before ' the  r i g  is demobilized, a l l  major production zones 

w i l l  be pump tes ted .  

bottom-most zone w i l l  be pump t e s t ed  f i r s t  and then i s o l a t e d  with a packer 

and t h e  next higher zone w i l l  then be pump t e s t e d  and so on. 

Af te r  t he  d r i l l i n g  is 

Each zone w i l l  be i s o l a t e d  by s e t t i n g  packers. The 

Before t h e  

start of t h e  test, static water levels (pressures) I n  each zone w i l l  be  

c a r e f u l l y  monitored and then t h e  zone w i l l  be  t e s t e d  by pumping it at  a 

constant rate. 

recovery stages.  

Water levels w i l l  be recorded during t h e  pumping and t h e  

Each pumping test w i l l  be  

t h e  response of t h e  product 

w i l l  be designed t o  be of a t  least 48-hours duration. 

least of 24-hours duration depending upon 

zone. One test of t h e  major producing zone 

A composite test 



of t h e  major zones of i n t e r e s t  w i l l  a l s o  be 

tests w i l l  be analyzed t o  detei-mi 

production zones, evaluate t h e  d 

long-term y i e l d  of t h e  w e l l .  

Well cu t t i ngs  and cores w i l l  be -ex&iined and a mic is 

w i l l  be conducted by t h e  DGS. 

geological co r re l a t ion  of t h e  str 

determine thermal conduct iv i t ies  of t he  materials 

Water samples from each produckiotl zone w i l l  bB aaalyz 

minor chemical c 

The DGS w i l l  dlbo carw 

penettdted by t h e  

I n t e r p r e t a t i o n  of the geophysical logs  w i l l  be c a r r i e d  atit by a t e  

cons is t ing  of a geophysicist and t h e  w e l l  gkologit3.t wi th  inbClt and revikw 

from t h e  logging s p e c i a l i s t .  

l i t h o l o g i c  sec t ion  of t he  e n t i r e  w e l l .  

provide da t a  on t h e  c h a r a c t e r i s t i c s  of t h e  

used i n  conjunction w i t l i  theanalyses of pbmpin 

Emphasis w i l l  be placed on reconstructing a 

Analyses of t h e  logs  w i l l  a l s o  

success of t h e  w e l l .  

Information from o t h e r  wells d r i l l e d  t o  t h e  bedrock w i l l  be ca re fu l ly  

reviewed and considered i n  t h e  i n t e r p r e t a t i o n  of da t a  feom t h e  Lewes 

Special  consideration w i l l  be given t o  t h e  methods used and results 

obtained from t h e  DOE C r i s f i e l d  w e l l .  

employed f o r  t h e  Cr i s f i e ld  w e l l  w i l l  be modified t o  meet the si te  

conditions t h a t  w i l l  be  encountered a t  Lewes, i f  ne 

t h e  objectfves of t h e  pro jec t  i n  an  optimum manner. 

The d r i l l i n g  and t e s t i n g  proc 

, t 6  accomplish 
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I. Approach, 
as t o  their  level of funding and involvement i n  geothermal resource develop- 
ment, Army for example has elected t o  do l i t t l e  or nothing while both 
the  Department of the  Navy and the  Air Foree have t h e i r  own geothermal 
programs. 
Office of the Secretary of Defense (OSD) . 
DOD geothermal program is  the low level of funding given it. 
is an entirely defensible position i n  t h a t  the true mission of DOD is not t o  
develop new energy sources but rather t o  prepare for the defense of our 
Nation. 
DOE geothermal program to  eliminate duplication of staff and efforts. 
i s  often accomplished by DOE actually performing work on m i l i t a r y  bases 
such as exploratory well dr i l l ing.  
funded by DOE or  sp l i t  funded by the  two Departments. 

11. Economics. 
has been the least first cost approach. 
of the greatest amount of f ac i l i t i e s  w i t h i n  the  limited funding available. 
Today the approach is sh i f t ing  over t o  the  traditional l i fe  cycle costing 
methodology. 
t h e  project save a certain level of energy per thousand dollars invested 
(FY-82 - 19MBTU/$fiOOO) forms the  basis for project selection. 

111. Development. There are three possible methodologies for  the development 
of a DOD geothermal resource. These are: (1) the  Energy Conservation Imrest- 
ment Program (ECIP); (2) the  Mil i tary Construction Program (MCON) ; and (3) 
through third part  investment. 

It is s t r i c t ly  up t o  the  prerogatives of the three services 

These programs are not centrally funded or controlled by the 
The major problem w i t h  t he  current 

However, t h i s  

Also, t o  the  greatest extent possible MID must and does use the 
This 

The work effor t  may be either entirely 

The t h e  honored approach t o  economics fram the  OSD viewpoint 
This was t o  enhance the  acquisition 

This combined w i t h ,  for energy projects, the requirement that 

As regards ECIP, the program is funded a t  approximately $150 million 
per year and a project must be both l i f e  cycle cost effective and save a 
sufficient mount of energy to investment. 
m a l  development, such as unproven resource, as w e l l  as cap 
makes the  funding of a project under ECIP unlikely. 

The r i sk  involved in the geother- 

MCON i s  a much larger program than ECIP running on the order of $2.5 to  
$3.0 billion annually. 
simply be l i f e  cycle cost effective. 
development and the need t o  provide more mission essential f ac i l i t i e s  only 
one project (Naval Station, Keflavik, Iceland) has been funded using MCON 
appropriations t o  date and no others are immediately anticipated in the  
future . 

For a project t o  be funded under t h i s  program it must 
However, due t o  the  r isks  of geothermal 

Perhaps the  most viable opportunity t o  DOD i s  that of a third party 

Under a long term 
operation. 
developer as w e l l  as h i s  plant site, without charge. 

Under t h i s  concept the resource would be made available t o  the 
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contract of up t o  30 years t h e  resource would be developed ernd the  energy 
sold t o  DOD t o  amortize the inve 
has been used a t  one s i te  (Naval 
being considered fo r  two others hTilliams Air Force Base, Arizona and Naval 
Air Station, Fallon, MI). 

IV. Sites. A t  present the  tnajo 
i n  the  western states. This 4s 
resource benefi ts  are perceived 
currently looking a t  8 
been dril led on or near 
as t o  the  economic fea 
of preparation b d  r 
look promising and t 

d. To date t h i s  approach 
r, China Lake, GA) and is 

Sites (Table 1) - 
I. Air Force 

a. Dover, Delaware 

b. Charleston, S.C. 

c .  Myrtle Beach, N.C. 

11. Navy 

a. Norfolk, VA 

b. Parris Island, S.C. 

C. Kings Bay, GA 

111. Army 

a. None 

IV.  Army/Air 

a. Fort 

Force Exchange Service 

Dix/McGuire, N.J. 

- 
i 
t 
1. 

t 
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GEOTHERMAL ENERGY NAVAL A I R  REWORK FACILITY (NARF) 

F. R. H i l l  

Our objective i n  t h i s  technical ass is tance work w a s  t o  see how geothermal 
energy could be used t o  reduce the use of fue l  o i l  a t  NARF. 
integrat ion a i r c r a f t  hangar (LP-167) was chosen f o r  spec i f ic  application. 
It is  a one s tory building (640' x 225' x 30') and uses oi l - f i red burners 
fo r  hot water heating rates of 14 M BTU/hr. 
see i f  a use of geothermal energy could be suggested which would be economic 
and would s igni f icant ly  reduce the amount of o i l  consumed. 
the geothermal poten t ia l  was tha t  a w e l l ,  2500 f t .  deep a t  the si te would 
yield about 225 GPM of 1070F water (with a r e in j ec t  temp. of 8S°F t h i s  produced 
2.5 M BTU/hr) . So the heat supplied would A) have t o  be used i n  a f loor ,  
ce i l ing  o r  w a l l  radiat ion system d i r ec t ly  or  B) would have t o  be raised i n  
temperature (% 180°F) t o  be useful  i n  the exis t ing heat  convection system. 
In addi t ion C) a reservoir  t o  s to re  heat during non-working hours provided the 
reserve f o r  cold weather operation. 

The electronic  

The problem was, therefore,  t o  

Our estimate of 

Several combinations of equipments were selected and the operating condi- 
t ions  optimized. 
t i m e  required t o  amortize the cap i t a l  cos ts  computed. 
cost  e f f ec t ive  option, (A), is shown schematically i n  Fig. 1 (A-1). 
w e l l  output rate was only % 1/5th of maximum demand heating rate i t  w a s  
necessary t o  include a reservoir  t o  s t o r e  heat from the w e l l  during non-working 
hours. 
supplied by geothermal: 
t o  be supplied by the exis t ing o i l  f i r e d  system. 

When t h i s  was done the operating cos ts  were found and the 
The simplest and most 

Since the  

The result was that 85% of the heat load of the building could be 
as much as 15% of peak load would have t o  continue 

The economics are indicated i n  Fig. 2 (A-2). In computing these curves, 
an i n f l a t i o n  rate of S%/annum and escalat ion rates of 3-112% f o r  o i l ,  
1-1/2% f o r  e l e c t r i c i t y  were assumed. 
used. 
costs.  

The cap i t a l  appreciation rate of 10% was 
Fig. 2 (A-2) shows about 11-1/2 years required t o  amortize the cap i t a l  

Table I is  a cost  summary of four options. Option B interposes a heat 
pump between the w e l l  water and the convective heat system i n  the building. 
73% of the yearly heat load can be supplied by the geothermal system i n  this 
case with 27% remaining t o  be supplied by the ex is t ing  o i l  f i r e d  system. 
Options C and I) make use of heat pum s and a reservoir  f o r  s tor ing heat. 
Option C a l so  takes heat from the 85 F reinject water t o  feed in to  the reservoir  
storage. 
but provide enough energy i n  the storage tank t o  heat  a second building with 
l i t t l e  addi t ional  cap i t a l  cost. 

g 
These options are more expensive -- involving higher cap i t a l  cost  - 

Probably "the bottom l ine" is shown i n  Table II. Here the net saving t o  
the nation i n  o i l  used is  shown i n  the las t  column t o  the r ight .  The advantage 
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of option A is seen in payout time, 
the potential additional heat which 
water. 

The detailed report document-% l i t y  study Zf3 a6 . 
follows . 

* *  

JHUlAPL QM-80-102, June 1980, 

by.F. K. H i l l  and R. W. Henderson 
GEOTHERMAL SPACE HEATING - NAVAL AIR REWORK FACTLZTY? NORFOLK, VA., 
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LP-167 . > 

1.2 x 105 ft2 
Existing 

d 

180" F 
Existing - 1 
,oil-fired 

boiler 
system 

* 

floor rad. 
YYYYYW 

102" F 

Circulate [,;f 

. r - '  102°F 

30" F 
Circ. 

Storage 
100'X100'X8 

1 02" F 

80°F . 
a 

780°F 
' 

Heat exchanger 

Reinject 
or dispose 3 Drawdown 

e- - Sub.pump . 
85 hp. 

Fig. A-1 Option A. - Geothermal erkrw used directly, radiant/convective 
space heat. - 1  
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Geothermal well source 
Reinject well 
Heat exchnnget 
Floor rad, system 

Use existing oil-fired 

Storage reservoir 
boiler eyatem f o r  15% heat 

(100' x 1'00' x 8') 

r- 

. .  

. Table X. COST suH#ARtl I 

C 

Q914K 

n h 

I '8560.2K 

Carts 

capita1 

- 
$50lslK I . I Ceo . - 

74 .4K(1.105)n + 5.96(1.09)" 
100% O i l  

65.79K(l.l25)" + 4K(1.09)" 

Gea . - 
39;32K(1.105)" + 17.76K(l. 125)" Operating 

100% O i l  
65.79Kt1.125)" + 4K(1.09)" 

100% O i l  
65.79Kt1.125)" + 4K(1.09)" 

55.92K(1.125)" - 17.9A(1.105)" L_ 
~ 

65.79K(l.l25)" - 49.68K(1*105)" - 2.8K(1.09)" 
65.79K(1.125)" - 74&4K(1.105)" - 1.96K(l.09) 

e 40 yrs  

Geothermal well aource 
Reinject well 
Heat exchanger 

E n 
I ul 

55.13K(1.125)" - 39 32K(1. 105)" 

22.5 . 

Net - 
26 yrs  Amortization I 11.5 yrs 

Geothermal well source 
Reinject well 
Heat exchanger 
3 heat pumps 391 hp 

327 hp 
756 hp 

Geothermal w e l l  source 
Reinject w e l l  
Heat exchanger 
Heat pump (391 hp) 

use oil-fired system for 27% 
heat load 

I 2hert pumps 195 hp 
1004 hp 

I. 

Storage reservoir 
(100' x 50' x 6') 

Storage reservoir 
(100' x SO' x 6') 
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0 . .  ! 0 n 
r- 

9.tion Capital 

Oil-Fired System - - 
notv existing - 
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SOUTH DAKOTA DEYONSTRATION PROJECTS 

Edward 6. DiBello 
EG&G Idaho, Inc. 

Idaho Falls, Idaho, U.S.A. 

The application of hydroth a1 energy for d i rec t  use by the private sector 
i n  the United States  has been quite limited t o  date. The reasons most commonly 
given for  the limited development of this al ternat ive energy source are the 
lack of: (a) inexpensive and reliable exploration and d r i l l i ng  techniques, 
(b) knowledge of the resource base, (c) established geothermal laws and 
regulations , and (d) technical and economic data.  Therefore, base1 ine infor- 
mation regarding direct applications is needed t o  a s s i s t  prospective users 

e engineering and economic requirements of d i rec t  use projects. 

To stimulate development and b u i l d  the necessary data base, the U.S. Depart- 
ment of Energy, Division of Geothermal Energy, i n  1977 and 1978 issued two 
Program Opportunity Notices for  cost-shared d i rec t  use projects, and 22 
projects were i n i t i a t e d  as a result. 

Three projects located i n  South Dakota are summarized below: 

' 

District Heating i n  PhilIp, South Dakota 

The geothermal well for this project was dr i l led  i n  February 1979, t o  a to ta l  
depth  of 4266 feet. The well flows 300 gpm artesian a t  a temperature of 157°F 
(69°C). The system will heat five Haakon School District buildings and eight 
business buildings i n  downtown P h i l i p .  The system effluent is surface d i s -  
charged i n t o  the Bad River after being treated t o  remove the naturally occuring 
Radium 226. The total  cost of the project i s  $1,205,804, w i t h  WE funding set 
a t  $936,199 (78%). Thegsystem is operational for  the 1980-81 heating season, 
and will save 9.53 x 10 Btu/yr ( .32 MW-yr) . 
Heating S t .  Mary's Hospital, Pierre, South Dakota 

The geothermal well for  t h i s  project was d r i l l e d  i n  AprDl 1979, t o  a total  
depth of 2176 feet. The well flows 375 gpm artesian a t  a temperature of 
106°F (41OC). The geothermal water will be used for  space heating and 
domestic hot  water heating i n  the existing hospital. The effluent from 
this heating system will be used for a heat pump application i n  the new 
hospital annex. The water is  t h e n  surface discharged into the Missouri 
River. The to ta l  cost  of the project is $718,000, w i t h  WE funding set 
a t  $538,500 (75%). The system is operati nal for  the 1980-81 heating season. The project will save 11.44 x 10 8 Btu/yr (.38 MU-yr). 
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The Diamond Ring Ranch well was drilled i s  1 
and flows 170 gpm artesjan at 
water is being used to heat si 
dryer. The water is then sur 
The system is operational, and 
i s  being completed for the 19 
project will be $403,908, wit 
will save 7.87 x 109 Btu/yr ( 

As a result of these and simi 
tested, private firms and org 
awareness of hydrothermal ene 
environmental, technical oee 
This information will be avai 
completion. The Department o 

to a total depth af 4112 feet 

Reference 

Geothermal Direct Heat Applications Program Summary, Semi-Annual Review 
Meeting, El Centro, Cal ifornia , April 1980. 

. 
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Space and water heating 
Business district heating 

Space and water heating 
Grain drying 
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Space and water heating 
Heat pump application 
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Resource Data 

-~ 

Well depth (Ft) 

Date complete 

Completion 

Temperature (OF) 

Flowrate (gpm) 

Cost ($ x 103) 

Philip 

.- 4266 

2/79 

157 

300 ' 

31 7 

Diamond I 
Ring I 
4112 

1959 

OH 

152 

- 

St Marys 

21 76. 

4/79 

PC 

106 

170 

NIA 

375 

320 
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$ I MBTU 

Interest Rate (%) 

$ I  installed Kw . 

Simple J payback (yr§m] 

Philip 

-1 5.42 

.9m5 

748 

20 

r- 

Diamond ' 
Ring 

-8.65 

13.25 

41 I 

8 

... 

St. Marys 

9.07 

9.0 

440 
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REVIEW OF TECHNICAL ASSISTANCE I N  THE EASTERN UNITED STATES 
F. C. Paddison, APL/JHU 

The Applied Physics Laboratory of The Johns Hopkins 
Univers i ty  is one of fou r  i n s t i t u t i o n s  supported by the  Depart- 
ment of Energy to provide t e c h n i c a l  a s s i s t a n c e  on request  for  
t h e  a p p l i c a t i o n  of geothermal energy. The type of a s s i s t a n c e  
may f a l l  i n t o  any or a l l  of t h e  following categories. 

1. 

2. 

3. 

4. 

5 .  

6 .  

7 .  

The i d e n t i f i c a t i o n  of a v a i l a b l e  da ta  on geothermal 
resource i n  t h e  a r e a ,  or upon t h e  a p p l i c a t i o n  of 
the  resource to a specific use.  

The e s t ima tes  of hydrologic properties of resource 
as  func t ion  of usage and t i m e .  

The engineer ing mechanics of h e a t l r e c o v e r y  and 
hydrothermal water handling. 

Estimates of geothermal system l i f e -cyc le  costs. 

requirements for use of geothermal f l u i d s .  

A v a i l a b i l i  of federal, s ta te ,  or other programs 
to  ass is t  or t h a t  r e l a t e  t o  use  of geothermal energy. 

A v a i l a b i l i t y  of and mechanics of applying for 
federal geothermal loan gu 

and s ta te  legal  and i n s t i t u t i o n a l  

Technical Assis tance i n  East  - Completed or S t i l l  i n  Process 

The fol lowing Table I lists ind iv idua l s  of groups who 
have rece ived ,  or are s t i l l  rece iv ing ,  t e c h n i c a l  a s s i s t a n c e .  
The scope of effor t  v a r i e s  from a f e w  to  many hours of effor t .  
Those a s s i s t a n c e  effor ts  t h a t  a r e  marked by an asterisk are 
documented i n  formal reports, R e f s .  1 through 5 .  
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BLE I 

TECHNICAL ASSISTANCE I N  EA TED STILL f N  

Space Heating 

C r i s f i e J d ,  ML) High ScPool* 
Cris f  i e l d ,  MD Hospiiat  

Hot Springs,  AR 
Town of Newport Newe ,  VA 
Naval A i r  Rework Fao ia i ty ,  
NASA-Wallops F l l g h t  Test Ce 
Kings Bay, GA 

P i t t s v i l l e ,  MD Middl hool* 

Standard Brands Fructose Plant, MonteZuma, Rv 
M a r i c u l t u r e ,  Chesapeake Bay* 
Wet Corn M i l l  Alabama - Ethanol 
Wed Corn Ids11 North Carolina - Ethanol 
Seafood Terminal, Newport N e w s ,  VA 
Liquefied Natural  Gas Terminal, Cove Poin t ,  MD* 
Showell Farms - Poul t ry  Industry 

Combinations of Above 

I n d u s t r i a l  Park - MeEfa, VA 

Lewes, DE 

Heat Pumps - 
B e l l o w s  F a l l s ,  VT 

Lebanon Springs,  NY 
Ind iv idua l s  (3) 
Energy Concepts Corp., MD 
New Hope, PA 
McGuire Am, NJ 
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Technical Assis tance i n  East  - Requested 

The above list is s u b s t a n t i a l l y  i n  excess  of APL's and 
DOE/DGE's o r i g i n a l  expec ta t ions .  
apparent ly  going to  continue. 
c u r r e n t  r eques t s  for t echn ica l  a s s i s t ance .  

In  FY 1981 t h i s  t r e n d  is 
The following Table I1 lists 

TABLE I1 
. TECmICAL ASSISTANCE I N  EAST - REQUESTED 

Geothermal Space Heating 

Senior C i t i z e n s  Center,  Ocean Ci ty ,  MD 
Dover Am, Dover, DE 
Charleston AFB, Charleston, SC 
Auburn, NY 

I n d u s t r i a l  Process on Agr i cu l tu ra l  Treatment 

B r i s t o l  Meyers, Syracuse, NY 
Federal  F i sh  Hatcheries, PA 
Burl ington I n d u s t r i e s ,  NC 

Combinations 

Town of Sa l i sbury ,  MD 

Heat Pumps 

Borough of Forty For t ,  PA 
Harlan, KY 
Richmond, I N  
Ind ianapol i s ,  I N  

Summary 'Paper qn Technical Assis tance 
j ;  

A paper summarizing par ts  of t h e  Eastern Technical i Assis tance Program was presented a t  t he  Geothermal Resources 
Council 1980 Annual Meeting i n  S a l t  Lake Ci ty  and is publ ished 
i n  t h e i r  proceedings. The hea t ing  of a high school a t  
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T I E  U N S  HOR(INS UNIVERSITY 

APPUEb PHYSICS LABOFlATORY 
uuaEL. MARVIAND 

b 

i 

C r i s f i e l d ,  Maryland, w i t h  
l i q u e f i e d  n a t u r a l  gas w i t h  
t h e  mixing of geothermal w 
c o n t r o l  s a l i n i t y  and tempe 
a l l  summarized i n  t h a t  pap 
u s e  t o  c u l t u r e  o y s t e r s  and 
of t e c h n i c a l  a s s i s t a n c e .  

The Ceda Corporat ion$-* 
Annapol is ,  Maryland, Ps i n t m e s t e  

accelerated i f  n u t r i e n t - r i c  
water so t h a t  s a l i n i t y  and t 
n e a r l y  uniform year-round. 
r e g i o n  of the  Chesapeake Ba 
The area selected by The Br 
See Fig. X. 

' term meat oysters and ha rd  s h e l l  

-- 
The Geothermal Resource 

E t  w a s  assumed t h a t  t h e  h y d r o t h e m  ter e 9 
and t h e  a q u i f e r  characteristics were si e ta' 
found a t  t h e  Cr is f fe ld  w e 1 1  (Refs. 7 e These are 
t a b u l a t e d  i n  Fig. 2. The depth to  ba was &SSW 
to be 3000 f t  a n d > t h e  tempera ture  03 the  gev-bhermaE 
water w a s  assumed t o  be 116'F. 

The Svstem Block D i a g r a m  

The Ceda Corpora t ion  desired. a f E o w  
of water per minute  a t  t h e  controEPed t e  
s a l i n i t y .  Fu r the r ;  t h e y  wished 
for t h e  bui ld i t rg  housing the gr 
shows t h e  system bxock diagram. 
geothermal water is released to  
shows t h e  v a r i a t i o n  i n  pumping 
water and Bay water. A f l o w  of 
is shown to  p rov ide  space hea t i  

S a l i n i t y  and Temperature 

Table  I11 shows t h e  tempera ture  a n d  s a l i n i t y  sf 
'of mixed c u l t u r e  water. 

L 

L 
L 
L 
t 

L 

t 
L 
L 
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THE JOnNS HOPKINS UNlVERSlTV 

LAUREL. W R Y U N D  
APPUED PHYSICS LABORATORY 

TABLIE I11 

BAY WATER TEMPERATURE AND SALINITY 

Av. Temp. Av. S a l .  
P C )  . (PPT) 

Spr ing  10 7.0 

F a l l  11 13 
Winter 1 7.0 

Summer 26.5 13 

The recommended parameters are shown i n  
Table  I V .  

TABLE I V  

RECOMMENDED PARAMETERS 

Mixture Mixture Mixture ** 
Rate (GPM) Rat io  Temp (OC) Sa l .  ( P n )  

Pumping* 

22 28 
28 17 
21 29 
19 32 

Spr ing  66.7 2.0 
Summer 12.5 15 
F a l l  57.1 2.5 
Winter 80.0 1.5 

* For t h e  geothermal w e l l  
**Val.  r a t io  bay water/GT water 

The geothermal water pumping schedule  is shown i n  
4. This  should  produce a drawdown i n  t h e  w e l l  n o t  
cess of 600 feet, which w i l l  allow t h e  use of 

submerged ver t ical  t u r b i n e  pump w i t h  motor and v a r i a b l e  
speed control a t  t h e  surface. 
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(I 

System C o s t s  

The c a p i t a l  
system are greater 

$6.4K vs. $19K 
a r e  equal  and t 
s u f f e r s  CbpproxS 
cost of fossil 
f u r t h e r  discussion.  

S t a t u s  

Tbe Brand Corporatiop is $at 
process of a c q u i r i  capital @tl.d 

Concluding Comments 

I n s t i t u t i o n a l  and o d e r  c 
Technical Assistance Program are 

s srgpapp'l; f 

1. I t  bs most desirable to  have Bas 
known hydrothermal resources ena 
i n  p lace  Tules and re 
laws i n  a t imely 
development. The 
is as follows: 

a)  Both houses of the Delaware 
passed 8 geothermal act  5n 1 
Goverpor vetoed. 

b) The Virg in ia  Comm 
i s  in the process  
during the  1981 L 

c) Maryland has l a w  
is consider ing a 
3981 Leg i s l a t ive  Session.* 
rules and r e g u l a t  

2. 

3. 

Some form of w e l l  insurance is necessary 
risk. 

A method of borrowing cons t ruc t ion  tunds 3s aece 
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LAUREL, MARYLAND 

4. The t r a n s f e r  of complete geologic, hydrologic  and 
and other dat to local bodies *e., s ta te  geologic 
surveys ,  is t necessary.  

Formation of s t a t e  teams to  l ayou t  how t o  apply and 
use geothermal i n  r e s p e c t i v e  s t a t e  is desirable. 
The S t a t e  of Delaware is t h e  only  s t a t e  w i t h  a team. 

5 .  

6. Extended Federal Resource Assessment e f fo r t  i n  t h e  
E a s t  is d e s i r a b l e .  Small u s e r  cannot afford resource  
assessment e f for t  t o  minimize r i s k .  

7 .  Space coo l ing  by modest temperature geothermal is a 
most necessary and possible t e c h n i c a l  development 
for t h e  sou theas t e rn  U.S. 

8 .  R e l i a b l e  cost estimates for f u t u r e  geothermal produc- 
t i o n  and r e i n j e c t i o n  wells are not  i n  hand. 
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CRISFIELD, MD - MEASURED 

DEPTH - APPROX. 4000 FT 
TEMP - 135°F OR 2O0F/10O0 FT - 37" C/km 
WATER - LIKE OCEAN 

7% SALINITY 
MODEST PERMEABILITY - 110 MILLIDARCIES 
MODEST TRANSMISSIBILITY - 348 gpd/ft 
UNCONSOLIDATED SANDS 

MARICULTURE SITE, TALBOT COUNTY, MD - ESTIMATED 

DEPTH 3000 FT 
TEMPERATURE 116°F OR 17"F/1000 FT 

LNG, COVE POINT, MD - ESTIMATED 

DEPTH - 3000 FT 
TEMP - 110°F - 135°F 

Figure 2 

XXIV- 10 

t 
& 



GEOTHERMAL 

RECOMMENDED PUMPING RATES 
MARICULTURE-CHESAPEAKE BAY 
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Hydrothermal Geothermal 
in Texas 

M. F. Conover 
Radian Corporation 
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D I R E C T  U T I L I Z A T I O N  G E O T H E R M A L  P R O J E C T S  I N  T E X A S  

Locat ion : Mar 1 in Marl in Co rs i cana 
. User: Hospital Ch. of Corn. College & Hospital 

DOE/ I KS 

4 I 

w 

Funding: 
Use : 
Well Data: 
- Temp ( O F )  

- Depth (Ft) 3885 3360 
- Flow (gpm) 315 (PI 15 (art.) 
- TDS (mg/l) 10, 
DiSPOSal : Surface 

DWH & SH 

125 
2664 
315 (P) 

5860 
In] ect ion 



G E O T H E R M A L  C O M P O N E N T  F A I L U R E  A N A L Y S I S  S E R V I C E S  

.- 
* 
* 

AVAILABLE TO ALL GEOTHERIIAL ACTIVITIES 

NO CHARGE TO THE REQUESTOR 

INVESTIGATOR WILL SURVEY COMPONENT'S PHYSICAL AMD 
CHEm CAL ENVI RONMENT 
COMPLETED FAILURE ANAtYSlS REPORT ADDRESSES: * 

- Fa i lure  Background . 
- Examination Procedure - Examination Resul€s - Dlscussion 
- Concl us ions 
- &GOIIDETIdQt ions CAI, ternate MtW 

- Visual EXCjITIiflQtiCXI 
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Recent Federal 
District Heating Initiatives 

E. Peterson 
Department of Energy 

Division of Geothermal Energy 

given by 

R. Stephens 
Department of Energy 

Division of Geothermal Energy 



I 
Li 
L RECENT FEDERAL DISTRICT HEATING INITIATIVES 

by Eric Peterson 

A Proposed National District Heating and Cooling Program Strategy has 
been prepared by DOE and HUD with input from several other federal agencies. 
The draft strategy was to be published in The Federal Register this Fall but 
will likely be delayed for consideration by the new administration. Several 
aspects of the strategy however are being activated including The Interagency 
District Heating Coordinating Group and the HUD/DOE cooperative solicitations 
for district heating and cooling feasibility assessments. 

li 
L 
bi 

The Interagency District Heating Coordinating Group (IDHCG) composed of 
12 agencies of the federal government was established to promote the 
implementation of district heating on a wide scale as rapidly as possible. 
the IDHCG is chaired by The Deputy Secretary, U. S. Department of Energy. 
Membership in the IDHCG is at the Assistant-Secretary or Assistant Administrator 

priate from the following agencies: i'l u Department of Energy 

Department of Housing and Urban Development 

Department of Commerce 

Department of Defense 

Department of the Treasury 

Department of Health & Human Resources 

Environmental Protection Agency 

General Services Administration 
c 

Veterans Admi L 
In addition appropriate-level representation from the following organizations: F "  

h Council of Environmental Quality 

President's Domes Policy Advisor 

Office of Management and Budget 

The IDHCG will operate as an independent organization but will keep the 
Assistant Secretaries' Coordinating Committee appraised of program activities 
being recommended. Policy issues will be referred to the Energy Coordinating 
Committee (ECC) for resolution. 

L 
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Functions of IDHCG include: 

e s t a b l i s h  an o v e r a l l  policy f o r  Federal e f f o r t s  t o  have d i s t r i c t  
heating and cooling s y s t  

e s t a b l i s h  the  requirements f o r  formal intercsgeric 

serve as a foca l  po in t  for 
within t h e  Federal e s t a b l i  
t o  assist i n  meeting the  gdals of the  d i s t r i c t  hea t  
(HDC) e f f o r t  

develop a uni f ied  approach ka supportilrg ag cy request f o r  appropria- 
t i o n s  i n  furtherance of the  DHC program 

repor t  t o  t he  President i n  Spring 1981 on the  status 
na t iona l  d i s t r i c t  heating program. 

d on a wide scale i n  t h e  U. S I  

ew of e x i s t i n g  reg  
t which can be used 

ooling 

-. 

ds  a€ a 

The f i r s t  HUD/DOE cooperative s o l i c i t a t i o n  (Techsit 

The obje 
District Heating and Cooling Pro jec ts )  was published i n  the  Oct. 1 7  Fede 
Register and O c t .  14 Commerce Busi6ess Daily. th is  s o l f c i t a -  
t i o n  are t o  assist communities i n  

iden t i fy ing  DGC p ro jec t s  

organizing team t o  ca r ry  through p ro jec t  

,* educate community (public hearings) 

develop an implementation plan. 

The funding f o r  the  s o l i c i t a t i o n  is $1.5 mi l l i on  with awards i n  the  20 t o  30 
thousand d o l l a r  range. 
communities t o  help them during the  study. The proposals are due Jan. 15, 1981. 

A second s o l i c i t a t i o n  scheduled t o  be published i n  Feb. 1981 by DOE in 
cooperation with HUD w i l l  be d i r ec t ed  a t  communities t h a t  have t h e f r  DETC pro jec t  
f e a s i b i l i t y  i d e n t i f i e d  and a team organized t o  ca r ry  through t h e  pro jec t .  "The 
ob j ec t ives include : 

Extensive technica l  a s s i s t ance  w i l l  be provided t b  t h e  

complete conceptual design 

i d e n t i f y  f i n a n c i a l  arrangements/options 

c l a r i f y  i n s t i t u t i o n a l  arrangements 

obta in  user commitments. 

The geothermal resource i f  not already confinned must be confirmed d u r h g  this 
phase. 
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The funding anticipated for  t h i s  so l i c i t a t ion  is $2.8 mill ion with 
individual awards i n  the $50 thousand range. 
with awards announced i n  July. 

Proposals would be due i n  A p r i l  

I n  order t o  coordinate our geothermal activities with the HUD/DOE in i t i a -  
t i ves  and t o  place focus on our d i s t r i c t  heating a c t i v i t i e s  DGE has formed a 
Geothermal District Heating Team. 
include : 

The i n i t i a l  a c t i v i t i e s  of the DH Team 

establishing a bibliography of DH reports 

summary of DH activities 

coordinator fo r  HUD Team activities 

analysis  of DH program models 

organize DH Technical Blue Ribbon Panel 

organize DH User Panel. 

The chief coordinator is: 

George Budney 
Energy Technology Engineering Center 
P. 0.  Box 1449 
Canota Park, Ca. 91304 
Tele. (213) 341-1000 ext. 6474 

I f  you have information tha t  may be of use t o  the team, please contact him 
d i r ec t ly  . 
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GEOTHERMAL AWARENESS PROGRAM 

IBS has been working under contract to DOE for more t h a n  a year to 
promote public understanding and interest  i n  geothermal energy and  i n  the 
DOE geothermal program. 
inform the general public and potential end-users about research and 
commercial development of this energy resource. To accomplish this goal 
we have worked closely w i t h  editors and  writers of newspapers, magazines, 
trade association journals, and the broadcast media which serve a national 
audience. We send these editors and writers a general packet of information 
which gives general background information on geothermal energy, descriptions 
of specific projects, and summaries of government programs. ( I  have a 
sample copy of this packet which I would be happy to show you.) 
past six months we have assisted editors of the  following publications 
w i t h  a r t i c l e s  on geothermal : Nation's Cities Weekly, Bankinq, American City 
and County, Popular Mechanics, Fortune, Electric L i g h t  & Power, Aquaculture, 
Enerqv Manaqement, Science & Mechanics, and National Geographic. A Sunday 
syndicate carried In newspapers w i t h  over 20 million i n  readership also 
ran a geothermal special based on one o f  our fact  sheets. 

Our primary goal d u r i n g  this time has been to 

In the 

IBS has a lso furnished general outreach materials such a s  fact  sheets 
and brochures t o  energy information centers and trade associations. We've 
distributed geothermal brochures and fac t  sheets on specific aspects of the 
geothermal development program to  the President's C1 earinghouse on Community 
Energy Efficiency, the Energy Extension Service, to  the energy education 
community, and t o  trade associations such a s  the National Rural Electric 
Cooperative As socia t ion. 

Much of our work w i t h  the national media i s  aimed a t  reaching specifically 
targeted audiences. The targeted audiences are  those such as the food 
processing and e lec t r ic  u t i l i t y  industries which a re  l ikely t o  be important 
users of geothermal energy. We have also attempted t o  reach groups such 

XXVII-3 



as bankers and local government o f f i c i a l s  which can a f fec t  the  pace -of 
geothermal development. Thus  .our work w i t h  na t i  1 trade pssocJ'at^ 
and professional journgl s such as Energy Management, Natlpn'q C S t i e s  
Weekly, and  Banktng are intended t o  inforq those who w S l l  determine the 
pace of comercial development o f  geothermal energy, 

I wanted t o  emphasize that  we focus our e f for t s  primarily on the 
national media and op inforwatjan centers serving national audiences. I t  
has been d i f f i c u l t  t o  interest; e r  the East Coast or the 
press i n  geothermal energy, for obvious reason that  most developments 
considered newsworthy a r e  i n  the s t a t e s  west of the Rockies. For instance, 
Fortune wanted t o  do a piece on geothermal i n  the  East and e 
w r i t i n g  mostly about ground water heat pumps, Add i t  
been some less than enthusiastic pieces carried i n  the New York Times and 
the Washington Post which tend t o  cgrrobQr8te t h e  scepticfsm of many 
easterners w i t h  regard to  geothermal energy. Even though i t  4s desirable 
to  have more i n  the press about geothermal i n  the  East, I t h i n k  we should 
be cautious and emphasize only c lear  successes. More a r t i c l e s  on unsuccessful 
or  unproductive we1 1 s waul d only reinforce some of the early impressions. 

a l ly ,  there have 

The point I'm making is  only t h a t  we should exercise care i n  t r y h g  
t o  publicize geothermal projects i n  the East. Articles which give a genera? 
overview of geothermal development a re  always useful t o  inform and bujld a 
base of understanding of geothermal energy. 

I know many o f  you have cooperated w i t h  A P t  t o  dev p ac t ive  outreach 
campaigns w h i c h  inform both the general public and stimulate in te res t  among 

potential users of geothermal energy. IBS may be able to  provide you w i t h  
some assistance i n  some of your outreach effor ts .  For instance, we have 
prepared a number of fac t  sheets, bibliographies, and have multiple copies 
of several geothermal brochures and a r t i c l e s .  These might  be useful t o  you 
as  background material when working w i t h  the local press o r  Community 
organizations. Secondly, we have i n  the past  ass is ted i n  
t o  potential industr ia l ,  commercial, and inst i tut ional  us 
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I ;  
;tr resources and would be anxious to  do more of these. We worked w i t h  

Fletcher Paddison t o  send a background release t o  potential users on the 
Delmarva Peninsula. T h i s  release announced the Delmarva sol ic i ta t ion 
for cooperative agrement. T h i r d ,  i f  you wish t o  give broad exposure t o  
a specific event, we can circulate  your press release or  an a r t i c l e  i n  
a local newspaper t o  the national media w i t h  whom we work. I might also 
add tha t  we are constantly looking for specific events (such as  ground- 
breaking ceremonies o r  successful start-up of geothermal systems) which 
could be used as  the  basis for an a r t i c l e  on geothermal i n  the  East. 

hi 

u 
f '  
b'l 

As a final note, I wanted t o  t e l l  you that  IBS i s  now preparing a 
poster-map on geothermal energy which will be available i n  about s ix  t o  
eight weeks. The color map will show the location of geothermal resources 
i n  the  U . 5 .  and have photographs of about ten existing s i t e s ,  A t ex t  w i l l  
describe a sample of e lec t r ic  and direct  use demonstration projects as 
well as  the DGE program. We should be able to  send you a limited number 
of copies toward the  end of the year. I 've a lso brought along copies of 
some of our recent f ac t  sheets which you can review a t  this meeting. 
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Legislation . 

R. Stephens 
Department of Energy 
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STATUS OF GEOTHERMAL LEGISLATION 

During 1980, two of t h ree  major geothermal l e g i s l a t i v e  i n i t i a t i v e s  w e r e  
enacted, and the  t h i r d  s t i l l  has some chance of f i n a l  passage. 
t he  Crude O i l  Windfall P r o f i t s  Tax A c t  (PL 96-223) was signed by the  President.  
The l a w  provides t a x  c r e d i t  increases  over those provided by the  National 
Energy A c t .  The investment t a x  c r e d i t  f o r  geothermal equipment is increased 
t o  15% i n  excess of t he  normal 10% and extended through 1985. The r e s i d e n t i a l  
c r e d i t  i s  increased t o  40% of the f i r s t  $10,000 i n  expenditures f o r  geothermal 
equipment, f o r  a maximum of $4,000. F ina l ly ,  a t a x  c r e d i t  is  provided equal 
t o  10% of the  c o s t  of cogeneration equipment. 
t a p  waste hea t  o r  steam would qualify.  IRS f i n a l  regula t ions  on the  r e s i d e n t i a l  
c r e d i t  and d r a f t  regula t ions ,  (dated September 19, 1980) on the  business c r e d i t  
have been objected t o  by DOE. DOE'S objections are t o  (1) a minimum temperature 
l i m i t  of 50OC i n  both regula t ions ,  (2) a requirement that equipment be s p e c i a l l y  
adapted o r  modified t o  qua l i fy  f o r  the  business investment c r e d i t ,  (3) d is -  
allowance of t he  c r e d i t  i f  both geothermal energy and another source is  used, 
and (4) disallowance of t he  c r e d i t  f o r  exploration and development expenses. 

I n  April  1980, 

Geothermal systems designed t o  

The Energy Secur i ty  A c t  (PL 96-294) was enacted i n  June 1980. 
t h e  Geothermal Energy A c t  of 1979, contains t h e  following major provisions: 

T i t l e  VI, 

(1) An $85 mi l l i on  five-year program under which the  Federal government 
government w i l l  share the  r i s k s  of d r i l l i n g  f o r  commercially v i a b l e  geothermal 
resources. 
and 90% of the  c o s t  of a pro jec t  t o  use geothermal f o r  space conditioning o r  
process heat.  
wholly o r  p a r t i a l l y  forg ivable  if a p ro jec t  i s  unsuccessful. 
economic r isk perceived by d r i l l e r s  and developers is considered t o  be one of 
t h e  major f o r c e s  slowing development, the  r e se rvo i r  confirmation loan  program 
is  expected t o  accelerate the  rate of explora t ion  f o r  and confirmation of 
geothermal reservoi rs .  
for each of f i s c a l  years  1981 through 1985. 
but no moneys have been appropriated. 

Loans w i l l  cover 50% of the  c o s t  of sur face  exploration and d r i l l i n g  

The loans will be repayable out of p ro jec t  revenues and wil l  be 
Because the  high 

Authorization is $5 mi l l i on  f o r  FY 1981 and $20 mi l l i on  
Regulations are being prepared, 

(2) A program authorizing DOE t o  gran t  l o w i n t e r e s t  forg ivable  loans  t o  
cover up t o  90% of the  cos t  of f e a s i b i l i t y  s t u d i e s  and regulatory appl ika t ions  
and up t o  75% of t h e  construction c o s t s  of nonelec t r ic  systems. $5 mi l l i on  is  
authorized f o r  f e a s i b i l i t y  s t u d i e s  f o r  FY 1981. 
but no moneys have been appropriated yet.  

Regulations are being prepared 

(3) A DOE study and report  t o  Congress by June 1981, t o  examine the  need 
f o r  and f e a s i b i l i t y  of a Federal r e se rvo i r  insurance and reinsurance program. 
On t h e  b a s i s  of the repor t ,  Congress w i l l  determine whether t o  au thor ize  a 
program of insurance o r  reinsurance aga ins t  t h e  r isk of r e se rvo i r  f a i l u r e  after 
investment of a t  least $ l m i l l i o n  has been made i n  r e se rvo i r  development and use. 
The d i r e c t  insurance would be provided only where the  developer could not ob ta in  
p r i v a t e  insurance a t  reasonable premiums. 
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(4) Modification df Geothermal Loan rant3 Program (GLGP), The law 
extends the  l i f e  of t he  GLGP from 1984 t o  
of assistance under the  prograin. Loan guhran 
and public cooperatives wi l l  be incteased from 75% t o  90% of 
PL 96-294 a l s o  includes provisionis t o  expedit  
such reforms include a four-month deadline fo r  prockseing applications, 
requirements t o  give f a s t e r  consideration t o  appl icants  f o r  non-electric 
pro jec ts ,  and a requirement t o  eliminate dup l i ca t  
Statements under NEPA f o r  loan gwlranty a p p l i c a t i  

Environmental Impact 

( 5 )  A provision requiring cansideratiotl of the use of geothermal 
i n  new Federal buildings o r  f a c i i & i e s  i n  ereas designated by DOE. 

(6) New a u t h o r i t i e s  under A. The law e x p l i c i t l y  
f a c i l i t i e s  of 80 MWe o r  less i n  the  small power producer CB 
Public U t i l i t y  Regulatory P o l i c i e s  A c t  ( P U a A ) .  
qual i fy ing  as small power producers are e l i g i b l e  f o r  i n t e rco  
of power through g r i d  transmission l i nks ,  exemption from The Federal Po 
and t h e  Public U t i l i t y  Holding CokpplIIy A c t  and o ther  u t i l i t y  trrghrs a8 
mined by FERC. 
exemptions and f o r  wheeling and iiiterconnection. 
t i o n s  (Nov. 6, 1980) which appear t o  f u l l y  implement this author i ty .  

Geothermal f a c i l i t i e r  
&ohi whseiiug 

ify f o r  these 
d d r a f t  regula- 

The law a l s o  allows u t i l i t y  owned p l a n t s  t o  q 
FERC hag 5s 

The latest considerations by the  Federal government include f e d e r a l  leabing 
and permitt ing reforms, and several Federal geothermal l ea s ing  b i l l s  are under 
consideration by the  Congress. 
redef ine  KGRA's, r equi re  expedited leasing proceduresz and r equ i r e  geothetmal 
production goa ls  f o r  Federal lands. B i l l s  passed both the  House (HR6080) and 
the  Senate (S1388) during 1980. 
poss ib le  but no t  very l i ke ly .  

They would increase  ac re ige  UAtitationS, 

F ina l  passage during the  lame duck sess ion  is 
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National Conference of State Legislatures 

Geothermal Project Overview 

K. Wonatolen 
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THE NATIONAL CONFERENCE OF STATE LEGISLATURES 

Geothermal Project Overview 

The principal objective of the NCSL Geothermal Project is  t o  stimulate and 
assis t  s ta te  legislative action t o  encourage the efficient development of 
geothermal resources, including the use of groundwater heat pumps. The 
project has the following work tasks: T I  

I$il 

11 
1; 

i;‘ 
b ’  

id  

0 Ini t ia te  s ta te  geothermal policy reviews 
--select target states 
--solicit legi sl a t i  ve parti ci pati on 
--arrange committee structure 

0 Provide technical assistance t o  state geothermal reviews 
--prepare background materials 
--analyze i s u e s  and opti ons 
--prepare legislative proposals 
--conduct workshops/conferences 
-4 nteract w i t h  executi ve agencies 

0 Liaison w i t h  geothermal communi ty  
--assist other DOE geothermal contractors 
--interact w i t h  geothermal organi zati ons/devel opers 
--pub1 i ci ze acti vi  t i e s  

--monthly, quarterly and f i  nal reports 
--annual summary of s ta te  actions 

0 Project evaluation 

Project states t o  which technical assistance has been provided are as 
fol lows : 

DOE Region I New Hampshire DOE Region VI New Mexico 

DOE Region I1 (none) DOE Region VI1 (none) 

DOE Region I11 Delaware DOE Region VI11 Utah 
Mary1 and Wyoming 
Pennsyl vani a 
V i  rgi n i  a DOE Region IX Hawaii 

Nevada 

DOE Region X A1 as ka 
Oregon 

DOE Region IV South Carolina 

DOE Region V Wisconsin 

13 
t Minnesota Washington 

1 ’  
b‘ 

For further infonnati on contact: 

Ken Wonstolen 
Senior Project Manager 

National Conference of State Legislatures 
1125 Seventeenth Street, Suite 1500 
Denver, Colorado 80202 L 303/623-6600 

XXIX-1 

1 



“ I  

I :  

bi 

f ’  

ir 

hi 

Brookhaven 
Geothermal District Heating Model 

, 

E 

by 
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BROOKHAVEN GEOTHERMAL DlSTR ICT HEATING MODEL 

RICHARD LEIGH 
ANN REISMAN 

November 6, 1980 

_ _  

Technology and Data Division 
National Center for Analysis of Energy Systems 

Department of Energy and Environment 
- 
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b - T O  DEFINE BISTRICT 

REQUIREPIENIS : 
F 
b 

(BTU/YEAR/SQUARE MILE) c 
1 
L 

- FAST, FLEXIBLE, DATA INTENSE a: 

- PEAK HEAT DEHAND (MW) 

- ABILITY TO 4GGRECdATE UNIT ARE 

AREAS (ZONES1 

r 
L 

i 

a x - 4  
1 '  
L 



H E A T  D E H A H D  N E T H O D O L O G Y  

CENSUS TRACT LEVEL 

RESIDENTIAL SECTOR 

HOUSEHOLDS/ HOUSEHOLD FUEL HEAT I NG EQU I PMENT 

* CLASSIFICATION (TRACT) 

BUILDING SIZE ROOMS/ 
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A -  SPACE HEAT FOR UCy, kEStDENflAL CAPEGORY 

1 HH x SHDC x HDD x - 
BE 

8H9 

B O  TOTAL SPACE HEAT OVER ALL thTEBORIES . 

S S H D  = TSHD 

C *  PEAK SPACE 

TSHD x 

D- SPACE FUEL 

HEAT DmAMD 

65 - DT 
= PSHD 

HDD 

DEI4 AND 

1 - SHD x - - 
SFE 

1 - 
TSHD x - 

LA 

FOR EACH FUEL TYPE 

SHFD 

DENSITY 

SHjDD 
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1 - ASSUI1BLE OUTSIDE IEJFORflATIOIJ (ROAD OIIAPS, fD?IISJG 

I.IAPS, COLD WATER LINES, ETC-1 

- INTERACTIVELY ASSEWBLE TRACTS INTO ZONES 

b 
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- AGGREGATE TRACT LEVEL INFORMATION TO CREATE LONE 

LEVEL DATA 

L 



, H E A T  D E F I A N D  R E T H O D O L O G ' Y  

OUTPUT: 

- CANDIDATE DISTRICT HEATING ZONES DEFINED AT A SMALL AREA 

BASIS 

- AlJNUAL SPACE AND WATER HEAT DEMAND BY ZONE (REQUIRED BY 

. HEAT SOURCE SUBMODEL) 

DISTRICT HEATING SYSTEg SUBNODEL) 
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D I S T R I B U T I O N  N E T H O R K  
0 P T  I F \  I Z A T  I O N  

PURPOSE: TO SPECIFY A LEAST COST PIPE NETWORK FOR EACH POTEHTIRL 

DISTRICT HEATING ZONE 

QUANT I T  I ES EST IRATED : 

- A PIPE INVENTORY LISTING THE REQUIRED 'LENGTH AT EACH 

I COfiMERCIALLY AVAILABLE DIAFIETER 

- PUNPING POWER REQUIREMENT 

- SUPPLY LINE HEAT LOSS 

- COST OF PIPE 

- COST OF LOST HEAT 

- COST OF PUplPIESG POWER 
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C O S T  O F  P I P E  D I S T R I B U T I O N  S Y S T E M  

APPROACH: . . 

o C M  = MATERIALS SCALE FACTOR 

d L  LABOR SCALE FACTOR 

B = LAHD USE INTENSITY FACTOR 

'METHODOLOGY: ' 

1- 

2- 

3- 

4- 

5- 

SURVEY MADE OF ACTUAL INSTALLATION OF COLD WATER OR GAS 

R A I N S  I N  A LARGE EIUi3BER OF C I T I E S -  

COSTS DISAGGREGATED INTO MATERIALS A!jD LABOR THEN 
FURTHER BROKEN INTO ITEMS RELATED TO P I P E  OR TO LAND-USE 

INTENSITY-  

COST NORIiALfZED TO 1978 BOSTON RATES- 

LABOR COSTS VS- POPULATION DENSITY 
BY EXAf l INATION OF 

A LAND USE 
INTENSITY FACTOR I S  DETERf3INED (1 f3)  FOR ANY 
POPULATION DENSITY AND LAND US€ TYPE, I * € ,  CBDj NON-CBD- 

A REFEREKE P I P E  DESIGN I S  COSTED AT BOSTON RATE 

DESIGN REPRESENTS THE LOWEST COST TO INSTALL  THE 

PE SYSTLY- .\ 
FOR A SPECIFIC SITE, MATERIALS AND LABOR COSTS ARE. 

ADJUSTED BY SCALE FACTORS- 

APPLIED TO LABOR- 
LAND USE INTENSITY FACTOR I S  

ADJUSTED COSTS ARE SUMrtED- 
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tl G E O T H E R R A L  H E A T  D E L I V E R Y  
O P T I M I Z A T I O N  

. 
PURPOSE: TO CALCULPITE THE OPTINAL NUMBER OF WELLS ACID THE 

I: 
L TRAl'lSM I S S I O N  

THE COST OF DELIVERED HEAT 
I P E  C W M T E R I S T I C S  WHICH N L L  M I b I I M I Z E  

Q U A N T I T I E S  ESTIWATED: 

GEOTHERMAL HEAT SOURCE ANALYS IS 

- WELL DEPTH 

- EXPECTED F I E L D  L I F E T I M E  

- MAXIMUM NUFIBER OF WELLS 

- TRANSfi ISSION PIPE LENGTH 

- OPTIi3Ufi HEAT EXCHANGER AT 

- HEAT EXCHANGER AREA 
' HEAT ALLOCATION 

- OPTIRUM NUWBER OF WELLS 
- HEAT SALES FROM THE F I E L D .  
.- 

- PEAKER CAPACITY 

- ' HEAT PRODUCTION COST 

JRANSWISSroN 
- OPTINUM TRANSMISSI  \ 

- OPT123Ufi TRANSMISSI  

- TRANSRISSION LIME PUMPING POWER 

- TRAMSRISSION L I N E  HEAT LOSS 

PEAK HEAT RATE FRO13 THE H E L D  

- HEAT DELIVERY COST 
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CAPITAL COST BREAKDOWN 
SALT LAKE C I T Y .  

TR AN SM l SSl ON 

F I E L D  
DEVELOPMENT 

ci STORAGE 
TANKS 

4 % 
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TYPICAL ESTIRATED HEAT COST COMPONENTS FOR 

LARGE GEOTHERNAL DISTRICT HEATING SYSTERS . 

(1978 DOLLARS PER GIGAJOULE) 
CAP I TAL 

P I P I N G  (30 YEAR AYORTIZATION) 

PUflPS (20 YEAR MORTIZATION) 

PEAKERS AND STORAGE (30 YEAR hYORTIZATION) 
FIELD DEVELOPHENT (20 YEAR MORTIZATION) 

OPERAT I EI G 

PUAPIEIG EMERGY 

PEAKER FUEL (OIL) 

MISCELLANEOUS 

ENGINEERING AND CONTINGENCY 

ADfiINISTRATION AND MAIWTENANCE 

TOTAL 

1-63 
-02 

-20 

-73 

-35 
-19 

-62 
-26 

$4-00 
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L 
TYPICAL ESTIMATED CAPITAL COSTS FOR 

LARGE GEOTHERF3AL DISTRICT HEATING SYSTEIIS L 
I C (1978 DOLLARS PER THERMAL KILOWATT) 

PIPING 

D I STR I BUT I ON 
c 

. SUBTRANSflISSION . 

139.0 

19-2  

. t 
TRANSHISSION 30-7 e 
CONUECT I ON 19-7 

SUBTOTAL 

LINE PUHPS 

DISTRISUT I O N  1 - 7  

TRANSMISSION 0-44 
SUBTOTAL 

HEAT PRODUCTION 
FIELD DEVELOPtIEFIT 79-4 
PEAKERS 17-1 

208-6 

2-14 

STORAGE 9-1 
SUBTOTAL 105-6 ., 

BUILDING RETROFIT 57-0 

t 
L 
t 
1, 
L 
b 

TOTAL 373 034 

xxx-22 F- 
ba 



il The Geothermal Progress Monitor 
Project 



The Geothermal Progress Monitor Pro jec t  
S ta tus  and Directions 

Daniel J. Entingh 
. Beth Walker 

The MITRE Corporation 
McLean, VA 22102 

10 October 1980 

L ABSTRACT 

The Geothermal Progress Monitor (GPM) p ro jec t  e x i s t s  t o  inform 
government and industry o f f i c i a l s  about the  general pace of geothermal 
development. 
network of information sources and ana lys t s  t h a t  cover a va r i e ty  of 
top ics  r e l a t ed  t o  indus t r i a l i za t ion  of t he  U.S. hydrothermal resources. 
A good base of information has been developed f o r  some major topics 
and fou r  repor t s  have been published. Future repor t s  w i l l  focus on 
g rea t e r  depth about individual pro jec ts  and more ana lys i s  of t h e  
pace and problems of  geothermal developments i n  general. 

S t a r t i ng  i n  Ju ly  1979, t h e  pro jec t  has developed a 

b' The purpose of t h e  Geothermal Progress Monitor (GPM) p ro jec t  is 

t o  assemble and analyze t h e  major f a c t s  about U.S. geothermal develop- 

ment i n  order  t o  provide government and industry o f f i c i a l s  wi th in  the  

usefu l  overview. The pro jec t  i s  funded by the  Division of Geothermal L '  L Energy, DOE. 

The GPM pro jec t  has been active at  MITRE s ince  Ju ly  1979. The 

e f f o r t  i n c l u  e x i s t i n g  DOE contact points with the  
u 
L (e.g., Applied Physics Laboratory; E G G ,  Idaho Fa l l s ;  

Oregon Ins t i tu t ;?  of Technology; and t h e  University of Utah Research 
1 s  

L 
f i  

I n s t i t u t e ) ,  S t a t e  urce Teams, S t a t e  d u s t r i a l i z a t i o n  Team, and member 

f ede ra l  agencies of t h e  Interagency Geothermal Coordinating Council. 

Much of t h e  i n i t i a l  work has focused on ob 

government databases and commercial information services. 

information from ex i s t ing  
.- . 
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During 

many of t h e  

information 

w e l l s ,  (2) 

of ex i s t ing  

t h e  f i r s t  year of t h e  GF'M p ro jec t ,  w e  have iden t i f i ed  

major ihformation sources and have established good 

f i l e s  on t h e  following topics: (1) Deep geothermal 

Existing and planned electric plants, (3) Locations 

and planned d i r e c t  heat pro jec ts ,  (4) .Deta i l s  of 

government-aided d i r e c t  heat Rro jec t s  and f e a s i b i l i t y  s tud ie s ,  ( 5 )  

Sta tus  of f ede ra l  geothermal loan guaranties, and (6) Leasing of 

f ede ra l  lands f o r  geothermal production. We have published an ana lys i s  

of t h e  amount of federa l  land t h a t  needs t o  b e  leased t o  support t h e  . e  ' 

attainment of t h e  Ikeragency  Geothe-kal Coordinating Council goals f o r  

geothermal energy production. 

. -  

-- 

We have begun a de ta i l ed  ana lys i s  of 

t h e  s t a t u s  of development a t  all of t h e  high temperature Known Geothermal 

Resource A r e a s .  

I n  a nuxnber of t op ica l  areas our ea r ly  hopes f o r  rapid analyses 

have been thwarted. 

mation t o  be e i t h e r  sparse  o r  unevaluated t o  a degree t h a t  precludes 

drawing usefu l  inferences. 

I n  these areas w e  have found the1 ava i lab le  infor- 

Geothermal thermal gradient holes are one 

example. We had hoped i n  mid-1979 t h a t  repor t s  of t h e  d r i l l i n g  of these  

holes would be  a usteful Ind ica tor  of t h e  pace and loca t ion  of geothermal 

exploratory work. We have found records of about 300 thermal gradient 

holes d r i l l e d  over t h e  pas t  f i v e  years, compared t o  about 300 deep 

production-oriented geothermal wells d r i l l e d  i n  t h e  same period. 

are sure,  f o r  a number of reasons, t h a t  our 300 gradient ho le  records 

We 
$ 

represent but a l imited f r ac t ion  of a l l  such w e l l s  d r i l l e d  i n  t h e  period. 

While our records do ind ica te  exploratory o r  step-out i n t e r e s t  i n  c e r t a i n  

XXXI-2 
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geographical areas, we are unable t o  conclude anything about t h e  

general pace of such d r i l l i n g .  
- 

Similar s i t u a t i o n s  pe r t a in  with respect t o  d e t a i l s  about - .  _ _ _  ___-. 

many ex i s t ing  and announced d i r e c t  heat pro jec ts ,  preleasing environ- 

mental assessments f o r  f ede ra l  lands, t he  s t a t u s  of state geothermal 

l a w s ,  and pa t t e rns  of investment i n  geothermal energy development. 

Enough information has surfaced t o  suggest important developments, 

bu t  t he re  is not  enough information readi ly  ava i l ab le  t o  draw usefu l  

conclusions. 

During t h e  next year w e  w i l l  attempt t o  make t h e  GPM e f f o r t  

more ana ly t i ca l  and inves t iga t ive .  We bel ieve  t h a t  one of t h e  most 

important needs is  more d e t a i l  about p r iva t e  sec to r  d i r e c t  heat 

pro jec ts .  Another is t o  determine what can be done with t h e  infor- 

mation t h a t  arises from environmental assessments. 

W e  be l ieve  t h a t  t h e  next th ree  t o  f i v e  years is  a very important 

period f o r  both geothermal electzic and d i r e c t  heat growth. 

w i l l  watch t h e  current pro jec ts  c lose ly  t o  determine t h e  conditions 

t h a t  make geothermal systems good investments. Governments will be 

evaluating t h e  pace of development t o  ascertain-whether t h e  cur ren t  

mix of incentives is  appropriate f o r  geothermal growth. We bel ieve  

and hope t h a t  t h e  Geothermal Progress Monitor e f f o r t  w i l l  help both 

of t hese  groups of decision makers gain a clearer p i c tu re  of t h e  major 

f a c t s  and i s sues  of geothermal development. 

Industry 
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FIGURE 1. 

FIGURE 2. 

FIGURE 3. 

FIGURE 4. 

FIGURE 5 .  

FIGURE 6. 

FIGURE 7. 
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EXPLANATIONS OF PRESENTED SLIDES 

The Geothermal Progress Monitor e f f o r t  involves many 
contributors,  most of whom have substantive ro l e s  i n  
geothermal energy development. 

This diagram shows major routes f o r  tasking and information 
flow in the GPM system. 

This diagram amplifies Figure 2. 

The technical areas tha t  form the "Table of Contents" of 
the GPM Reports. 

Y 

This diagram shows MITRE'S estimate of the amount and 
general va l id i ty  of the information on hand a f t e r  about one 
year of operation. Indicators of exploration a c t i v i t y  
const i tute  the la rges t  gap i n  the  current da ta  base. 

To amplify the baseline data  about d i r e c t  heat commercialization, 
we would l i k e  to assemble these i t e m s  f o r  each major active 
and proposed d i r ec t  heat project  i n  the U.S. 

Information sources f o r  d i r e c t  heat projects  are shown here. 
Projects with DOE involvement are covered pre t ty  w e l l .  
The information about other projects  is less adequate, and 
w i l l  require s ign i f tcant  new data  col lect ion e f f o r t s  during 
the next few months. 
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ti CURRENT IHl'LElfENTATION OF GEOTHEFNAL PROGRESS MONITOR 

DGE HEACQUARTEU MITRE - 
e Systen Requirements Q System Design and Documentation 

o Collect  Information < e Supply In fomat ion  

o Validate Infornat ion 0 Validate  Information 

e O f f i c i a l  Channel f o r  Es tab l i sh  Manual and Automated 
Acquiring Inf onnat ion  Files 

e ,  Review and Publish 
Reports 

e Request and Use Trend 
Analyses 

DOE. REGIGNXL OFFICES 
AND STXIS TEiQ!S 

o Monitor the  Field 

Q Maintain Dcep/Detcilcd 
Knowledge of Field 
Activities 

o Report Events 

0 Update S ta tus  Information 

o Help Analyze Significance 
of Trends 

e Organize and Prepare Reports 

Suggest and Perform Trend 
Analyses 

OTHER AGENCIES 

0 USGS - Report S i t e  Physical Data - Report Leasing Events and 
S ta tus  ( B U ,  USGS) 

Q EPA - Report Environmental 
As s essmen t Resu 1 t s 

0 NCSL - Report S t a t e  Leg i s l a t ive  
S ta tus  and Events 

4 DOD - Progress a t  Coso, Ca. S i t e  
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offtces 

Regions IX d X 
WE-Seattte 

DOE-ldah~ 
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* WE-SAN 

n 
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SUPPOfl 
Contractors. 

Natlonal 
bboratorles 

State Energy OlflCeS 
State Geothermal 
Rosource and 
Commerclallratlon Teams 

Prlvate 

(The Raw Data) 

WE-Doprrtmenl d 

Kim-Inloragency Geothemul 
Coordcna:ing CounCll 

OMB-Ollice 01 Management 
and Budget 

USFS-U.S. Forest 
Sowke 

Survey 
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GEOTHERMAL PkbGRESS MONITOR SYSTEM 

lGCC Agency 
Fleld Elforts 
USGS 
ELM 
USFS 
Others 
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CRESS MONITOR: TECHNICAL AREAS COVERED 

o Electrical Uses 0 General Activities 

e Direct Heat Uses 0 '  R&D Activities 

0 Drilling Activities e Legal, Institutional 
and Regulatory Activities 

0 Exploratioil 
0 Environmental Activities 

0 Leases 
0 State, Local and Private 

0 Outreach bnd Technical 
e Reports and Publications 

e Feasibility Studies and 

Sector Activities 
Assis tancc 

. Application Demonstrations e Directory 

e Geothermal Loan 
Guarantee Program (GLGP) 
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DES I GN 

DRILLING 

CONSTRUCT I ON 

OPERATION 

TEMPERATURE Q 

DEPTH, FLOW 0 

ANNUAL ENERGY (BTU) 

UTILIZATION FACTOR 
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DGE HQ 
Demonstration 

APL Reports 
4 
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(Weekly, Monthly) 

. 
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" 

z c  GRC Symposiarn* 
Papers 
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USGS Low-Temperature Geothermal Resource A6Se66ment 
of the United States 

Marshall Reed 
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USGS Low-Temperature Geothermal Resource Assessment 

of the United States 

1/ 2/ by Marshall Reed- and Charles Bufe- 

u Abstract 

The U.S. Geological Survey (USGS) is the lead agency for national 
u .  

assessment of geothermal resources. Despite a massive (25 percent) reduction 

in its geothermal program in FY (fiscal year) 1981, the USGS has made a major 

commitment to provide the Federal Geothermal Program with a national 

assessment of low-temperature geothermal resources. The assessment probably 

ti 
will be completed in FY 1981, and the report should be compiled in FY 1982. 

The assessment effort will be facilitated by DOE (U.S. Department of Energy) 

support in FY 1981 and will draw heavily on the data base provided by the 

State teams through the DOE Division of Geothermal Energy's State-Coupled 

Program. 

I] 
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ti 

c 
l/U.S. Geological Survey, Menlo Park, CA 
z/U.S. Geological Survey, Reston, VA 

XXXII-1 
R l  

h 



USGS Geothermal Research Program 

A description of the USGS Geothermal Research Program was provided by 

Kover (1979) at the 1979 Conference on Geothermal Energy and the Eastern U.S., 

Berkeley Springs, West Virginia. 

reduced level (see Figure 1). 

apparent when it is expressed in 4972 dollars (see lower curves in Figure 

The program is continuing in FY 1981 at a 

The reduction in program funding is especially 

1). As a result of the 25-percent budget cut, the extramural part of the USGS 

Geothermal Research Program has been terminated. In-house research has also 

been cut back along a broad front. Despite the reduced FY 1981 geothermal 

research budget, the USGS, with support from Division of Geothermal Energy 

(DGE), U.S.  Department of Energy, is embarking on a major effort to assess the 

Nation's low-temperature geothermal resources. 

National Low-Temperature Geothermal Resource Assessment 

The U.S. Geological Survey is presently conducting a Low-Temperature 

Geothermal Resource Assessment of the United States, including Alaska and 

Hawaii. The assessment is a Survey-wide effort. 

The Low-Temperature Geothermal Resource Assessment of the United States 

will present an estimate of the energy available from hot water resources 

between 10°C above ambient temperature and 100°C. 

the amount of energy recoverable at the surface of the earth, considering such 

factors as reinjection and natural recharge. In USGS high-temperature 

The objective is to assess 

geothermal resource assessments by Nathenson and Muffler (1975 in USGS 

Circular 726) and Brook and others (1979 in USGS Circular 790) a 

-11-2 
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recovery factor of about 25 percent was used to estimate the geothermal energy 

producible at the well head in a hot water system. However, Sammell (1979, in 

Circular 790) did not attempt t o  quantify the recoverable energy for low- 

temperature waters. 

The assessment is limited to a depth of 2 km by economic and obser- 

vational limitations - extrapolation is required to assess conditions even at 
this depth in most regions. 

The approach will be site specific, and a multivariant analysis incorpor- 

ating geologic characteristics will be used to estimate the undiscovered 

resource. The discovered (or identified) resource is that for which 

characteristics such as temperature or permeability are determined from well 

or spring data. 

chemistry, and rock permeability are analyzed to determine the energy 

recoverab 

types of low-temperature geothermal systems and will be applied in the 

assessment of each known system. The GEOTHERM data file (Swanson, 1977) is 

the repository for pertinent information from the DGE State Coupled-Program 

(Brophy, 1979) and from the USGS Regional Aquifer Program (Bennett, 1979) and 

Data on temperature, flow rate (of wells and springs), water 

logic models are being prepared for several 

will provide the basis for analysis of geothermal sites. An advisory panel 

has been established to provide independent review of the methodology devised 

for this assessment. 

The schedule provides for completion of the assessment late in FY 1981, 

and publication in FY 1982. 
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NATIONAL GEOTHERMAL DIRECT HEAT 
MARKET PENETRATIOS ESTIMATE 

Daniel J. Entingh 

The MITRE Corporation 

McLean, VA 22102 

15 October 1980 

ABSTRACT 

Market s i z e  and market penetration of hydrothermal d i r e c t  heat 
use i n  th ree  regions was estimated. 
d i r e c t  heat use wi l l  be small, about 0.04 quads/year, unless s ign i f i can t  
new I n i t i a t i v e s  occur i n  the  1981-1985 period. 

The r e s u l t s  suggest t h a t  year-2000 

We have made an analysis and forecast  of hydrothermal moderate 

temperature (5OoC - 15OoC) d i r e c t  heat market s i z e  and market penetration 

f o r  t h e  U.S. i n  t h e  period 1980-2020. 

estimate a reasonable upper bound f o r  hydrothermal d i r e c t  heat market 

penet:ation, assuming generally favorable indus t r i a l i za t ion  conditions. 

' 

The purpose of t he  study w a s  t o  

The ana lys i s  is disaggregated i n t o  three  regions: Pac i f ic ,  

Rocky Mountain Basin and Range (RMB&R), and Eastern. 

were omitted because w e  expect t h e i r  contribution w i l l  be dominated by 

Texas and Louisiana 

t h e  development of geopressured resources, which f a l l  outside of the  

scope of t h i s  study. 

The r e s u l t s  suggest t h a t  hydrothermal d i r e c t  heat market penetration 

w i l l  be r e l a t i v e l y  small (about 0.2 t o  0.4 quads/year end use i n  2020) 

unless new large-scale stimulatory ac t ions  are undertaken. 

of addi t iona l  pro jec ts  t o t a l l i n g  an end use of 0.010 quads/year by 1985 

I n s t a l l a t i o n  
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would elevate t h e  year 2020 end use t o  about 0.4 t o  0.10 quads/year. 

Such an i n i t i a t i v e  would e n t a i l  a government cost  of about $95 million 

To $130 million (1980$). 

The maximum resource-colocated market is about 1.5 quads /year i n  

2020. The maximum resource-noncolocated market is about 2.2 quads/year, 

assuming t h a t  

hydrothermal industry. 

firms i n  six’major i ndus t r i e s  would re loca te  t o  use ,  

The approach w a s  based on a number of primary F a l y t i c a l  d i s t i n c t i o n s  

and assumptions. 

(1) The ana lys i s  d i f  f e r e n t h t e d  between resource-colocated markets 

Colocated markets were defined t o  be and resource-noncolocated- markets. 

r e l a t i v e l y  densely populated centers within 50 miles of an economically 

usefu l  hydrothermal resource. Noncolocated markets were defined as s i x  

major i ndus t r i e s  whose process heat needs are espec ia l ly  w e l l  matched 

t o  hydrothermal energy use (food and kindred products, tobacco, t e x t i l e s ,  

lumber and wood, paper and pulp, chemicals). 

(2) A l l  technico/economic criteria examined i n  t h i s  study are 

incorporated i n t o  t h e  estimates of market s i z e  (quads/year demand), 

r a the r  than i n t o  t h e  market penetration algorithm. This w a s  necessary 

because of t h e  r e l a t i v e l y  grea t  d i spa r i ty  i n  knowledge concerning 

resource characteristics across t h e  three  regions. 

(3) The rate of market penetration was modeled using Blackman’s 

This model reproduces t h e  technology subs t i t u t ion  (diffusion) model. 

t yp ica l  behavior of ea r ly ,  middle, and late adopters of successful 

t 
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new technologies. 

characteristic takeover t i m e  ( the  t i m e  between capture of 10% and 

90% of t h e  market), 

The model has a pr inc ipa l  rate parameter, which is a 

The takeover time was assumd t o  be 60 years f o r  t h e  colocated 

markets, by analogy with t h e  h i s t o r i c a l  market penetration f o r  na tu ra l  

gas. For t h e  noncolocated markets t h e  takeover t i m e  w a s  assumed t o  be 

120 years. 

one had t o  re loca te  a factory i n  order t o  adopt hydrothermal energy, 

t h e  propensity t o  adopt hydrothermal would be a t  rcOst  50% of the  propensity 

t o  adopt i f  one d id  not  have t o  relocate. 

This lat ter assumption was based on t h e  concept t h a t  i f  

(4) Effec ts  of varying l eve l s  of government st imulation were 

studied. I n  t h e  Base Case, only t h e  current (F.Y. l.980)'incentives 

and pro jec ts  are assumed t o  be i n  place. 

e f f e c t s  of d i f f e r e n t  levels of incremental st imulation were examined, 

each expressed as an "Incremental Government Buy" o r  "IGB" of 

addi t iona l  hydrothermal i n s t a l l a t i o n s  by t h e  end of 1985. 

Under accelerated cases, 

Results f o r  t h e  colocated markets, summed across the  three  regions, 

are shown i n  Table 1. The regional d i s t r ibu t ion  of t he  colocated 

market f o r  i d e n t i f i e d  resources i n  t h e  5OoC - 15OoC range is: 

12%, RMB&R - 31%, Eastern - 57%. Market penetration is forecas t  t o  be 

low i n  t h e  base case, about 0.3 quads/year i n  2020, because t h e  ex i s t ing  

incentives and cost-shared p ro jec t s  are not s u f f i c i e n t  t o  push hydrothermal 

market penetration i n t o  t h e  rapid growth phase. 

by 1985 is projected t o  have pronounced e f f ec t s .  

Pac i f i c  - 

Additional st imulation 
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Results f o r  t h e  noncoloc&ed markets are shown i n  Table 2. Announced 

plans by industry t o  re loca te  to use moderate temperature hydrothermal 

energy by 1985 are almost n i l .  

penetration in t h e  base case. 

t h i s  market by inves t ing  enough t o  i n s t a l l  0.010 q&ds/year end use in 

each of t h e  three  regions by tbe end of 1985, t h e  model forecas ts  gradual 

but self-sustained growth i n  hydrothennal use. 

t h a t  t h i s  latter forecas t  is somwehat speculative. 

ana lys i s  of t h e  conditions and rradeoffs associated with such relocations 

of p lan ts  needs t o  be done before any reasonable prediction of industry 

behavior can b e  made. 

'She-model therefore  p red ic t s  zero 

However, i f  government were t o  st imulate 

However, w e  be l ieve  

Much more extensive 

I 
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TABLE 1 

1 Tota l  Suitable 
Colocated Colocated I' Estimated Penetration (qyadlyr) 

Base Case Case 3 

L 

L 
c 

Case 1 
IGB = 

0.01 q/y 

0.02 

0.03 

0.10 

0.66 

I 

c 
c 

Case 2 
IGB = 
0.4 q/y 

0.05 

0.08 

0.22 

1.11 

Year Demand 
(quadlyr) 

0.27 

0.35 

0.58 

1.53 

1985 

1990 

2000 

2020 

IGB = 
0.09 q/Y 

0.01 

0.02 

0.04 

0.27 

ESTIMATES OF RESOURCE-COLOCATED HYDROTHERMAL 
MARKET SIZE AND MARKET PENETRATION~J 

~~ 

Total 
Noncoloc. 

Demand 
(quad / y r 1 

6.8 

7.5 

Suitable 
Noncoloc. 

Demand 
(quad / y r 

1.09 

1-20 

1.63 

2.12 

3.50 

9.24 

4 

Year 

1985 

1990 

2000 

2020 

9.2 

13.6 

("U.S., exclusive of Texas and Louisiana. 
(2)Takeover time = 60 years. 

TABLE 2 

ESTIMATES OF RESOURCE-NONCOLOCATED HYDROTHERMAL 
MARKET SIZE AND MARKET PENETRATIONW 

1-47 

2.18 
I 

E s t i m a  
IGB b 1 

Pac i f i c  

0.010 

0.013 

0.022 

0.070 

Id Penetration (quadl 
010 q/y 

RMB&R 

0 :010 

0.013 

0.022 

0.050 

("U.S., exclusive of Texas and Louisiana. 
(2)Takeover time - 120 years. 

I XXXIV-5 
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Eastern 

0.010 

0 io14 

0.024 

0.080 

0.09 q ly  -1 

ear) if I 
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0.04 

,.0.07 

0.20 1 



NATIONAL HYDROTHERMAL 

MARKET AND PENETRATION 

EST I MATES 

MITRE - SEPTEMBER 1980 



FACTORS I N  ANALYSIS 

o 

a 

THREE REGIONS - 90°C TO 15 

RESOURCE - MARKET COLOCATION CRITERIA . .  

- 50 MILES 

B - 3600 PEOPLE/MI* 
7 

a NONCOLOCATED MARKET - S I X  INDUSTRIES 4 

o SUITABILITY INDEXES - THERMO, SOCIAL 

e 

e PENETRATION RATES - SUBSTITUTION 

e 

MARKET GROWTH RATES - REGIONAL TRENDS 

GOVERNMENT IMPACTS - SHARE GROWTH 
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FIGURE 1-2 

GEOGRAPHIC BOUNDARIES FOR STUDY REGIONS 

Key 
1 - Pacific 

2 - Rocky Mountain and 
Basin and Range 

3 - East 
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FIGURE 3-2 

TENTATIVE LOCATIONS OF MARKET CQLOCATED LOW TEMPERATURE 
(50°-lSOoC) HYDROTIIERMAL RESOURCES I N  THE UNITED STATES 



SUITABILITY INDEX 
OR 

POTENTIAL OF DIRECT HEAT APPLICATIONS 

TYPE OF APPLICATION 

Space Heating 

Refrigeration 

Air Conditioning 

Process Heating 

Other (e.g. Agricultural Uses 

MAXIMUM FRACTIONAL 
D E X W  SUITABLE 

FOR HYDROTHERMAL ENERGY 
(SUITABILITY INDEX) 

0.35 

0.16 

0.24 

0.09 

- 0.09 

0.11 

e hverage Suitability Index for Residential/Comercial = 0.22 
e Average Suitability Index for Industrial Usage = 0.09 



. .  

REGION 

Pacific 

RMB&R 

Eastern 

(1) Total U.S. I 

HYDROTHERMAt BASELINE COLOCATED 
MARKET-SIZE ESTIMATION FACTORS 

(for 1985) 

RESOURCE- 
COLOCATED 
POPULATION 
(>E 11 i ons ) 

5.03 

2.14 

4.27 

11.44 

RESOURCE-COLOCATED DIRECT HEAT DEMAND 
(Quads/Year) c 

RESIDENTIAL 

0.068 

0.129 

0.316 

0.51 

COMMERCIAL 

0.034 

0.193 

0.221 

0.45 

INDUSTRIAL 

0.107 

0.138 

0.422 
~ 

0.67 

TOTAL 

0.21 

0.46 

. 0.9 

: .1.63 



c 

. . . . .  . . . .  . .  . .  
.". . 

. . . . .  .. .. . 
. ;. . . . . . . .  , , . .  

. , 
. _  

' .  . 

I TOTAL 
COLOCATED I DEMAND 

WEIGHTED BASELINE AVERAGE 
HYDROTHERMAL COLOCATED EXPECTED 
SUITABILITY HYDROTHERMAL NARKET GROWTH 

INDEX MARKET (Q/Yr) RATE ( X I Y r )  

I 0.15 I 0.032 5.4 

3.8 I 0.18 I 0.083 

I Eastern 0.16 I 0.153 5 .6  

Total U.S. (1) 1.63 0.17 0.27 5.1 



. .  

~~ 

Selected 
Industry 

Food 6 Kindred 

Tobacco 

Textile 

Lumber 6 Wood 

Paper 6 Pulp 

Cliernicalo 

Total (i.e., 
colocilted + 
Nan-colocated) 

Sultable Indusl 
Colocated Demi 

ESTIMATIOEJ OF NON-COLOCATED BASELINE MARKET 
FOR HYDROTHERHAL DIRECT IlEAT APPLICATIONS 

1985 
U.S. Total 
Direct Meat 

Demand 
Q I Y r  

1.17 

0.03 

0.39 

0.38 

1.42 

4.04 

7.43 

i a l  
Q / Y r  

Suitabi l i ty  
Index 

0.36 

0.5 

0.33 

0.33 

0.05 

0.10 
~ 

Weighted 
Average - 

0.16 

Nvncolocated Baseline Market 
Demand Q / Y r  

1985 
U.S. Direct 
llead Demand 
Suitable for 
ilydro thermal 

QIYr 

Q.42 

0.02 

0.15 

0.13 

0.07 

0.40 

1.19 

0.10 
~~ 

1.09 

Regional Distribution of Total 
(Colocated 6 Non-colocated) 
Suitable Demand for  I! 
thermnl Enei 

acific Region 

0.16 

- 
0.01 

0.07 

0.02 

0.03 

0.29 

0.016 

0.274 

y usnjie 
RNELR 
RcRion 

0.08 
L.’ - 

- 
0.01 

- 
- - 

0.09 

0.018 

0.072 

ro- 
/Yr) 
astern 
cgion 

0.18 

0.02 

0.14 

0.05 

0:os 

0.31 - 
0.81 

- 
0.067 - 
0.743 - 
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Year 

1980 

1985 

1990 

2000 

2020 

IMPACT OF I N I T I A L  GOVERNMENT BUY ON U . S .  
COLOCATED HYDROTHERMAL DIRECT HEAT USE, 

QUADS/YEAR END USE 

Base Case 
I G B  = 0 

0.004 

0.01 

0.02 

0.04 

0.27 

I N I T I A L  GOVERNMENT BUY, I G B .  

Case 1 
I G B  = O.OlQ/y 

0.004 

0.02 

0.03 

0.10 

0.66 

Case 2 
tCB = O.O4Q/Y 

0.004 

0.05 

0.08 

0.22 

1.11 

Case 3 
CGB = O.O9Q/Y 

0.004 

0.10 

0.16 

0.36 

1.34 



90 

a0 

(ICE - 0.03 Q/Y.), T - 60 yr 
Noncolocated 

Year 

COMPARATIVE lMPACT OF SAME INjTlAL GOVERNMEIJT BUY 
ON COLOCATED VS NONCOLOCATED hlARKET SHARE PERCENTAGES 

- 



. . . . .  . .  '.... . , 

. . .  

. .  
%. . . , 

. . _  .. 

IMPACTS PREDICTED IF INITIAL GOVERNMENT 

(quads/year) 
' BUYS WERE RESTRICTED TO THE WEST 

Year 

Case 1. IGB = 0.01 Quad/Year 

19 85 

1990 

2000 

2020 

Case 2. IGB = 0.04 Quad/Year 

1985 

' I .  1990 

2000 

2020 

'acif ic 

0.006 

0.010 

0.026 

0.145 

0.015 

0.023 

0.048 

0.183 

RMB&R 

0.015 

0.023 

0.056 

0.229 

p&t 

0.052 

0.098 

0.282 

To tal 

0.021 

0.033 

0.082 

0.374 

0.051 

0.075 

0.146 

0.465 
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Market Penetration of 
Geothermal Community Heating Systems 

R. Dubin 
The Johns Hopkins University 

Center for Metropolitan Planning and Research 

I 



Market Pene t r a t ion  of Geothermal 
of Community Heating Systems: Micro Approach 

An obstacle t o  rapid consumer conversion t o  a community 
hea t ing  system is t h e  value remaining i n  the  consumer's 
c u r r e n t  hea t ing  system. I n  t h e  following i l l u s t r a t i o n s  a 
model of the  consumer's dec i s ion  t o  convert  t o  t h e  community 
hea t ing  system is presented. The u t i l i t y  can in f luence  the  
ra te  a t  which consumers convert  through the  use  of incen t ive  
schemes. 

The r e s u l t s  of the  research i n d i c a t e  t h a t ,  i n  t h e  absence 
of large price d i f f e r e n t i a l s  between geothermal and conventional 
f u e l s ,  consumers w i l l  no t  convert  n a t u r a l l y  a t  h igh  rates. 
Further, rap id  market pene t r a t ion  is d e s i r a b l e  t o  the  u t i l i t i e s ,  
even i f  achieved a t  the  c o s t  of an  i n c e n t i v e  scheme. 

Illustration o f  Consumer Surplus 

I Price 

Quanti ty 

XXXV-1 



t 
Consumer's Conversion Decision 

: 1  
FG - M ~ ( z )  - X Fc 

where: 

h. 
t 
c 

H = hook-up costs 

M (2)  = value of service remaining i n  current conventional 
*- C heating system 

z = furnace age 

= consumer surplus 5 n new geothermal (conventional ) 
FG heating system t 

b = furnace service l i f e  x (annual value of heat - annual fuel 

costs) - cost of new heating systems 

Conversion becomes more 1 i kely as: 

A. Furnace age increases. 

B. Conventional fuel becomes more expensive relative t o  geothermal fuel. 

Computation of I ncenti ve 
. 

- MC ( z )  - H + B ( 2 )  = Fc FA 

where: 

B (z) = incentive offered t o  consumer 

Ass ump t i ons 

1. Furrraces (heating systems) cost $2,000. 

2. Furnaces l a s t  for 20 years. 

3. Uniform dis t r ibu t ion  o f  furnace ages. 

4. Ll'near compensated demand curve for heat. 

5. Elasticity of demand for heat equals -.5. 

6. Uti l i ty  pays a l l  hook-up costs. 
p x v - 2  



Value o f  Current Heating System t o  Consumer L 
JiJ 

Percent Geothermal Price Advantage 
20 - 0 

7 

1 1,940 1,540 

2 1,878 1,478 

i 3 1,812 1,412 

4 1,742 1,342 

5 1,669 1,269 

u 
u 
1’ 
u 
i;. 
1 ’  
i d  

6 1,593 1,193 

7 1,512 1,112 

9 1,339 939 

11 1,147 747 

13 934 534 

Furnace 8 1,428 1,028 

Age 
10 1,245 845 

12 1,043 643 

14 820 420 

15 700 300 

16 574 174 

17 441 41 
f ’  u 18 301 0 

L 
u 

19 

20 

154 

0 

0 

0 
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Incentive Schemes 

Incentive Scheme One: 

The u t i l i t y  offers each cohort an incentive which i s  exactly 

equal to the value o f  the consumer's current heating system. 

Incentive Scheme Two: 

The u t i l i t y  offers a fixed sum t o  a l l  persons w i l l i n g  to convert. 

$,cenarios 

Number of production wells 

Depth o f  upwell 

We1 1 head water temperature 

Reject temperature 

Number o f  rei njecti on we1 1 s 

Depth o f  reinjection wells 

Drawdown 

Flow 

Transport distance 

Des i gn tempera t u  re 

Number of households 

Good 

1 

500 

195°F 

95°F 

1 

500 

5% 

1,000 GPM 

7 
Fair 

1 

5,000 

150" F 

85°F 

1 

5,000 

- 

200 GPM 

i 

b 3.3 M i .  .6 M i .  

30" F 30" F 
I '  
B 1,216 21 2 

xxxv-4 
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THE JOHNS HOPKINS UNMVERSIM 
APPLIED PHYSICS LABORATORY 

U U R E L .  MARYLAND 

I) 
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Li 

0 
F 

TOTllL REWEHUE CURVES FOR GOOD UTILITY 

je r 
PS 

2e 

15 

18 

5 

- DELTA Us8 
--** DELTA U= .2 

Q I I I I I I I I I I 
8 i~ . 28 3e 40 58 60 7e 8e 9e IOB 

PERCENT INITXRL MARKET PENETRATION 

TOTllL REUEHUE CURVES FOR FAXR UTILITY.. 

e i e  2e 3e 4e 58 60 7e 8e 99 isa 
PERCENT INITICIL n a m  PENETRATION 
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THE JOHNS HOPKINS UNIVERSITY 
APPLIED PHYSICS LABORATORY 

W R E L .  MARYUND 

250 - 

288 I 

158 - 

lea - 

58 - 

8 .  

T 
H 
0 
U 
S 
N 
A 
D 
S 
0 
F 

D 
0 
L 
L 
f i  
R 
S 

1 
H 
0 
U 
S 
R 
N 
D 
S 
0 
F 

D 
0 
L 
L 
A c 

/ 

/’ 
1 

0.. 

0=* 
- INCENTIVE SCHEE ONE --- INCENTIVE SCHEE THO 

I I I I I I I I I 

480 

388 

280 

108 

0 

TOTAL b S T  CURUES fOR fAIR UTILITY rn 

0 le 28 38 48 58 68 18 88 98 138 

PERCENT INITIAL WRKET PEWETRLTION 

TOT& COST CURES FOR F M R  UTILITY 
DELTA u = .2 300 

PERCENT INITILL WARKET PENETRATION 

I 
t 

L 
i 
t ‘ 
r 
a: 
c 
1 
f 

f ’  
L 
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W R E L .  MARYLAND 
APPLIED PHYSICS LABORATORY 

TOT& COST CURVES FOR GOOD UTILITY 

25ee rn 
T 
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S 
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S 

0 
F 

0 
L 
L 
k 
5 

0 2808 

a 
1500 

0 1000 

500 

8 

- INCENTIVE SCHEME ONE 
”- INCENTIVE SCHEllE THO 

I I I I I 1 I I I 1 
e le 20 3e 40 50 68 7e 8e 59 ica 

PERCENT INITIAL HARKET PENETRATION 
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PERCENT INITIAL MARKET PENETRATION 
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cioncl usi ons 

1. Exc'ept i n  cases of  large geothermal price advantages, consumers 
will not convert a t  high rates in the absence o f  an incentive 
scheme. 

11. Rapid market penetration i s  desirable from the uti l i t ies  
standpoint, even at a cust. 
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Market Penetration of 
Geothermal Energy for 

Industrial and Residential Applications 

R. J. Thomas 
and 

R. A. Nelson 
Technical Research Analysis Company 
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PURPOSE OF ANALYSIS 

!! H 

I 
h) 

Investigate the Feasibility of Applying a 
General Market Penetration Procedure t~ 
Residential and Industrial Direct Heat 
Geothermal Applications in the Unite.d 
States 
Provide the Division of Geothermal Energy 
(DGE) with a Policy Planning To01 Based on: 
- Market Penetration Estimates for Mid- and 

Long-Term Time Periods (1 985-201 0) 
- Method for Assessing Market Impacts 

Resulting from Changes in Energy and 
Economic Variables 



STATES CONSIDERED FOR MARKET 

H 
I w 

Alabama Maryland North Carolina 
Arkansas Michigan Ohio 
Delaware Mississippi Pennsylvania 
Illinois Missouri Texas 
Indiana New Jersey Virginia 
Louisiana New York West Virginia 

. 



. -  

ASSESSMENT METHODOLOGY 

a Implement a Procedure that Accounts for: 
- Consumer Uncertainty 
- Diffusion of Geothermal Energy into the Energy 

- 
Market 

1 H I Devefop a Logistic Model: 
- Linked to a Dynamic Adjustment Process to 

c. 

Generate Model Estimates on a State and Regional 
Basis 

Resource Characterizations and Market Conditions 
for Geothermal Direct Heat Versus Conventional 
Applications 

- Based on a State/Regional Comparison of 



AN ALY S IS 

Attractiveness of Geothermal 
tive to Conventional Energy Sor 4 H I 

for Particular Market Applications. VI 

rces 

,' . 

Determine the Rate of Penetration of Geothermal 
Systems into the Residential Space and Water 
Heating Market and the Industrial Low 
Temperature Process Heat Market 



. . ~~~ ..... . . . -~ . . . 

COMPARATIVE STATIC MODEL 
AS S U M PTI 0 N S 

Consumers are Fully Informed about the Relative 
Costs of Geothermal and Conventional Energy 
Sources 

Consumers Will Seek Out Sources of Energy 
Which Have Lowe.r Costs 
Market Conditions Would not Impede Instant and 
Total Conversion to the Lowest-Cost Source of 
Heating 

Eventual Equilibrium Market Share for 
Geothermal Energy Will be that  Share of the 
Market for which Geothermal Provides the 
Lowest Cost Alternative 

* 

H 
I m 

1 



DYNAMIC PROCESS- CONDITIONS 

certainty Exist for a New Unproved 
Technology 

Large Initial Capital Investment Implies a Greater 
Risk Factor 

Consumer Confidence in Geothermat Energy 
Applications Will Increase Over Time 

Penetration Rate 

Market -Saturation Will Occur when the New 
Installation Market is Greater than the Replacement 
Installation Market 

e' Learning Process Will Generate an Accelerating Marlte 

__I_.- .- 



GENERALIZED MODEL FORMAT 

1 MSE = 
I 

WHERE: 
- MSE - 

- - 
i,t ACC 

V r L .  I 

Equilibrium Market Share 
Annualized Cost of Geothermal Energy (ACG) 
for a Particular State (i) Over a Given Time 
Period (t) 
Annualized Cost of Conventional Energy (ACC) 
for a Particular State (i) Over a Given Time 
Period (t) 
Response Parameter (Elasticity of Substitution 
Between Geothermal and Conventional Energy 
Sources) 



c 
E 

GENERALIZED MODEL FORMAT 

WHERE: 

dy/dt = Rate of Conversion to Geothermal Energy 
A = Market Adjustment Coefficient 

= Proportion of the Market Already Converted 
to Geothermal at Time t 

P, 



I 
P 
0 

COMPILATION OF GEOTHfRMAL 
ENERGY COSTS 

WHE.RE: 

KGj 

EGj 
CRF = Capital Recovery factor 

OM 
TC = Investment Tax Credit 

D 

= Capital Cost of the Geothermal System for State j 

= Energy Output of the Generic System for State j 

= Operation and Maintenance Costs 

= Combined Effect on the Amount of Revenue of 
Interest Payments on the Debt, Depreciation, and 
Cost of Capital for State j 



, 

CONCLUDING REMARKS 

Q) Generalized Market Penetration Approach 
is Feasible 

a Specific Results will be Generated in Phase 
iI of the Project 

Model Significance for Policy Planning 
Purposes is Based on the Relative Values 
and Sensitivities as Opposed to the 
Absolute Values of the Forecast Data 

a Approach Provides a Low Cost Procedure to 
Test Significance of Key Market Variables 

Improved Data and Information from State 
Geothermal Participants will Enhance the 
Market Penetration Effort, and Aid DGE in 
Commercialization Efforts 

H 
I 
P 
P 

!! 
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Geothermal Industrial Utilization 

Plan Overview 

Bj 
bY 

J, Markiewicz 
and 

c 
f :  
ki 

M, Iriarte 
Engineering and Economics 
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I MDUSTRI ALIZATI ON 

. PURPOSE: 

B. DOCUMENT CURRENT STATUS 
5 SET ATTAINABLE GOALS 

P LA!J 

e DEVELOP PLANS FOR REACHING STATED GOALS 
Q DEVELOP JUSTIFICATION FOR ~OVFEDERAL PROGRAMS 
e CONITOR EFFECTIVENESS OF THE PLAN 

H 
H 
P 

- I  



RPPROACR: 

CETERMINE THE SIZE OF THE 

ESTIMATE POTENTIAL KARKET 
DETERMINE CURRENT STATUS 

RESOURCE EASE 
SHARE 

PREPARE DEVELOPMENT SCENAR 10s 

DEVELOP SITE SPECIFIC ?LANS 

IDENTIFY BARRIERS AND CORRECTIVE ACTIONS 
F?ONITOR ACTIVITY 
DWFEDERAL PROGRAMS 

H 
H 
I 
IQ 



PROGRAM ELEMENTS AND SUBELEMENTS OF THE INDUSTRIALIZATION PLAN 

PROGRAM ELEMENT 

A. Planning and Coord ina t ion  

B. Regulatory S t r eaml in ing  
and Administrat  5 on 

C. Resource Assessment/ 
Confirmation 

D. Power P l a n t  I n c e n t i v e s  

E. Technology Development 

F. Technology Demonstra 

_ .  

SUBELEMENTS 

(1) S i t e - S p e c i f i c  Development P lans '  
(2) U t i l i t y  and I n d u s t r y  Working Groups 

.. (3) P rogres s  f l o n i t o r i n g  

(1) Fede ra l  S t r e a m l i n i n g  Plan 
(2) S t a t e  Law P r o j e c t  
(3) 

(1) Removal o f  Tax D i s i n c e h t i v e s  
(2) U s e r  Coupled D r i l l i n g  

(1) U t i l i t y  Out reach  E f f o r t  
(2) R u r a l  Energy I n i t i a t i v e  

Leas ing  and Land Use Coordina t ion  

(a) F e a s i b i l i t y  S tud ie s  
(b) - REA Financing f o r  P r o j e c t s  

(a) S t r e a m l i n i n g  
(b) Time Extension 
(c) 90% Guarantees  for Cooperatives 

(3)- Loan Guarantee  Program 

and M u n i c i p a l i t i e s  
(4) Fuel U s e  A c t / O i l  Backout Program 
(5) N o n - u t i l i t y  Owner Producer I n i t i a t i v e :  

(a) Tax C r e d i t  
(b) ~ Regu la to ry  Exemption 
(c) I n t e r c o n n e c t i o n  ,Authori ty  

(6) Wheeling A u t h o r i t y  
(7) Reservoir Insu rance  

(1) Geosciences Program- 
(2) Geochemical Engineer ing and Materials 

nergy  E x t r a c t i o n  and Conversion 

Power P l a n t  Demonstrat ion 
(2) Binary  Power P lan  Demonstration 
(3) W e l l  Head Genera tor  Demonstration 
-(4) Moderate Temperature Power P l a n t  

Demonstrat ion 
. ( 5 )  Reservoir Demonstration P l a n t s  

. -  . 

. .  

. .  XXXVII-3 



DVERVIEV 3 OF PIAN, (ELECTEIC) 

0 OBJECTIVES 
e RESOURCE DESCRIPTION 
o WORLD-W IDE STATUS 
o CURRENT STATUS 
e ~IARKET POTENTIAL 
o STATE OF READINESS 
9 COMMERCIALIZATION SEQUENCE 
o INDUSTRIALIZATION PLAN 
e STRATEGY 

. 8 EARRIERS TO DEVELOPMENT 
o LEG I SLAT I VE ACT I ON 

ct I NDUSTR I ALI ZAT I ON ACTIVITI ES 

0 SITE SPECIFIC INFORMATION 



FIGURE 8 

0 ' .  EXAMPLE'OF SITE SPECIFIC DATA FORMAT 

1. SfTe: EAST NESA 

2 ,  S x :  CALIFORNIA 

3.  COUNTYz IMPERIAL 

4 .  S I T E  AND RESOURCE CHARACTERIZATION 

. .  

. .  

c 1 
VALUE . ClIARACTERISTICS . 

. .  

I TOTAL AREA I ' FEDERAL AREA 

STATE AND PRIVATE AREA 

DEPTH TO RESERVOIR TOP 

RESERVOIR HEAN TEKPERATURE 

TOTAL D I S S B L W D  SOLIDS 

TYPE OF ROCK 

38 ,365  ACRES 

32 ,725  ACRES 

4,840 ACRES 

6 , 5 6 0  FEET 

18221 .C 

2 ,500  PPH 

DELTAIC R I V E R  
SEDIMENTS 





f"" 

. .  

. *  

6.  DRILLING STATUS: 

REPUBLIC CEOTllERNAt 

56-19, 16-30, 74-30, .REPUBLIC GEOTHERMAL 
56-30, 58-30, 78-30 

- 
HESA 6-1 

HESA 0-1 

HESA-31-1 

' 8-72 ' I 
I 8-73 

* 5-74 . 
6-71, 

6-74 . 

. .  i 

. .  .. 

~~ ~~ ~~~ 

PRODUCTION WELLS 

' WELL HEAD 
DRILLED 

9 

' 1  

' 1  

259 

., 

Em (0 , )  
MIN 

L 

. .., 
INJECTION WELLS 

I DRILLED 

2 

1 

DEPTII 

6016 
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7, REGUUTORY ACTIVITY: 
. .  
8 ,  DEVELOPMENT SCIIEDULE: 

ACTIVITY AGENCIES INVOLVED 

Background.Data Colleccion BLN,USCS, USFWS 

EAR/EIS Procear BLM,USGS,USFUS 

-PROJECTED - POWER ON LINE 

Exploratory Operation Review BLH,USFS,USGS,USFWS 

Exploratory Operations BLPI,USFS,USGS,USFWS 

Reservoir Evaluation Plan' Review BLW,USFS,USGS,USFWS 

Characterization Operation BLEl,USFS ,USGS,USFWS 

NO1 Rcvicw a. DLM,USFS,USGS ,USFWS 

Crrtificntion 6 Production Plan Review 

Drilling Operations 6 Plant Construction 

BLPl,USFS,USGS,USFWS 

BLM,USFS,USCS 

9. GENERAL COMNENTS: 

H a p a  and RCX testing, 9 wells with temperature of 500°F; 
is Magma. Utility is  SDCSE. 

Developer 

4 

ACTUAL 

Arrow indicates year of power on line 
10 W e  on line with 50 NWe planned for  1982 
H a j o r  barriers are down hole pump failures, 

. 

cooling water availability, snd numerous rtrte 
and 1OCal regulations 



E w 
H 
I a. 

1 

DEVELOPMENT !!OF! ITORI NG 

. .  
0 DETERMINE THE LEVEL OF ACTIVITY  L LEA SING^ EXPLORATION, WELL 

DRILLINGS) THAT IS NEEDED TO ACHIEVE STATED GOALS 

INE THE LEVEL OF ACTIVITY THAT HAS BEEN ACCOMPLISHED 

0 COMPARE THESE LEVELS OF ACTIVITY TO DETERMINE \/HAT IS IJEEDED 
. TO REACH GOALS 

MONITOR AND r?lAKE THE flEEDED ADJUSTMENTS I N  PROGRAMS 
~ 



S I T E  S P E C I F I C  S I T E  S P E C I F I C  

4 

REG I ONAL/ 
N A T  I ONAL 
AGGREGATIONS 

DEVELOPMENT 
S T A T U S  CHART 

I 1 

R E Q U I R E D  S T E P S  TO ASSESS CURRENT S T A T U S  



Production Environment Bkgd. Exploratory (18 mas.) 

Geophysical Survey 
(24 moa.) Drilling Utility/Develover 

Nego t ia tic 

v V t I 1 v 

Init iata 
Const, (24 nos.) 

-48 -36 -24 . -12 

Plan o f  Oper. (6 moo.) 
Lease .Sale 

(3mos.) 
BID 

-108' -9 6 -84 -72 -66 - 
. 

(Months P r i o r  to Power On Line)  
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I 
c, 
t 4  

4 r  

4, l08P 

3500 

I I  

4300 

+216P \ 
r 

I \  
Ih d i  

A - On Line 
0 - Planned 
P - Production Wells ' E - Exploratory We1.l~ 
R - Replacement Wella 

9 3 6 0 ~  . 
/ 

~p 360P . . i 

. .  

+ 12OE . 
r . c 

0 

WELL DRILLINGS NECESSARY M ACHIEVE STATED GOALS 

(Figures are Hypothetical and fbr Illustration Only) 



WELL DRXLLINGS REQUIRED TO MEET GOALS 

A - Operational 
0 - Planned . 
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. . . " .  .- .. 

MONITOR QP DEVELOPMENT STEPS - STATUS . . . . .  

. . .  Required For. Achieving Goals. For . . .  

1985 ' . . . . . . . . .  1990 . . . . . . .  2000 1 . . . .  Comments Actual On ' . . .  
_I 

2,200,000 . 

4 4 0  . 

2,400,000 . 
460 

1 300 

2,000,000 . 

420 

1,200 

2,200,009 . 
446 

1,210 

Acres of Land Leased 

Exploratory Wells 

Production Wells 

Reinjection wells 

Plants On Line 

plants Under Construction 

pernits Issued 

Developerfitill 

Drilling IUp 

. .  

1 , 280 
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A P P R O U :  

Q DETERMINE THE SIZE OF THE RESOURCE CASE 
e ESTIMATE POTENTIAL !!ARKET SHARE 
Q EETERMINE CURRENT STATUS 
a PREPARE DEVELOPMENT SCENARIOS 
0 OEVELOP STATE PLANS 
8 IDENTIFY CARRIERS AND CORRECTIVE ACTIONS 
Q !:ONITOR ACTIVITY 
8 !IOE/FEDERAL PROGRAMS 
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TABLE 7 

PROGRAM ELEMENTS AhD SUBELEMENTS OF THE INDUSTRIALIZATION PLAN 

PROGRAM ELEMENT 

9. Resource and Market Definition 

B. Market Development 

C. Technology Development 

D. Technology Demonstration 

E. Feasibility Assessment Support 

F. Implementation Assistance and 
Inc en t iv es 

SUBELEMENTS 

1) USGS Resource Assessment 
2) State Resource Teams 
3) State Commercialization Planning Teams 
4) Market Assessment 
5 )  Industry/Utility/Municipality Working ' 

Groups 

1) National Media Program 
2) Trade, Professional and Municipal 

3)  State Law Project 
14) Regulatory Barrier Mitigation 

Association Liaison 

(1) Technical Assistance 
(2) Engineering and Economic Study Grants/ 

Loans 
(3) User-coupled Reservoir Confirmation 

Grants/LoanS 

(1) Utility Systems 
(a) Loan Guaranty Program.Reservoir 

Insurance 

(2) Industrial Users 
(b) Public Works Grants/Loans 

(a) Business Tax Credits 
(b) Loan Guaranty Program/Reservoir 

(c) 

(d) Economic Development Assistance 

(a) Residential Tax Credits 
(b) . Loan Guaranty Program 
(c) Federal Housing Programs 

(4) Federal Buildings/Facilities 
(a) Resource Assistance 
(b) Identification of Suitable Areas 

Insurance 

Procedure 
Fuel Use Act (ERA) - Exemption 

(3) Residential Users 

\ 

c 
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OBJECT I VES 

RESOURCE DESCR I PTI ON 

~IoRLD-~~ I DE STATUS 
CURRENT STATUS 
~ A R K E T  POTENTIAL 
STATE OF READINESS 
COMMERCIALIZATION SEQUENCE 
INDUSTRIALIZATION PLAN 
STRATEGY 
BARR I ERS TO DEVELOPMENT 
LEG I SLAT I VE ACT I ON 

INDUSTRIALIZATION ACT IVITI ES 

STATE INFORMATION 



1. STATE: Colorado 

1o12 BTU/YR 
1975 1985 . 2000 .2020 

Total Energy Use 839.20 1177.63 1957.60 3854.88 

Geothermal Potential for Direct Use 20.01 34.68 81.77 204.71 

6.72 43.79 134.72 Forecast Geothermal Direct Use -- 

2. 

3. 

LEASING 

Federal Leases Number -. 

. Competitive 3 
Non-Compet it ive 43 

5037 
50245 

83192 

138474 
27 State Leases - 

Total 73 ' 

RESOURCES 

Locat ion 
0 

Mean Reservoir Temperature ( C) 

Wagon Wheel Gap 10559 
Sand Dunes Swimming Pool Well 141i7 
Mapco State Well 1-32 
Splashland Hot Water Well 141*10 
Routt Hot Springs 130*11 
Penny (Avalanche) Hot Springs 105*8 

Poncha Hot Springs 109$7 
Waunita Hot Springs 141-10 
Cebolla (Powderhorn) Hot Springs 95219 

118+-10 

Mt. Princeton Hot Springs Area 11 2f10 

Acreage 
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USER 

Applewood 

Golden 

Lakewood 

Wheat R i d g e  

Canon City 

I n d u s t r i a l  - 
Park 

Mon t r os e 

Durango 

Colorado 
S p r i n g s  

S t ra t ten 
M e  ad o w s  

POTENTIAL1 
INFERRED 

P 

P 

P 

P 

. P  

P 

P 

P 

I 

I 

4 .  POTENTIAL USERS 

HIGH INTENSITY USERS 

YEAR 
ON LINE 

1988 

1988 

1991 

1991 

1986 

1983,  

1994 

1989 

2000 

1999 

GEOTHERMAL PRICE 
PER MILLTON BTU ($: 

- 5.76 

. 5.43 

6.76 . 

6 - 9 1  

4 - 7 6  

2.83 

9 .11  

4 .59  

10.71 

10.00 

XXXVII-20 

ALTERNATIVE FUEL PRICE 
PER MILLION BTU ($1 

. .- 

3.94 I 
- -. . 

3.94 

3.94 

3.94 

. 3.91 

'4.25 

4.42 

3.00 

3.91 

3.91 



. .  

k a i g  

j t eamboa t Springs 

:ranby 

7 r e 1 ~ ~ 1  i n g  

iot Sulphur  Springs 

I .  

! 

Zvergreen' 

Georgetown 

Idaho Spr ings  

Glenwood Springs 

Rifle 

New C a s t l e  

Carbondale 

L e a d v i l l e  

Buena V i s t a  

S a l i d a  

Poncha Springs 

Lincoln Park 

SITE NAME 

A l a m o s a  

Pagosa Springs 

Creede 

Gunnison 

Ridgway 

b r a y  

S i l v e r t o n  

T e l l u r i d e  

o t e n t i a l  

k a i g  Wrm Water Well 

;teamboat Springs 

lot Sulphur Springs 

lot Sulphur Springs 

lot Sulphpr Springs 

:dah0 Hot Springs ' 

:dah0 Hot - Springs 

:dah0 Hot Springs 

ilenwood Hot Springs 

;outh Canyon Hot Springs 

;outh Canyon Hot Springs 

'enny Avalanche HS 
Ztnwood Crk Jump HS 
Zhlk Crk M t .  Pr incton 

?oncha Hot Springs 

?oncha Hot Springs 

:anon City HS 

jplashland Hot Water 

Pagosa Springs 

iJagon Wheel Gap HS 
Wuanita Hot Springs 

Drvis Hot Spring 

Duray Hot Springs 

Ouray Hot Springs 

Ouray Hot Springs 

R i c o  

4. POTENTLPLL USERS 

LOW INTENSITY U S E S  

... . . . 

* USER NAME' ' * 
. .  . . .  

R i c o  

. . - . - . -  

1 OPULATI ON 

7613 
5012 
819 
1207 
220 
2321 
1027 
2169 
5351 
2422 
447 
2203 
4506 
2979 
5455 
428 
2984 
8948 
1371 
67 6 
6075 
262 
899 
863 
982 
298 
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ANNHD 
1E9 BTU) 

591 
533 
127 
185 
22 
27 7 
114 
192 
561 
123 
29 
317 
494 
248 I 
421 
34 
214 
953 
113 
240 
541 
21 
59 
65 
123 
24 





LOCATION 

Alamosa 

Archuleta 

Boulder 

Chafee 

Clear Creek 

Grand 

Ouray 

c 

I; 

5 .  OPERATIONAL SYSTEMS 

USE 

Residential Heating, Aqua- 
culture 

Agricultural 

Swimming Pool 

Space Heating , Aquaculture 

Space Heating 

Industrial 

Space Heating 

COMMENTS 

Fish Farm 

Irrigation 

Residences, Fish Farming 

Two Story Building 

Laundry 

2 Motels 

-11-23 



t 
6 .  DEVELOPMENT PLANS 

USE 

Space Heating 

District Heating 

LOCATION 

Canon City 

Pagosa Springs 

-11-24 

L. 
COMMENTS 1. 

Initial well completed. in July 
PON project 

h 



7 .  ENERGY USE b PROJECTIONS 

I N D U S T R I ~  PROCESS HEAT 
- -  

. .- . . . .. .- . .. - -. . -  . .- 

2020 ENERGY USE 

BTU X 10 /YR. 12 
2000 ENERGY USE 

BTU X 10 /YR. 12 
1985 ENERGY US1 

BTU X 101*/YR. 

1975 ENERGY USE 

BTU X 10 /YR. 12 

2.794 

POTENTIAL GEOTHERMAL USE 

17 counties evaluated 
(of 59 counties total) 

@ 9 counties considered & (factor 9/17 x . 5 )  

6.675 4.778 2.211 

1.767' 

12.765 

26.179 

7.108 

1.265 0.740 0.585 

0.962 

0.225 

0 

2.634 

5.094 

2.066 

15.837 

. 3X per capita increase - -I 0 

0 

0 

2.796 . 

54 growth stimulation 
15% new discoveries 

54.494 4.721 D T o t a l  

6 7  

FORECAST GEOTHERMAL 
CAPTURE 

0.699 

40.730 

0.140 

0.911 

0.559 

9.804 

0 

. . o  

0 

Retrofit 

New Growth Capture 

Total 
- 

10.363 

c 

1.051 41 -429 

! 
f ! i  
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-, . . -  . . 

f 

POTENTIAL GEOTHERMAL USE 

17 counties evaluated 
(of 59 counties total) 

9 counties considered 
(factor 9/17 x .5) 

3% per capita increase 

15X new discoveries 

T o t a l  

FORECAST GEOTHERMAL 
CAPTURE 

Retrofit 

New Growth Capture 

Total 

7. ENERGY USE d PROJECTIONS (continued) 

RESIDENTIAL/COMMERCIAL SPACE CONDITIONING 

1975 ENERGY USE 
BTU X 1012/YR. 

13.61 

3.60 

0 

0 

17.21 

0 

0 

0 

1985 ENERGY US 

BTU X l 0 l 2 / Y R  

19.01 

5 .03  

5 .92  . 

0 

29.96 

0 .86  

4 .81  

5.67 

2000 ENERGY US 

BTU X 101*/YR 

31.40 

8 .31  

17.62 

8.60 

65.93 

. 3.44 

29.99' 

33 .43 .  

- 

L 
c1' 
i- L 

I,. - 
2020 ENERGY Ud 

12 LSi? 
BTU X 10 /YR. 

c 
61.27 

1 .* 
16.22 b- 

1: 53.14 

19.59 
'L 

150.22 /b 

4.30 

88.99 ., - 
93.29 L 

f 
.... 

-11-26 



r - - - -  - - -  -- - - -  
I ,  1 

WASH ' I I EER 'IDAHO * DGE / RA 
STAFF 

STATE TEAM COORDINATION 

I -  

DOE FIELD OFFICES 
REGIONS IX & X 

STATE COMtvfERC IALI 2 AT I ON 
TEAMS 

N.D. 
S.D. 
UTAH 
Etc. 

I 

0 DOE - 
0 DOE - 
0 DOE 7 

- Seattle - San Francisco- 
- Idaho (WEPL) 

DATA COLLECTION & MONITORING NETWORK 



I . ~ .~ . . . . . . . .. ... . . . .. . -. . . , 

ITEM - UPDATE FREOUENCY 

0 TOTAL ENERGY USE 

0 LEASING 

0 RESOURCE BASE 

e POTENTIAL USERS 

e OPERATIONAL SYSTEMS 

o DEVELOPMENT PLANS 

e BARRIERS 

H 
H 
I 
lQ 
m 

0 STATE TEAMS 

e BLM, STATE TEAMS 

e USGS 

0 STATE TEAMS 

e STATE TEAMS, GPM 

0 STATE TEAMS, GPM 

0 STATE TEAMS, DEVELOPERS 

e YEARLY 

0 6 MONTHS 

0 YEARLY 

e 6 MONTHS 

0 3 MONTHS 

0 3 MONTHS 

0 3 MONTHS 



I; 
c 

zooo 230" 

93O 121O 

I00 190 O 

8 I I I 
149O 

OF 50' 

"C IO0 38O 

I 
66 

-- 
Food RoccssinQ 

Cool Drying I 
1 

I Terlllr Mill I 

I I Lumber Furnllure I - -- 
Pulp and Poper 

___c --- 
b o t h e r  

Pickling 
rn Cone S U O ~  

Evoporollon 

I ~ s l d  Ports Woshing 1 .  

1 

c IO0 

I 
I 

Mol l  Beveropes 

Dislilled Liquor I 
Scolding . CO~COSS Wash ond aeon-up 

I 

Milk Evoporohm 

Blanching ond Cooking 

I Soft Drinks 

I 
eqonic Chemicok 

Gypsum Dying. Concrete Block Cuing 

Alumina 

Rubber Vulconlzofion czzzl 
leeepSvPo'l Evo orotion 

f+ormoceuticol 
Auto Cloving 8 Cleon-up 

rn Koolin Drying 

'F 50° 

SOURCE: Direct U t i l i za t ion  o f  Geothermal Energy: A Technical Handbook, 
Special Report No. 7 .  

'Figure 4-5.  Application temperature range for selected industrial I- t processes  and agricultural  applications , u  
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TABLE 6 

PARTIAL LIST OF INDUSTRIES WITH SUBSTANTIAL REQUIREMENT 
OF LOW TEWERATURE ENERGY (PROCESS HEAT) BELOW 4000F 

- 
SIC 
- 
102 1 
1474 
1477 
2011 

2013 
2017 
2022 
2023 

2034 
2037 
2 044 
2046 
2062 

2863 
2074 
2075 
2076 
2077 
2079 
2082 - 

INDUSTRY GROUP 

Copper concentrate drying 
Potash drying filter cake 
Sulfur Frasch mining 
Meatpacking plants 

Sausages & other prepared meats 
Poultry and egg processing 
Cheese, natural and processed 
Condensed and evaporated milk 
Dehydrated fruits, vegetables & soups 
Frozen fruits and vegetables 
Rice milling 
Wet corn milling 
Cane sugar refining 
Beet sugar 
Cottonseed ail mills 
Soybean oil mills 
Vegetable oil mills, n.e.c. 
Animal & marine fats & oils 
Shortening & cooking oils 
Malt Beverages 

PROCESS TEMPERATURE 
(OF) 

250 
250 
325 - 240 
140 - 200 
140 - 200 

100 - 200 
160 - 400 

160 - 350 
170 - 212 

120 - 350 
110 - 265 
140 - 280 

160 - 340 
330 - 350 
160 - 400 

170 - 400 

ESTIMATED PROCESS 
HEAT DEMAND 
1012 BTU/YEAR 

1.7 
1.03 

60 

45.28 

1.54 
15.00 
12.25 
8.20 
5.21 
1.02 

. 15.49 
31.16 

61.84 
2.56 
16.31 
1.37 
16.5 
2.48 
15.82 



TABLE 6 

PARTIAL LIST OF INDUSTRIES W I T H  SUBSTANTIAL REQUIREMENT 
OF LOW TEMPEMINRE ENERGY (PROCESS HEAT) BELOW 4000F 

(CONTINUED) 
- 

PROCESS TEMPERATURE 
(OF) 

212 - 400 
220 

7 

s IC 
7 

2083 
2085 
2111 
2254 
!257 
1258 
226 1 
2262 
2269 
2272 
2282 
2284 
2296 
2435 
2436 
2611 
2631 
2641 
2661 
265: 

- 

INDUSTRY GROUP 
~ 

Malt 

D i s t i l l e d  l i q u o  except  brandy 

C i g a r e t t e s  

Knit underwear m i l l s  

C i r c u l a r  knit f a b r i c  mills 

Warp k n i t  f a b r i c  m i l l s  

F in i sh ing  p l a n t s ,  c o t t o n  

F in i sh ing  p l a n t s ,  s y n t h e t i c s  

F in i sh ing  p l a n t s ,  n.e.c. 

Tufted c a r p e t s  and 

Throwing & winding m i l l s  

Thread m i l l s  

Tire cord and f a b r i c  

Hardwood veneer  & plywood 

Softwood veneer  & plywood 

Pu lpmi l l s  

Paperboard m i l l s  

Paper c o a t i n g  ti glaz ing  7 
Building paper  and board m i l l s  

Corrugated & s o l i d  f i b e r  boxes 

200 - 275 
200 - 275 

250 
212 

150 - 370 

300 - 350 

~ 

ESTIMATED PROCESS 
HEAT DEMAND 
1012 BTU/YEAR 

4.27 
21.38 
0.86 
1.19 
8.87 
3.92 
42.1 
74.3 
3.24 
10.41 
2.73 
1.37 
1.19 
50.6 

57.8 

975.0 

21.6 



. . ..I” . . ~- . . . - ~ -  _ .  . . .  . . .  ~ -~~ . . . . . . . . . 

n 
n 
I 
w 
h) 

- 
SIC 

28 12 
2819 
2 8r2 2 
2823 
2824 
2833 
2834 
2844 
2861 
2865 
2869 
2873 
2911 
295 1 
2952 
3011 
3241 
327 1 
3275 
3295 

- 

- 
P e\ 

TABLE 6 

PARTIAL LIST OF INDUSTRIES WITH SUBSTANTIAL REQUIREMENT 
OF LOW TEMPERATURE ENERGY (PROCESS HEAT) BELOW 4000F 

(CONTINUED) 

INDUSTRY GROUP 

Alkalies and chlorine 
Industrial inorganic chemicals, n.e.c. 
Synthetic rubber 
Cellulosic manmade fibers 
Organic fibers, noncellulosic 
Medicinals and botanicals 
Pharmaceutical preparations 
Toilet preparations 
Gum and wood chemicals 
Cyclic crudes and intermediates 
Industrial organic chemicals, n.e.c. 
Nitrogenous fertilizers 
Petroleum refining 
Paving mixtures and blocks 
Asphalt felts and coatings 
Tires and i-ner tubes 
Cement, hydraulic 
Concrete block and brick 
Gypsum products 
Minerals, ground or treated 

PROCESS TEMPERATURE 
(OF) 

350 
280 
80 - 200 
250 
212 

150 - 250 

250 - 350 
200 - 350 
290 - 375 
45 - 350 
275 - 325 
300 - 400 
250 - 340 
275 - 325 
165 - 360 
300 - 330 
160 - 230 

ESTIMATED PROCESS 
HEAT DEMAND 

88.5 
113.2 

1012 BTU/YEAR 

10.60 
23.5 
75.4 

. 10.41 
19.90 
2.05 
4.10 
38.45 
27 
5.96 

119 
93.03 
5.12 
6.18 
8.0 
17.67 
21.18 
13.26 
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TABLE 6 

PARTIAL LIST OF INDUSTRIES W I T H  SUBSTANTIAL REQUIREMENT 
OF LOW TEMPERATURE ENERGY (PROCESS HEAT) BELOW 4000F 

(CONCLUDED) 

7 

;IC 
- 
532 1 
3322 
3324 
3325 
3996 

INDUSTRY GROUP 

3 Gray iron foundries 
Malleable iron foundries 
Steel investment foundries 
Steel foundries, n.e.c. 
Hard surface floor coverings 

TOTAL 

.- 

PROCESS TEM'PERATURE 
(OF) 

100 - 475 

ESTIMATED PROCESS 
HEAT DDfAND 

268.7 

1.19 

2568.19 
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1. SUMMARY 

L A Task Force was organized by the  U.S. Department of Energy/Division 

of Geothermal Energy (DGE) i n  ear ly  1980 t o  estimate the  l i k e l y  market 
$ 1  penetration of hydrothermal energy through the  year 2000. Whereas past  

e f f o r t s  have provided estimates of the  market potential of hydrothermal 

energy, t h e  Task Force w a s  directed t o  study t h e  rate of r ea l i za t ion  of 

t h i s  po ten t ia l  Both electric and non-electric uses w e r e  examined. The 

s e n s i t i v i t y  of these estimates t o  various Federal program elements w a s  

G 

L 
a$ a l so  evaluated. 

~T The Task Forc gineering and Economics Research, 

u Inc. (EER) of F a l l  & G Idaho, Inc. of Idaho F a l l s ;  New 

Mexico Energy I n s t i t u t e  (NMEI) of Las Cruces; University of Utah Research 

I n s t i t u t e ,  Earth Science Laboratory (UURI/ESL) of S a l t  Lake City; Western 

Energy Planners, L t  EPL) of Denver; andTechnecon. An Industry Review 

Panel was a l s o  organized t o  pr e per iodic  c r i t i ques  of the methods and 

The Review Panel i s  comprised of 

$. 

t 
ibl 

i i  

ssumptions used by t he  Task Force. 

representat ives  from the  f inanc ia l  community 

u t i l i t i e s ,  n c t r ic  users and gavernm 
esource companies, public 

:I This paper addresses the  methodology applied by the  Task Force t o  

estimate market penetration f o r  non-elec&c uses. 

pa ra l l e l  e f f o r t  on electric market penetration ind ica t e  no appreciable 

power generation f Colorado during the  next twenty years. Electric 
usage is, therefo sented here  t o  conference concerning 

Results from t h e  
k j  

L 
ermal ef for t s .  

of t h e  computerized analysis  f o r  

In  summary, the ana lys i s  i s  i n i t i a t e d  by the  speci- .k. non-electric users.  

f i ca t ion  of a projected hydrothermal resource discovery. Poten t ia l  

er 
XXXVIII-1 



colocated and re loca tab le  users are iden t i f i ed  a t  the projected discovery 

and a discounted cash flow (DCF) analysis  i s  performed f o r  each user/re- 

source pair .  The likelihood of a pos i t i ve  decision t o  use the  resource 

is then estimated f o r  each poten t ia l  user ,  taking i n t o  account a l terna-  

t i v e  energy forms ava i lab le  t o  each. 

indicated, then the  rate of resource development is  estimated t o  accom- 

modate implementation l a g s . ?  Resource development is constrained by 

saturat ion of t h e  ava i lab le  resource as a last  s t ep  i n  the  analysis .  

I f  a pos i t i ve  user decis ion is  

2. RESOURCE PROJECTIONS 

Hydrothermal resource discoveries are specif ied by UURI/ESL i n  

terms of a 6-digit generic c l a s s i f i ca t ion  and t h e  projected year and 

region of discovery. The 6-d ig i t  code specif ies :  (i) well-head temper- 

a ture ,  (ii) unpumped w e l l  f l o w  rate, (iii) dissolved so l id s  content of 

t he  brine,  ( iv) completed w e l l  cost ,  (v) pumped w e l l  flow rate and (v i )  

size of the  resource. 

the  Task Force e f f o r t  indicate  t h a t  these s i x  s i te -spec i f ic  var iab les  

are of primary s ignif icance t o  project  f e a s i b i l i t y .  

re la ted  parameters (e.g., w e l l  spacing, dry w e l l  f rac t ion ,  r e d r i l l  f r e -  

quencies, e tc . )  are fixed across a l l  resources i n  the  analysis .  

Results of s e n s i t i v i t y  tests conducted ea r ly  i n  

Other resource- 

Table 1 defines the  6-digit generic resource code. For example, a 

discovery wh5ch is projected t o  have 275F f l u i d  temperature, an unpumped 

w e l l  flow rate of 150,000 lb/hr ,  2000ppmtotal dissolved so l id s ,  completed 

w e l l s  costing $400,000 each, a pumped w e l l  flow rate of 300,000 l b l h r  and 

6000 producible acres would be characterized by the  code "4-3-3-4-4-7". 

A similar resource having 175F f l u i d  would be coded "2-3-3-4-4-7", etc. 

3. CANDIDATE USERS 

Non-electric market penetration is estimated by performing a compu- 

ter ized decision ana lys i s  of t h e  25 categories  of u s e r s  l i s t e d  i n  Table 2. 

Potent ia l  users  outs ide of the  25 l i s t e d  categories  en ter  i n t o  t h e  esti- 

mate by applying a mul t ip l ie r  t o  r e s u l t s  from t h i s  decis ion analysis .  
is important t o  note t h a t  although there  are roughly 10 t i m e s  as many 

poten t ia l  user establishments i n  categories  outs ide of the 25 modeled 

categories, the  t o t a l  po ten t ia l  sub-400F process heat demand of a l l  these 

It 

XXXVIII-2 
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e 
establishments is es t imated  t o  be less than 18% of t ha t  of establishments 

within the  25 modeled categories. 

number of energy intense user  categories as a modeling base great ly’en-  

hances modeling eff ic iency with minimal e f f ec t  upon r e su l t i ng  market 

estimates . 

Therefore, t he  se lec t ion  of a l i m i t e d  

L Select ion of the  25 user categories l i s t e d  i n  Table 2 w a s  accom- 

plished by a sequent ia l  screening process as indicated i n  Figure 2. 
Potent ia l  i n d u s t r i a l  and agr icu l tura l  users were f i r s t  screened f o r  

process temperature. 

400F were eliminated from the  sample. 

annual process heat  demand of less than 5 ~ 1 0 ’ ~  BTU/yr f o r  a22 establ ish-  

ments within t h e  category were eliminated next. User categories  having 

an average annual process heat demand of liss than 0 . 0 1 ~ 1 0 ’ ~  BTU/yr f o r  

Users with temperature requirements i n  excess of 

User categories having a t o t a l  

I;  
L 

‘ each establishment within the  category w e r e  eliminated i n  the  th i rd  

screen. The f i n a l  screen eliminated user categories which, f o r  reasons 

of p r a c t i c a l i t y  o r  l og i s t i c s ,  are unlikely hydrothermal candidates (e.g. 

steel m i l l s  with excess in t e rna l  process waste heat) .  

i t e r a t ed  t h a t  t h e  purpose of t h e  screening is only t o  enhance interview- 

ing and modeling efficiency. The heat  demand of l i k e l y  but screened-out 

users is inctuded i n  estimate r e s u l t s  v i a  the  18% fac to r  discussed i n  

the  previous paragraph. 

It should be re- 

For each projected hydrothermal resource discovery, t h e  number of 

colocated establishments from the 25 user categories -- including colo- 

cated d i s t r i c t  heat demand -- is provided by NMEI from t h e i r  computerized 

user da ta  base. Regional energy in t ens i ty  per establishment (BTU/yr/ 

Establishment) i s  provided from da ta  developed by EER. Demand growth 

over t i m e  is introduced on a regional and user-specific bas i s .by  growth 

rates derived by Technecon from t h e  Wharton Annual and Industry Fore- 

d e l  and from DOE/EIA’s Regional Shares Model (REGSHARE). 

The percentage of po ten t ia l  re loca tors  within each user category is 
estimated by an  analysis  of interviews conducted by t h e  Task Force with 

management representat ives  of 270 companies i n  the  25 user categories.  

This ana lys i s  revealed the  poten t ia l  f rac t ion  of re locators  and t h e  pre- 

ferred regions of re locat ion of each. 
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4. PROJECT ANALYSIS 

For each p o t e n t i a l  user / resource  p a i r ,  a DCF a n a l y s i s  provides t h e  

estimated de l ivered  energy p r i c e  of hydrothermal energy and c a p i t a l  in- 

vestment requirements f o r  u t i l i z i n g  t h i s  energy. P ro jec t  c a p i t a l  c o s t s ,  

r ecu r ren t  c o s t s  and u t i l i z a t i o n  f a c t o r s  are based upon f i g u r e s  provided 

by E G & G. The DCF ana lys i s  incorpora tes  var ious  component e sca l a t ion  

rates derived from t h e  Wharton Annual Model and . incorpora tes  estimated 

Federal, s tate and l o c a l  tax l i a b i l i t i e s  and c r e d i t s .  Table 3 summa- 

r i ze s  t h e  seve ra l  input parameters which are used i n  t h e  ana lys i s .  

Bulleted ( 0 )  i t e m s  are s i t e - s p e c i f i c  and vary  from resource  t o  resource 

and/or user  t o  user.  Non-bulleted items are f ixed  i n  t h e  model. 

For t h e  purposes of t h i s  a n a l y s i s ,  d i s t r i c t  hea t  d i s t r i b u t i o n  sys- 

t e m s  are assumed t o  be financed and owned by regula ted ,  tax-exempt munic- 

i p a l i t i e s .  

non-regulated and ab le  t o  t ake  advantage of t a x  incent ives .  

Hydrothermal f l v i d  s u p p l i e r s  t o  a l l  u s e r s  are assumed t o  b e  

5. USER DECISIONS 

Included i n  t h e  270 i ndus t ry  in te rv iews  conducted by t h e  Task Force 

were ques t ions  per ta in ing  t o  a f i rm ' s  preference f o r  (or  avers ion  to) 

u t i l i z i n g  hydrothermal energy under var ious  combinations of: (a )  d e l i -  

vered energy c o s t  relative t o  t h a t  of t h e i r  alternative f u e l ;  (b) capf- 

ta l  investment requirements; (c) energy supply r e l i a b i l i t y ;  and (d) pro- 

ject risk. Binary (yes/no) responses were t abu la t ed  by u s e r  category. 

Response d a t a  were then processed wi th  a mul t ip l e  r eg res s ion  a n a l y s i s  

of a m u l t i v a r i a t e  l o g i t  model. S t a t i s t i c a l  tests of confidence i n d i c a t e  

t h a t  t h e  r e s u l t i n g  l o g i t  dec i s ion  models provide acceptab le  goodness-of- 

f i t  t o  t h e  indus t ry  supplied behavioral  da ta .  

The l o g i t  model estimates t h e  f r a c t i o n  of f i r m s  w i th in  a given u s e r  

category which are l i k e l y  to respond p o s i t i v e l y  t o  a hydrothermal u t i l i -  

za t ion  d e c i s b n .  

butes, a th ru  d, l i s t e d  i n  t h e  preceding paragraph. 

The dec is ion  is charac te r ized  by f o u r  p r o j e c t  at tr i-  

The l o g i t  model represents  one p a r t  of t h e  o v e r a l l  user  dea is ion  

model i l l u s t r a t e d  i n  Figure 3. Also included i n  t h e  complete model are: 

(i) an exclusion f ac to r ,  (ii) a l ea rn ing  curve, and (iii) an implementa- 
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t i o n  rate curve. The exclusion f a c t o r  i s  estimated f o r  each use r  cate- 

gory from indus t ry  interviews and represents  t h e  f r a c t i o n  of f i rms  that 

would not  consider u t i l i z i n g  hydrothermal energy regard less  of incent ives .  

The shape of t h e  l ea rn ing  curve f o r  each us  ategory is  determined from 
an a n a l y s i s  of interview responses together with published d a t a  on indus- 

t r ia l  innovation c h a r a c t e r i s t i c s .  As shown i n  t h e  lower l e f t  hand corner 

of Figure 3, l ea rn ing  curves provide t h e  f r a c t i o n  of f i rms  which are in-  

formed and i n  a p o s i t i o n  t o  make a hydrothermal bec is ion .  

L 
f ' ,  
?Ld 

As shown i n  t h e  cen te r  of Figure 3, t h e  asymptote of t h e  S-shaped 

l o g i t  model i s  defined by t h e  combined inf luences  of t h e  exclusion f a c t o r  

and t h e  l ea rn ing  curve. 

response f r a c t i o n  as a funct ion  of t h e  m u l t i v a r i a t e  stimulus S*. 

rate a t  which N* f i rms  are expected t o  put hydrothermal energy i n t o  use  

is estimated by t h e  curve shown i n  t h e  lower r i g h t  hand corner of Figure 

3. 

N* represents  t h e  l o g i t  estimate of p o s i t i v e  

The 

L 
(j 
c :  

This curve accounts for decis ion  and cons t ruc t ion  l a g s  and t h e  re- 

E 
t i rement  of  e x i s t i n g  process hea t  equipment. 

from d a t a  compiled from t h e  indus t ry  in te rv iews  conducted by t h e  Task 

Force. 

The curve is constructed 

6. CONCLUSION 
I 

This paper has  presented t h e  methodology appl ied  by DGE's Task 

Force t o  estimate t h e  l i k e l y  nat$onal market pene t ra t ion  of hydrothermal 

energy f o r  non-electric uses.  
if 

To d a t e  preliminary estimates have been 

c 

provided t o  DGE. The e f fec t iveness  of va r ious  Federal  incentives and 

research  program elements are cu r ren t ly  being evaluated by performing 

s e n s i t i v i t y  tests with these methods. 

being prepared by t h e  Task Force which w i l l  f u l l y  document t h e  methods 

and r e s u l t s  discussed above. This r epor t  is scheduled t o  be  published 

by t h e  end of t h e  calendar year. 

A t echn ica l  r epor t  is, a t  p re sen t ,  

November, 1980 
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TABLE 1 
GENERIC HYDROTHERMAL RESOURCE QUALITIES 

WELL-HEAD TEMPERATURE (F) 

UN-PUMPED WELL FLOW ( lo6 LB/HR) 

BRINE CONTAMINATION (PPM TDS) 

WELL COST (1980 $ Thousands) 

PUMPED WELL FLOW ( lo6 LB/HR) 

PRODUCIBLE ACREAGE 
-r 

H 
H 
I 
4 

1 2 3 4 5 6 7 8 

125 175 225 27 5 325 375 425 47 5 

700 800 -- 50 75 150 300 500 

-- -- -- -- -- 2000 looooo 100000 . 

-- -- 2000 1500 750 400 200 75 ' 

-- 50 75 150 300 500 700 800 

1500 2000 3000 3500 4000 5000 6000 10000 
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4. 
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6, 
7, 
8, 
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12 I 

13, 
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17, 
18, 
19, 
20 I 
21 I 
22 I 
23, 
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TABLE 2 
SURVEYED J KDUSTR I ES 

SIC CODE 

018 
024 
025 
0279 
1311 
201 
202 
203 
2046 
206 
207 
208 
2436 
26 
281,2 
283 
2865 
2869 
2873 
3011 
3241 
3271 
3275 
3295 
-- 

INDUSTRY CATEGORY 

GREENHOUSES 

DAIRY FARMS 

POULTRY 8 EGGS 

FISH FARMS 

TERTIARY OIL RECOVERY 

MEAT PRODUCTS 

DAIRY PRODUCTS 

FRUITS 8 VEGETABLES 

WET CORN MILLING 

SUGAR REFINING 

FATS 8 OILS 
ALCOHOLIC BEVERAGES 

SOFTWOOD VENEER 8 PLYWOOD 
PULP 8 PAPER PRODUCTS 
CHEMICAL PRODUCTS 

MEDICINES 

CYCLIC CRUDES 8 INTERMEDIATES 
INDUSTRIAL ORGANIC CHEMICALS 

NITROGENOUS FERTILIZERS 

TIRES 8 INNER TUBES 

CEMENT PRODUCTS 

CONCRETE BLOCK 8 BRICK 
GYPSUM PRODUCTS 

MINERALS, GROUND 8 TREATED 
DISTRICT HEATING SYSTEMS 

** NON-SURVEYED INDUSTRIES ACCOWODATED VIA REGIONAL ENERGY USE MULTIPLIERS e* 

TECHNECON 
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FIGURE 2 
INDUSTRIAL SCREENING FOR SAMPLE SURVEY 
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TABLE 3 
NON-ELECTRIC ECONOMIC MODEL PARAMETERS 

i 

1 H 
W 
H 
I 
P 
0 

RESOURCE PARAMETERS 
WELL-HEAD TEMPERATURE 
CONTAMINATION INDEX 

0 WELL FLOW UNPUMPED 
0 WELL FLOW PUMPED 
@ WELL COST 
@ PRODUCIBLE ACREAGE 
@ FLUID  SPECIFIC HEAT 

SPARE WE L FRACTION 

WELL SPACING 
WELL REWORK FRACTION 
WELL REWORK COST 
WELL REDRILL FRACTION 
WELL REDRILL COST 
DRY WELL FRACTION 
DRY WELL COST 

PRODUCER 4 INJECTOR RATIO 

USER PARAMETERS 
0 ANNUAL HEAT REQUIREMENT 
0 TEMPERATURE REQUIREMENT 

ANNUAL USE FACTOR 
ALTERNATIVE FUEL TYPE 
TEMPERATURE LOSS AND PINCH 

ECONOMIC 8 TAX PARAMETERS 
@ INFLATION RATES: ENERGY 
0 ENERGY PRICES 
0 ENERGY USE EFFICIENCIES 

PROJECT BOOK L I F E  
PROJECT TAX L I F E  
DEPLETION ALLOWANCE 
ROYALTY FRACTION 
INTANGIBLE WELL COST FRACTION 
INVESTMENT TAX CREDIT 

EQU I TY FRACT 1 ON 
EQUITY RETURN 
LONG TERM DEBT COST 
LOCAL TAX RATES 
STATE TAX RATE 
FEDEgAL TAX RATE 
USER S DISCOUNT RATE 
GNP DEFLATOR 
INFLATION RATE: MAINTENANCE 
INFLATION RATE: CONSTRUCTION 

ADD'L INVESTMENT TAX CREDITS 

COFlPUTED OUTPUT 
CAPITAL REQUIREMENTS 
ENERGY COST RATIO 

v FRACTION OF RESOURCE UTIL IZED 

TECHNECON 



Li 
i '  
M 

FIGURE 3 
NON-ELECTRIC HYDI~OTHEPJ'AL USER DECISION MODEL 
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PAST, PRESENT, FUTURE 

The Hot Springs of Arkansas 

I be l i eve  i t  is appropr ia te  t o  introduce t h i s  presenta t ion  with a 

b r i e f  h i s t o r y  lesson, t o  g ive  t h e  reader an understanding of Hot Springs 

National Park and t h e  use of t he  park's  prime resource, a c o l l e c t i o n  of 

47 hot  springs.  

respec t  t o  t h e  use  o r  lack  of use of t h e  thermal w a t e r  f o r  energy-saving 

purposes. 

I n  1895, an unident i f ied  writer of the  period noted t h a t ,  "The 

It w i l l  explain why things are t h e  way they are i n  

'Luxury of t h e  Bath' is  r ea l i zed  beyond compare a t  Hot Springs ..." 
w a s  r e f e r r i n g  t o  t h e  ba ths  of fe red  by the  numerous bathhouses a t  Hot 

Springs, Arkansas. 

from t h e  47 thermal spr ings ,  owned and cont ro l led  by the  U.S. Government, 
and known as the  Hot Springs Reservation. ) 

H e  

There were a t  t h a t  time, 21 bathhouses drawing water 

A later writer, touching upon the  h i s t o r y  of t he  Hot Springs Reserva- 

t ion ,  attached something more than luxury t o  t h e  thermal waters. 
pdrted t h a t ,  

H e  re- 

"In 1832, our government, be l iev ing  t h a t  t he  all-wise Archi tec t  

of t he  Universe had a purpose i n  c rea t ing  those fountains of 

h e a l t h  almost midway between our ocean boundaries, and t h a t  such 

a p r i c e l e s s  g i f t  should be  f r e e  from monopoly and explo i ta t ion ,  

set a s i d e  ... t h e  Hot Springs and four  sec t ions  of land surround- 

ing  them." 
It is d i f f i c u l t  t o  attach such l o f t y  motives t o  t h e  United States 

Congress f o r  s e t t i n g  a s ide  t h e  47 ho t  spr ings  of Arkansas. 

a f te r thought  t o  an  act authorizing t h e  Governor of t he  Arkansas Te r r i t o ry  

As though an 

spr ings  i n  the  t e r r i t o r y ,  t h e  act s t a t e d ,  

u r t h e r  enacted t h a t  t h e  hot  spr ings  i n  s a i d  t e r r i t o r y ,  

together wi th  four  s ec t ions  of land including such spr ings ,  as 
near t he  cen t r e  thereof as may be, s h a l l  be reserved f o r  t h e  fu tu re  

d isposa l  of t h e  United S ta t e s ,  and s h a l l  not be entered, located,  

o r  appropriated f o r  any o the r  purpose whatever." 

There is nothing i n  t h e  act about t h e  all-wise Archi tec t  of t h e  

Universe nor about preserving t h e  waters forever  f o r  t he  use by al l .  



But f o r  whatever reason, the act w a s  a s igni f icant  one, f o r  here w a s  

Congress reserving f o r  the fu ture  four sections of land containing 47 

thermal springs. 

Long before Congress took an in t e re s t  i n  the hot springs,  people had 

been traveling to  Hot Springs t o  bathe i n  the hot waters and t o  find relief 

and cure from a variety of diseases and i l lnesses .  

l oca l i t y  of the hot springs was  held as neut ra l  t e r r i t o ry  by various h o s t i l e  

Indian t r ibes  who gathered here ta enjoy the benefi ts  of the hot waters. 
The f i r s t  white men to  v i s i t  the Bot Springs region w e r e  Hernando DeSoto 

and h i s  followers i n  September, 1541, when they set up winter camp i n  the 

v i c in i ty  of the hot springs, although i t  is doubtful t h a t  they entered the 

so-called Valley of the Vapors and actual ly  saw the  springs. 

visit, i t  was  over 250 years before white men again v i s i t ed  the region and 

recorded t h e i r  v i s i t  . I n  1804, following the Louisiana Purehase , W i l l i a m  

Dunbar and D r .  George Hunter headed an o f f i c i a l  expedition i n t o  the area. 

Legend has i t  tha t  the 

After t ha t  

They found tha t  white men w e r e  already v i s i t i n g  the springs,  f o r  they 

reported tha t  they had found "an open log cabin with a few huts  of s p l i t  

boards a l l  of which had been calculated f o r  summer encampment f o r  the 

recovery of t he i r  health." 

the f i r s t  white resident s e t t l e d  i n  the Hot Springs area. 

forward, Hot Springs was  t o  be a health spa t o  which people with a l l  manner 

of a f f l i c t i o n s  would v i s i t  f o r  cures o r  r e l i e f .  

Two years a f t e r  the Hunter-Dunbar expedition, 

From t h i s  time 

After enacting the 1832 l a w ,  the Congress appears t o  have forgotten 

the 47 springs and four sections of land. 

po l ic ies  governing the use of the land or  the springs nor did it appoint 

any government agency to  administer them o r  look a f t e r  them. This ina t ten t ion  

continued f o r  almost for ty  years,  giving rise t o  numerous unat t ract ive settle- 

ments of squat ters  around the springs. 

enact a l a w  t o  set t le  the matter of ownership, following which several 

The act did not define spec i f i c  

Eventually, i n  1870, Congress did 

1 claimants brought s u i t  i n  the Court of C l a i m s .  The claims were denied by 

the court and the decree was affirmed by the United S ta tes  Supreme Court 

i n  a decision delivered on April  24, 1876. 

of the Federal government was  ended. 

With t h i s ,  the passive r o l e  
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An act of March 8 ,  1877, dealing with land issues  a l so  provided tha t  

Hot Springs Reservation was  thereaf te r  t o  be under the charge,bf a 

superintendent appointed by the Secretary of the In te r ior .  

With the arrival of the superintendent and an increased in t e re s t  i n  

the hot springs, Congress hericeforth more than made up f o r  the for ty  

years of neglect. 

passed s ixteen pieces of leg is la t ion  r e l a t ive  t o  the  use of the land 

and the waters of the Hot Springs Reservaiton. 

t i t les,  others  were grants of land or  rights-of-way to  a var ie ty  of 
organizations and public agencies f o r  a var ie ty  of purposes. 

During the 23 years between 1877-1900, the Congress 

Several dea l t  with land 

As the  fame of the Hot Springs Reservation continued t o  grow, the 

An A c t  importance of addi t ional  regulation o r  control became manifest. 

of Congress, approved March 3, 1891, authorized the Secretary of the 

I n t e r i o r  t o  prescribe ru l e s  and regulations f o r  the conduct:bf a l l  the 

houses receiving hot water from the government. 

issued d e a l t  with such matters as sani ta t ion,  wasting water, rates 

charged, issuance and redemption of bath t i cke t s ,  salaries paid bathhouse 

attendants , drumming up 'business, lawn maintenance, use of the f r e e  

bathhouse, and more. 

The regulations thus 

A t  the  turn of the  century, the Hot Springs Reservation w a s  a bust l ing 

heal th  r e so r t ,  with thermal waters of the Reservation being the cent ra l  

a t t rac t ion .  

nat ional  sanitarium. 

attractive parks controlled by the government. The picturesque scenery 

of the Ouachita Mountains, the fol iage,  the s igh t  and arma of na tura l  

and cul t ivated flowers, 

walking trails, scenic 

Hot Springs Reservation a beaut i ful  and enjoyable place to v i s i t  as ide 

from the benefi ts  derived from the thermal water. 

According t o  the superintendent, i t  was  seen as a grea t  

It w a s  a l so  being recognized as one of the most 

e winding carriage roads, b r id l e  paths, and 

rlooks, and landscaped parks, combined t o  make 

Hot Springs had become 'I.. .a comfortable gathering place where old 

fr iends came year a f t e r  year t o  enjoy the sunshine, the le i sure ly  l i f e  

and the gay society of the hote 

only i n  the spas and r e so r t s  of Europe." 

, much as had been previously found 
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The development of t he  park, t he  c i t y ,  and the  r e s o r t  r e su l t ed ,  of 

course, from the  water of t he  47 springs; i t  is clear, tasteless, odorless,  

and hot  -- 143 degrees F. The t r i t i u m  and carbon 14 analyses of t h e  

water ind ica t e  t h a t  the  water is a mixture of a very s m a l l  amount of 
water less than twenty years o ld  and a preponderance of water about 4,400 

years old. 

very slowly t o  unknown depths, from 4,000 t o  8,000 feet, where i t  obta ins  

i ts  hea t  from an unknown source, then travels t o  t h e  su r face  where i t  

discharges on the  western s iope  bf Hot Springs Mountain. 

The spr ings  are charged by l o c a l  r a i n f a l l  t h a t  p r e c i p i t a t e s  

The spr ings  produce about t h ree  qua r t e r s  of a mi l l i on  ga l lons  of 

water per  day. I n  the ea r ly  days of t h e  Hot Springs Reservation, t h e  

bathhouses drew water from indiv idua l  springs.  During the  18009, t he  

government began enclosing the  springs,  and i n  1888, Congress appropriated 

funds f o r  providing a system of f e se rvo i r s ,  pumps, and piping f o r  t h e  

co l l ec t ion  and d i s t r i b u t i o n  of t he  hot water. These ac t ions  supported 

the  philosophy t h a t  t he  f i r s t  g r e a t  ob jec t  was  t he  preserva t ion  and t h e  

f r e e  and absolu te  cont ro l  of a l l  the  hot spr ings  by t h e  government. 

The act of March 1, 1872, e s t ab l i sh ing  Yellowstone National Park, 

was t o  have an e f f e c t  upon t h e  h i s to ry  of t h e  Hot Springs Reservation. 

It presented t h e  concept of publ ic  parks i n  Federal  ownership set a p a r t  

"...for t he  b e n e f i t  and enjoyment of t h e  people." Thereafter,  t h e  

Secretary of t he  I n t e r i o r  i n  h i s  annual r epor t s  included e n t r i e s  on 

the  Hot Springs Reservation and Yellowstone National Park. 

t he  na t iona l  parks and monuinents under cont ro l  of t he  Secretary of t he  

I n t e r i o r  were administered by a s m a l l  f o rce  i n  t h e  Secre ta ry ' s  o f f i c e .  

Then, i n  1916, t he  National Park Service was  es tab l i shed  by Congress 

as an agency i n  the  Department of the  I n t e r i o r  t o  be responsible f o r  

t h e  "supervision, management, and cont ro l  of t he  several na t iona l  parks 

and na t iona l  monuments which are now under t h e  j u r i s d i c t i o n  of t h e  

Department of the  I n t e r i o r ,  and of t he  Hot Springs Reservation i n  the  

S t a t e  of Arkansas.. .I1 

U n t i l  1916, 

The Hot Springs ReservakSon thus continued t o  be c lose ly  a f f i l i a t e d  

with the na t iona l  parks and na t iona l  monuments. 

designation from reserva t ion  t o  na t iona l  park did not come u n t i l  1921. 

But t h e  change i n  

So, although Hot Springs National Park is t he  o l d e s t  of a l l  na t iona l  
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park areas and was  included i n  a l l  lists of na t iona l  parks from 1872 on, 

it w a s  no t  designated a na t iona l  park u n t i l  1921. 

Throughout t h e  1920s and 30s, t he  bathing industry flourished. Some 

During the  Second refer t o  these  decades as t h e  "Golden Age of Bathing." 

World War, t h e  nearby Army-Navy h o s p i t a l  made heavy use of t he  hot  water 

f o r  treatment of i ts  pa t i en t s .  

ing industry i n  Hot Springs began t o  decline.  

t he re  w e r e  649,269 ba ths  given i n  the  bathhouses on Bathhouse Row. L a s t  

year,  1979, t he re  were 100,000. There are now four  vacant bathhouses on 

the  Row. 

But sho r t ly  a f t e r  World War 11, the  bath- 

I n  1946, t he  peak year,  

And a l a r g e  surp lus  of ho t  water. 
So, i n  1973, following the  Arab o i l  embargo, when t h e  Pres ident  

ordered a l l  Federal  agencies t o  reduce t h e i r  energy consumption, t h e  

superintendent of Hot Springs National Park had not  f a r  t o  go t o  f ind  an  

a l t e r n a t e  hea t  source f o r  t he  park's v i s i t o r  center/adminis.tration building 

The conversion t o  geothermal hea t  i n  t h e  V i s i t o r  Center/Administration 

building at  Hot Springs National Park w a s  not cos t ly  nor complex. Eng- 

s cos t  $675; c o i l s ,  valves and o ther  suppl ies  cos t  $1,567.40; 

park l abor  to  put i t  a l l  together cos t  $804.85. Thus, t he  conversion of 

t he  hea t ing  system i n  t h i s  7,700 square foo t  building was  done at  a c o s t  

of $3,047.25. 

The system i t  replaced w a s  a gas f i r e d  b o i l e r  r a t ed  a t  630,000 BTUs. 

A i r  de l ivered  throughout t he  building w a s  heated by a steam r a d i a t o r  

l o  e basement du 

copper c o i l  loca ted  i n  t h e  plenum above 
the  blower. ater comes i n t o  the  a t  about 138' F; it 
leaves t h e  c o i l  a t  about 128O. Obviously, t h e  em can be improved. 

It is planned t o  m f y  i t ,  making it  a closed c i r c u l a t i o n  system with 

temperature p r  

l l O o  F. It is lanned t o  make i t i o n a l  use of t h i s  cooled w a t e r ,  

as w i l l  be desc r ib  

e water i n  the  system u n t i l  i t  reaches about 

spr ings  a t  143O F is  too hot  f o r  bathing. So 

a por t ion  of t h a t  water is pumped through hea t  exchangers t o  bring the  
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temperature down t o  90° F. 

consume considerable amounts of electrical energy. 

geothermal heating system i n  t he  V i s i t o r  Cen te r /Ab in i s t r a t ion  building 

is modified, i t  is planned t o  plpe t h e  "used" l l O o  F w a t e r  i n t o  t h e  cool 

w a t e r  system so t h a t  t h e  hea t  exchangers w i l l  be needed to  extract only 

f i f t e e n  t o  twenty degrees from t h e  water ins tead  of t he  f i f t y - t h r e e  

degrees now required. 

The exchangers are expensive t o  operate and 

When the  ex i s t ing  

Thus, an addi t iona l  savings of energy. 
-c 

I n  1978, t he  National Park Service conducted a f e a s i b i l i t y  study on 

the  conversion of bathhouse heating systems from gas f i r e d  t o  geothermal 

water, looking t o  the  p o s s i b i l i t y  of requi r ing  a l l  of t h e  bathhouses t o  

make the  conversion. 

margin on which the  bathhouses operate,  i t  was  decided t h a t  t h e  con- 

versions would.not be required,  bu t  t h a t  t h e  bathhouses could convert 

a t  t h e i r  option. 

Because of the conversion cos t s  and the  very low 

One, the  Buckstaff Bathhouse, has se l ec t ed  the  option. 

The Buckstaff is a t h ree  s t o r y  masonry building with approximately 

18,200 square f e e t ,  excluding t h e  basement. 

is  a low pressure steam system u t i l i z i n g  two bo i l e r s .  

t i o n  system is a combination of 26 cast i ron  r a d i a t o r s  and a makeup air  
system consisting of mul t ip le  zones. The system was  designed t o  change 

the  a i r  i n  the  building s ix  t i m e s  per  hour, i n  order t o  remove humidity 

and odors. 

The ex i s t ing  heating system 

The hea t  d i s t r ibu -  

The conversion t o  thermal water w i l l  be i n  t h e  makeup air  system 

only. The modification includes i n s t a l l a t i o n  of cleanable thermal water 

heating c o i l s  i n  the  ex i s t ing  air handling system and replacement of t h e  

multizone temperature cont ro l  system. 

per hour. 

There w i l l  be two a i r  exchanges 

Replacement of heated a i r  two t o  four times per hour is an acknow- 

ledged waste. 

i f i e r s .  However, t h i s  option w a s  re jec ted  by the  Buckstaff Bathhouse 

Company because of t h e  s i g n i f i c a n t l y  higher cos t  of i n s t a l l a t i o n .  

An a l t e r n a t i v e  is t o  r e c i r c u l a t e  t h e  air  through dehumid- 

The Buckstaff conversion is being designed so t h a t  t he  l l O o  F r e t u r n  

water may be piped i n t o  t h e  cool water d i s t r i b u t i o n  system, as discussed 

earlier. 
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The next conversion w i l l  probably be the Libbey Memorial Physical 

Medicine Center, a gwernment-owned bathhouse i n  the national park. 

Depending upon the ava i l ab i l i t y  of funds, t h i s  conversion may be made 

i n  1981. Engineering and cost  s tudies  are underway. 

Additional conversions are expected to  be made i n  the  future ,  as 

adaptive uses are found f o r  the four vacant bathhouses. 

Fordyce Bathhouse, is t o  be converted in to  a v i s i t o r  center/museum. 

It is expected tha t  t h i s  28,000 square foot building w i l l  be heated by 

the thermal wate ram the springs 

One, the 

Other energy uses are being made of the thermal water a t  the present 

time, 
springs water. 
two 5,000 w a t t  heaters. 

Two public comfort s ta t ions  on Bathhouse Row are heated by the 

Two more are being planned f o r  conversion, replacing 

The domestic hot water used i n  the park's administration building 

is heated by the hot  springs water. 
(c i ty)  water is submerged i n  the hot water reservoirs  under the administra- 

t ion  building. 

A copper c o i l  carrying domestic 

It provides tap water at  approximately 130° F. 

It is estimated tha t  present use  of the hot water may double within 

the next two years,  which s t i l l  w i l l  leave a surplus of approximately 

350,000 t o  400,000 gallons per day. 

The National Park is presently preparing criteria f o r  making the 

springs water avai lable  t o  users outside of the nat ional  park. It w i l l  

be the superintendent's recommendation tha t  first consideration w i l l  be 

given other federa l  agencies, then local government. 

tha t  su f f i c i en t  water w i l l  be avai lable  f o r  pr iva te  users. 

any of the above, present laws re la t ing  t o  the use of the  thermal w a t e r  

may need t o  be amended. 

It is  not expected 

Before doing 

There is a poss ib i l i t y  f o r  using the surplus hot spring w a t e r  f o r  

purposes other than heating. It may be tha t  today's technology makes 

i t  possible t o  convert the energy contained i n  the hot water from the 

springs i n t o  sha f t  power which could be u t i l i zed  i n  a re f r igera t ion  

system. Quantitative information on the poten t ia l  capacity of t h i s  

system is needed along with sane economic evaluations. 
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It needs to  be emphasized tha t  the f i r s t  use of the thermal water 

is and always w i l l  be viewing, bathing, and similar public uses. 

The Collection of forty-seven springs is the prime resource of 

Hot Springs National Park. 

the responsibi l i ty  of preserving these springs f o r  the benefi t  and 

The fiational Park Service is charged with 

enjoyment of the people. 

Many v i s i t o r s  t o  the nat ional  park complain tha t  they are able  t o  

view only two of the springs, the other forty-five being encased i n  

spring enclosures. 

public viewing i n  1981, giving the park v i s i t o r  an even greater  under- 

standing and appreciation of the resource tha t  is of such s ignif icance 

that years ago the U.S. Congress set the area aside as Hot Springs 

National Park. 

The Park Service plans t o  open another one f o r  
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160 E. Kellogg Blvd. 
S t .  Paul, MN 55101 

Director 
Minnesota Geological Survey 
University of Minnesota 
1633 Eus t i s  St .  
S t .  Paul, MN 55108 

Director 
Missouri Energy Agency 
P. 0. Box 1309 
Jefferson City, MO 651 

Director & S t a t e  Geologist 
Missouri Geological S 
P. 0. Box 250 
Rolla, MO 65401 

W i l l i a m  Smith 
U. S. Dept. of Ener 

u 

b 
i '  

id 
' I  324 E. 11th S t .  L Kansas City, MO 64106 

Mary O'Halloran 
U. S. Dept. of Energy, Reg. VI1 
324 E. 11th St .  
Kansas City, MO 64106 

iu 
t 

Energy Management & Conservation 
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Envir . Research 
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Div. of Geology 
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Science Center, University 
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Oak Ridge Assoc. Univ. 
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600 Independence Ave., N.W. 
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City Manager 
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Director 
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Director 
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