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Abstract

This summary is the result of a four-month study of private and public
1nst1tut10n§ response to the _proposed use of geothermal energy in the form

of d1rect heat._ Th1s heat energy is to be used as an alternate or supportive

source for the1r process or other heat requirements..
The summary 1ncludes information from over 75 personal contacts with

flrms 1n several categorles (see Reference Group I) “No attempt is made to

vreference spec1f1c data to any partlcular company. = Although not necessarily

conf1dent1a1, some financial 1nformatlon concerning energy costs to profits
was considered sens1t1ve and is respected as SuCh The companies contacted
have been 1ncorporated 1nto the ‘East’ Mesa Test Fac111ty mail1ng 11st The

compan1es contacted are in several categorles as follows

' Food process1ng —-cannlng, drylng, dehydrat1on -
° Chemlcals -

. Paper/wood-pulp processing

e Food mach1nery

e Horticulture

e Da1ry ‘

’

fThe area covered 1n the study was from Seattle, Wash1ngton to San
Diego, Ca11forn1a, durlng mid-1976. Industry's response varied from mild
1nterest as wzth corporatlons that had 11tt1e or.no. knowledge of geothermal
energy (and regard it as a new unproven sc1ence), to enthusiastic from
corporations that employ their own energy departments. These enthusiastic
corporations recogn1ze the fUture energy cr151s in’ fossil fuels and are

‘seek1ng alternatlves However, geothermal sclence 1s st111 fa1r1y vague.

The study clearly 1ndicated the 1mportant areas of need for a1d1ng

~the’ development of thls valuable resource. Those needs are.

. An 1ntense ba51c educat10na1/promot10nal program.;,
. An operatlng demonstratlon prOJect (1ndustr1a1 park) to
prove economlc fea51b111ty and 1nst111 confldence in the -

potential of geothermal energy.

L3
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Goals
‘The goals of the study were threefold.
® Introduce to the'privafe and public industrial sector the Energy
. Research and Development Administration's East Mesa Component Test
Facility, make its availability known, its potential usefulness
‘and capabilities, <its'1ocat{oﬁ its costs to the ueer, and arrange
. for its use.  This facility was established by ERDA specifically
“to assist the rapid commerc1allzat10n of the geothermal energy
potent1a1 - R

e Present a ba51c 1ntroductory program on geothermal energy and
the role thls energy can play 1n non- e1ectr1c appllcatlons. Present
a review of the economics of a smgle productlon well (Reference |
Group IV) and discusss spec1f1c areas ‘of interest. S1nce ‘the '
electric industry has considerable act1v1ty 1n the geothermal
field, the emphasis was placed on the potent1a1 non-electr1c f1e1d

that might benefit from an introduction to geothermal.

® Qutline Lawrence Berkeley Laboratory's a551stance programs in the

geothermal sciences. These include not only operation of the geo-
- thermal component test facility but'also’the current "in house"
"geothermai research programs, the National Geothermal Information
"Resourceb(GRID)’program, and the‘TechnoIOgy’Utilization Program.

Approach

An 1ntroductory program and a 35-mm sl1de presentatlon were assembled;
A review of several current geothermal reports and contacts with several |
related agencies ‘aided the investigation in obta1n1ng the broadestaeoverage,
and targeted the heat-intensive indﬁstriee (Reference‘Group ID).

Cooperation of several business publlcat1ons in related f1e1ds was
helpful in reaching each sector. Published artlcles proved to be ice
breakers for some initial contacts (Reference Group I11).
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Discussion
" "The induStries{contacted, as a whoie;‘knouytheir present energy
requirements and costs very well. The potential‘use of geothermal energy
is almost unknown. At best it is known in relation to steam-powered
electrical generating plants (The Geysers) v
Many industries are aware of solar energy. -SOIar-energy sales
and promotional effort are well advanced, compared to geothermal energy.

‘The major areas covered during discussions were:

. ®. Defining the hYdrothermal systems. Particular emphasis'was
placed on the scarcity of vapor-dominated (steam) systems, as
compared with the relative abundance of liquid-dominated'systems

_..in the :low-to-moderate temperature range (up to 200°C1.

e The vast amount of energy available in the < 200°C range.

® A brief explanation of geo-pressured and hot-dry rock systems
and their present state of the art. Geo-pressured development

was of ‘interest to large land owners with holdings in the Gulf

states. ‘ L ‘ '

e The geographlc locatlons of surface man1festat1ons of geothermal-
‘energy as shown on ex1st1ng maps These surface express1ons are
only 1nd1cators, but are 51gn1f1cant enough to warrant further _
surface and p0551b1e subsurface invest1gat10n. .The maps were used

T'ma1n1y to demonstrate the abundance and general locat1ons of geo-

thermal energy sources.

e The ex1st1ng exploratlon technlques, -such as re51st1v1ty, magneto-
v tellurlcs, selsmlc, geo-chem1stry, or the combinatlon of -some or
-, all to lendrcgnf1dence3to;s1te,selectlon,orrpre-drllllng effort.

.- ®.The efficiency of J'di-r'ect-heat*'u'tiliiation : methodologie’s“. ;
° Presenting the economics of a s1ng1e geothermal product1on well
(Reference Group 1V). S S '
® Pointing out that direct-heat”applications have fewer technical
problems and can be made to work today, w1th existing hardware and

engineering. They offer- lower r1sks whlch means lower development

costs.




® The approach to initiate an investigation into possible locations.
Public agencies, existing reports, commercial investigators, and

laboratory assistance.

o The additidnal bonus of the opportunity to develop new industries -
in areas of economlc need, as well as an opportunity to decentralize

congested urban areas,

g;"Problems:‘ geothermal energy is Site-dependent, and ebviousiy‘
isn't the answer to all heat requirements. ‘However, for future
‘expansion, plant replacement, or,hew development,'it.has'great
petential.

- ® Emphasize the need for private industry to initiate its own
geothermal development and outline Lawrence Berkeley Laboratory's

assistance role.

Study Findings
The heat-intensive industries are, or have been, using natural gas

or fuel oil. Of those on natural gas, many are on interrupted service and
are presently converting to fuel oil, or are plann1ng to do so. Private
1ndustry has invested many dollars and many hours of . effort to improve
its energy consumption and are well aware of energy costs as a factor
of produetion'cests. Reducing energy consumption within‘their current
operations has taken the forefront of the efforts of mény Money is not
readily available for research and development and new ventures are considered
risky and expensive. Industry almost without exceptlon considers geothermal
energy as a relatively new science that needs government support to exploit.’

- To again emphasize the importance of a baSic-educational/pfemotional
program, and present the general attitude of private industry, the following
is a review of some typical queries that were received many times during
the discussions:

® ¥What is geothermal energy?
® Is it always in the form of steam?

e Do you ‘use it in those panels on the roof?
e How hot is the water?

® Isn't it full of minerals and junk?
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'Is it located everywhere?
How do we find it?

o

o

® Do you find it for us?

® How do we use it in our process?
o

What does it cost?

o O'How do we start’

,These quest1ons, and many more, are not 1ntended to introduce humor
to this report, but rather to point to the areas. of need if the development

of direct-heat utilization of geothermal energy is to proceed.

Study Data by Industry

' Agrlculture

As an energy consumer, the agrlculture bu51ness 1s hlgh on the list

and is a good candldate for alternat1ve energy The operatlon, ‘transpor-

tation, and’ processing of agr1cultura1 products used over 5 1% of the total A
energy consumed 1n the state of Cal1forn1a durlng 1972, and has been increasing
yearly (equivalent to nearly 40 million barrels of oil annually) Of that
total, 53.1% is natural gas use. Table I shows the energy use (in declining

order) for the most heat- 1ntens1ve crops.

TAéLE I. Energy Use for the Most Heat-Intensive Crops

o Category — , S
Energy source Field crops Vegetables l“z?:i::j' Livestock
Naturalfgas | ' Sugarbeets -.TomatOesw Grapes Dairy
Electricity . o Cotton Tomatoes (Grapes Dairy
Diesel fuel Cotton Tomatoes - Grapes: iDairy
'Gasol1ne : : t Alfalfa/Hay. ‘Tomatoes - .Grapes Dairy

'LP gas(propane) : Cotton  ~ Tomatoes ~ Almonds  Dairy

Flgures 1-3 and Tables 34 and IIT show the proportion of energy
consumed, 1ts d15tr1but10n, and requ1rements in units ‘and equ1va1ent barrels
of oil for the state of Callfornla (Reference Group 11, "Energy Requlrements

for Agriculture in California — Joint Study").




TABLE

IT. Energy Requirements for Agriculture in California, 1972

Energy- Source (millions of units) -

T

"Cat-.egb;ry Natural ' Electricity ,Die:sel Gasoline pI;'ZpGaarxse Aviation
. gas " fuel " butane fuel

" (therms) (kWh) - (gal) (gal) (gal) (gal)
Field crops 364.784 464.681  96.400 19.477 2.381 --
‘Vegetables 165.999 358.193 38.792 25.031 4.441 -
Fruits and nuts 127.168 410.773 26.158 12.602 3.296 -
Livestock 107.111 1,460.966 46.443 7.813 '~ 12.261 -
Irrigation 40.618 7,177.481 © 6.531 0.487 4.521 -
Pertilizers 305.748 579.362 6.738 3.529 1.114 -
Frost protection -- -~ 40.501 60.003 6.854 0.904 -
Gréenhlduses | 102.%00t 83.427 B -- - - --
Agricultural aircraft = -- . 1.072 1.607 -- 8.994
Vehicles (farm use) -- -- 10.447 117:798 - -=
Others -- -- - - 23,711 .
TOTAL | 1,214.128  10,575.344 292.584 195.198 v;52,629   8.994

.« .
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TABLE III._ Energy Reﬁuirements,for-AgriCulture in>California,‘1972r(in equivalent 1,000,000 barrels of crude oil).

- Energy Source (1,000,000 barrels of crude oil)

Category ‘ A-Natural Electricity  Diesel Gasoline ;ﬁl;zﬁl' Aviation Total
B - -gas fuel : = - butane = fuel
" Field crops :6f289 0.273 2327 0.416 0.039 - 9.344
 Vegetables  2.862 . o0.211 0.93 0.5  0.02 . - 4.616
Fruits and nuts = 2192 0.242 1 0.631 0.269 1_ 0.054 - 3.388
Livestock = g 5 1.847  0.859 1.121 0.167 0.199 - 4.193
-,I:rigatidn L ‘6.700 4.220 0.158 0.010 0.072 = s5.160
Fertilizers 5.271 0.341 0.163 0.075 0.018 -- © 5.868
Frostib?otéétiéﬁ - 0.024  1.448 0.147 0.015 .- 1.634
Greenhguses.‘ 1 R 1.771 0.049 - - - . o ‘i.szo'
Agricﬁlturalwaircraft o -- . == 0.026 o;¢34‘ \; - 0.192 0.252
Vehicles (farmuse) -- ~  -- . 0.252  2.518 - - 2.770
| Otherfuse_‘ e e e - 0.387 - 0.387

TOTAL . .. 20.932 6.219 7.062 4.171  0.856 0.192 39.432

-L-
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- The following are some examples of energy use in agriculture:

® The canning industry processes one trillion cans of producte
per year, most of which is processed with a maxxmum temperature o
-of 250°F,

&«

¢ A medium- 51zed cannery, if on fuel 0il, w111 consume 2500 "A,
gallons of oil per day.

e A central valley cannery co-op- studykrevealed that converting |
, from current gas use to fuel 011 would require 200 tanker trucks

moving oil into the Modesto area per day The additional highway
-load would itself be a major problem.

‘e A typ1ca1 tomato-concentrate cannery operatlng on natural gas .

r-can have a gas bill of $500,000- per month

o Canners have add1t1ona1 problems such as labor and vandalism.
‘In view of these problems, some are thinking of relocatlng in

the future.

® A co-op cannery operating four plants in the Sonoma-Napa countles

. area-processes 50% of California's apples Their primary operat1ons
of dehydration, sauce making; and drying use water up to 150°F.
They have cold-storage facilities for 10,000 tons of apples, which
could be powered by geothermal energy. They are located 7-10

miles from Mark West Warm Springs. '

_® A typical sugar beet plant processing 5000 tons of sugar pem day‘.'
will spend $12,000 per day for fuel oil. Plants represent a major -

capital investment. However, it is feasible to relocate the plants,

as the raw beets can be moved over relatively long distances without harm.

Figure 4 shows the major cannery locations in California and annual

energy consumption (1974). . , e A -

Paper Pulp/Wood Products

Wood-pulp processing uses approximately 36 million Btu/ton. Typical -
operations use direct heat in the range of 350°F down to'drying'atv1509F.
One major eorporation spent $243 million on energy for 1975. Of this total,
$103 million was out-of-pocket cost with $140 million replaced by'burning
waste products (bark-chips-dust).
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Chemicals

Chemicdls are"extremely varied in their processiog They go from
fatty-acid (animal fats) proce551ng with temperatures of (400°- 500°F at
300-400 p51), to garden fert1112ers .and wood-treating chemicals at (320°F)
Catalysts for auto-emission control are processed at 300°-350°F.

However, there is - the p0551b111ty of u51ng geothermal sources as feed

water to hlgher-temperature ho11ers

Horticulture

Nursery operat1ons are. the nlnth largest 1ndustry in California
(Reference Group I, California Assoc1at1on of Nurserymen) They are
prlmarlly d1v1ded 1nto two industries: , ,
a. Cut flowers are locked geographlcally to metropol1tan airports
for exportatlon They would need to be near both geothermal
Tesources and major transcontinental alrllnes |

b. \The bare root 'seedling, and seed operatlons are very large
and a pr1me candldate for relocatlon to geothermal areas.
They are a high-cost, small-package durable ~crop: that could

lend 1tse1f to remote areas.

Dairy Indostry

Althoughttime did not allow an in-depth study of this industry, it
is a major_heat-intenSive area for geothermal application. Its feed-lot
operatione;‘including feed'processing and'hahdling, space heating, slaughter,
refrigeration, ménure drying and pelletizing, and other operations, could
fit into the integrated geothermal concept, perhaps with other industries

on the moderate-temperature '"cascading" scale.

n

Aquaculture

Although it is in the early stagee of.development in_manyAareaS
throughout the world, this important industry is one that fits well into
the geothermal'scene; Exper1mental studies with several types of: flSh
are currently iﬂ process. Mosqulto fish (Gambusza aZZzns) and guppies
(lebister SA.) not ‘only grew but spawned in geothermal water. Crayfish
(cambaras ep.) were also successful. The giant freshwater prawn (macro-
brachium rosenbergzz) was chosen as the best to use to develop a technology
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-quaculture us1ng geothermal water ’ It has been successfully cultured

Today it 1s belng ra1sed in ponds 1n F10r1da,
Hawa11, Ca11fbrn1a, and Puerto Rico, and the warm effluent water from

electrical power plants in New Jersey and Nevada. These prawns are in
. great demand and bring $5.00 per pound wholesale in Honolulu. The United

~States imports over one million pounds a year. Early studies at Oregon

Institute of Technology indicate by visual observations that the prawns
doubled in size in less than one month's time. Optimum water temperature
is 27.6°C (79.9°F) (see Geo-Heat Quarterly Bulletin, July 1976).

Other

As geothermal development occurs, other industries that require direct

heat for their product or process, or fill-in "seasqﬁal operational" gaps,

"will fit into the developing scheme. Freeze—drying,’hospital equipment

sterlllzatlon, cosmetlcs, and many more not encountered in this study will

‘surface

Summary
‘As evidenced at the many confetehces, meetings, and technology

exchanges within the geothermal community, it is certain that this energy

resource can be developed The geothermal communlty is hard at work solving

the’ sc1ent1f1c and technical problems for sophlstlcated systems that go

vbeyond the temperature-range development covered by this report.

As emphasized in the findings of this report (page 4), an equally
important task is that of reaching outside the geothermal community into

the private sector to educate, stimulate; and disseminate this knowledge.

. ‘There are other factors that would enhance the economics in favor

of geothermal development:

- @ Possible depletion allowance
® Possible intangible drilling cost expense

- ® Investment tax efedit-

'Recognizing the need for stimulation to aid geothermal development, some

suggested areas of effort to help meet the development goals would be:

i e Effort through the media to reach the public (grass-roots level).
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.~ @ 'More local- and stateflevellsupport for all stages of development.
. ® Public (and private) funding for actual "showcase" demonstration

operations.
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ReferenCe Group |

Aero;et Energy Conver51on Company R
B. Breindel, P. E. Program’ Manager :; St
Power Conservation Systems .
P.0. Box 13222
Sacramento, Ca11forn1a

T B ;,}';'; §! '

Allied Chem1ca1

s

E. S. Grimmett, Assoc1ate Sc1ent15t ) o

550 Second Street
Idaho Falls, Idaho

STEN BRSSPl ST EIANR SR ¥ B S TR I

American Cyanamld Company 4

- . Glynn Harris, Plant Englneer A
Organic Chemicals Division = = .
1001 North Todd Avenue =~ '
Azusa, California

Amstar Cbrporatlon, Spreckles Sugar D1v151on .
Dr. Russell Johnson, Vice President | . .
Ernest W. Beck, Jr., Vice Pres1dent }
Temple C. Rowe, Chieéf Engineer
50 Callfornlp Street T

' San Francisco, California ~ .

Austral- Erw1n Eng1neer1ng Company
R. W. (Woody) Erwin, Manager ‘v
2700 ‘Exxon ‘Building’ :

.. Houston, Texas .

"~ " Beard Brothers'Drilling:

Wayne Beard, Pre51dent -’JQUZ P
P.0. Box 281 ' i
Grand View, Idaho

LR PRr il \ =t £

Arthur D. Zierold, Chief:-
- Department of Lands

State Capitol Bu11d1ng

Boise, Idaho :

California Assdtiatlon of Nurserymen: .
Louis Ludwick, Program Adminlstrator
- 1005. Eighth Street St o
Sacramento, California . -«~.:j{:
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Ca11forn1a Beet Growers Association, Ltd.
Ben A. Goodwin, Field Manager N
2 West Swain Road )
Stockton, California

" Carnation Company - (Albers Milling Company)
J. W. Webster, Director of Eng1neer1ng
5045 Wilshire Boulevard .

. Los Angeles;’ Cal1forn1a

Consolidated Foods Corporation, Unlon Sugar Dlv1510n
Alden L. Stock, President =~ .
Edward C. Kealm, Factory Superlntendent
100 Pine Street o
San Francisco, California

Crown Zellerbach
Dr. E. G. Tonn, Assistant Vice President
Research and Development
1 Bush Street
San Francisco, California

Dr. G. G. Vincent, Director of Research
Camas Washington

Del Monte Corporation - .
J. Ward Downey, Director, Energy Management
and Conservation
C. D. Wintermantel, Assistant Director of Bng1neer1ng
Fernando F. Herrero Assistant Director of Engineering
Orrin W. Robinson, Jr., Division Engineer
1 Market Plaza / Box 3575
San Francisco, California

Department of Public Works, County of Imperial
Jeffery W. Wiegand, Ph.D., Geothermal Project
Research Admlnlstrator
Courthouse
El Centro, California

Emery Industries, Inc
R. B. Rudd1ck Plant Manager
Frank E. Power, Plant Engineer
5568 East 61st Street
Los Angeles, California-
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Energy Resources Conservatlon and Development Commission,

- State of California

David N. Anderson, Geothermal Operations
David M. Hill, Senlor Eng1neer1ng Geologist
Syd Willard, Geolog1st

1111 Howe Avenue' '

Sacramento, California

Energy Systems Inc.
Don E. Olsen, Vice Pre51dent
P.0. Box 182
Cypress, California

Ernstoff, Barry D.
Attorney at Law (Indian Affa1rs)
600 Pioneer Square
Seattle, Washington

Facilities Systems Englneerlng Corporatlon
Edward F. Slattery, President
“John M. Trundy, Vice President
8332 Osage Avenue
Los Angeles, California

FMC Corporatlon o
Food Processing Machlnery Division
Dr. Harold W. Adams, Research Manager
Jurgen Strasser, Ph.D., Manager, R §D Program
C. Don Watson, Senior Chemlcal Englneer
1185- Coleman Avenue o
Santa Clara, California

Fowler, H. S. Pete
Consulting Engineer
6633 Colton Boulevard
Oakland, California

T momey omeie d

Gasch and Associates

Jerrie W. Gasch, President
1832 Tribute Road _
Sacramento, California

Geothermal Resources Internatlonal Inc.‘ ,‘”

Domenic J. Falcone, Vice Pre51dent
Walter Randall, Geologist

4676 Admiralty Way

Marina del Rey,-California




-18-

ITT Rayoner, Timber Products
.Port .Angeles, Washington

Lake County Planning Department

Donald Johnson, Planning Director

Fayne L. Tucker, Air Pollution’ Dlrector
255 North Forbes Street :
-Lakeport, California

fay

Los Angeles Chemical Company
N. E. Blaine, Plant Manager
4545 Ardine Street
South Gate, California

The Mentors Company
Douglas E. Roudabush Executive Vice President
555 Capitol Mall
Sacramento, California

National Canners Association
Richard P. Farrow, Director and Vice Pre51dent
.1950 Sixth Street
Berkeley, California

The National Geographic Magazine
Kenneth F. Weaver, Ass1stant Editor
Washington, D.C.

Oregon Institute of Technology ~
Paul J. Lienau, Physicist, Director of Geo-Heat
Utilization Center -
Dr. John W. Lund, P.E., Associate Director of
Geo-Heat Center
Klamath Falls, Oregon

Phillips Petroleum Company
Charles E. Lee, Leasman, Geothermal Operatlons
11526 Sorrento Valley Road
San Diego, California

Ray, Dr. Dixy Lee, Governor ' o -
State of Washington '
600 Pioneer Square
Seattle, Washington

Roseburg Lumber Company
Robert J. Crawford, Plant Manager
P.0. Box 1088
‘Roseburg, Oregon
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Rotoflow Corporation ,
John Holm, Director of Sales
2235 Carmelina Avenue
Los Angeles, California

Safeway Stores, Inc. . ~
Wilfred H. Braunle, Chief Utilities Englneer
Philip M. Ashworth, Chief Mechanical Engineer
T. S. Spahr, Chief Mechanical Engineer
Store Design Department
425 Madison Street
-Oakland, California

San Diego Cooperative Poultry Association
~ Louis F. Nicholas, General Manager
2121 Imperial Avenue
:‘San;Diggo;1Califbrnia

Sebastopol Co operatlve ‘Cannery
‘William G. Overstreet, General Manager
6782 Sebastopol Avenue
Sebastopol, California

Stanislaus Food Products Company
Jim Abbey, Plant Manager
12th and D Streets
Modesto, California

Stokely - Van Camp, Inc.
G. M. Clark, Plant Manager
1175 - 57th Avenue '
'Oakland, Callfbrnla R

Sun Harbor Industrles

: Ray A. Little, Manager/Pro;ect Englneerlng
.~ 1995 Bay Front :

L San Dlego Ca11fbrn;a

L e

’Sun.Power Systems, Inc.’

" 'Lou ‘Sabattini, Treasurer
1121 Lewis Avenue
Sarasota,.Florida

TG&C Manufacturlng Company -
H. Thornsbery, President
P.0. Box 1934 ' .
Modesto, California
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Terraphysics
Aldo T. Mazzella, President
815 South 10th Street, Suite 11A
Richmond, California

Tillie Lewis Foods, Inc. .
C. A. Weast, Ph. D., V1ce Pres1dent
P. O. Drawer J- ' '
Stockton, California

Trico Superior, Inc.
Jerry M. Edmondson
P.0. Box 22200
Los Angeles, California

TRW, Inc.
‘Russell O. Pearson, Chief Englneer Geothermal
E. Lee Leventhal, Electrical Power Systems
1 Space Park
Redondo Beach, California

U and I Company - Sugar Processing
Mr. Vaughn Hubbard, President
Walla Walla, Washington

University of California
Department of Earth Sciences
M. J. Pasqualetti, Research Associate
Riverside, California

U.0.P., Inc.
F1u1d Systems Division
S. S. Kremen, Ph.D., Technical Director
2980 North Harbor Drive
San Diego, California

U.S. Bureau of Reclamation ,
Hibbard E. Richardson, Head Ground Water Section,
Geology Branch
2800 Cottage Way
Sacramento, California

Van Camp Sea Food Company
Division of Ralston Purina Company
Robert E. Diehl, Manager - Engineering
- 11555 Sorrento Valley Road
San Diego, California
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U and I Company - Sugar Processing
Mr. Vaughn Hubbard, President
Walla Walla, Washington

University of California
Department of Earth Sciences
M. J. Pasqualetti, Research Associate
Riverside, California

U.0.P., Inc.
Fluid Systems Division
S. S. Kremen, Ph.D., Technical Director
2980 North Harbor Drive
San Diego, California

U.S. Bureau of Reclamation
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2800 Cottage Way
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‘Ventura Department of Agriculture

Ted Kowallis, .Inspector

.- 1585 Acadia“Street

S1m1 Valley, California '

'JWestern Pacif1c

Al Victors, Piégldent Industrial Development
526 Mission Street , :
San Francisco, California

‘Weyerhaeuser Company

Robert L. Jamison, Director of Energy Management
Tacoma, Washington

Wilcox Manufacturing Company.

~ L. R. Smida, President" L

Raymond J. Ghio, Director of Sales
Food Processing Machinery .« = .. .
Wilcox and Waterloo Roads -
Stockton, California
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" LRe»féren.ce Group IV

Economics of a Single Production Well

At the onset of this study, each industry's total heat requirements

- were unknown. In an attempt'to cover large and small industries, it was

felt that a look at the economics of a single production well would offer

‘ball park figures.

Recognizing;that technological development (down-hole pumps and
other hardwaféj Ebuld result in higher or lower coéts, the numbers are
considered subject to change. Other factors, such as depletion allowance
for geothermal development, are not 1nc1uded However, the changes would
not significantly alter the economlcs

It is considered that the economlcs presented here are conservatlve,
and current rising fuel costs would enhance the favorable economics of

the geothermal role.
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ENERGY ECONOMICS FOR ONE GEOTHERMAL PRODUCTION WELL

Production Well Cost , S S | .
$100/£t x 5000 ft = $500,000 ’ ‘ | "‘ 8
(Amortized for 20 years € 10% interest) o ‘ |

o 0.1 @.n? !
~ $500,000, .
1.1)%° -1

°$500,000 (0.1175) = o ~ $58,730/yr

~Additional Wells Drilled
© ® Success ratio in'a proven area ¢! 1n 2)
o One replacement well in 20 years ‘
e Use dry well for 1nJect10n o R ‘
2($58,730) = D $117,460/yr

Pump-Down Hole
® Pump cost $50,000
(Amortized for 5 years € 12%)
$50,000 x 0.2774 = _ - $13,870/yr
® Pumping power cost »
(Use turbine drive from geo-heat) = $ 0/yr

Pump Injection
® Pump cost $30,000 .
$30,000 x 0.2774 = $ 8,320/yr
® Pumping power costs = - $ 3,000/yr

Piping Costs

4

Assume $40/ft for pipe

1-well/20 acres — 16 wells

Mean distance to a well — 1375'

$40 x 1375' x 2* = $110,000

{Aﬁortized for 20 years € 10%)

$110,000 x 0.1175 = - . $12,920/yr

“*One production well, one injection well
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Operation and Maintenance _
Assume 5%/yr of well cost B ‘
0.05 x $500,000 & - $25,000/yr

Insurance

Assume 1%/yr of well cost
0.01_X.$500,000 & - - $ 5,000/yr

. 3ALease Royalties

Assume 10% of yearly energy value N
0.10 x $250,000 = $25,000/yr

TOTAL Yearly Costs = $269,300/yr

Process Heat Exchanger
Assume transfer of 180°C (356°F) down to 100°C (212°F),
~..Yields 148 Btu/1b available (across heat exchanger)

:’148 Btu/lb (200 000 1b/hr/we11) x (8760 hr/yr) x (0. 70 capac1ty) =

182,000 MBtu/well/yr (1 MBtu = 1x10° Btu)
269,300/yr + 182,000 MBtu/yr =
| ~® Cost of geothermal energy = - $ - 1.,48/MBtu

® Imperial Valley existing KGRA
(khown geothermal resources area)




Fuel 0il Comparison
«_($12/bb1 + 5.8 MBtu/bbl)
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'»($2.07/MBtu)-r(0.80 boiler efficiency) =
($2.59/MBtu) x (182,000 MBtu/yr) =

Natural Gas Comparison
($0.15/100,000 Btu(therm))(lg—EESZEE
($1.50/MBtu) + (0.80 b011er eff1c1ency)

MBtu

($1.88/MBtu) x (182,000 MBtu/yr) -

Energy Expenditures per well for 20 years

(escalation per year e 7%)

Fuel oil
Geothermal

Savings

Natural gas :

Geothermal

Savings

)

$ . 2.07/MBtu

$ 2.59/MBtu
$470,690/yr

$ 1.50/MBtu
$  1.88/MBtu

$341,250/yr

$20.6 Million
$ 6.8 Million

$13.8 Million/well

$15.0 Million
$ 6.8 Million

$'8.2 Million/well
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