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GOVERNOR'S OFFICE
SACRAMENTO 95814

EDMUND G. BQO\N!\ 3R,

uOVERNOR

The people buSLnesses,'and 1ndustr1es of Callfornla
are meeting today s energy challenges by developing economic
and reliable energy alternatives ~Geothermal energy is one -

- of these alternatives

. Callfornia leads the nation in geothermal energy devel-
- opment. Geothermal resources are available in forty-six of
the State's fifty-eight counties. Today, over 900 megawatts
of electricity are generated from the State's rich geothermal
. steam fields, but abundant hot water resources for direct use
applications are still underdeveloped. ' Investment in geo-
thermal direct use provides business and industry with the
[opportunlty to achieve greater energy self-reliance whlle
‘conserV1ng our limited petroleum resources

, California has establlshed a State goal of 5, 000 ‘mega-
- watts of electricity generated from geothermal resources by
* the year 2000, and is equally committed to the formation of

- a strong market for geothermal direct use applicatlons

: The 1nformat10n contained in this booklet w111 assist
you in evaluatlng the potential Opportunlties for using

geothermal energy. ' Please feel free to contact the Callfornla;

Energy Comm1351on for ‘any add1t10na1 as31stance
o ,Slncerely,,

A B

EDMUND G. BROWN RN
'Governor e J




'ABSTRACT

On September 28-29, 1981, the California Energy Commission, the U.S. Department
. of Energy, and the Geothermal Resources Council held a two-day conference on
. direct utilization of geothermal energy. . The purpose of the conference was to '
inform members of the state's business and financial community and state and -

local governments about the tremendous opportunities for directly'using"

' California's abundant, low temperature geothermal energy resources.

Thé qonference yhich'was-eﬂtitied,"Geothefmal'Energy: Opportdnities for

 Qalifornia Business" was attended by over 200 persons representing business

and government. This document contains the proceedings of that conference. -
It includes ‘copies of the oral presentations and written materials of the

":individualrspeakers'and workshop - panelists who participated in the conference -
sessions. ’ : o R :

+

For further information:on,diréct use of géothe:mal energy in Califo:nia, we

invite you to contact: -’

California Energy Commission - .~
Geothermal Program Manager

~ 1111 Howe Avenue, MS-66.

' 'Sacramento, CA 95825
(916) 924-2496 or 2499
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"Welcome/Introductory Remarks
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OPENING REMARKS

: "c' 'SUZANNE REED*
, COMMISSTONER ° o
CALIFORNIA ENERGY (COMMISSION

o
-/

i

I would 1like to welcome you to our conference "Geothermal Energy Opportu-

~.nities for California Business.” The purpose of this two-day conference is to
. 'bring together members of the business, financial, and local  ‘communities to
~.discuss the potential opportunities in California for the direct use of" geo-

thermal energy- : : R B Tt

. We are fortunate in’ having with us today some of the leading technical andVﬁf
Q*financial experts on  direct use projects. Before we ‘begin with our first.
~ speaker, I would like to provide you with'a brief overview of the state's

involvement in geothermal energy development and a few of our current programs
to offer assistance in developing these resources.,- ' :

fWe have all become painfully avare of oil price increases and periodic disrup-
- tions of ~oil supplies reflected “in gasoline . .1ines ‘and  rapid energy price
“increases in California. ~ For at least" the» next two decades,: California is
- ~expected  to. experience continuing o011 and natural gas price 1increases ‘and
. almost certainly one of more abrupt oil supply disruptions. Energy costs in
“‘California are expected to more than double before the end of this decade due
.;to increasing foreign oil prices. - « : s : ‘

Recognizing the adverse - impacts of rising energy costs, current shortages in

investment capital ‘and the continuing threat of serious oil ‘supply disrup-

tions, the 'state has adopted an energy policy:of channeling scarce capital _

investment funds into energy conservation and renewable energy sources.»

, The California Energy Commission is the- principal agency in the state charged :
“with- responsibility for - promoting the development of geothermal resburces in

California. It ‘has streamlined the regulatory process for licensing geother-

“‘mal power plants and. has approved 5 geothermal electric generating plants withlv'
a combined capacity ~of 430 MW. - In addition, " the Commission ‘has funded ‘11~
: 7feasibility studies for geothermal direct heat in’ ‘California, some of which.

“you will hear about- today, and is providing funding for a number of develop-

'«ment projects.u' - \ SRR STl e et :

- *Ms. C. Suzanne Reed was a Commissioner at the California Energy CommiSsionil
for ‘the past four years. Also, Ms. Reed served as the presiding member of -

: the Geothermal Policy Committee for the Commission. -




rjOther state agencies,, including ;the Office of Planning and Research and
: jDepartment of Conservation, have played active roles in ,expediting permitting -
.~ of ‘geothermal wells and assessing the potential and distribution of geothermal'

,*~re50urces in California.‘ -

';,One of the major state effortS‘to encourage development of . California 5 geo—
“thermal resources was passage ‘of ‘Assembly Bill 1905 in May 1980,- authored by
: Assemblyman Douglas Bosco. . This bill - provides funding to- mitigate impacts

. from such development by establishing a geothermal development grant ‘program,
‘administered by the California‘Energy Commission, for local -governments - having‘

ffgeothermal resources. California became the first state to pass such 1egisla—

 tion which. allows revenues from~ federal geothermal leases to be- disbursed as

-grants @ to local . governments ~for - geothermal planning,r,fmitigation,_ and "

-t}”development activities., “Businesses. with geothermal resource - -potential can
- become eligible for these funds: by joining. with local governments to. apply for

Vfigrants. “Beginning October -1, 1981, applications for projects . will be
~.golicited - by the Energy Commission for awards totalling $340 000 - this year

7 i”with ‘available sums expected to increase in future years. Local: jurisdietions

: eligible for these grants include cities, counties, and. special ‘districts that:
- “have- geothermal resources. ~ This includes: .a fairly large number of local
 jurisdictions since 46 of California 8 58 counties have indications of -
',geothermal resources. : B : :

'lIn summary, I would like to conclude by 'saying that we are here to- help youz
- explore the opportunities for direct -use of geothermal in. California and to

" provide you with information and ~assistance in pursuing’ these projects. I
- _personally am very enthusiastic: “about the response and interest you: have shown

,‘in geothermal direct use. I am also pleased that we can provide a forum for
“you to explore the possibilities of this resource for your" particular firm or
’,community and share your expertise and experiences with us and each other.

©DD-16 GDU -




. WELCOMING ADDRESS
”_hy

Co Roger Hedgecock* ,
San Diego County Supervisor ,

I. WELCOME

On behalf of ‘the San Diego County. Board of Supervisors and the residents
of this region, it is my pleasure to welcome you to this conference.: In
addition, I want to express my appreciation to the California Energy
Commission, the U.S. Department of Energy, and the Geothermal Resources
‘Council for organizing this conference and for their wisdom in choosing
such an ‘appropriate location to stage it. : S

' II. . SAN DIEGO IS AN APPROPRIATE LOCATION FOR THE CONFERENCE

Residents of this region have demonstrated their awareness of the poten—
rtial role of alternative energy resources.

t Awareness _ has been stimulated by . the active role of county government in
— encouraging alternatives. : . , : , : ‘

o 3, 000 solar systems, over 3 000 lots created with solar access since‘,
January 1979 . : : :

o Partly as a result of the county s first-in—the-nation solar mandate
, ordinance, solar access ordinance, pool heating ordinance, priority ‘
‘processing for solar developments, and the Oceanside municipal solar -
~,utility. ' : : : o

o Also, San Diego Gas and Electric‘Company (SDG&E) ‘purchase of Cerro
. Prieto geothermal generated electricity and county development of
f the San Diego Energy Recovery (SANDER) project.

19: 8 WHY IS SAN DIEGO ALEADER? o]
The region possesses few traditional energy resources:- |

o No hydroelectric, indigenous fossil fuels. The distances imported
‘1,electricity must be transmitted further compound the problem.

o_'Financial problems of the primary utility-—SDG&E--have resulted in
“the second highest ‘utility rates in the nation and a utility cannot
finance major new centralized generating capacity.- s o

*Supervisor Hedgecock has been serving as San Diego County Supervisor, Third -

District, since January 3, 1977.- Since his election to the Board of Super-

visors, Mr. Hedgecock has been successful in - reducing. the ‘cost  of govern—

- ment, : removing unnecessary. governmental regulation, and reforming the
. welfare system in San Diego County. SRR : :

DD-16 GDU SETE S
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1V,

o Lwarner Springs,

' o Heber. :

City of San Diego Industrial Development bonds 80 - that SDG&E
can meet- commitments for completion of San Onofre Nuclear
Generating Station (SONGS) 2 and 3. T :

- = The - Eastern Interconnect illustrates the inability of - the

"region to provide for its own - need from traditional indigenous.

_resources. -

GEOTHERMAL PART OF A STRATEGY FOR SAN DIEGO'S ENERGY INDEPENDENCE

rr:,r;Geothermal energy is available in relatively abundant supplies in the San
'ir;Diego—Imperial Valley area: : R '

o 'Jacumba,'and

fﬁRapidly increasing utility rates are 7causing the 'brivate gector  to
—}explore utilization of these ‘resources: : LT e - ,

o Rohr industrial process heat, and ;

o Warner Springs ptOlECt*,?:;*

- NEED FOR A PARTNERSHIP BETWEEN GOVERNMENT AND PRIVATE SECTOR TO ENSURE
. DEVELOPMENT =~ = - e N e '

‘1InsensitiVe or unreasonable government regulation must be identified and )
'Veliminated. , B ‘ -

'fCite,deregulation of wind—powered generatiug systems as an example of the.

7-,need for commi tment by government ‘to development alternatives.,

CDD16GDU LT RRTLT L T

“Incentives are also necessary if long—term benefits of energy indepen-'
~dence are to successfully compete with short-term considerations. :

i
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, EXPLORING FOR AND DEVELOPING .
GEOTHERMAL ENERGY RESOURCES IN ~CALIFORNIA

by

S \' : R 4Gerry'w; Huttrer* _
. . Republic Geothermal, Inc.:

- I. INTRODUCTION.

There are significant opportunities for geothermal development in Cali-
fornia. = The Geysers resource, originally exploited in an area covering
about 6 square miles, now appears to include more than 200 square miles.
The developed part contains a 'dry steam resource, while the majority of
the area appears. to _contain very hot water and/or : two—phase resources.:
‘Current produced steam temperatures are about 475°F, but temperatures in
‘excess of 600°F have been recorded in the ' central part of the thermal -
‘anomaly. Reserves are estimated to exceed 2,000 megawatts -in the dry
steam area alone. To put it another way, these ‘known reserves are-equiv-
‘alent to about a-billion bartels of oil used to fuel boilers ~of electric .

o power plants.'

Known " resources in the Imperial Valley could support  more than 7,500

. megawatts of electric power generation. This estimate does not include
" extensions of the resources- contained in ‘the ultradeep hypersaline
reservoirs currently being developed that may .underlie virtually the
entire valley! - The deep resource could be many times greater than that
currently recognized and, in my view, is very likely to make the Imperial

- Valley geothermal reserves equivalent to more than 10: billion barrels of"

oil.

"Starting with these known geothermal deposits “and adding areas such as
Surprise- Valley, Medicine Lake, ' ‘Long Valley,: ~and parts of the Mohave
Desert, all of which may have very significant potential, one can see
‘that geothermal resource hunters are in "Elephant Country when working.

~in California. S e o A ' -

 1I. EXPLORATION PARAMETERS = .+

'There are two distinct ‘groups of geothermal developers. One group seeks
high-temperature  resources suitable for: production of electricity, and
the other group seeks - lower temperature waters that can be used for
" industrial, agricultural, aquacultural, space heating, or balneological
purposes.  ~Some parameters for high-and low-temperature ' geothermal
resource exploration vary significantly; however, one common objective
existe  for both groups-—profitability.  All of the various conditions
must result in economically viable projects whose returns equal ‘or exceed
.. those of alternative investments before the geothermal project under con-
o sideration will be initiated. :

*Mr. Huttrer is currently Manager of Exploration 'for Republic Geothermal

*Inc.  He has worked in engineering geology and .mineral exploration in the
United States = and overseas for ‘eight years. ‘Since 1971, Mr. Huttrer has
~specialized '  in - exploration - management ' for: ‘electric Vand' nonelectric
resources. ORI Frad : TR E :
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" III. EXPLORATION ~

" A High-temperature Resource Parameters

1. Need resource temperature ~of 300°F or higher, with flOWS -and
. pressures adequate to sustain about 2 megawattS‘per well.

2. Salinity can be a- significant cost or benefit factor depending
on its type and- concentration.

= 3. :Depths of. up to 14 000' are being exploited'r hoﬁever,rcosts'j
o escalate rapidly with increasing depth. BT

4. Location of - the resource is fairly critical i.e., it should be
- in a high: demand area near ‘an existing transmission grid.

'5;—fA progressive,f adventurous utility should be available to
provide a market.'errj S L

... B Low—temperature Resource Parameters R s

‘,1;/'Need water temperature of only. 90°F for ‘someiapplications;“-
- although 150 - 250°F is far more desirable.rr'i{yjf” e »

2. Need adequate production for proposed use. B

"35 Location of the resource is critical with respect to land'

availability, resource ownership, transportation, market, 1abor7v‘

' supply, climate, topography, and raw material : supply.

4. ept "to resource must be" shallow, less than 2 000' preferably,ﬁ
) “in order to minimize drilling costs. , ' e \

5. The salinity may be -a critical cost factor if extensive steps o
must be taken to prevent corrosion.'; S .

Obviously the high—temperature resource development requires much greater
cost and risk, but it also can have a return -on investment as - good -or
“better than the oil and gas it displaces because of the large quantity of |
. ‘resource used in electric power generation.: In view ~of the general
. thrust of this meeting, I. will concentrate hereafter on topics pertaining
'primarily to the search for nonelectric resources. - ., :

“In: order 'to- identify;'facduire,i and characterize low— and medium— :
" temperature . geothermal  resources, - the ‘following - tasks must ' be
'faccompliShed' BRIt T . B v

,‘A.: Survey the market and determine ‘the potential value nf the resource
~/"to the available market SLas S - .

[ e T
i = 2

B. Determine-end—user;requirements. -

P

10
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':~l;A;lfﬁproject,is;alreadv operativet nel

:fa{' Temperature;?l»iflu'
ﬁfh,ygquantity-;dg/,efyﬂ»

gf.f'cg ;Cost of displaced or competing energY-tl
Viddf,lCost of retrofitting eXiStiﬂg SYStems'-jft

'e.; Distance to resource site-ll'ﬂ_} f

'*f.z;- 1If the project is not already operative, then the following, in

I

addition.—? L
“Climate. E
' iifth. Transportation.illm
‘a'ic; Raw: material proximity;.{i{;ihri
iffdt_»Labor. i
'5;;ei Budgetvconstraintst

Study geologic environment for sites and resources likely to ‘meet :

. required parameters, including probable availability of resource and
\'[site for Surface utilization. L , . : S b :

‘,Research existing groundwater\ data and geologic ‘structural  and
,,,;stratigraphic - publications seeking possible ‘reservoir - rocks .
- (aquifers. ' and - fracture conduits) with high 'natural recharge =
potential.,o‘-‘ e T R AP
5f]Conduct absolute minimum, but adequate, predrilling fgeOlogics’geoé L
}‘chemical and/or geophysical work- o o T R T T T

':Obtain rights to resource (i e., lease or buy)
_jObtain permits.»ja‘ V‘i‘;i_o,».jatflil:1::Juaif}:¥&ao};}j;f;gy ; . ;:
"l}Drill to. confirm resource-,vf?{f" | L

'Test resource 80 'as - to thoroughly characterizei: 1ts qualityg'f
= quantity, and pOtentia1 productive life. e e

DEVELOPMENT ﬁ

Confirm resource market by', Gl

¢

g-l;f Identifying and contacting potential users. o

DD-16 GDU




C opasew

2. Obtaining contract(s) for sale of resource at a price that isf«
profitable for resource: developer, yet competitive or cheaperl
than fuels . presently being used.bc .

-(‘J: Lo

";”f1§§ ‘Establish financing——prerequisites are that.

’“l. VData from drilling and’ field testing can iconvince investors/,ii,
lenders that the- resource is capable of supplying ‘the project"
,adequately to provide sufficient return. ' R L

2 The stability of the end—user project with respect to internal:

- cash flow, market prospects, competition, and- gsales . growth is

- -adequate - to. convince investors/lenders,,;tr finance "~ the
fjfacilities.,re;”j;;r= : : R ‘

V-,"C;»_Complete resource facility.”

‘1. Design Cwell ‘or  wells, fluid’ " handling ' equipment; - heat
exchangers, etc. and integrate with end—user facility.' e

’ ">2£ Install and test facilities.~

7'EV}V OPPORTUNITIES FOR LOW-TEMPERATURE GEOTHERMAL DEVELOPMENT N CALIFORNIA :

A ,Imperial Valley
‘»The Imperial Valley presents. an unusual opportunity for . low— -
. - temperature development in- California. - This - true because
; high—temperature ‘Tesources ‘are: currently being exploited for elec-
- trical power generation.;’ ‘These resources ‘are water: dominated and
_.they -yield significant. quantities of’ hot brine. that .can. ‘be made
f,available ‘downstream" from  the electricity generating turbines for
',utilization for a multitude of purposes prior to its reinjection.

;,Investigations of specific opportunities for use of this heat sourcef

are in progress, and ‘they may soon mature. Nevertheless, as elec~
trieal development of the Valley increases, so will the “amounts of_‘*'

- brine available - for. direct use; and it would, therefore, seem ' A

“prudent for all potential end users of such a heat source to - - ;

- promptly contact' the developers of electric’ projects~ and . initiate C Co

planning . for integrated high- and low~temperature projects-‘ ‘

i Y Ba Surprise Valley
:The existence of resource with marginal potential for powar genera— e
’vtion has been indicated by . the results of drilling‘ to date.-

. Cascaded effluents from a  power plant or direct utilization .of the

" ‘native hot waters may ' present significant opportunities for the

~ﬂ‘A1turas-Modoc County region.‘,.. 3 Lo

7:~C, Owens Valley

e ‘The existence of.- thermal waters has long been known in” ‘this area.h
"LﬂThere may be economic viability in’ projects that utilize- the hot»




X

water for space heating, district heating (Bishop, Bridgeport, Lone

‘ Pine), agriculture, or mining-related purposes.
VOther Areas

The map accompanying this paper is derived from the California

Departuent of Conservation, Division of Mines and Geology, Map No. 4

‘of their California Geologic Map Series on which are depicted known

or implied geothermal resource -areas of California as well as the

very extensive areas of potential resource. Anyone who has a -

business or is considering ‘entering into  a project - that <can be
located in this broad area should examine- this map and <consider the

‘utilization of geothermal resources in their business plan as an
alternative to hydrocarbon fuel or: to electricity purchases.

13
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rAN ASSESSMENT OF CALIFORNIA'S LOVER. TEMPERATURE .
‘ | GEOTHERMAL RESOURCEMJ '

PRESENTATION | S
Aby

Brian H. Sway, Deputy Director* ,
California Department of Conservation vf[7“

<Geotherma1 resources ‘can ‘be found throughOut the State of California. Low and5 B
" moderate’ temperature geothermal resources can be found ‘along the* entire length =~ -
.+ -and breadth of this state. ' Although low and. moderate ‘geothermal energy has
;,;_been neglected in California in recent times, it is a plentiful resource.,f’
8 Underutilization has ‘not. always been the case. L ST . :

5 ‘jEven before the coming of the European settlers and any written accounts of
~ uses of geothermal springs, ‘the  American - Indians used thermal "areas

: 35 ‘campsites “and sites for- religious ceremonies. - Evidenceé for this is found in'
.. 'the large numbers of artifacts that’ have ‘been ‘discovered in- and ‘around - thermal

" springs and pools throughout California ‘and-in folklore among the: - members -of
various Indian tribes. A recent study of the Calistoga area in Napa County by -

-~ the Division of Mines and- Geology uncovered evidence of . such: ‘uses. .. According' ‘
" “to - all historical sources and local  lore,’ ‘the Wappo: Indians residing. . in the
- Upper. Napa Valley were the first to utilize the hot springs and ‘steaming mud ' ,
-at the - present site at Calistoga for sweat houses and other ceremonial' L

'fgfpurposes.~

v‘From the earliest history of the American settlers 1n vhat is now the State of
_<California, many ‘of the hot spring areas have béen known and visited, not only
.. for campsites with natural heat for cooking, butralso for ‘the curative;
" properties of their hot waters, steam, -and: hot muds. Beginning in the 18408
. ‘and 1850s, " it became popular to build resort “hotels or .8pas in many ‘of the
. ‘better. hot spring areas. . Some of ‘these areas, such as The Geysers, were in -
flocations so remote that they required construction of extensive = wagon roads
over extremely rough terrain ‘to bring . in “the guests. - Even though roads.
" deteriorated in 'a few years to . horse trails -because of difficulty of:-f'f
v~,maintenance, still the guests came-—even on horseback. ' L

e In the 1870s, some‘ of the outlying areas began to lose favor, askresortsF,"'”
- closer to population centers became more popular. However, interest did not -

die, and new facilities, such as  the large’ bathhouse built at Elsinore Hot

A:'-fSprings in 1888 continued to flourish.-’ Through the turn of the century, the‘lf

,’ *Mr., Sway is the Deputy Director for the California Department of Conser—fﬂ"
vation, which includes in its organization the Divisions of 0il and  Gas and
“Mines: "and . “Geology. ‘Mr. Sway. - “has - been involved in the development,il
“‘enactment, .and administration of many of this state s existing geothermal B

policies and programs.;

L
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Spas and the hot springs remained popular. However,‘by'the 1926s,'avgradual’_ﬁi'

decline in interest began, and: many resorts were forced to c¢lose - their doors

“by the ,heginning of World War II.. ~The well-built hotel at Byron Hot Springs -
. 'near Tracy was used -as a prisoner of war holding facility for higher echelon R

German officers during'World War II.‘. SR . ,,fgj"\

Many of the early resort: hotels and associated buildings made use: of natural;’,

steam - heat” to’ keep their. room - temperatures comfortable for “~occupants in
“winter. ' Although some - of. these early heating systems- still .survive, . -the
chemistry of the . waters and” a 1ack of -maintenance. have combined -in many

-instances -to take  their toll ‘and ‘have resulted in system Afailure due tor

scaling and corrosion of pipes and related equipment.

Of course, the high cost of energy that our country now faces has brought_p
“‘about a change of- thinking with regard to potential uses ‘of . 1ower “temperature
geothermal ‘resources. _ Today, im California, we are seeing a revival of
interest in. geothermal space. heating that runs . the gamut from ~private homef,

heating to major industrial facility and district ‘heating in: small to medium

‘ gize- towns and cities.- The- Department of’ Conservation ’routinely receiveS'
' requests for assistance to help determine whether a resource -is . available for
“this: purpose. City and county governments and owners of large industriali:'

plants are among those making such requests- RRE »2\-,",t:;,_“

Not too surprisingly,. agriculture, ‘one of our.. more energy sensitive .
industries, is also eyeing lower temperature geothermal resources. - Many of -
you here today are aware of the -use of the resource in greenhouse-hydroponics

operations,_ such  ‘as in . the large facilities ‘that were  developed near -

“Susanville in Northeastern California. -~ Thirty greenhouses “at: nearby’ Wendel

Hot Springs make use of geothermal heat to grow. premium quality tomatoes and S
_1cucumbers in a year—round Operation. A . : . Lo

Below-boiling waters may be used in warming of soil, in - fish farming, in

v refrigeration, “and .in simple process heating. = The City of San. Bernardino is =
" making plans for possible use of geothermal heat in its waste - .water treatment
.. .facilities.  Use of geothermal- ‘heat for sludge digestion could save the city;

’f‘ nearly 110 000 therms of natural gas at a cost of. $42 000 per year. = o

Also worthy of mention 1s the use of lower temperature geothermal resources in'
cogeneration. . A ‘geothermal . fluid with a temperature ' that ~would make it

“noneconomic for electricity generation can be used in a geothermal power cycle
1f the cycle's peak temperature -is ‘boosted by burning of a supplemental fuel
such as wood' chips. Such a system has been proposed for. the "Honey Lake area

,-and 1is being sponsored- by -~ the-- California Department of Water Resources

together with Geo Products Corporation.

¥

To place all of this in better perspective, g ! would like at this point to csll s

~your attention to the Geothermal. “Resources Map of California, produced by iy

“department's Division of Mines: and Geology.. The work was done ‘as part of . the’v‘
“U.S. Department of Energy s geothermal reSOurce assessment program :for the -
western United . States. The . purpose of the map is to display the basic'

“‘evidence for characteristics of ~'the geothermal resources in California. -The

map is intended for use by the scientist and layman alike and is the © first ini

R i : ) :
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a two—map set. - The second map, which is in preparation, is intended mainly -
- for the scientist and will present -details of chemistry and other parameters.

The present map,shows that 43 of California s 58 counties contain geotherma1'
resources. ~ The contents . of the map include thermal- - springs and wells of
" record as of the date of publication, an outline of proven and inferred areas
that may contain thermal waters, known geothermal resources areas (KGRAs), and :

cultural and topographic data. A"table 1is included on the map " that shows'
temperature,  flow rate, total dissolved solids, - and well depths for data

points on the map.

of particular importance are the areas of thermal waters shown in darker gray

on the map., Such-areas are known or inferred to be underlain at shallow

depths (less than 1,000 meters) by water of sufficient temperature for direct
heat applications.' In some of these areas, there 1s - currently some modest
effort at development' in others: the resource is still little used. These

represent the best major areas in our state for the development of direct uses
: of the resource. : \ : . , o

1In addition to these very favorable areas, the Division of ‘Mines and Geology,
~as part of 1its DOE. sponsored - work, has Just: completed ‘reconnaissance
investigations of 40 favorable - geothermal sites,- scattered “throughout the -
state, that offer good: opportunities for direct heat use. A complete set of
reports, with descriptions and -data gathered for each site, is soon to be’

released.  In addition, work is now beginning on a second set of  40-site

' studies, and it 1is believed that the 80 sites that will have been investigated
.upon completion of the program will provide good opportunities for

development.

Another very favorable opportunity for geothermal direct heat use 18 present
in - some: of ~our state's oilfields. A just - completed Division ~ of Mines and

‘ Geology study of the Los Angeles County oilfields has shown that large volumes"

of brines produced with the petroleum often have high' temperatures. The heat
-can be extracted and used in applications such as space heating and food and
‘industrial processing. "During our investigation we became aware of a petro-
‘leum production facility ‘that was having difficulty getting rid of excess heat
- before disposing of brines down the drain, while next door was a potato pro-

cessing plant that had to purchase expensive fuel for 1its operations! A

cooperative agreement here could result in a great savings'

Detailed resource assessment studies 1in California for lower temperature geo—’

‘thermal resource areas are conducted regularly by the Department of Conserva-
tion, Division of _Mines and Geology. In general, such studies involve

"detailed geological, geophysical,’ ‘geochemical, and drilling efforts. Two such’

-areas that have beén recently studied by our department & team are the Calis-
toga (Napa County) area and the.. San Bernardino area. ~ The Calistoga study
‘revealed for the first time that ‘there are two major heat centers—-—one near
* the center of .town and one to the west--and “that there are as many as seven

' individual and separate geothermal aquifers in the subsurface.V Temperatures

range up to 140° C..,,r'

~17
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—'In San Bernardino, there aré three main geothermal areas, each controlled by
".faulting, with meteoric waters: being heated and rising along ‘the faults. = The

. highest temperature of '84°C - was recorded in the northernmost ~ area called
~ Afrowhead Springs, while temperatures of - 56°C and 50°C were recorded in the
‘,,southern and eastéern areas of San Bernardino, respectively.v, Completion of

,_each ‘of these projects ‘has - resulted in ongoing efforts atrrdevelopment by
:private enterprise and by local government. _ ; e '

7 jOne of the things that ve in the Department of Conservation ‘are currently'
“attempting to do is to improve - efficiency in the development of _our lower

*temperature geothermal resources.i.'The Division of 0il and Gas,: with regula-
tory authority over all geothermal drilling in the state, - has . needed some

" mechanism to remove some low-temperature wélls from regulations written for
“higher. temperature wells and thus to. stimulate the use of this vast resource

‘in the state.:

'To do this, AB 828 (Bosco) was introduced to eliminate certain cumbersome'

_regulatory requirements designed for high temperature and ‘pressure wells that
‘should  not be applied to low-temperature wells.. AB 828 is awaiting the

'Governor 8 signature. .

D have tried to’ give you an’ idea “of. the extent and availability of Cali—

- fornia s “somewhat mneglected but - nevertheless plentiful resource, low and
moderate temperature geothermal ‘energy. Certainly lower temperaure uses of
our geothermal resurces ate-deserving of more attention than' they have so far

received. The examples B i have cited should give an idea of - the ‘resource ..

availahility and uses.
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-Z',,mental acceptability . of geothermal energy have been demonstrated throughout‘
7;the world.,. , ,

.

OT‘INTRODUCTION

ENERGY CONVERSION SYSTEMS
THROUGHOUT THE WORLD ’

by~ | ;3‘,‘
John W. Lund# e
 Geo-Heat Center . T
: 4Oregon Institute of Technology A AR

S

¥ 83

I;Equipment for the direct utilization of geothermal energy, for the most part, ‘

. outilizes ‘known technology. - Basically, hot water is hot water whether from a -

;“fboiler or from:the earth. “The utilization of geothermal energy. requires only,‘f'
‘cstraightforward engineering design - and the - use -of currently available: Toff-

the-shelf” equipment. The" technology, reliability, economics,’ - ‘and environ—

Howaver, it must be remembered that each resource is different, »and he -
.~ systems must.be designed accordingly-” Problems with corrosion and - scaling are'
. generally confined to the. higher—temperature resources, as most .of ~ the low=
';temperature ‘resources are relatively benign with 7. low ,dissolved solids. .
Chemistry-related problems ' can be solved by proper material. selection and
, engineering design. For some resources,’ standard engineering materials can be .
. used ‘if - particular ‘attention - is given to the exclusion :-and/or = removal of .
- .atmospheric and- geothermally generated gases. For others," economical designs N
- are . possible which limit ‘geothermal water to a small portion of the overall .
_system by utilizing ‘highly efficient: heat exchangers and corrosion~resistant N
i materials 4n the primary side of the system. > o R

.v,\Today, over 5 000 megawatts thermal are utilized in the world for space condi—
: iationing (heating and: cooling), agribusiness (agriculture: and aquaculture), and’
“industrial processes (GRC/Lund, 1979). . The- agribusiness—related uses utilize 7
. temperatures from 80° - 180°F, the - ‘majority of which is for greenhouse space . . - °

" heating.  Space: conditioning (mainly heating) utilizes: temperatures from .o
150° - 200°F, ‘with heat. pumps - extending the useable range down to 50°F. v
Industrial processing uses both steam -and ‘hot water, thus temperatures up to . .

"300°F are often necessary; however, many drying processes require temperatures e

~of only 150° - 200°F. A visual- representation of the required .temperature for

- i'various direct-thermal uses is- shown in Figure 1 (Lienau/Lindal 1974) . on thevp_”
"following page. : : : , e e

O*EXAMPLES OF CURRENT UTILIZATION ,yrli~f3‘t,_[t jfj»j-‘

L ;Traditionally,, direct ‘use of geothermal energy has been ‘on- a small scale by
e individuals. “Surface hot springs were utilized and shallow wells could be‘

wtl._;f‘

‘*Mr. Lund is currently ‘a professor of Civil Engineering Technology, Associatef'
. Dean and Head of Engineering Technologies, -and Associate Director of the Geo

" Heat Center at. ‘the . Oregon Institute- of . Technology, Klamath ~Falls, Oregon.
Mr. Lund has a Ph. D. in’ Civil Engineering from the- University -of Colorado
and is-a registered professional engineer in California and Oregon.~. s

200

S
/




P ,justified with on—the—spot uge or short transmission distanceS'rin uninsulated
',ippipes or channels. ‘However, at’ today s prices for development and hardware,
. the cost savings of these individual uses are often marginal. Large—scale use -
“demands require more production and can thus justify deeper “wells, longer

v - transmission distances, - ‘more sophisticated utilization, ~.and. - lower

- rtemperatures. o

"fMost of present-day developments involve large-scale projects, such as dis-

'trict heating (Iceland), greenhouse - complexes (Hungaty), or major industrial o

~‘use (New Zealand). - Heat exchangers -are also becoming" more efficient ‘and

'ibetter adapted to geothermal use,: allowing the use of lower—temperature waters’
,”and “highly saline fluids. = Heat ‘pumps ‘are extending geothermal development -
~into’ traditionally nongeothermal countries,‘ such as _Erance, ,Austria,r and.

"=Denmark -as well -as the eastern Hnited States..

'7§:Space Conditioning

:The most famous space-heating project in the wotld is the' Reykjavik municipal'

heating project, serving about 97 percent of the 113, 000 ‘people in the capital
‘city of Iceland. At present,, a total of 1. 0 x 10 gallons vof geothermal

,:,;fluid are used annually to supply 16 000 homes with space heating. One field
- supplies water through two l4-inch “and one 28-inch ‘diameter pipelines 'over a,

‘/12-mile distance. . Insulated storage tanks (6.9 x 106 gallons) are used”
~ meet peak flows.and provide an emergency supply in the event of breakdown in
the system. A fossil ‘fuel-fired peaking station is used to boost the 176°F

o water to 230°F during 15 to 20 of the coldest days of the ‘year. - The city is

. served by 9 pumping stationms, - distributing fluid ‘through 200 mfiles  of pipe-

lines. . The entire system provides 1,840 GWh per year-or 420 MWt (including* S
"—,the peaking station, Lienau/Zoega, 1974) -', L : ”f,;>,~. T

/An example of individual home space heating is in Klamath Falls, Oregon, where
-over 400 ‘wells are used for space heating, using vaters - from -100° - 230°F."
" .The - principal heat-extraction Vsystem is the closed-loop downhole heat
- exchanger utilizing city water in’ the -loop (Lund et al., 1974) - Larger -
" examples of space heating in - Klamath Falls 1include_ the Oregon Institute of -

iTechnology campus, where - three Wells up to 1,800 feet deep each produce up to
450 gpm of 192°F water and heat approximately 600,000 ft2 of floor space. The

vgeothermal water is pumped from the well. using deep-well turbine pumps and, in
' most cases, . is used directly in ‘the heating system for each building.' The‘

‘annual operating cost of the: ‘campus ‘system is approximately $30,000, ‘a savings

of almost $400,000 per year when compared with the cost of heating ‘with con-
ventional fuel. A district heating project -1s currently under. construction in
‘ the city, designed to provide ~heat to 14 government buildings. -~ This initial
* - phase (approximately 4 MWE) - will provide 220°F ‘geothermal water through an -
“8-inch diameter insulated steel 1ine. placed in a concrete. tunnel to - a central

. heat . exchange facility. Plate—type ‘heat exchangers will. transfer ‘heat to a
. secondary closed~loop FRP (fiberglass reinforced plastic) pipeline at 180°F.

~-Proposed expansion of the system will heat 11 commercial city ‘blocks (10 MWt)

,fand eventually 57 downtown blocks of the central business district (40 MWt)

:iThe cities of Boise, Idaho, and Susanville, California, are' also constructing .

similar district,heating projects.;,'
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",‘be simiiar to a conventional system.»

»'t..p‘~

A geothermal district heating system will generally have the same’ basic compo-:
“nents as a conventional system:  .The production- field, which includes wells,
. pumps and collection mains, replaces. the boiler in a conventional system.- A1l

other components, such as piping," valves, controls and metering, ‘etc., would .
, ARG

s District heating metering systems for the purpose of billing consumers can be

based on  quantity of = water used (volume ~‘metering), ‘quantity - “of ~ heat used
'.(energy metering), or specified apportionment factors (nonmeter billing)

: ‘Geothermal energy can be used as a preheater in the case of a’ 1ow—temperature4
' resource.  The geothermal fluid can’ be boosted to “a- higher ‘temperature by .
: fossil fuel, such as in the Reykjavik ‘system, or “to preheat a" secondary fluid '
V,which is in" turn peaked by fossil fuel. - Capital costs are generally reduced

by introducing an-auxiliary ‘boiler into large - district . heating systems.
' Designed to meet the peak heat’ load a few days out of the year by increasing-

n fluid’ temperature, this results in smaller pipes, pumps, heat exchangers, and B
‘ f-fewer wells.:j, . : S

, Another possibility in the case of a low—temperature (140° - 160°F) geothermal
resource is to include heat pumps in - addition to . the auxiliary boilers._',A

-system of this type installed in the Paris basin supplies heat to 10,000 o

apartments and - 15~ claimed to be economical (GRC/Ryback 1979). .Low=-
. temperature cooling can be provided by geothermal lithium . bromide absorption1

. .chillers. - Temperatures as low as 180°F can be used; however, higher tempera-~
. _tures are more efficient.  Examples are: chillers in Rotorua, New Zealand and .
“on the Oregon Institute of Technology campus. B : a0

'xAgribusiness

AAAgricultural applications are particularly attractive because they require :
heating at the lower end ‘. of the temperature »spectrum where there ‘is "an
;abundance of geothermal ‘resources. : : : » Lo

}All commonly marketed vegetables, flowers, house plants, and many tree
eedlings are  suitable for greenhousing. Greenhouse temperatures are -a

function of the. crop; typical highest. maintained temperatures range approxi- _"

- “mately from 65°% = B0°F. . Greenhouse heating can ‘be accomplished by (1) eircu-
~lation of :‘alr over finned—coil heat exchangers carrying hot water, (2) hot
water  circulating pipes or ducts located in (or, on) the floor,  (3) finned
woounits” located along the walls and. under. benches, or (4) a combination of these
. methods. - The heating fluid in these units can be’ as low ‘as about 90°F.  The

._f afr circulation method- 1is ‘more’ common and utilizes forced-air fincoil units.,f,
. The heated air is often passed through perforated plastic tubes - running the_"

‘length of the greenhouse in order to maintain nniform heat distribution.,

~(Excellent examples of greenhouse operations exist An the United States, the,”

o largest being the -Honey - Lake Hydroponic farms complex near  Suganville,
:.California. Cucumbers and tomatoes are grown in a hydroponic system. - Heat i

. provided to ‘the’ greenhouses by geothermal fluid using: forced-air heaters.. At
" present,, 60 greenhouses have been constructed, with expansion’ planned to over
200 units.  South of Klamath Falls, at the Liskey Ranch, greenhouses ‘are used -
- for raising tree seedlings and, more recently, cacti. - Heat 1s provided by'id
under—bench finned-tube piping.~» : S ‘
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» 'Industrialerocesses

V:fIn Hungary, geothermally heated greenhouses amount tb”o@éflia"m111ion £t2. o
,—jMany of. “these' greenhouses are: ‘built on rollers, so they can be:: pulled from -
‘their location by tractors, - the ground chltivated with large equipment and

then: the greenhouse returned to its location. In addition, to minimize cost,

_,n'much of the building-structure pipe—supporting system also acts as: the supply(
~ ‘and radiation system for - the; geothermal ‘fluid. = Some experimental work is

being" performed with grain,xhay, tobacco, and paprika drying.; In thése ‘casesy

‘;hot water supplies heat to ‘forced-air heat exchangers and 120 i 140°F air is l
blown over ‘the- product to be dried (Lienau/Boldizar, 1974) : o

‘;Environmentally controlled livestock raising provides significant advantages,
~as. compared to the typical practice*of outdoor exposure to the elements. The
- level of thermal _environmental - control currently’ practiced -ranges . ~from floor'

heating for mostly open cattle finish-feed lots to totally enclosed raising of

o hogs . and ' chickens. The totally _enclosed. systems utilize ‘both space heatingv‘
:and floor—slab heating (at about 90°F) to maintain about 70°F.;,:v,“, :

.,.,Fish farming is that portion of aquaculture which involves the rearing and :
‘”fharvesting of aquatic animals.  Among farmable species are common Carp,
- Chinese carp, Indian carp, buffalo fish, paddle fish catfish, pikes, ‘perches, .

v black: bass, unfish tilapia; - frogs, mullet, milkfish :eels, ‘salmons, =
,ﬂesalmonids, smelt, sturgeon, shad, stripped bass, shrimp, ‘lobster, crayfish,

,"crabs, oysters, clams,’ scallops, mussels, ‘and abalone. R Ay o

‘ZHeating can be accomplished using hot water (90° - 110 F) bearing pipes in the
.growth ponds or by direct addition of suitable quality hot- water (70°°= 90°F)
;in order to maintain pond temperatures near 80°F. The main caution is testing','
‘- ‘the compatibility of the aquatic ‘animal and the chemistry of the water when
'lit is used directly in ponds and raceways. , : S . Lo

. One of the best agribusiness examples is in Japan. Here, greenhouses cover
~about 157 000 £t2 » Where a variety of vegetables and flowers are grown. Many n
. large greenhouses are operated as tropical gardens for sightseeing purposes. ,
Raising poultry through the use of geothermal energy- has . been-a  very success-
o ful enterprise. - Here, under—the—floor heating 1s utilized in sheds where
- 40, 000 chickens are raised annually. - Another successful business is breeding
’and raising carp and eels. Eels are the ‘most profitable and’ are raised in 10-
inch diameter by 20-foot long earthénware . -pipes.  Water in the pipes 1s held
- ‘at 'T3°F by mixing hot spring water with river water. The adult.  eels weigh
~ from -3-1/2 to 5-1/4 ounces, with -a total “annual production of -8, 400 1bs.
:~rAlligators and crocodiles are’ also -raised in geothermal water.  These reptiles
~'are being: bred purely for sightseeing purposes. : In combination with green-
-houses - offering tropical flora,' alligator farms are offering increasingly '
f’large inducements to .. the. local growth of the tourist industry (Japan :
,-Geothermal Energy Assoc., 1974) : N e o

¢

ﬂThough there are relatively few examples of industrial processing use’ of geo-

i _thermal energy, they represent a- wide range of applications, from drying of
f,;agricultural ‘products, wool, fish, “earth, and lumber to pulp and paper“ '
”;processing and- chemical extraction. The two largest industrial uses are the,
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FVﬂV,diatomaceous earth drying plant dn Iceland and the paper and wood processing ,'

. plant in New Zealand. Thermal energy up to 300° F,can be "used for a range of

. -'basic processes such ~as - preheating, washing,  cooking, ~ evaporating,-
L sterilizing, distilling, drying, and refrigeration.771,~ B T

: ,An example of industrial processing is “the- use of geothermal steam for the o

- Tasman Pulp and Paper Company in New. Zealand.rv Here, 100 - 125 MW (180
“tons/hr steam) of thermal energy. are used for the lumber drying,, black liquor

7evaporation, and pulp and paper drying. The total  investment cost for geo-

" ‘thermal’ 1s°$6.8 million, ‘the majority of which is for well development. . ~This

;i‘amounts to. approximately $70 per kWt and will reduce the price of energy to 70
. percent of ‘conventional fuels for an annual’ savings of $1. 3-million. . The
annual - maintenance costs are 2. percent of the capital cost (Lienau/Wilson,

1974)

‘:In Northern Iceland, a diatomaceous slurry is dredged from Lake Myvatn. f This -

.slurry 1is transported through a _pipeline _and held in storage ponds. - The 80
_percent moisture is then removed in- large- rotary-drum “driers using high

ey temperature geothermal ' steam. . The plant  produces 27,000 tors of diatomite

* . “filteraids  per year, . most of which are used in beer processing in Germany
(Lienau/Lindal 1974).7. B o e e

r.;Two industrial processing uses of geothermal energy are of note in the United -

. States: - Medo-Bel Creamery in. Klamath Falls, where low—temperature fluid is -
,',~:used for pasteurizing milk, and Geothermal Food Processors  at Brady - Hot ™ -

.+ Springsy: Nevada, where high-temperature fluid is used for dehydration of -

onions. and other vegetables. e Ty B R

’:ECONCLUSION T
e

,.fAt present—day prices, the geothermal application will cost about the same or
::less than the corresponding - annual fossil-fuel ‘cost. _ Due to the expected’;.k‘
: 'escalation of fossil-fuel prices, - the costs - of ‘the geothermal system will-

o decline._, Most ‘geothermal direct-use. systems will pay for themselves in 5 to
10 years from savings in conventional fuel. S ; o :

‘The economics are greatly enhanced where cascading (multi-stage use) is con- “

1fsidered. .. The Japanese ‘optimize cascading where ‘geothermal fluids —are first

.-+ used for electrical ‘power production, then space heating, cooking, and bathing,j"‘
~(Otake). Here, an attempt is made.to "squeeze" the "last drop of energy” from
.- the fluid. Lower-temperature cascading ‘could consider- space ‘heating, agricu1~',,
figture, bathing - (swimming pools), ~and snow melting. ~Low="and intermediate—
- temperature geothermal resources can also be used to meet the base load  of an
_ energy demand. ~Heat pumps and fossil fuel can then be used ‘to meet the: peak“'f’i‘

‘fjdemands,rthus conserving the resource and minimizing capital investments.;«‘,

f24~
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. DIRECT UTILIZATION TECHNOLOGY: STATE OF THE ART
by
'Gehe-P.‘Ryén*'

; ‘W:~Geq4ﬂeat‘Centet BT
. Oregon Iﬁsti;uteiof,Technolpgy'

RTEBDHGTION v T S

- Thié,paper,’isfintendédrt§'¢onﬁéyfsdmé ideas as to how a ,geothermalﬁprojecti

"develops  and to. .point out considerations that lead to the selection of the

" actual hardware. = Today's "state of the ~art” provides -.a wide variety: of

. materials and equipment that “can be ~used in “various ~combinations ~and’

configurations ' to perform. a specific geothermal . function. ~ Most of  the

~ hardware is "off-the-shelf,” and _there is :Seldomﬂneedv'for~ﬁcustomﬂdesigne§ 

'"~4specia1;y items;"'

v To illﬁétrate’yﬁtoject, deﬁeibpmehﬁuand zequipmént’sélectidn .an_;actualwlfonr“:

" the-1ine geothermal application has been selected for discussion. This abpli—jj[‘
‘cation involves space heating, potable hot water, and swimming pool heat for a .

4 small condominium. -.The four level condominium contains all units, a laundry,

: :;Stqrage ‘area, and a recreation room.  The first _thing discussed will be the
" geothermal well, = e T e T R T T

1 PRDDUCTION WELL

- Gamp at an elevation of about 3,800 feet. - In early 1980, ggplogical'wo:k;Was_¢:’

_The condominium 1srldéétedadﬁgthé;;sduthwest slope of Mt. Hood yathdvefhmentr

E  comp1etedfthaf,;indicated'afgobd'vpdssibility‘fot hot water ‘at a reasonable

ffdepthjon»ptoperty'adjaéeﬁt' to}theaiéanOminium;‘and éxp1oratbry(«drilling was
‘begun. R TN R o B S e R o : S

Thé"ﬁéll-waé‘5c6mp1etedfat,1a'dép£h,bf fabouflz;OdOQ;féef‘in-fhe'liaté éumﬁer;

Unfortunately, the well did mot produce hot enough water for ‘direct heating

~application.  The well was filled in to a depth of 1,150 feet and reworked to

produce'f:om5thé;bottomraquifer,fand;a‘900'£06t aquifer, ~~ The well was tested

ffa;}a'flow‘Of_ovét,400fgpm,o£}70°F'water." Water was of good quality, with the -
‘exception that it contained about « five parts per million of “hydrogen sulfide

. (HpS)e With khow1edge.of}water;temperature‘andvquality a flow diagram for the
ULgondominiu@»heat,pqmp;systep was developed. - T e S e TRl

*Mr. -Ryan has'beeﬁfa'résearcﬁ;,aSSQCiate with :ﬁéiGeo—Heat Center at,ofégén'“

- Institute of TechndlogylinﬁKlémath,Falls, Oregon, for the past 2-1/2 years.
. "'He is also involved in their Geothermal Technical Assistance Program. Mr.
‘Ryan has nearly 30 years: of engingeringvexperience;‘including 19Vyears  as a .

, ﬁ\prdjeﬁtjenginegfjandﬂprocess"engihéer{for.majOr,refinetiés and international -
- engineering companies., B A R S e I
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"rLow DIAGRAM AND HEAT PUMP

‘—'Renovation of the existing lodge was under way in mid-1980 to. convert the

_~building to a ‘condominium: Building plans were available, but. the type of
~_heating system had not been determined. Heat loss calculations were made to S
.-determine the peak heating required.', Space heating for the building required
150,000 Btu/hr; heating the outdoor swimming pool required 250,000 Btu/hr; -

- potable hot water required an additional 100,000 Btu/hr.,, Total peak. heat

... required was 500,000 Btu/hr. ~ As ‘previously’ mentioned the well water was not

~ hot enough for direct heating, so the flov disgram (Figure 1) was developed

“based ‘on - a heat pump. Without - getting into the details of: heat  pump

';technology, a heat pump uses the refrigeration principle to ,boost temperature"'
to a useable level (Figure 2). - In this. application it. was decided that a .
- 135°F output’ temperature was desirable. - Commercially available ‘machines’ will
.produce temperatures " up ‘to 150°F." Higher temperatures, up to 220°F, can’ be;"

;'nreached by putting 2 machines in series. - Commercially available machines will

' ffproduce up to five million Btu/hr, and larger capacities can be obtained using
,'selected components. - The selected heat pump, under the operating conditions -
_ . shown, extracts 351,000 Btu/hr from the water and uses 149,000 Btu/hr of
" equivalent electricity to develop the 50,000 Btu/hr of total output. ~ In heat
- pump language this is .a "coefficient . of performance" (COP) of -3,36, ‘which is -~

~ obtained by -dividing 500,000 by 149,000.. It is a measure of the heat produced
compared to the electricity used.-’ The heat: pump system could also be designed

to produce space cooling. For this, ‘heat would be injected into; - rather ‘than :f,
‘extracted from, the well water. However, the condominium is located where LT

f.summer air conditioning is. not necessary.

o Heat pump’ evaporators typically use copper or copper—nickel tubing. 'Thisrheat,

pump is no exception. Though the well water is otherwise acceptable for
‘direct use .in the evaporator, the small amount of HZS is extremely destructive

~to.copper alloys. Therefore, a ‘heat. exchanger was placed. between the well .
- water and the heat .pump evaporator circulating water, which is. high qualityf__"'
water.  This heat -exchanger is constructed of corrosion . resistant type 316
’,stainless steel which is expected to give satisfactory life in this service.

Since heat  1is extracted from . a lower . temperature water “4n ‘the evaporator,

‘there 1s a slight decrease in COP .about 5 percent, as compared to -using the
L 70°F ‘directly if that was- acceptable. For any water source heat pump, the COP

'jdecreases as the heat pump output- temperature rises and 1increases as - the heat
pump input temperature rises (Figure 3). For this application the net effect

will ‘be ' that the average COP will be higher than 500,000 Btu/hr,, the. output»

- temperature can be decreased- below 135°F and  the input. température -to the
' evaporator will rise slightly as: the heat exchanger heat load decreases. RS

—INJECTION WELL

,jiBefore the well pump can be selected the method of disposing of the geothermal

water must be decided upon. - At Government Camp it was permissible -to :inject

“.the water using a relatively shallow well. The well was pump tested to deter—

- mine the ‘1njection " pressure needed ‘to achieve the "design’ flow rate. - This - =
‘Qpressure, ‘plus 'system pressure .drop, is added to the . production well 1ife B

-pressure to. determine the total pressure that must be developed by the pump.

- In some cases it is desirable to-use a separate injection pump. . The amount of
‘injection pressure needed is dependentronb the standing water level (static .
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level) of the injection well., A high water level indicates “the need for pres-

- :sure, " and frequently no pressure is necessary with low water levels.  In an
ideal- situation with the production and injection well identical in design and

‘accessing the same aquifer, pressure for injection would be needed . if the draw ,

.- down of the production well exceeded the static level of the injection well. -

" Draw down is the difference in feet between the pumping level and the static-
level. . For example, if the static level in both wells was 60 feet, -and the.

) 1pumping level was 115 feet, then the draw down is 55 feet.. This is less than '
.the 60 foot static level, so no pressure would be necessary. - Water level in :
“the injection well would rise 55. feet, which 1s - 5 feet below the surface ~

'level. - of course, “this ideal system assumes identical wells, which 1s seldom -

the case. An injection well must be carefully designed and tested. This well

was completed to 400 feet, fully cased, and perforated for the bottom aquifer.r’.
It accepted 200 gpm of injection water at 18 psi pressure ‘and 100 gpm at about>*

eSlWELL PUMP

Selection of the well pump is normally limited to- the submersible typev or to

' vertical ‘turbine ' pumps. = Temperature and ‘corrosive properties of ‘the ' geo~
" thermal water are important considerations. If the water temperature 1s above
. 86°F, the normal submersible pump used for potable well water cannot . be used.
;'However, properly designed and applied submersibles have operated at tempera~‘]
., tures as. high ‘as 300°F, _The maximum permissible temperature is limited by the

;jtemperature that the ~ electrical insulating = material will withstand.
':;Submersible ‘pump components in contact with the well water are constructed of
‘corrosion resistant alloys. . For very . deep wells. with very high lifts, the
. submersible pump is frequently the only choice- o

" If the lift is- 300 feet or less, a vertical turbine pump should be considered? i
= (Figure 4). " At water temperatures above 250°F the practical life 2imit would :

"~ 'be lowers The eritical . temperature problem is the selection and method of
~lubrication of: the line shaft bearings.‘ If water high in solids is in contact'
“with the bearings, problems are induced by salt deposits.nv,Corrosion problems -

“can be satisfactorily controlled by proper ‘metallurgy selection. ~ ‘A turbine.

-, _pump permits the use of a variable speed driver (Figure 5). . There are several
»'aadvantages to using the driver: installed ‘between - the electric motor, and the

" impeller shaft. . These include no-load starting, shock and vibration = protec-
- tion, and minimum horsepower requirements. The variable speed. driver works =

somewhat like an automobile's automatic transmission. Hydraulic fluid main-

. tains a coupling between-the motor :shaft rotor ‘and the impeller ~shaft rotor.
‘The desired speed is obtained by the quantity of fluid in the coupling space
- between the rotors. These drivers are available in power ratings from 1 hp to*
75,000 hp. ~ The power-saving aspects of variable speed drivers are particularly’r
,simportant in geothermal space heating applications,, where .average pumping-k
. ‘rates are low, frequently '20-to 30 percent -of design rates (Figure 6). ~ For .
" flows. ranging from 20 to 60 percent’ the. electrical power savings is sabout 405
kpercent in: a typical installation.,"ri*‘ S = - . :

'Qf,The 5we11 pump installed at the' condominium is a: submersible pump. : For this
application the pumping horsepower is quite low, and the additional cost- for a :

vertical turbine ‘pump with or. without variable . speed driver could not be

o justified. < In\this low temperature service the submersible - pump isvexpected';:;

R S




to perform satisfactorily, and the supplier has providedda'guarantee;, . The

-~ pump was set at 150 feet with an expected pumping level at:design flow of 115
“feet. ' The static level is -approximately 55 feet.  Well piping is 2-1/2 irch

c_,black pipe. -Standard weight pipe -(Schedule 40) is used for the first 40 feet
“and the last 10 feet of depth, “Heavier pipe (Schedule 80) with a coal - ‘tar:

epoxy coating is used in between where the HZS corrosion 'environment is

;;'greatest.‘—

7'HEAT EXCHANGERS R b {‘j'f-'?,ff\'

'7'As previously mentioned a plate heat exchanger was selected to isolate the

B heat pump evaporator from ‘the geothermal water for.: corrosion reasons (Figure R

ST Other geothermal waters frequently are prone : to deposit salts.“ Salt

" deposits ‘decrease the effectiveness  of heat transfer equipment and can ulti——g
- mately restrict liquid - flow through: ‘piping and equipment. Both problems can

~be minimized by using a-two ‘loop system, which isolates the geothermal water

i‘,from ‘much .. of the piping and equipment.f7 If the transfer piping is to be pro-

tected the exchanger should be located close to the well.f The secondary loop

‘is usually a closed  loop circulating a treated water whose quantity is :“'

. monitored. = The plate heat exchanger. 1s well suited for this service. The

" exchanger consists of a sandwich-of. corrugated plates clamped ‘together by
" rods. Points of contact between’ ‘plates are sealed from 1eakage by gaskets.’:

The plates can be quickly disassembled for cleaning.;

'Primary and secondary fluids ‘are passed through alternate passages between the

plates.” Counter-flow conditions and high turbulence produce a very effective~'
' ‘heat exchanger which is small in size, In addition, more than one service can

~~be: attached to a. single frame.,' Témperature approachesf of 5°F are easily

'_obtained as compared to about 20°F for the cOnventional shell and - tube .

/

."exchanger.' =

' Seldom is mild steel acceptable for ‘heat exchanger construction in geothermal

_rapplications. In corrosive . resistant materials the plate heat ‘exchanger 1s
_ less expensive than the shell and tube exchangers (Figure 8). ~ ‘When comparing -
18/8 stainless steel exchangers of ‘the 2 -types, the plate heat exchanger cost‘,

about 60 percent of the ‘cost’ of a. shell and tube exchanger.

The plate heat exchanger for the swimming pool and the potable hot water were
also less expensive than shell and tube exchangers and were purchased on that

'fbasis.

15PIPING AND PIPING INSULATION

fAs previously mentioned steel pipe, a portion protected externally with a
.coal tar -€poxy, was used .down. ‘hole  1in the well.  Carbon steel- 1s the most
- widely used  metallic pipe in geothermal duty . and usually has - ‘an acceptable'

service 1ife. . Use of .alloy ‘pipe 48 restricted due to cost, and copper and
aluminum piping are not'. .acceptable - because . of their susceptability to

,corrosion.f There is a wide choice of nommetallic pipes that are inert to. nor-"
mal chemical compounds ‘found in- geothermal water. Temperature is.a 1imiting'

eriterion for selecting these .pipes. An attached (Figure 9) 1llustrates the

uapproximate maximum temperdture for the ‘various materials. Polyethylene is at

the low end of the scale with a maximum temperature tolerance of only 100°F.

~ - by
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Carbon steel is at the high end of the scale, being useable in . some applica-
tions above 700°F. Piping of “each of these materials has 1its place in geo-
- thermal systems. Each has specific handling, assembly, thermal expansion, and
eost  considerations. - Generally speaking, the various piping ‘materials are

more expensive the higher the temperature tolerance. However, the installa-
tion cost for the plastic is less expensive. ‘They are light to handle, can be

ssembled with pressure joints, can be thermally welded, and most ‘can be
welded with solvents. = Of course, local code requirements‘must be considered

" when selecting pipe.

Fiberglass reinforced epoxy pipe (FRP) is widely used‘in geothermal applica—
tions, since it can tolerate temperatures up to 300°F. Buried FRP pipe can be
installed without expansion loops or joints, utilizing ‘concrete constraining

blocks at valves, turns, and branches. The FRP pipe cost the same as . steel

pipe, . when comparing insulated steel pipe. FRP 'pipe and the other non-
- metallic pipes are not subject to external corrosion that frequently desttoys’

E buried steel pipe.

‘ Various piping insulating materials are :used, sometimes ‘field installed or
’frequently factory installed, -on the pipe. For long - runs of pipe, factory .
" installed insulation is usually preferred.” One method 1is to ~foam approxi-
' mately 2 inches: of polyurethane between a polyvinyl chloride outer . jacket and °
the Inner pipe, ~1in sections of about 20 feet in length (Figure 10).  This

is a very effective insulation. - Other satisfactory insulating ‘materials are

calcium silicate, 85 'percent magnesia, -mineral fiber, and cellular glass.
"These are usually purchased preformed to fit the particular pipe size. '

Sometimes it is unnecessary to insulate the pipe. If a lower water tempera-"
ture can be tolerated, the decision may be made: on the basis of economics.
Simply burying bare steel pipe can reduce heat loss by about one third. ~ With

a selected -1ight, dry soil placed around the pipe iand enclosed in a wrap-

" around plastic film, an additional savings in heat loss can be achieved. The
‘- actual pipe material, whether plastic or steel has no’ significant effect on
the heat loss from buried pipe. ' : , :

'Fot the low temperature piping at the Government Camp condominium 2-1/2 inch

PVC pipe was used.  -This pipe is inexpensive and' easy to assemble using sol-

vent welding.  The pipe exterior to the building was insulated with preformed

urethane and buried to a depth of three feet. The - PVC inside the ‘building was

not insulated. ~The hot piping- inside the building is copper, which is satis—

k factory, since it - does not come . in contact with geothermal water. Copper -

‘n?meets the local code, ‘and though expensive to purchase, it can be quickly
installed. Piping was insulated with a wraparound urethane type insulation. .

L

'SPACE HEATING EQUIPMENT S .,;1 '_fl . T

. Various methods of space heating are available.  Five methods are shown on an
“‘attached graph (Figure 11), titled Temperature Range of: Space Heating Methods.
Bare tubes in masonry floors or ceilings can be used to space heat: at entering
water temperatures as low as 85°F. Finned tubes in forced air ducting can be.

used at temperatures as low as 105°F forced air ‘room convectors as. low as

.120°F, and natural air flow convectorsf,down‘ to 140°F. . Radiators ' are
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not much good bélow 160°F. ' These are approximate design limits 'and are

-absolute.  As entering water temperature = increases, sa does the number ‘. of
‘options available. At 160°F all five methods can be considered." - The amount

of - water ' circulation varies considerably for each of the methods. The .-

‘ following 1s a comparison made for ‘direct geothermal space heating at -a load
':of 28, 000 Btu/hr, based on maintaining a 65°F room temperature.,

Water In Water Out f; Flow Rate

Method 7', R i’,' ) P (gpm)y -
'Bare Tubes in: Masonry Slab ~ - - 85 o :'81‘,"ii’;f‘ l4.0"h
- Finned Tubes in Forced Air Duct 105 S75 . 0 1.87
" Forced Air Flow Room Convectors ~ . 120 '~ . 85 " " 1.60
Natural Air Flow Room Convectors L L 140 ' 1o ooo- o 1.87
2,80

Room Radiators,".'wf_ e S 160 . R 710 S

fThe largest flow requirement listed is fdr’the bare tubes in masonry (14 0
: gpm), ‘because the - low temperature of  the inlet water permits only a small

“temperature drop of 4°F. It ‘may ~ be seen that finned tubes in ducting is a

: “very . effective method of transferring heat. - In this example, ‘the discharged
‘water is cooled to 75°F, an approach of 10°F to the room temperature of 65°F.-
-~ Low discharge water temperature is important in direct heating geothermalk
\‘applications to maximize the utilization of the resource. However, it is not
important in heat pump applications, since discharge. water is ~returned for

reheating. The heat pump normally works with a 10° to 20°F rise in. tempera—

- ture-on the circulating water stream. The condominium heat - pump works with a
10°F rise; that is, the water returns to the condenser at ‘125°F and leaves at
135°F. The" hallways are heated with forced air flow ‘Toom convectors, and
natural air flow base. board type _room convectors are used for room heating.

*,The average water temperature in the condominium convectors 1s 130°F (which isi
a good lower 1imit for the. ‘average temperature. in natural -air flow
convectors). At a lower average temperature the length of the convectors

- becomes excessive. - Baseboard convectors are an inexpensivewand attractive
‘method of heating. : o , : St

 CONCLUSION ~ ~

‘If a  geothermal - resource erists;rjmaterials, eduipment,'iand:itechnolog§ are

.available to match the resource: to the job. "Technical assistance and ‘informa-

'~ tion on geothermal applications are available = from the Geo-Heat Center at
S Oregon Institute of Technology.~ SRR -

/
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' ECONOMICS OF DIRECT USE.PROJECT DEVELOPMENT
- By
. Charles V. Higbee*
S . Geo—Heat Center. o
. Oregon Institute of Technology

'";INTRODUCTION e

= Direct use geothermal projects are capital intensive.', That‘is, they require
~large amounts = ‘of capital .to- develop the resource and - the ~delivery system

:(pipelines) ‘Once . completed, the annual: savings resulting from low cost geo— . .

" thermal energy ‘must be large enough to’ repay the capital investment ‘over the

‘project 1ife. -~ Direct use projects can be highly successful, saving hundreds -
of thousands of dollars ‘annually, or: they can be a disaster. One thing they
"‘all have in common is . that they are site specific. Given that the resource .
temperature is compatible with the end - ‘use, 'they are’ technically feasible.
The technology for direct use geothermal projects - has been proven since the

'yturn of the century.. The question then is, are they economically feasible.,'

“;ECONOMIC FACTORS AFFECTING THE FEASIBILITY OF DIRECT USE GEOTHERMAL PROJECTS

' Efficiency - ht ,_:fi by ’lf:»7 j s 17 = fgfj?’ffi,;ifﬂ"f,- f’~iﬂ:i'jﬁ

"In a conventional system, using water heated by - fossil fuel the water is:

3 heated to some- temperature in a boiler - delivered to the system where heat is

’~vextracted and then returned to :‘the boiler to be reheated. -The’ efficiency of
“the ' system is the efficiency of the “fuel firing the boiler.' The amount = of
~heat extracted by the system 1is not - of major importance. Many conventionalf

~ systems supply heat at 200°F, extracting 20°F in the system, and return the .°
.. fluld at 160°F.  However, more energy Would be required at the boiler ‘to
';fraise the fluid: up to 200°F. s ; AR AT : '

'~With geothermal systems, Mother Nature supplies the energy to the boiler.v
- Therefore, . if we can increase the amount of - heat extracted from -20°F to
- 40°F, the cost of energy is cut in half.', of course, this. isﬁoversimplified -
‘because it would ‘require a more expensiVe system to extract more heat, ‘but at
the same time fewer production wells would ~be required and production well ‘

,‘pumping costs’ would decrease. ,
E 7

bfvThere is always ‘the problem that the end user has a: lower limit on temperature~b
‘that prohibits the extraction of more heat.. ' In such.a case, it is worthwhile:

‘to consider other uses of ‘the geothermal ‘energy whi¢h has béen pumped ‘to the

f‘surface. . For example, suppose a food processor has: a lower limit.of 220°F to _
g iaccomplish a dehydration process. - This processor pumps 240°F - fluid from a - R
.+ resource -and injects it at 220°F.  Now, suppose an-alfalfa pelletizing plant”
“fhas ‘a lower limit of 160°F.f This plant could accept the 220°F effluent and r“'

*Mr Higbee is an " associate' professor in: the Department ofiiBusiness'and

Industrial Management’rat Oregon Institute of Techuology. ~He 1s a research

.“?, ‘associste with . the ‘Geo-Heat Center and has done economic’ analysis on all
J» direct use projects completed by the center since 1978. e ‘ e
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discharge it at 1605F. Next, a greenhouse operation takes the 160°F fluid and,y

}Aextracts 60°F, discharging fluid .dt 80°F. * One can see how.a total of '160°F
" has-been extracted from the resource.  Such efficiency would. lower. the,cost of

S energy tremendously. . Naturally, it -is ‘easjer said than done. ‘We have mot

considered load balancing and the compatibility of the users. Obviously, the

Vegreenhouse operator does not need:160°F heat in July when the food processor -
. and alfalfa - pelletiser would be in operation. . This paper does not address -

Vfitself to :.the - compatibility of end users,‘ but it certainly mist be »

r_considered..

ZVWithin ‘the past year, irrigation water too warm for crops was ‘proposed to,L'

~supply" heat ‘to a water to air heat pump for a greenhouse operation. (A’ con-

siderable amount of . study had been done-to . find if the heat pump would lower

the temperature sufficiently for irrigation. The only point overlooked was

.,that when the .greenhouses need heat, crops are not. being grown, and when crops -

are being grown, the greenhouses do not need heat.:

' gAnnual Load Factor .

[

: -LuThe annual load factor 1s determined by evaluating the percent of time the -
'-,,geothermal system will. be used based on its peak capacity. - It 1is not . econom—.

. ically feasible to spend $40, 000 for a summer home if it will: only be occupied

" one ‘week out of the year.’ Similarly, it is not 'economically feasible to -

‘develop a geothermal system which would only be in operation 5 percent of the

" time. As the annual load factor. increases, the economic feasibility improves.'
. The ideal situation would be ‘to operate the system at a 100 percent ‘load fac~

tor. About the only way to achieve load factors approaching 100 percent would

be to generate electricity.  Most district heating in the United- States havef
load factors in the neighborhood of 20 percent. Food: processors who operate 3 -
' shifts per day and are able to store the input product can have ~load factors . .
“1in*the neighborhood of 70 percent.,' As an example, if $500,000 is invested in-

a. project that saves $20 per hour. of operation and the system. is only utilized

. 20 percent of the time, it would take over 14 years to pay ‘back the capitalhvl
. investment using a zero rate of interest. . If capital were evaluated ‘at ‘12
percent, the project would operate at. an annual deficit of $25 000 - ‘and would
_never be paid back. “If the -system wére utilized 100 percent “of the ' time,
“simple. payback would occur in less than 3 years with zero interest. With 12

-percent capital the project would pay back in less than 4 years. B

, Pipelines o

. Trensmission ‘1ines are extremely expensive, and therefore, it requires' a high. '
“.annual - load - factor combined - with! very efficient use to ' warrant the
‘transmission of hot water, even over a distance of five miles‘— “of course, . it
- 1s cheaper to ' lay pipe in the desert than in  downtown Los Angeles, but the

- best rule of thumb is to build the -end use at the site of the resource 80. that

o lengthy pipelines are not necessary.-

Cost of Financing or Required Return on: Invested Capital

L As the rate of return or the interest charged increased the economic via—
L ‘bility of the project decreases.-, This 1s not to- say that geothermal is not

feasible with “the high prime rate with which we are faced today.,, It simply«v
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t'means that the factors mentioned above need to . be optimized in order to over-
come ‘high rates:of financing or to obtain an’ acceptable rate of return on-
.investment. There are many feasibility studies which have been performed that

indicate- very high rates of return. . Dehydration plants, aquaculture, and

'greenhouse complexés are but a few.  The rate of return on an energy system-
‘when compared “to .those using fossil fuels ranges ‘from -+ 20 to 60 percent per:

year. The tax laws encourage development of geothermal projects with up to 25

.. -percent investment ‘tax: credits, deductions of intangible drilling costs in the
© . year incurred” ‘and - depletion allowances." A word of caution: many direct use

projects are so ‘capital intensive with relatively little savings in the early
years of ‘the projects that the incentives cannot be - taken without ' other

.-sources of ‘income - ‘to’ apply - ‘the write-offs against.. With other sources of .
‘income, the project becomes involved in the preference income and minimum tax
' laws. o , . L ‘ R ,

{

A final word of caution. in completing 1ife-cycle costs for direct-uSe pro- -
jects, it is necessary to establish an economic ‘life for the project. Next,

.. we forecast conventional energy ‘inflation rates - over the economic 1life in -
‘order to determine whether or not ' the geothermal project is economically-
H’feasible. It 1s -of utmost importance that the economic 1ife be kept rela-'
“tively ‘short, 20 years or: less, although most geothermal projects last much

longer, and extreme caution must be used in assigning inflation rates . .to :con-
ventional energles. Feasibility studies have been performed using inflation
rates as high as 20 percent  for conventional energies. - Such a- . feasibility

‘:, study - makes geothermal energy look extremely - attractive, when in fact the
. project may very well operate in the  red for 1its entire life. The Geo-Heat
- Center has been criticized from time to time for using extremely low inflation

rates, -“such as 0.9 percent for electricity and 1.2 percent for ‘natural gas.

. These annual rates are. in:addition to the. economic inflation rate. The criti- .
 .cisms came. dn recent years when: natural gas was inflating at 14 percent beyond
" the economic ‘inflation rate. . However, in: 1980 the price ‘of natural gas failed
‘to keep up with the économic inflation rate, and. in 1981, Pacific : Power and "

Light announced a rate decrease.v ‘By holding conventional energy ‘inflation

‘rates to a: minimum, projects - that have good economic feasibility will remain

feasible in- the face of ‘1ow inflation ‘rates and will be much more’ feasible if

e the inflation rates of conventional energies prove to be higher.,

) 43\\;f
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B R STATE AND FEDERAL FINANCIAL INCENTIVES .
%o o FOR, THE DIRECT UTILIZATION oF GEOTHERMAL ENERGY f-

"'{by:—“

Jack McNamara* President _,;1 e
J. M. Energy Consultants

;,_After more than a decade of 'study, analysis, and debate, investors “in direct'” o
'use ‘geothermal energy. utilization projects ‘have finally been accorded. signifi-f s

‘ﬂcant financial incentives by both the state and federal governments. - These

.~ ‘'financial incentives are- in the form of “both: tax advantages and nontax, risk- - o
"urgreducing programs, such as loan guarantees.:g ' R o

'[;:The tax side incentives create increased returns for equity investors, while‘:'

o the ‘nontax programs ‘geek to reduce the risk for the debt portion of - the costs
of: a geothermal project. Although ‘the = Reagan Administration has’ somewhat R
: curtailed federal - funding for some  -of .these latter programs,. - ‘the tax side -
"“advantages remain: impressive “and unimpaired.‘ ~There also  .exists “the -

d7‘possibility of new risk—reducing initiatives at the state level. g;

A._ TAX INCENTIVES

'_1 Intangibles *5,

”:The investor who puts up equity in order to finance the'yarious

. -phases of a direct use geothermal - project can expect to receive ...
extremely favorable =~ tax treatment for those expenditures. ‘This is =
gparticularly true during the higher risk exploration “and development’."

efphase of the project.v

f»*After passage of the Energy Tax Act of 1978 iy current write-off of!,h‘ o
‘the so-called "intangible™ portion of all geothermal well drillingg

bfvcosts is -allowed under IRS Code Section: 263(c). - These" "intangible

' well costs (IDCs) include expenses incurred for fuel, ‘wages, S
. ,-:hauling, and the " like, i.e., expenses for . nonsalvageable (and- there-
.- fore nondepreciable) items. Moreover, 'intangibles"‘usually account
- for. .70 to 75 percent. of total well costs. . . Ordinarily, of - course,"
- the costs of" drilling a . successful well, like ‘the capital ‘costs of
v any productive asset, would have to be capitalized ‘and recovered-. -
- over timey. For: oil, gas, or: geothermal wells, this would be ‘through . -
: depreciation (for ~the: tangible portion) and "cost depletion" (for
S the intangible portion) However, IRS Code 263(c) allows the tax—~ -
" .payer the" option"'of deducting all of the‘“intangible costs only -
o dn the year ‘they are incurred. = This. greatly increases the inves-
- tor's rate of. return on equity, even in the ‘absence - of: leveraging.f'f. o
“Al1 costs of an. unsuccessful well are,; of course, immediately LR

l*deductible as a’ "dry hole loss.;r~

*Mr McNamara is the President of J M. Energy Consultants Inc. and is a self—;
v employed attorney engaged in private practice focusing on: energy and naturalg

. resource matters.,f;
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24 Investment Tax Credits

"lWhereas the - "intangibles write-off boosts investor returns_ in the

exploratory and - development stages of a direct use ‘project,’ the g

' additional 15 percent business energy investment tax credit, passed

';'into law by the Energy Tax Act of 1978 and ‘clarified by the Windfa11'5
Profits Tax Act of 1980, gives a one-time credit against taxes due. -

/ .Unfortunately, the IRS: regulations carrying out this statute have
placed 2 minimum . 50°C - (128°F) . “threshold™ “on’ ‘the geothermal

deposits” whose use would qualify for the business tax credit. ..The

"IRS has also choseén to: exclude by regulation any equipment which has

. a "dudal" role (L.e., could . function with ~or ~without geothermal
”T'energY) as well -as- all the tangible portion “of . exploratory and
development wells. ~These creative IRS bits of- administrative law=-

- making are . now :the. subject of pending - corrective legislation to
clarify congressional intent." : :

N

. .Residential users of geothermal energy are eligible for a: different .
ctax credit, one equal to 40 percent. of the costs (up to $4, 000) of -

. ‘direct  use projects which provide space heating ‘and cooling in a
©* "dwelling unit."”  All of - the costs of wells drilled for such pro- °
-Jects (tangible and intangible) are specifically eligible “for this
' credit as’ the result of - "clarifying” language in the Windfalll'-'
 Profits Tax Act of . 1980. But in that case, the’ taxpayer must choose ™

" between the .. investment. credit or the current write—off on the,

o intangible items.r

"3, »Percentage Depletion

‘jThis deduction, of a flat percentage of the gross income :from pro-.-

. duction of a. geothermal deposit”, was granted by the Energy Tax Act’
~+. of [IRS Code Section 613(c)]. By 1984, this deduction, ‘currently 20
©percent, will decline to 15 ‘percent of * such income -and remain at

~ - that level, - providing “a‘ partial ‘"shelter” for ~the .geothermal

“ . revenues of direct use - projects and a ’further boost in rate of -

cg return to’ its investors. :

NONTAX INCENTIVES

e'Whereas tax incentives encourage equity investments in direct use geo—ly
‘thermal projects, nontax incentives seek to reduce the risk ‘for lenders

- who could put up the ‘bulk - of- project costs. Although ‘thie - leveraging

‘~also increases returns to equity, - these nontax incentives are -aimed .
. ";primarily at enticing the ‘financial community Ainto funding geothermal"
’Q‘projects and secondarily _at encouraging large energy users ‘who ‘are
extremely adverse to risk taking but who would otherwise. utilize geother- R
“"mal resources. The most famous of these nontax programs is the Geother-
;j,mal Loan! Guarantee Program (GCGP)," while others [passed as’ part ~-of the'
" Energy" Security Act of © 1980 (ESA)] include. reservoir insurance and- both.
" feasibility study loans and reservoir confirmation 1oans._‘ , Lo
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,_7The GLGP was enacted into law as Title 11 of the ,Geothermal Energy;
‘' 'RD&D Act of - 1974, The GLGP guarantees ‘100 percent ‘of a loan cover=—
“ing up to 75 percent of project costs. It has passed through a dif-
‘ficult infancy and is just- now receiving widespread lender and end-
“.user’ 'acknowledgement and acceptance.. The ~aforementioned Energy
" Security Act(ESA) ‘of 1980, therefore,. extended the GLGP's 1life from

1982 to 1989. Reagan Administration fiscal 1982 funding of the pro-

gram is,- unfortunately, sharply reduced. This is a valuable program
-‘and © ‘'should be supported. However, many, 'if not most, direct use

_geothermal projects are "bankable”, without a federal ‘loan guaranteen
- by the more prominent geothermal ‘lenders. ~This is one ‘major advan- .

“tage of - direct use. geothermal investment fover its electric .

"couSin;»_v

: Reservoir Insurance

v“?The £SA also authorized DOE to study the need for federal reservoir

}finsurance as a major risk reducer for utility and direct users as
. ‘well ‘as their financial. backers.v~ Unfortunately, the recent’ funding
A<cutbacks ‘and overall OMB posture have thus’ far’ precluded this much-
- needed program, . -although ‘a private sector 'mode is- theoreticallyi'
;zavailable. For the direct user, the need for this insurance would
. be as a security blanket for the ‘lender. As we noted, this is much
.less of a requirement in direct use projects._ Nonetheless, it would -
~ glve added incentive for sources of long~term debt on both “types of - ’
“geothermal projeets, -and " its" institution should be ‘an ,industry' :
7priority. S e B REE : , e

‘>Other Federal Programs

]‘Feasibility study and reservoir confirmation loan programs both
. aimed primarily at ‘large potential direct users who are not prone to.
:taking risks (tax write-of fs notwithstanding) are also on ‘the ‘books . -
Sas.ca result of - the ESA but have not been adequately funded., In
o thelr - absence, _tax-driven - -investor dollars must be substituted -
- ‘during these risky exploratory steps in order to confirm  both over— -
all project and geothermal resource viability for end users and/or S
f,potential lenders. Sl : B

"xState Programs

ﬂ-~After several years of urging by both the“ ‘California  Energy

. Commission and Department of Conservation, the = State Legislature
‘created-the ~California Alternative ' Energy Financer Authority. At
'this point,  they. are considering funding several specific projects'.

. for private entities by selling their bonds, ‘either ‘through private i

. placement with ‘a ‘large financial ‘institution or  publicly. = The

- proceeds would" ‘then-be loaned to the private applicant with an‘addi-
“tional ‘'small charge by the ‘authority. ~ If this type of funding can -

“be utilized, it will mean the opening of ‘a major SOurce of capital:.

; ‘Slj:d



- for' direct use geothermal projects. A The bonds that are marketed to ,«%1°
provide the loan funds ‘are not backed by ‘the “full-faith and credit | \G/
of the state, but by the credit wotthiness of the private entity and )

'? its project.. -

e
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i other two Tesources,’ oil and uranium..' N R

SUMMARY
r/ of” ) ' '
{xﬂk’ GEOTHERMAL ENERGY.( ITS ROLE IN OUR ENERGY FUTURE‘1

PRESENTATION

. '1'hy
The Honorable Lawrence Kapiloff
Member, California State Assembly
. . , -

I am. here to give you an’ overview of what we have done and what ‘we hope “to do ",
to- 'encourage what 1" consider to . be the single major source ‘of alternative o
~energy. in: California.‘ I have been primarily interested in developing geo-
* thermal energy - for electrical use. - But I find this. gathering rather intri- -
guing in that there are over 300 people here to ‘talk about direct use :of geo-f
‘thermal energy.. In- 1975 I created by 1legislation, a geothermal task force:

' -which wrote the most: ‘definitive report on geothermal energy ever written- The .

California Energy Commission (CEC) utilized some of these facts, but most of-~
this information has remained unused. S e e e DT S s T

One of the things we learned during our hearings, which took over a year, is o

. ‘that so much of the resource is tied up by so few -economic interests. What is

refreshing about today's meeting 1& that apparently the “low-grade”  types of

_anomalies are not .as totally controlled.‘ﬁ Over 68 percent of the high grade -

resources An California ‘are controlled by oil ‘companies. The government  "is’
going to have to get involved if the résource is to be fully utilized. If the

government does not, people will sit .on their resources until it best suits

their interest to develop - it. An oil .company executive looking at his

resources -would know that he - could use geothermal energy after utilizing his;g
, L

Today, we can locate the resources, educate the public on potential uses of -
geothermal ‘energy, and then begin to develop a totally mnew. industry which will
employ a lot ‘of:people for many applications. o It-is’ going to be up to ~you
‘and some .people who ‘are far-sighted enough to make Anvestments to- pioneer all:
“types ‘of - applications. With 1increasing - energy prices, this relatively; .
plentiful resource will become increasingly utilized in California.“ P ‘

SR

, '.DD‘416 o

“T*78th District-Assemhlyman, Mr. Kapiloff is currently'the Chairman’ of: ‘the

Select Committee on Acid Rain, "a member. of the Assembly Standing Committee

~on  Ways and Means, Revenue " and Taxation, ‘Natural resources and Energy and. .

Rules., “Prior ~to: his election,_ Mr. Kapiloff. worked for- 11 years as a w
government attorney for San Diego County specializing in tax law. .
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t";TnE CALIFORNIA ECONOMY -

: These strengths have resulted in real gains for California. 5

‘k;o«_212 000 new jobs in California in‘1980, ;;:f;*l
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_ GEOTHERMAL ENERGY: . *
OPPORTUNITIES FOR CALIFORNIA BUSINESS

. by,"
Lynn A8 chenk * Secretary

vk Business, Transportation and Housing Agency
: State of California

. Good afternoon. . As a San Diegan, “1-am pleased to have the opportunity to
“welcome you to'San Diego. -If you have not been here before,” 1 hope you can

" take time to discover why we are so proud of San Diego. =~ ‘One of “the most
attractive aspects of our area is the vigorous economic. growth we enjoy. at the - ‘
same time ‘we maintain a- rewarding life-style. - Because we value this winning o
"{combination, geothermal energy is a particularly attractive energy ‘source. '

Ie

“?But, of course, we want to convince you that direct use of geothermal energy,
~is an: opportunity for business - throughout California. My part in this con—
ference is ‘to present a simple message: - business is good in California, and
2 geothermal energy is good for California business. o

S

C'California in 1981 stands on the threshold of a new and even stronger .era: of,
'economic prosperity. ~ . : : R .

;1 o“Although we are on the western edge of the continent California is thef/i\

financial and intellectual center of the rapidly growing American west'

o Our ports and- cities are the points of contact with the growing markets‘
of the Pacific rim countries~' j‘, ' , ,
-!o"The‘ productivity of our labor remains 10 percent -above the:nationall
_,average' : ‘ - R i » R ' :

if,o”’We are the center of innovation rin key industries of the ' next decade.'

'h_,semiconductors, aerospace, biotechnology, and alternative energy. W

o .21 percent of the job growth in the nation occurred in California's‘

- “increases; oo

'v-*Ms. Schenk was appointed ~as Secretary of the- Business, Transportation'and _f;j,
' Housing Agency on October 6, 1980. Prior to her appointment Ms. Schenk was - '

'an -attorney- for. San Diego" Gas & Electric Company, -an -adjunct " professor at -
~the University of San Diego Law School, : and a -White House fellow on the
,staff of both Vice Presidents Nelson Rockefeller and Walter Mondale.‘

s .

'3o.1Persona1 income increased 12 6 percent in 1980 -or 2 2 percent in realhj',; I



e ,?,“’/

o New business incorporations have increased steadily since 1975; Vhy 1980
" the annual total was more than: double the 1975 level. f, - o P

"'Yet, ‘we cannot assume that this healthy growth will inevitably continue.

: fThere are eritical obstacles which could ‘delegate California to the slower

etonomic growth found in many other states. I believe' that- the three major o

bk ;obstacles today are,’ first, the unabating record high interest ‘rates, second
.- the increasing competition “for our- manufacturing assembly plants from other,»
‘" states with lower costs, third -and - finally, the ‘increasingly’ fierce inter-

- natiofial challenge being mounted by the Japanese and Europeans for . our
: technological leadership.r . , :

e

B We can meet these challenges and allow the California economy to - fulfill itsf

promise. . If successful, we can maintain our ‘quality of 1life, extend our tech-

| "-nological leadership,_and ¢reate quality employment for all Californians. To -
do this, we must develop a strategic vision for the California economy, to be
developed and carried out by a coalition of business, labor,' and government,

:Jg-each playing critical roles.i

Thé Brown Administration has - laid the groundwork with initiatives that havey
v addressed regulatory reform," tax relief, housing,_ transportation, industrial,
,,innovation, capital formation, and other issues of importance to business. In -~

‘the tax arena, for example;  we worked with small businesses to successfully
- pass a capital gains elimination bill, which. the Governor signed last week,

© " and shortly, he will -announce the formation of the Californiar Commission on -

g Industrial Innovation.

: But today s topic is energy, and here the Brown Administration has ‘ditected a

'great deal of its attention becaise it 1is .80 vital to the survival of our

'economy and, in fact, our way. of life. B . ,7:; Lo

',You will notice that I did not mentibn energy as a major threat to. our future"
economic prosperity. DeSpite our preoccapation with energy in the. - decade of -

" the 70s, I think the business of- California—-present -and future--will be wise
~enoéugh to turn this challenge into secure supplies and business opportunity.

'.I do not mean to. tell anyone here that energy today is not an issue' ke
0 Energy costs are rising,”;"

‘6 ‘Periodic oil price hikes and threats to supplies ‘are disruptive,,v

ljof'Energy competes for capital‘which could be used for other new investment‘,'

and expansion,

e 'The ‘need ‘to conserve - energy has required:dramaticuchanges*jin ekisting
' facilitieS. : S T T = B

For these and other reasons, the strong policy ‘of this administration has been’U:"

" to channel - as ‘much. scarce public -and private capital 1nvestment  funds -as

possible into energy conserVation and, renewable energy resources, such as

Vlygeothermal energy.‘-'_4 SR Ly
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- Alternative energy development provides a number of significant advantages t0v"
L business.,-fp L S y_‘ o '

o o It can provide secure, uninterruptible energy supplies,
'l o‘ It promotes greater price stability than conventional energy supplies,'-'

O o”‘It is a significant economic stimulant by creating new industries and new_

jobs and strengthening the economic base,

o 1In addition, the environmental degradation of conventional sources can be: ‘
w ;avoided.r R ~ -

';It “has been said that the emphasis of - the Brown Adminstration on so-called'
":,“alternative energy and - ‘conservation is somehow anti-business, that ‘we have
- ‘hampered our é¢lectric utilities. But I do.not ‘believe moves away from foreign

o011 and away from constructing enormous capital—intensive central power plants:
- “toward our own- indigenous energy and -a ‘more efficient use of energy are anti-
fﬂbusiness. ~In fact, every year. - bears out more clearly the wisdom of this e

-path for the economic health" of’ California. It is this path which can help to
jmeet and overcome the obstacle 1 Spoke of earlier. S ,

‘DIRECT USE OF GEOTHERMAL ENERGY

iffYour materials and other speakers will present some stunning examples of‘hov;
direct geothermal energy 1is ‘providing, and will provide, savings to California
" ;/business. To highlight a couple of examples.,’;_ ; i

.v\'

.‘(f¥1511lt ‘was estimated in an Energy Commission market study that between ZSCV .
. ’““‘percent and 50 percent of the energy costs-of. businesses in “the’ lumberi,gf,*;-

“and wood,” paper, and- chemicels industries ' could be satisfied by using.
- geothermal energy; it also was ;estimated that between 15 percent ‘and 30
. percent of  the energy costs of companies with proximity to: known geo— .
'thermal ‘resources could be displaced by using. geothermal energy. These

’;t*space heating and cooling to drying dehydration and boiler operation. :V

: 2. Rohr Industries here in Chula Vista believes it will be able to  ise a

“geothermal system with an estimated cost of $2.4 ‘million that could
" reduce 'the plants natural gas consumption by 41 percent for an annualf‘
savings of $184 000 at current prices-. ‘ PR ; :

k,3.‘;Nakashima Nursery in . Imperial County has recently completed a- 100 0001';,f~'r
. gquare - foot complex ;that 1is: heated by geothermal energy.» ‘They havetf;;]

'~\reduced the consumption of natural gas by 90 percent. .

These* savings direct capital away from costly, often foreign-owned fuel and'
- back into more productive activity. - Funds spent = on new energy technologies,«
- be they geothermal or others, can be investments in California business. - ‘As

‘gleaders in technological ‘change, we are . often the greatest beneficiaries of .
“this move to greater energy efficiency and independence. "' These hre opportu- o
" . nities for our .component and system manufacturers,f engineering and con~
'~_,struction firms, servicers, and installers-v ' : S

5;$ép;j‘l
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are impressive savings figures ‘for a variety of processes ranging froml7*




:GOVERNMENT ASSISTANCE

L

The indications there are on. savings and .on jobs. " We know there is a poten—

‘1 tial market. We know ‘that some companies have made good use of- geothermal
A1energy. . We all know’ that business people can be the most rational people in-
~the world if given the right information. ‘ So what is missing to get more"

L industries ‘to -use geothermal’ e

quhis is where we 1n government can play a constructive role.r The Energy Com—
rmission ‘has surveyed ‘business about what they ‘need to, get them to make . the
_'decision to use geothermal., According to this information, the most important

i'bstimuli for business would be. S o 1

o Tax incentives,

;‘io Technical information' and Ee

".o ’Proven reliability.riC]:VJEV
: v BT

AAThis conference addresses each of these areas.' The point here is: that we do
- -mot. believe in government handouts or false cost effectiveness.. We do’ believe”
in information and incentives ,to grab the attention of business to ‘a -

3 technology we' know will be good for a11 of us.

: Safe-Bidcol

"';A state-supported loan program to help small business in 'alternative energy

'afields, such as’ geothermal energy, is ‘up and running in. Sacramento.

“State Assistance Fund: for Energy, California Business and Industrial Develop-'

-‘iment Corporation (SAFE-BIDCO for short) will operate on. g statewide basis.»‘

"It has-a $2 5 million line of credit from the state, but SAFE-BIDCO has pro~ o
jected a level of 18 million in loans by the end- of 1984.1 The . basic $2.5-
million of 'capital will. be recycled in secondary money markets ‘through the'
sdle of those portions of the loans that are guaranteed by the. federal govern- -

ment.  The Small . Business Administration (SBA), for example, will currently

”.:vguarantee up to 90 percent of a- small business loan.

"fSAFE—BIDCO created under legislation authored by Senator David Roberti last :

‘year, is an experiment. Its mandate 1s to be self-supporting in thé market-

place.  And its mandate is also to make credit. available to small business,—
-people. who have been turned ‘dowm by commercial lenders because 'they are

"dealing in alternative energy technologies and markets that are unfamiliar.

‘ It is expected that SAFE—BIDCO will concentrate on suppliers of alternativef
_ ;"energy systems, but it can also loan money to small businesses who want tou
- -invest in conservation or: alternative energy sources to reduce energy costs in

'their own facilities.‘ :

jSmall businesses who want to be on the list to receive SAFE—BIDCO Ioan appli—l'
. cation packages when- they are available next month ‘may. write to 1029 H Street,‘

"Suite 500, Sacramento, CA 95814. -
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s CONCLUSION

I am excited by the potential for growth in the California economy. We%remaih

T-istronger ‘than the ‘rest of the country. . Our. growth in the past decade has led
~‘us to-.a position of extraordinary 1ncome and quality of 1life. Yet our pre-
;eminent ‘position is by no means guaranteed. .  Economic turmoil at the national -

and international - ‘levels, technological and economic competition from other

" gtates and abroad, and a shortsighted commitment to outmoded -energy - sources,
»,_could slow our progress, Fortunately, our future is, to a great “extent, in . -~
our- own “hands.  Let ‘us- ‘Join - together 1n a  new: coalition to 'seize the - ¢

"»‘opportunities that present themselves to us and secure our economic future.'o;
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.  SUMMARY. S
-dﬁdﬁ erPORTUNITIES FOR CALIFORNIA ‘BUISNESS ) -

PRESENTATION “-f’*,rbc, A e

,byi:"

Jeffrey Wiegand s President ”
Alternative Energy, Inc.

A

I am going to be addressing the opportunities for geothermal direct use in -
]'Southern California., We are indebted to the geological faults for geothermal -
energy., - L. will be talking . about the four areas that are’ faulted in the

. Southern California area'l San Diego, Imperial Valley,‘SancBernardino, and Los

v Angeles.,

s,

«.In San Diego there are several faults near the border which give us our very

. modest resource. In the town: of Imperial Beach we have about 16 warm wells in -
. which we have encountered geothermal energy at very -shallow depths. This.

resource has been: untapped, unexplored and virtually ignored. " We hope this
cowill change in the near future ' because there is an agricultural ‘area down

- there that could use this type of resource for: soil ‘warming - and other ‘end . use

applications. There is also a geothermal resource well at the Rohr Plant in-

Q',San Diego Bay.

A Ninety miles east "of .San Diego is the Imperial County with at least four Knoan e
jFGeothermal Resources Areas (KGRA): Salton ‘Sea, Brawley, Heber, and East Mesa.‘f
“There’ are approximately a half dozen direct use: applications in some stage of

. maturity right now. ' These include & Space heating and cooling plant in El . -

. . Gentro for the El Centro recreational” center and an alfalfa drying feasibility -

~ study that was just completed by Westec Services.: . In the alfalfa feasibility =~
study  the 1low cost of alfalfa as a. commodity made the feasibility somewhat :

M.,questionable. E AR L S N e A ST o

V.The resource in’ the Imperial Valley ranges from 250°F to 550°F within 9, 000 : v
o ;feet. . The whole -area is ripe for direct use application. In East Mesa there; o
~are a couple of direct use. applications in progress. ‘One. is 'a food drying

. -operation under. the leadership of Buck : McCabe of Magma ‘Pover - Company. . Also, -
‘fUltra Systems received a.state: grant to analyze the: feasibility of an ethanol;~
. project. powered by geothermal: energy.i Nakashima Nursery in Imperial Valley is = -
- now: using” geothermal energy ‘to raise flowers.  The towns of Brawley and
“Calipatria, which are in the central part of the Valley, have. both: applied for -
.. 'HUD - assistance to. use' geothermal energy.. for municipal “gpace. heating and
. cooling. . They were denied but are still very anxiOus to. pursue district -
et heatinggi{ The opportunities in the ,Imperial Valley are virtually limitless»i

*Since August 1979 Dr.~ Wiegand has been President “of Alternative Energy.'h
" Incorporated which provides financial and technical services for alternative‘.v

energy development.,.
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s vastly improved.
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‘: because of the agriculture that is processed there. The‘potential for ethanoiyu”‘
‘.. plants is very exciting, and industrial as well as municipal uses are also .

*

waiting to be tapped.

A

“Bernardino Valley College, the Orange Showground Aerospace Center— the County
Jail dnd - Norton Air Force Base._~ ' r .

In addition to the space heating and cooling operation, the City of San
‘Bernardino analyzed using geothermal energy for its waste water treatméit
. plant. - They analyzed the Various ‘heat uses ‘of the treatment’ ‘plant ‘and. found

sludge digester heating to be the most optimal usé of geothermal energy. The

~state has granted them money to ‘move forward and deVelop this use-

The California Energy Commission is funding a project through the County ofi

“Los Angeles to evaluate the geothermal energy potential in Los Angeles County.

. Most -of the geothermal energy in Los Angeles lies in the oil fields in the LA .
-~ basin many of which are on faults‘ The Willmington, Tarhs, and ‘Long Beach oill'

fields all. underlie the ' Newport-lnglewood Fault zone. - They produce

. approximately 95 percent water for every 5 percent oil: That is equivalént to

19 barrels of water coming up for every barrel of crude. ‘A-lot of that water

- comes up at temperatures between 110°F - 240°F.1 The water 1s delivered. to the
- ~surface cost ' free because “they. are already pumping to - get the oil. - The

“economics of - this project look: good because of the flow rates and the free

delivery of water. " _Hot ‘01l —and gas by-product wells exist ‘even in “downtown .

Los Angeles, ' Venice Beach, ~Alondta, Londale, and Sante Fe Springs.  The
exciting thing 1s, with approximately 8 million people. in thése areas, the
chance . of finding a direct use application that will make economic ~sense 18

1

conditioning, agriculture, and aquaculture.' The City. of San ‘Bernardino has a

resource of up to 200°F.. The glant Los Angeles resource has low temperatures
but huge volumes.- It is just now being analyZed and has an unknown but. hope-,”‘

fully significant future awaiting it.
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The City of San Bernardino is dissected by a . couple of main faults of ‘the San .
. Andreas Fault system: - Associated with these. faults iz a geothermal resource’
~of at least-145°F to 200°F.  Six entities in the city have joined. together to
space heat and éool their facilities with geothermal These . include San’

' i' In summary, the Imperial valley has .a resource of unprecedentéd temperature'_,_,‘
_~and volume. -Also, the applicatious dre numerdus. .Sah Diego has a very modest
" resource not yet analyzed. . Applications include soil ~warming, space:
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o FINANCING GEOTHERMAL PROJECTS
LIFE wrrnour FEDERAL ASSISTANCE
o 5y}

John H.. Woods* ok
Bank of Montreal :.'

'-’V,ABSTRACT ;]’

At the “time of this presentation there s question as to the continuance of'

“the: Department of Energy's Geothermal Loan Guarantee Program (GLGP). There is

support for the progranm . by several of our elected officials and industry .
" members;- however, the ‘Administration is striving to curtail and/or eliminate
. government' guarantee programs, as it believes the. private sector can and will >
- 'finance themselves. ° While we “do not know the outcome of the GLGP, industry
should recognize ‘that - ‘they = should prepare. themselves to finance their geo—','

_ﬁgthermal projects on.a conventional basis. T

: n- order to- discuss the financing of the geothermal industry, it is important’fiai"'
3 to briefly review the history of the industry in the United States.‘. : .

'v,The geothermal industry in the United States is a relatively young industry,j .
,‘although ‘the resource has’ been ‘used for various direct. -applications on a
modest- scale for many. years., In the United: States, the first commercial well

~ for electricity was drilled at The Geysers in 1954, and the first power gener-

“ation was in 1960. ‘While we .can chart geothermal activity for electrical

'hfpurposes, we “are not as fortunate in direct -use, yet because of . the lesser e

‘f;temperature requirements," direct ‘use applications loffer " substantial -

s ‘potential.

- The financing of the geothermal industry on a- project basis prior to the

bf.“Department of Energy  (DOE) Geothermal = Loan Guarantee. ‘Program.- "(GLGP) became

effective had for the most = part. been nonexistent. .- There are: " a number - of
.,reasons why ‘there has been a lack of direct project financing made available{f
'to this industry., They are.l,d‘fmc : el . ‘ S

12 o Financing of ‘a geothermal project carried a higher risk factor than a‘h.f,
»[bank could prudently accept without ‘some form of outside support. o U

‘ i{oh:Until the 1973/74 oil embargo, geothermal development outside The Geysers”. -
.7 was  mnot competitive with fossil fuels. Therefore, any possible project,
,financing was confined to The Geysers field.f7g3~'~ ; S

‘c}o;?The investment needed to develop a geothermal field to- support a majorf‘:

‘«Ellgeothermal project is substantial.‘, Most of the medium—sized developmentf-:)'n‘u

0 *Mr. Wbods is the Vice President and Manager of the Bank 'of Montreal’
‘_gNatural Resource Group for ‘the states of Northern California, Nevada, Utah,
-Oregon, washington, ‘Alaska, - and Hawaii which provides banking -services to.

_the energy, wood products, mining and public utility: industries. = Mr. woods"“"

o 1s also‘ responsible for the bank's geothermal activities thrOughout .the
i world. o . i : e . L S
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companies did not. have the financial resources to furnish this investment

ineed and those that' did were reluctant to tie up a substantial amount of d

. their financial resources in just one project. R

o Project financing has to be evaluated by a lender asjto '“the ‘estimated

geothermal reserves,- the expected reservoir life, and on having the field
- .developer pledge a firm: steam sales contract with an- acceptable end user.
The techniques to evaluate ‘the known reserves and expected 1ife have not
been: satisfactorily determined. . Also, the end user companies have been

nf'reluctant to make a financial commitment as it relates to an- industrial .

complex because of their concern about the geothermal resource life.f

“LCongress recognized the need to attract proper financial assistance in order

to escalate the development of . geothermal ‘resources’ and enacted ‘the GLGP under -
Title 1I of the Geothermal- Energy ‘Research, Development and’ Demonstration Act-

of 1974. This guarantee program is administered by thé United States Depart—'

ment of Energy (DOE).. With the:enactment of the GLGP, a financial ‘institution
could become involved 1in financing the geothermal industry. . ~Our-bank looked

‘at the GLGP as the window we needed to ~see how the industry operated so that -

_we could participate in the future without a guarantee, much as we do in other

energy industries. - We.not feel that conventional project financing can bev

"provided ‘to the industry.\ o

Over the last several years a number of people have asked ‘me to describe a

project loan as it -relates to a geothermal project. - There are ~a number of;.”

ways a project loan can be set up, but the ingredients are - basically the same.'
. Generally the lender is looking to: the project for the repayment of  the loan:
- -and. ' 1imiting the outside financial support of the borrower to perhaps L
guaranteeing completion and covering cost overruns.. . Each . project. loan is -

‘tailor made, but to give you some idea of what is involved let me walk you
: through a typical loan transaction. ’ o ‘ . .

thermal consultants have completed: their - geological studies that indicate a

, potential -resource to support an ‘industrial use. - The deve10per drills suffi—ult
-cient wells to allow a reservoir engineer to establish the reservoir capacity -

and expected life to support a plant for a term that is. sufficient for: a com-

_pany to amortize the plant over a reasonable term. " The developer ‘at this
point negotiates a contract to sell the resource to an industrial company- that -

~ . will comstruct a plant. The company - starts its permitting process after ' it-

;1'has satisfied itself with the reservoir capacity and 1life. The price of ther7
. resource is to be. competitive with ‘other ‘fuels available. ‘Price increases are |

tied into other fuel costs or on.a known cost of living index.r The price has
- to be  sufficlent to repay the project “loan and ‘allow a reasonable return on
the developer s investment. At this point “the developer requests a  project
loan froma lender. The lender evaluates the project costs, management abili-

”f,'ties, the reservoir report, and the features “of the 'steam sales contract.

This ‘latter item is the most critical, as the repayment ‘of the project loan is

calculated to come from the industrial company payments. - Once the - lender has Sy
satisfied itself ‘on these points, a. loan 1is . approved -equal to, say, 66 to 75

" percent.  The- lender -will carve out of the steam sales agreement sufficient

- The developer holds the geothermal rights in a leasehold section.“ Their geo-;;

revenues to repay the loan over a term of 5 to 10 years: after operating reve-

‘dfnues start or a total loan term of 7 to 12 years.;’ S R e
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i o Equity. w.f

It sounds simple enough, but a’ true project loan takes a' considerable amount”
of time to negotiate between the developer, lender, industrial company, and
f_the various attorneys, accountants and geothermal consultants.\; o

l'Another vehicle used to finance a geothermal project is geothermal reservoirh
, insurance.' A major insurance company has indicated that ‘they will -provide -
“..this form of coverage. Basically, the - program calls for the developer ‘to -

drill sufficient geothermal production wells : so that his reservoir engineer

engineer retained by - the insurance company. - Then a-determination is made as

a0 the insurance coverage needed, as 1t can  cover their equity and/or loan -’
~ amount . for the seller or buyer of the resource. The insurance covers two
. phases of the project: -the development stage (guarantees that the resource
- will be equal to :that stated in the reservoir engineer's report) and ~then. up
to ‘a term of seven years. , It will cover complete or partial failure of the
v;resource.' :

-iTo develop a successful geothermal project there s the need for ‘a combination'
frequity and, most times, debt.~ The forms these can take can vary, such as.v :

<

- Borrower/s own resources.
': - Drilling Funds-—Raise equity to drill a certain number of wells.

:f‘ Limited Partnership—-Raise equity for the entire project. :v

'ﬁ‘yJoint Venture--Raise equity from another entity.
borrower.f:

g materials.'
3-.-;wPurchaser s Resources--Raise equity from thei end user of
',,Jgeothermal resource. T R T S
‘_»parties (demonstration facilities)
o Debt.-ff "" f “~':;f :
;~lProject Loan—eStands alone on‘the.assets ofrthe project.

f'LDeveloper s Credit—-Full guarantee of the developer.,.ffs

- “Production Payment--A carve—out from the project .8 revenues.yjf‘ ‘

: ul- ‘Take—or:Pay Contractf—A hell“or>high,waterxrepayment requirement.

. 66
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can provide a reservoir report that 1is confirmed by an independent reservoir -

srns,iLeasing——Ownership held by another party that leases it'\to the;.

:,4- tSellers Resources——Raise equityf fromhﬁarsupplier' of._service"or'

= Cost Sharing--Grants and other forms of contributions froméoutsidel

":.—"Limited Guarantee-~$uch as completion, cost overruns, performance. P

i
|
i
i
i
i
|




'-ﬁ Take—and-Pay Contract-eAgreement to pay for a11 of the product that .

1s delivered- R T Y SR R
,f' Short—/Long-Term Debt--Development and takeout loans. !14

"The geothermal industty is maturing, and as it growé there will be opportun—

L ities ‘to finance viable. projects under various methods as detailed previously.
. More and more the lenders are gaining confidence in the reliability of the
iresource.v As in the oil and gas industry, where - billions of dollars have beenj,
~loaned secured by nothing but the oil and gas in the ground ‘you will see more -
geothermal projects financed on their own resources. As the industry matures = -
so 1s its reservoir engineering, and. once we ‘have complete confidence on their ’

: ’resetvoir reports\we will make project financing 1oans.

}
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c v‘» SOURCES: OF PRIVATE INVESTMENT CAPITAL -
L A CASE STUDY’ :

' william R. Brink*
7 Coopers & Lybrand '

WHAT Is PRIVATE INVESTMENT CAPITAL? -

If you ask a variety of people to define private investment capital .you will
undoubtedly receive a variety of answers. So let us agree on a  simple

vjdefinition for this brief talk.

For this discussion, private investment capital is any form of capital
financing that is not public, that- is, capital financing that is" not ‘gained
~ through a filing through the Securities and Exchange Commission. Naturally
this definition opens a lot of financial country for this discussion! - Section
1244 stock, general and limited partners, friends and relatives, banks,
savings and loans, venture capitalists, leasing operations, loan sharks, and
underworld money launderers are all potential sources for private investment
capital; ) : R : o ES o " :

A CASE STUDY OF WHAT?

X

‘I reviewed experiences -of clients and .associates who ‘have sought private
investment capital packages. At first I was looking for the case which would

~i-be most helpful to the - most attendees at this conference. Each case -seemed

“very specific _to the project involved and would be of 1ittle use to others.7
" In many cases, the actual arrangements and agreements are confidential to pro-_" T

‘tect bargaining positions on future projects. I also noted that the bulk of

conversations and effort revolved around how to go - about finding private
investment capital. ‘1 decided that the most interesting and  useful ‘case for
the conference was the universal case of what to do to locate private invest—:

“ment capital.«

WHAT IS CRITICAL TO ACQUIRING PRIVATE INVESTMENT CAPITAL?

R Hunting for private investment capital is a lot like hunting for a new career'
.. or a new job. ' It is a tough and demanding task that starts with a thorough\ 4
understanding of yourself and what you really need or want. Searching for a

new - career or . private investment capital are ‘also  alike in . that you need
~plenty of contacts and referrals to find what you are really - after, ‘placement
agencies and. newspaper advertisements usually do ‘not lead to satisfactory

'results.q\

1

Tz, Brink is a manager in Cooper and Lybrand's San Francisco management con-

E ‘sulting services office. He. is. the firm's lead manager .and ‘technical
- advisor on energy consulting projects and has been involved ‘with a number of-

geothermal efforts. Current geothermal projects he is working on -include

“the geothermal reservoir insurance study for the Department of Energy and -

..economic forecasts and cash projections for a variety of  small geothermal
; projects. : - s :
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“But, what is really critical to acquiring private investment capital9 ‘ I be-

"~ lieve the secret lies in.a ‘formalized approach. A few people are lucky, they
“simply look around for- awhile and stumble across what they are after. If you
turn out.  to .be one of those lucky people, good - for you! .~ But’ souls that are
that lucky: are few and far between (and -a formal approach,would not do their

: luck any harm anyway) There are people around who .seem to get the careerS'

and private investmentfcapital they want when they need thems - These people

’¥appear to have some common characteristics that boil down - to a formall

. approach, -even though some - find the. process so natural that they do  not seém

to be aware of how formal and organized their approach really is. What I wiil

discuss now is oy impression of how these successful people operate when they
,successfully search ‘for private investment capital ‘or, more ‘to the - point, how
you might operate- to be equally successful.

HOW SHOULD YOU GO ABOUT\PURSUING PRIVATE INVESTMENT CAPITAL’ - ;f‘ -

‘Step 1‘-A ’ £ ,L‘i—, ,':, ' S : . o ..

}Like the career search process,v you must start from a thoréugh understanding :

of yourself, who you are, what you are worth, what you need, and what you

h-want.,’ For the private investment capital search this . is more than a goodz,,

‘resume. - You should probably start by’ writing a term paper about yourself—-an

autobiography with references and footnotes, a resume, and & financial worth.
statement. ' Even if you never give such a document to anyone, you will find
the exercise valuable as a refresher course’ on’ yourself g0 that " you will be

better prepared to answer questions about your past, your credibility, and
your value to the project. . -

: A valuable next step is to write a term paper on your project (yes, 1t 1s like-

being back in school again) You will need to write about ‘not . only how the

project idea was born, but also how ', the project will operate, who the keyr

"~ players will be, who the important purchasers of outputs will be, who the cru-
cial suppliers to the project will be, what  the project ‘cash ' flows  are
- expected to be over the next few years (including tax benefits), ard the make-
up of assets and resources to be capitalized. As with ardy good term paper,
"you will need to provide a variety of exhibits, like pictures of comparable
'projects, letters of intent from suppliers, records of discussions ‘with key
. purchasers of your products, and tables of cash forecasts for one or more
'likely scenarios. , .

S If your project is very large or complex, you should also prepare a separate

.paper on the industry or industries that ‘are most vital to your project. How
does. the industry operate? What is critical to profits? What is its history?
What is- its outlook?  Who is “1ikely to be your ‘chief - competitor(s)’ Your

"industry paper may be. rather short and to the point if you can attach recent ,

lmarket studies or articles from associations or media releases.r

' Too much paper writing’ You are going to be asking people to trust you with a-'

lot of their money, and they want 'to know if you are a professional and if you

are prepared to . professionally handle their. investment with .due care and
,attention. Demonstrating. your preparation and professionalism through basic_ ,

,documentation is hardly asking. too much, and yet few people take the time to
do proper research and documentation. Too many try ‘and "wing it and wonder
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3 _why finding ‘and acquiring private investment capital has 80 many dead ends and.t
- delays.  If you- want to use other people 8 money, you need to earn it and.

«ydeserve te. .

~ " You' are no'doubt concerned'that you will never getiyourﬁ'"homewOrk"‘finished,'
" and even if you do, it will not be "A" grade work, right’ ‘The professionals

-i;do it, presidents do ‘it,: consultants do 1it;  but, you. say, they have a huge '
By advantage. ~ They. have staffs to help them, right? That is-.true, but you pro- ..

~bably have. a larger staff than,you think, and, except for ‘expenses, your staff
18 free! Your most  valuable free ,staff member is probably the research

- librarian ‘at your - nearby central 1ibrary. These professionals are almost’

... always’ overqualified, underutilized and hungry to prove their. value to anyone

i'w-who ‘will give ' them a. “chance. Introduce yourself ‘and spend ~ a few minutes -
< explaining that: you are getting a project of f the . ground. and need - to find

_capital to support your effort.,« “Also, explain that: you need to prepare docu-

| '.'imentation about: the industry, your markets ‘and your suppliers, and the sources
of “investment capital ~that may be ~able to help you out. - The research

1ibrarian will usually be able to: provide amazing amounts of on—hand material

and will be able -to work through university  and national sources to. locate ‘”

more material, leads, and lists ‘than you - probably dreamed existed. . They can
also provide you with the  most recent publications on financing sources and

-structures. which can serve as your personal primer on private investment capi-'

‘tal alternatives. :

' ;Industry associations and the United States Small Business Administration can(

' also provide valuable. sources of counseling and material concerning your ‘pro-

©' ject and project start-ups and financing. They can also put you in touch with .
S industry and financial. individuals that can provide you with = further assis—»»fi
. tance’ and counsel so .always ask for referrals to others who’ may be able to

~glve you a hand. or more. information. While most people will turn to the asso- o

ciations, few seem to give the Small Business Administration ‘a call, but the

- Small Business Administration has a’ variety of free and. low cost publications

~that can be helpful, and their loan application packages (even if you do not
submit them) can be used as an outline for preparing the papers we . mentioued
' above.»jgl»" : : S SRR

\“'t

You may find that your staff"iis providing you with ‘80 much help you can not

~get your arms: around it all to boil ' it dowm into usable papers or documents.

o 1f so, you may want to add a relative,q friend ‘or student who can write well
.~ to-be your "editor.” - Or, lacking such: a friendly source,. you . may find your:
~local college to be a gold. mine - of business writers. Business schools  are

usually looking for' real: world ‘special projects’ ‘and assignments for their stu—

dents. ' Consider contacting a local college and offering your situation as an |
opportunity for a student or . students . to do research and- ‘prepare materials”.f
about your project.: Let them prepare the various papers and studies and you
modify. them as . ‘necessary for your own use.{g The students .will usually do an
o impressive job, ‘and the only cost to .you will be their expenses. . If you
‘freally get lucky, you may ‘locate a graduate’ student who will be able :to pro--
, vide 'a full range oﬁ quasi-consulting services through, his’ campusv and - -
- professional resources., : : T T I

o -70"‘ N
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steplc e
: While you are doing all of the work in Steps l-A and l-B, you will need to: seti
“up and. maintain a contact file.  The basic file will be a vest pocket. tele~

.phone and address diary {the business office’ .of your telephone -company will

"~ usually provide these free). - As you collect materials about or from . various

~contacts, -you will need a simple ‘f1ling system - to hold ‘the - information for -

ready retrieval.’ ‘Keep track of ‘anyone who may be able to ‘help you with your -

- private investment capital search: bankers, lawyers, .accountants, auditors;
tax counselors, investment brdkers, professors, - other project - developers,
-potential . major suppliers, potential major = customers, potential equipmerit
,suppliers, leasing companies, marketeers, Geothermal Resoutce Council memberts,

"v/etc. Few people can tackle E:Y private investment capital search relying on

just. ‘their own direct contacts.u—vSuccessful searches are -almost - always
“accoémplished through . a long -~ chain "of referrals .and ‘introductions.

-+ Occasionally private dinvestment capital is located through “advertisements in -
- . leading business and financial publications, 80 ‘you should monitor ‘these too,

“but I do not- believe you should count .on ~many worthwhile ‘leads from these

" advertisements. = While you- will start your search in your local area, do not;i_

forget major national sources. At" the end of this article I- have 1listed 'a few

 places to get you started. with "out of town" sources. You may wish to,contact SR

them to see if they have a progtam appropriate for you; and do’ not forget to . .

ask for suggestions or referrals!

‘;Step 2
;;With your‘homework done, or ‘at least well under way,:your next step is to hitjtv:
the private investment capital trail. Where to. ‘head first will depend on your .

* .. homework and where your most promising leads, are ‘pointing.  This part of the

“process. is: very much 1like the job~hunting process... You do not wander around
asking" for a job or money. ~For each contract ‘and- interview, you do your home~
work and have clear objectives concerning what you want to get across and what .
“ you want to ask and receive, including additional ideas ‘and contacts, -For
. this. part of your search process, you -~would do well . to. review your
‘,interviewing skills and develop them with each. contact you make. As far: as
basic personal" skills go,. interviewing is probably the most valuable skill you
- will need ‘to successfully " track dpwn‘ and capture the elusive :private . -

. Ainvestment capital package.' e o BN

'Step 3 il

'Let us call this the final"step.; negotiating and ‘closing on- private invest- R

ment capital agreements. Unless you. are a . very seasoned .and: wise private -
investment capital user, your. chances of having a- satisfying experience with-
- out professional assistance are pretty slim, especially if you decide to set
‘up partnerships or use foreign entities in your structure. . You must keep in

‘mind that any provider of private investment ,capital is in'a position to get .

. the best ‘deal they can for their - investment. No .matter - how honest and
:friendly they may be, their loyalties necessarily - lie on their side, not
yours.  On your own, You may end up with an ‘acceptable. deal for yourself but’

professional assistance will probably improve your long-range well - being and

: will “head — of £ later unsettling experiences. To protect themselves from-

=
i
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charges that they may have taken. advantage “of you; ’most' reputable private
investment capital sources will. ask that you complete the fina1~negotiations

‘ _under professional guidance. .

/*Where possible, get a’”plain English"’version or at least a summary 'memorandum N
of {mportant legal documents, and ask as many questions as you want. ‘There is

"~ no shame 1n asking. questions to make ' sure-you 'understand what is  going on.’

_But there is shame in not asking questions and letting yourself and = your pro-
" ject be unnecessarily molded and manipulated by others when you should be in
‘ control... R S , , S .

AND A FEW LAST COMMENTS

.:: Keep a strong heart. " Acquiring private investment capital is usually a long,j

'kfrustrating process that will.  probably test your endurance “and disciple more

" than running your ‘business will.‘ And do-not forget those who helped you along
“the way. ‘Follow up each contact with a short - ‘letter thanking “them. - If a
contact's referral looks: promising, drop  them another line to et ' them know__

.. how things are. going and how much _you appreciate the lead.  Once your project ReT

gets. underway, - prepare a summary of the  final deal and let those who helped
you most in on how ‘the project is going and how grateful you are for the help
‘.they gave you. . (And:do  not forget the research librarian; you will  have a
"friend and free research staff. member for life if -you' let them in on whatr
’_happened with the final deal!) ' LT S ~ S

1And one last’ point, as your 'deal" gets really warm and .you are headed down to?

the wire, consider running through a basic monopoly game about the various =

“players you are ‘dealing with. =~ What is: each giving? What is each getting in
. return? What are the key tax and liability issues for eachfplayer? Does each
‘player seem to  be playing ‘a . proper ~business hand .or do - some " appear
suspiciously generousv or. unreasonably tough? 1 do  not mean that ‘you should
develop an actual game, but on paper - you should run through the pros, cons; -
and plays -and see if it all looks reasonable. If it does not, get out:your
'~ contact book and: (before you sign off and it 18 too. late) go talk with someone
- who“can help you sort out. thev strange parts and what you might want to do
-'about them.;' : IR e R , e L

#

b_?Good luck with any private investment capital search you undertake, and may. .-
'ofall your breaks be something other than your patience ‘or. perseverance.

' 'AND 'A FEW MORE PLACES O CONTACT

: The offices below often have ’small-scale simple 'programs that may be appro—i

k'tpriate to your. .project. I ‘have" not verified these- addresses lately, but most"

'”bshould be okay.s,(Again,_be sure t°;35k for\suggestions and‘referrals!)
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Aetna Business Credit, Tnc.
 P.O. ‘Box 118 . '

.',_Hartford -cT. 06103

,Commercial Credit Business-.i':
", "Loans, Imcs o
-300 St. ‘Paul Place

. 11th Floor

.Baltimore, MD 21202

‘-Community Services Administration
Washington, DC 20506

7 Department of Defense
c Pentagon .
,rcwashington, DC 20301

, ;Department of Housing and Urban e
Develoment o

' 7th & D St., S:W.

vWash'ington, DC 20410

-:Department of -the Interior
1951 Constitution Ave., N.W.
: Washington, DC. 20242

-7Department of Labor, _ R
200 Constititution Ave., N.W.
Washington, DC 20210 )
' Export—Import Bank of the . -
" United States

811 Vermont Ave., N. We g SR
'Washington, DC 20571 ’ e e

: Farmers Home Administration
- South Building, Wing 4 :
-~ 14th and Independence, 'S. W.

’Washington, DC. 20250

V_Ford Motor: Credit Company
'P 0. Box 1729
The American Road

L Dearborn, ML - 48121

 DD=16 GOU

: Stamford, CT. 06902 '

ﬂ.‘Washington, DC 20416
T National Association of Business

‘-.»P 0. Box' 262 :
‘ Manchester, ‘ME 04351~

Office of Chief C0unse1 for

- U.S. Small Business Administration'

" Office of 201(d) Operations T
~ U.S. Small Business Administration
1441 L. Street, NoW.

:”,'U.S. Department of Commerce

.73

1

General Electric Corporation )
260, Long Ridge Road S e

:'Minority Enterprise Small Business

Investment Companies—’

! Office of 301(d) Operations - P

u. 'S, Small Business Administration :
1441 L St‘, N. W. o o

Development Corporations

Directory o? State Small
’ Business Programs

Advocacy

1441 L Street, N. W.

-'Washington, DC 20416

Small Business Investment Companies

Washington, DC 20416

Economic Development Administration .
Office of Business Development

.Washington, DC 20230

“U.S. Small Business Administration B

1441 L St., N.W. -

 Washington, DC 20416 S

WestinghOuse Credit Corporation

650 Smithfield Street

Pittsburgh, PA 15222



- FINANCING OF AGRIBUSINESS PROJECTS
by

R . PAUL RODZIANKO*
A PRESIDENT, GEOTHERMAL ENERGY CORPORATION '

_By now, we have all heard ° how difficult it is to .buy-a house under these.
~financing conditions. - You even: have: to hunt and hunt before you see a
,straight mortgage these days, what with all the wraparound and graduated

varieties—-even Jotteries.  Today, I would 1ike to shun the traditional_
approach to financing geothermal projects 'and would 1like to dwell on some

% other considerations for arriving at flexible investment decisions from the

—
¥

- user will be the same party). .

resource producers point of view.

-a‘Twoxbasic strategies could be utilized 4n the financing of an agribusiness
project powered’ by,geothermal.f The first of these is the traditional objec— .

- tive of financing a resource, producing it, and selling it to -an unrelated
- third party which uses it for its own purposes. . ‘The second approach--and the
-one I would like to focus on—-involves organizing a joint venture between the

resource owner -and the end-user,. each of which would share proportionally in
the enhanced, combined project (in some instances the resource owvner and. end

- . !

~ What each of these strategies can do in a particular situation 1is totally'
.. -dependent on the objectives of each of the parties involved in the project. I .
‘- ..would 1like to refer you.to the outline published in the proceedings of this . °

workshop of the "Financing” section in the Food. Processing Panel. Before an

i approach can be finally committed to, all aspects of a given project have to.
‘be quantified as much as possible, and the relative strength and weaknesses of

the proposal as well as the reasons for considering it in the first place. have
to be: clearly‘spelled out, This latter aspect will have a major impact in the

.1eve1 of exposure considered.

Let us suppose that Company A runs its operations based on natural gas,' has a

. high fixed investment in relatively new facilities which are not operating at

full capacity, and, to avail itself of the geothermal optionm, would have to

- relocate some of its operations ‘to a remote: geothermal resource. - Clearly, no

incentive exists to make ~any financial ‘commi tment to any incremental risks,
such “as "reservoir” risks, and is justifiably not considered by management. .
Company B, however, will soon run out of natural gas contracts priced at one--

: third of - any new replacements and has ‘a close to obsolete plant, which is
" costly to operate and running at near capacity.v No. alternative energy source

other than geothermal energy is‘ readily available, and the. company could use

o, *Mr. Rodzianko is President of Geothermal Energy Corporation. He ~ 1is

, currently a director and member of the Executive Committee of the Geothermal
‘Resource Council and: chairman of its Audit Committee as well as president of
- its: New York section., Mr. Rodzianko serves concurrently as Chairman of the
Board and- President Yof Geothermal Food Processors, Inc., 4in Brady Hot

’_Springs, Nevada.
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7
the tax benefits. Company B, therefore, must convert -or risk being noncom—
-petitive. Assuming the availability of capital or credit, Company B has every
-incentive to make the move if it wants to stay in business, and any perceived
incremental risks are assessed fully rather than rejected outright as with

Company-A.

Llearly these examples are extremes. Most companies considering geothermal

'"'facilities will fall between them.,' Looking from the perspective of the pro- o

cessor, several topics become important to assess probably in tbis sequence.f

o Applicability of geothermal energy to process (broad or ' Narrow. sustitu—;

tion possibilities, economics, geographic constraints, etc ),

p"Need to consider geothermal energy source (essential or optional),
7.o’vApproach to conversion (total or gradual' marketing involved),

o Availability of corporate resources (capital and management available or
not); ,, ,

A

-0 Desire or. need to mitigate ‘corporate exposure (finance, joint venture, or'

straight purchase of resource, outside participation in plant), and .

o’ Decision to .proceed (intangible considerations,’ need rfor'flexibility,,f

'.,etc )

g

k The sequence of decisions taken up above may well lead a* resource user to opt”
for the most flexible approach one in which the resource producer accepts the -

risks and expenses associated with managing geothermal production while the
resource user manages the manufacturing and marketing aspects of the business.

By means of a Joint venture or partnership, profits would be distributed pro-_

,portionately to both parties.

Qur  own experiences have . involved fully integrated operations, and I will

7',describe these in my verbal comments to you bearing in mind the point of view

described above.

7s.
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RESERVOIR INSURANCE ,
OFFSETTING THE RISKS OF GEOTHERMAL DEVELOPMENT _

by

Norman K. Barrett * Senior Vice President
Corroon & Black of Pennsylvania, Inc. .

This opportunity to learn more about California s diréct use geothermal poten—'
~tial is greatly appreciated. I sincerely thank our friends at the California
“AEnergy Commission and the Geothermal Resources Council for~their invitation to- -

‘:participate.l Our program 1is a unique insurance approach that invites our

clients to participate in tailoring the manuscript policy provisions to meet.
“their particular financial needs. - It is, therefore, important that we under- v

‘ stand ‘each other [ problems as much as possible.

RN

You may be wondering how aviation insurance specialists have become involved'

in geothermal‘resource insurance programs. Well, it happened some what seren-
-dipitously when a Philadelphia client informed us that their Los.  Angeles sub-

sidiary (Geothermal Resource International) was confronted with ‘a somewhat
complex insurance problem. GRI owned a number - of DC-9 aircraft which were -

_being leased for airline use. We outperformed the competition -and won the
account. , SR . S o ,

The ensuing close‘hroker—client'relationship soon revealed\the stringent need

" for .geothermal resource Iinsurance. -~ Several major : brokerage firms had been
. approached previously with ‘this problem, ~and their‘response was "it ‘'can't be
.. 'done." Corroon & Black Corporation ‘decided to "grab the brass ring"” and imme-

‘diately’ assigned high priority 'to the development of a geothermal resource

| insurance program. - We approached Mr. John Cox, President of the Insurance

Company of North America, with our concept and were granted top level coopera—

- tion, which culminated in late 1979 with. INA's commitment - and - their
.designation ' of By firm -as their sole managing agency for geothermal
insurance, - o ) . S .

_Qur‘geothermal’resourcerinsurance'program is, first and. foremost,—‘a strategic
- financial tool designed ' to stimulate private sector investment in geothermal
projects. It ensures the presence of a sufficient quantity and quality of

. _resource over an agreed period of time,: thereby removing the major risk which

private-sector lenders are “unwilling . to bear < (i.e., geothermal resource
inadequacy). If 'a geothermal facility cannot meet the geothermal project s

 resource specifications, .the developers' investments in" the project. are

,n-greatly reduced -in value; perhaps even to the point of total loss if the pro—
- Ject must be terminated.;.

.:,This geothermal resource insurance program" is offered, dinitially, in two

‘fphases to any person or. entity with’ a financial interest in the project'“

*Mr.  Barrett is the Senior Vice President of the Pennsylvania subsidiary of
‘Corroon ‘and’ Black Corporation, which specializes in airline and alternative
’energy insurance programs. In his four years at Corroon and - Black of Penn-

sylvania, Mr. Barrett and his: colleagues have created alternative -energy -

;,insurance programs such as the geothermal resource insurance program.

76
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Preoperational: The project construction period from the date of .reser-
~ volr confirmation (following completion of ~exploration) to the date of -

commencement of commercial operations. ST }) ST

M

(An independent, qualified geothermal engineer will have - confirmed the '

reservolr specifications )

Operational. The period from the commencement of commercial operations

until the completion of an agreed number of operational years-—not, Ani-

tially, to exceed seven years.

',NOTE.

o “If the insured construction period 1s one year and- the insured oper-"

ational period is seven years, that ig_lgn.vinitial noncancellable

‘commi tment of eight years!

o The . reservoir insurance is, of» course, subject,rto negotiated

renewal. o S e ey

o INﬁEMNIFICATION |

| DDHLGGDU

"~ The insured is indemnified for his economic Ioss resulting from resource
- capabllity reduction or project  termination because of resource inade-
" quacy (subject to a negotiated percentage of self—insured /retention by

the inSured--not to exceed 10 percent)

Each policy is tailored to the specific ffinancial needs of  each parti—-

cular insured' Ly

w-vli'l_xamples of'different'”Iossipayable".apprOaches are‘as follows:'

e

1. The cost of retrofit to an alternate source of heat, including.

vo’ The actual installation cost of a steam boiler sufficient to;

produce the specified heat, plus .

"o The actual cost of the alternate fuel required. -j(Subject toa -

specified limit per year.) S L

Such alternate fuel: cost may range from total dependence~ on- the

v_alternate fuel (because of the complete: resource failure) to partial
dependence (because of resource capability reduction)

-

(‘2. The loss of royalties and/or production payments.

~

) 3.E;The loss of income flowing from the project (thereby interrupting

the insured's debt service and payment of fixed costs) ‘ e
. ,

4, .The unamortized portdon of the insured's investment in the project,

as of the time of the occurrence of resource capability reduction or

E _project termination. :

77
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: To ‘sum up, the insuring of the production capability of a geothermal reservoir
removes the major risk that stands in the way of private sector financing.

Because of the broad diversity of the many geothermal projects submitted, each

'must be underwritten on the basis of its own individual peculiarities.

'-Since the  time is limited for this presentation, I am prepared not only to‘

answer all of your questions here during the remainder of my 20 minute ‘alloca-
tion but also invite you to question me elsewhere during the rest - of today

and all day tomorrow.

Thank you for your kind attention.

78
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GEOTHERMAL RESOURCE INSURANCE

Al
;

Co~Developed by INA and Their Managing Agency
» Corroon & Black of Pennsylvania, Inc.‘

~ BACKGROUND

 America needs- to develop new -sources of energy in order to expedite the
.achievement of independence from foreign oil supplies. = There are substantial
" risks involved in the development of alternate sources of energy,. and efforts

- to tap such sources often expose corporate assets to high technological risk

~.and the threat of financial loss. : : .

~;f0f major concern when'considering the development of - a particular alternative
- gource of -energy is - its economic feasibility. -~ Many alternative sources of

energy which are currently being studied cannot economically Justify commer-
cial production at this time.  However, geothermal energy is one source of

8 power that has proven to be economically feasible on a commercial basis.

2 Man s use’ of geothermal energy dates back many centuries to the ancient cul-
. tures of Greece, Rome, Babylonia, and Japan.' In 1867 the Hungarians dug a geo-
‘thermal well, and by early 1900, other geothermal wells were being drilled in
“Iceland, Germany, and Italy ~(today 380 ‘megawatts of electricity are ‘being
.generated at . Lardarello, ' Italy). In 1943, Reykjavik "Iceland, commenced
-switching over from coal to geothermal hot water for heating homes and for

-

industrial uses. Today almost the entire. city is geothermally heated.

o ‘IN THE UNITED STATES

. The largest geothermal electric power generation complex in - the world is .
' "located at The Geysers in.Sonoma County about 90 miles north of San Francisco, -
“‘California. Pacific CGas and Electric Company's first geothermal plant (pro-
~ducing 12.5 megawatts) went on line 1n.1960. ' As of January 1980, ‘production

~has’' grown to more than 660 megawatts plus an additional 245 megawatts which.

are under construction. Another 220 megawatts are expected to be completed by

' 1982, The present total proved ,capacity of The Geysers ~exceeds 2,000
" megawatts. : S : e |

8

.TGENERAL NATURE OF GEOTHERMAL RESOURCES

vVast amounts of geothermal energy are stored within the earth. ' If one consi-

ders ' the United States, for example, and includes only. those geothermal

" resources with temperatures exceeding 300 degrees Fahrenheit, it has been

estimated that about 450 million kilowatts of electricity could be generated. o

; The greatest economic potential for utilizing geothermai resources- exists in
- those areas where geological anomalies have allowed the earth's. magma to pene-
- trate .abnormally close to the earth's surface.» By far, the greatest number of

: the most promising known geothermal resource areas (KGRAs) in the United
States of America are located in the western United States, the - Gulf Coast

geopressured areas; and along the . Atlantic coastal plain from New ‘Jersey to

= Georgia.
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‘fGEOTHﬁRMAL}PROJECT'CONSIDERATIONS o

, In view of the present energy shortage, why cannot more geothermal prOJects be ‘A‘
.-completed? The answer seems to0 lie in the exteint to which the risks inherent.,'

~in such projects are understood and dealt with.

The following are of critical concern in the deve10pment and utilization of
ggeothermal resources.‘ . : " ,

Vo:iThe possibility that a producing reservoir will be unable to sustain its
J,pressure and/or volume over an extended period of time; - .

"o ‘The risk of a reduction of the temperature of the geothermal resource'

o The need to provide for a workable reinjectio plan which not Only solves

~ related environmental problems (such as poll ition and . subsidence) but
~also recycles - the effluent ‘back through the hydrothermal system from
which it originated' : R .

o 'The technology for ‘each particular geothermal prdject must be advanced‘
enough to produce thée geothermal resource in sufficient quantity and

quality to assure its economic feasibility, and

o 'The need to cope with. whatever impurities are present in the geothermal
- resource of each particular project in orfder to assure uninterrupted,x

operation of the gathering system,and generation equipment.

" GEOTHERMAL RESOURCE CATEGORIES

5Hydrothermal Convection Systems

Vapor-Dominated Systems—-Produce saturated and often, superheated steam.

{

Hot-Water Systems--Are dominated by circulating water which transfers the heat'.

and creates and controls the subsurface reservoir pressures,,

e = ~ . I

g'Geopressuredeater Systems

' The heat of the earth is trapped in subsiding basins beneath insulating clay

deposits, creating high water temperatures and pressures.

Hot»Dry Rock Deposits

- Impermeabie rocks cover . magma chambers resulting in temperatures which )
increase with depth and proximity to the magma. . The Department of Energy is;
conducting experiménts which-are expected to- result in the utilization of this

"high grade energy source by the early 199OSa

Magma Systems_

X

'1Buried magma sources comprise very large concentrations of high grade energy.i
The commercial utilization of such systems awaits the solution of a number of

very complex technological problems.)
"80
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INSURANCE DESCRIPTION

' The geothermal resource insurance program is designed to ensure the long-term
availability of the resource at  the needed ‘quantity and quality level estab-
lished  for the project during the _simulation modeling and sampling period. .

. This unique insurance concept is a strategic financial tool that will expedite.

. “investment in both direct and indirect uses of :geothermal energy. ' Insurance
. 1s afforded not only against loss arising out of project termination because

of resource inadequacy, but also against loss resulting from capability reduc—

‘f:ipn.*:’Coverages,are offered for a noncancellable policy period encompassing
the]projéct?‘constructipn,pgriod plus anﬂbperationalu'period;of_ up to seven
_years. e LN I e e : . ‘ 2
CarLe i o

;'J.1;471nn1REcT'USE‘oF;GEOTHERMALCRESQURCE (Electricity Generating Plant)

' ‘AL The Expediting Phase (Construction Period)

. Coverage for the,éxpgditiﬁg phase will go into effect after comple-

tion of the reservoir process and will " remain in effect until the'
‘commencement of  the normal commercial operation of ~the ‘geothermal .

. geothermal resource is available to operate the " proposed. geothermal

. will. ensure the availability of ‘the' geothermal resource im
- sufficient quantity and quality required to operate . the proposed

‘ “the event ‘that the proposed project must be scaled down . or termi=-

- thgiinsufed’based_upoh»hiS'resulting7f1nancia1 loss. . -

S  §';",‘ s 1§fTInéuredA

'fElectricity<Generation~Project.,v
2. 'Inde@nifiéation51n the{event of:

fa;'*Projééﬁ,'Téfmination‘ffibf~fb ?rojéctfédmpletidﬁzvfPayment

'fiiﬂ? f” ¢'3‘;, N of the ' sunk costs of - the project ‘as of the date . of

“termination. -

operations at the reduced capability:  Payment of agteed

payment of the fixed costs. - =

- power plant. Inception of such insurance coverage occurs only after
-confirmation  of . the proven ‘reserve capacity - -of the geothermal.

_ resource involved. * An independent, qualified geological _engineer -
‘will have determined through. production well testing that sufficient

;;power=ﬁléntfat'the;nameplate level.  Such expediting phase coverage g

~ ,Vggeothermal,power»plant after completignvof‘conétruCtion'thereof. In

~ “nated due to inadequacy of the reéédrce;'thejpoliCy  wil1'1ndemn1fy,»'
Any ﬁérébps or entiﬁiésJiWith:[finangiéiifinﬁéresté jin.thé;

bffB.‘ Ptojéét:’Cépabiiity:Rédﬁéﬁidhikv:Inaﬁility~ﬁ6 ~é¢h1e§éz;he
: project's - target capability with = subsequent commercial .°

* amounts to assure continuation of the debt service and




’ B.j The Operational Phase (Operational Period) ,1“77

- Coverage for the Operational Phase will go 1nto effect at  the time s

~ of the official coummencement of’ commercial operation of the geother- - ,

mal power- plant, following the ‘successful-completion of the Expe- L.

, diting Phase._ Project termination due to. inadequacy of the resource T
- owill be éovereéd ‘as in thé Expediting Phase.f, ‘Coverage for loss of
7 earnings due to inadequacy or scale-down of the geothermal resource
~ will also be available.: Insurance for the Operational Phase will be
, written for. a maximum, noncancellable period up to-seven ‘yéars. Such

" coverage cdn “be cancelled only for nonpayment of. premium, fraud, or -
. misrepresentation on the part of the insured. Renewal of the policy
. may . be -effected beyond the seven—year Operational Phase Coverage

' Period.- - : S : R '

L 1;';1nsufeé :

'Any persons or’ entities with 'financial"interests_ in the -
‘ geothermal project.‘ . BT S R

'iﬂgé. ‘Indemnification in the event of.\

‘2. Project TerminatiOn._ The payment of the unamortized gunk
‘costs of the insured as of the date of termination. -' a

(T ber Project Capability Reduction.,v Inability to continue pro-

: _ duction at  the target capability level-=ith" subsequent

continuation of operations at a reduced. level-—payment of‘
 ‘agreed amount to assure continuation of debt service andf.
'payment of the fixed costs.-, : R

i

,,,,,

‘The loss payment will be subject toa’ retroactive pro—
vision" involving  a lock-box -at a bank, with subsequént
. reimbursement - of such payment upon resumption of normal-
operations. A1l of the project & fixed obligations and .
loan service shall first " “be paid by the trustee  out of
. available revenue before any such’ reimbursement is paid to
'the insurer. L - A S
‘The insurances afforded under subparagraphs I.a.A and. Tebe
- will be subject to an agreed ‘self-insured retention. .’ The. :
~;percentage which normally will not exceed 10 percent is
subject to negotiation. o ' ;o o

xlI. DIRECT USE OF GEOTHERMAL RESOURCE (Space Heating, Agriculture, Aqua—

' culture,» Greenhouses, Alcohol Production, Food Processing, _Health Spas,
etc.)}~ : o . o

A, Insureds ,'\l:' i 7 f', . o : 7-,7.7‘;55

Any persons or- . entities with financial interests in the geothermal;
f project. o - SRR O I R P

L;(;g o

Cbbedos



4§‘HU}‘fﬁh“ h;gB}f“Coverage Period

* The construction period plus an agreed number of operational years'
]p‘up to a: maximum of seven operational years.‘"

g_,c."Indemnification .'sfs

rThe insured s loss resulting from'-geothermal“iresource‘inadequacy,i
hazard. ' S T L S - LTI
S _'Definitions

3 The term "insured's loss" is dependent upon the particular need :
/'-: of each. project.‘ This -may include.v I :

‘;Ja.ﬂ The actual cost, including the cost. of installation, of an .

" the degree . level and quantity of heat required in the geo-a
thermal project specifications. L _ :

S he The. actual cost of ‘the alternative fuel required ‘to pro-
. .. .7 duce the heat necessary . to meet the geothermal project-
e Co ’specifications.,‘,: : : e

"c;‘ The annual cost of redrilling or reworking the geothermal ,:
S well.vv o : '

", E. Other Insurance Concepts ;ﬂ

gThis geothermal resource insurance program can. be tailored to meet:
-ﬂ'the particular financial needs of each specific geothermal project.?rf

o Geothermal Market _

,‘There are two categories of geothermal facilities, each involving several
potential purchasers of geothermal resource insurance programs. Ll :

7;“Geothermal Facilities Categories.;;QJ

"1} (Indirect users (electricity generation plants)
7'f2.»;Direct users.ijp | | <

’o Space heating and cooling (space conditioning),,rp,

hhoﬂjAgriculture and aquaculture (greeuhousing, livestock raising and pro-v;
. ‘cessing,  food . processing,, alcohol production, health spas, - fish
'ﬂ‘farming, etc ), and , o : _ P

: ol Industrial processing (lumber and paper pulp drying,ifvegetable
L dehydration, milk pasteurization, etc e S

- DD-16 GDU -

alternatively . fueled steam boiler ‘sufficient - to- produce -




The following are potential purchasers who may have insurable interests in the:
adequacy of the geothermal ' resources which supply the. .energyr required forv

¥

geothermal facilities.?

. ‘tlr. .

" The Developer' i' - ,' >; AT :::“g R

The individual or entity responsible for exploratory drilling and,hsub—

-sequently, the completion of  all production and reinjection wells .
. réquired for the long-term commercial operation of the geothermal_

- facilities.c

,,>3'

The Operating .Company (of an Electricity Generation Plant)

An Entirely Independent Company

o The operating company may be the utility purchasing the produced elec—,'
“tricity, or a subsidiary of such utility (functioning in the capacity of
: plant ‘owmner. or leasee) v o

“A company which derives its- compensation from royalties and/or production

—‘The SOurce ovainancing

1Banks, investment companies, investor groups, etc.,

Insuring the risk of . geothermal resource inadequacy provides the security
needed to obtain private sector capital financing for geothermal
facilities. . T ST : - _

. The complex financing arrangements for' an electricity generation plant R
may be expedited by insuring not only against project termination becduse -

’ 1fSuch a geothermal resource insurance program provides ‘a very potent stra— :
‘tegic financial tool for achieving commercial operation of the plant at

f of resource inadequacy ("total 1oss"), but also against resource capa— r;_

bility reduction (& partial loss")

the earliest possible date.

' The presence of this insurance ~allows the construction of the plant to
rproceed at the same time - as the postexploration field development. ‘No

. longer will the expensive completed field 'lay idle (incurring loss of

_ ‘interest and production income) while the plant permitting and construc-V :
«‘tion is being completed.} . : =

VfFurthermore, such expediting of the project maximizes the favorable‘
-financial impact of investment tax credits and accelerated depreciationr

- allowance.

Geothermal resource insurance is not an equivalent substitute for a Department

~of" Energy loan ~guarantee. The DOE loan guarantee enables a developer or owner °

to secure up to. 75 percent of the project cost through a governmental guaran—

teed loan. In some instances the INA geothermal resource insurance may be an :

S

(%



v

; adeouate replacement;'however; the INA policy;doesjnot‘cover7,certainibusiness” 7
©. risks that = are 1insured: under the government  guarantee program. .  The -
. requirements of the insured 'and his Operation must be ascertained 1in order

t{that the geothermal resource insurance can be tailored'to-meetv his'specific
needs.,i }' : o , S ] : e

_7: For those projects in ~which geothermal resourCe insuranceiis requested INA -
> has adequate reinsurance capacity -and is committed to responding “to; clients .

B needs in an expeditious manner. {f4

“INA's very extensive insurance facilities are also available ‘to underwrite the -

conventional insurances needed for each geothermal project (such -as builders"

,~f,risk comprehensive general liability, worker's = compensation, - professional
',_liahility, etc. ) S Rl e e e e

Premium financing arrangements may  be made ‘in order ' that the 'geothermal;
clients' cash flow parameters may be ‘coordinated with the timing of- “the ‘geo—~

'thermal project s ultimate commercial production. v

' Underwriting Information

.The following initial underwriting information is needed for a quotation.,

o The projected costs for ‘field development and facilities construction. L
Please show the estimated time span for each and furnish copies of_all _E

pertinent contracts among' the parties involved.

0 'A description of the type of system to be used including wells, power'
stations, steam. and/or water treatment, reinjection plans and time tablesg

';,for construction.l

sl

6 Definition of ‘the total areas allotted for the projects use and all accu- v
‘mulated technical  information relative to the reservoir,‘ ‘the individual -

wells, and the .proposed geothermal facilities.

o - The. proposed facility operating plan and projections for the project sf

'cOmmercial operations.

o A positive geothermal reservoir report by a qualified geothermal expert ‘,_A

and his recommendation to proceed with full—scale development.

'For further information on the geothermal resource insurance program you mayv

‘;contact.- “' o : _ R ~ S ,\'
INA Special Risk Facilities, Inc.bhf‘ - Corroon & Black of Pennsylvania, Inc."
¢ -1221 Avenue of the Americas - - . or 1530 Chestnut Street - :
~ New .York, Nethork_IOOZO Tl Philadelphia, Pennsylvania 19102

oo Lo 4
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: o
L SUMMARY -
r/ Of :

NEH MEXICO STATE GEOTHERMAL DIRECT'USE DEMONSTRATION PRocRAuJ
| e PRESENTATION ‘ | |

")%f::"jﬁf_f”ZFT*’, George Scudella* Resources Bureau Chief

New Mexico Energy and Minerals Department

New Mexico “has 8 KGRAs (Known Geothermal Resource Areas) and 12 ' KGRFs (Known‘
Geothermal - Resource Fields) . A KGRA- 18- ‘defined by the United States . -
‘Geological: Survey as an area having sufficient geothermal potential to warrant

spending money for development and & KGRF is defined: by the New Mexico Land

'0ffice as an area in which geothermal energy may be: capable of . being producedt

in commercial quantities.

: The following tables list areas and sites of geothermal prospects in. the statea
' ‘for both electrical ‘and. thermal uses. . ‘The- prospective sites are listed in‘ '

three categories. proven, potential, and inferred.g,

Proven sites are those which are in an advanced stage of development or com—

mercialization by a private company or by government for “specifiec applica-

tions ‘or those on. which favorable quantitative data on the measured subsur—~

- face temperatures ‘or land volume of Water flows is available.‘

Potential sites ‘are those sites on which there 18 exploration/development'
. aetivity, or on which - some favorable quantitative subsurface data have been
: estimated or measured.v ’ . . _ o

[

Inferred sites or: areas ~ are those identified by surface manifestations, such”
~ as wells or springs,\chemical thermometry, or proximity to. potential or proven '

sites.

‘ There are. nine geothermal developments in the state that are. currently active S

demonstration ‘and commercialization ~projects. . Of ‘those projects, six -are

demonstration ‘projects that ‘were initiated by the New Mexico Energy and Min- f'~

erals Department and cost-shared with federal and private funding sources’ N

‘ 1 Carrie Tingley Hospital at the City of Truth or Consequences. This is a ‘(:'
' :=~fgeotherma11y preheated hot water system designed, installed, and operated R
by ‘the BDM Corporation. ‘The project utilizes an old active well < system '~

' that provides natural hot water for: the- hospital & two therapeutic pools.

" The capacity of the system is equipped to handle 170,350 liters of con—.
“tinuously pumped well water. (43°C) which contains a useful heat contentf

*'{of 12 000 Btu/min.

A

*Mr. Scudella is the Chief of the Resource Bureau for the NeW‘ Mexico EnergyJ

and Minerals Department and supervised the policy, planning,‘ and. evaluation

t_"of alternative ‘energy resources and: appropriate ‘technologies. . ‘Mr. Scudella
: also " gerves as New Mexico s geothermal® program manager and has primary -

: responsibility for the United States Department of Energy - Geothermal Commer-

© cialization Program and for New Mexico g geothermal research deve10pment and
f‘demonstration projects.= - St
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Universfty President s House/University Center, NMSU, Las Cruces._ This
is ' a space-heating project for the residence for which a well ‘has been
wdrilled into the Los Alturas Geothermal Anomaly,' which underlies the

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

s
: Mexico, which flows at 132.51/m 57°C (125°F). _ The objective is to con— .
" struct and operate the geothermal greenhouse using runoff water from the

meters (450 ft) at a flow rate of 64.3 liters/min. ~ The project started
“June 28, 1979; the’ construction was completed in September 1980" and the

residence was occupied in December 1980.

Solar—assisted geothermal greenhouse, Faywood Hot Springs. The resource
" the Faywood Hot Springs, 48:3 km (30 miles) southeast of Bayard New

hot spring and produce native plants for waste tailings ‘reclamation proj-

. ects by, Kennecott Copper Corporation. . This development is “bheing
constructed and operated by handicapped labor from the Southwest Services,
ffor Handicapped Children and Adults, which owns the greenhouse._ i .

City of Truth or Consequences Senior Citizens Center. This is a retrofit
"space-heating project which will tap the underlying artesian thermal-
- -water basin under the city. The well water- temperature in the area aver-—
‘ages 43°C. : The geothermal water will be pumped from a 154 meter or less
- well which is being drilled ‘on city property. This well will  be
- connected to the city's Senior Citizens Center to supply up to 100 000~

Btu/hr during peak demand period.

Solar—assisted geothermal greenhouse, Taos. The resource is the Ponce de

Leon Hot Springs near Ranchos de Taos. | The springs discharge 1,305,977 -

+ 1iters per day. at 35°C at an’ “elevation of about 2,256 m. The project'
will analyze and determine the use of a geothermal heat recovery system

“to provide thermal energy - for greenhouse - space heating for - growing cash
crops (for 5,574 mz) and othet commercial processes. This project uses .

- technology transfer from power plant waste heat recovery and is conducted‘“
by Solar America, Inc., of Albuquerque.' ; , .

'L'Eggs Products, Inc., Mesilla Park. This project evaluated the poten-. '

tial resource and the engineering for bringing geothermal energy on line

for, industrial processes —at the: hosiery manufacturing plant. . An- 1 ,800
ifeet test well was drilled on the plant site on May 12, 1980. No appro—“

" priate resource was found, but a varm bottom hold temperature of 32°C was

,encOuntered. It was determined from a series of ‘economic and. engineering‘
‘studies that the development of a deep resource would not be economically

-,.suitable for the company s requitements and needs.):

With the exception of some aged hot . spring resort spas, most private buainess
enterprises utilizing geothermal energy “An- the -gtate started in the 19605.v_v7'

‘va,[ N The most significant developments are listed here., PR ,f;rl

1.

Baca location geothermal power plant demonstration program,v Jemez Moun-
.tains. The resources of the project area inside the Valles Caldera in~ -
‘clude both a liquid and vapor—dominated reservoir.- 'The major, 1iquid-x
dominated reservoir is over pressured and contains a calculated 1.8 x10 .- =
: kg of fluid in place. The average reservoir fluid temperature ‘48 in ex- .

. 'cess of 260°C. The main production and injection zone is the -lower




sasenu|

\ forms the cap rock. " Since the: first
-,l.geothermal well was acquired in 1963, ‘Union Geothermal of ‘New - Mexico has
‘ drilled 23 wells, and probably 10 t 15 more ‘wells may be ‘needed - for the
o proposed 50 MWe plant. _Final approval of. ‘the environmental impact ‘state-
. ment was made  in May of 1980, Au horization for:- construction is still
. pending from the " Public Service Co mission,/and ‘additional ‘watér rights
-are needed : from the State Engine r 8’ Office before construction ~can -
”'ofbeginoiff“‘ -

,‘Bandelier Tuff'v the upper Bandelier

~4—9~h&’”ﬁﬁ#}f;¥w ot

=f2{{vThe Aminas Valley geothermal greenhquses.p Operators. ‘Tom McCants and

" Dale Burgett.~- Two hothouse operations are described together beckuse of:
" the same :underlying - resource, ‘1dentical characteristics,- energy useﬂ
r‘.applications, and geothermal energylrequirements.

gi3..1The resource 1s the "Animas hotspot," a very shallow anomalous aquifer,.l“

‘where abundant water of 102°C (215°F) is obtained at ‘depths of :less than
.29 meters. = The thermal anomaly has no -surface - manifestations, and ‘it 1s
Lovery. geophysically ‘consplcious in‘ ‘a’ one: ‘square mile “section.  This .
) fapparently is- a fault—controlled qeature. adjoining a sediment-filled_v
":b381n0 LR Sy Sk S B : ; } : ; R

-

]ié.i‘The ‘two greenhouse‘ operations over&ying the thermal anomaly ‘use 3 600 S

. Btu/min and 1,700 Btu/min with no thermal drawdown. /The thermal capacity '
 is used for ‘the production of arious high priced floral plants,' :
:;particularly roses. : AR : . : :

Iy A
\‘,.

‘,5;:fGeotherma1 heat mump system of Sand{a Savings Building, Albuquerque. JTwo,{v }

~aquifers, 90' and 270' deep, supply icool and warm waters according .to the
.. seasonal demand.g Two wells are inv lved in this Operation. - The shallow
~well supplies ¢ool water with & temperature ‘range from 17°C: to 21°C (60°

- to 70°F). . The deeper well suppliTs warm water at 26°C to” 27°C. S The’ -~

"pwater 1s withdrawn from ‘either the cool or warm well, depending on the

‘ ’fseason and injected into the other ﬁell. A heat- exchanger and three IOOoFJ o

“horsepower COMPressors are used to- oost or lower the : water temperatures

" for winter heating or summer- cooling : Heating requires 2,518, 000 Btu/hr7’* B

~and cooling requires 3, 467 182 Btu/hr.__'

THE BACA RANCH GEOTHERMAL DEMONSTRATION

N;The prOposed Baca project consists of geothermal well-field development, power
"z'plant ‘and ‘transmission 1ine’ construction, and operation of a turbine generator =
- building, cooling tower, hydrogen sulfide- abatement system, and " an- electricaquf:‘
. switchyard. . .The well-field’ system consists of geothermal well,: piping, steam
'_separators, ‘and- a 1iquid injection system. : Electricity will - be transmittedi,
from the plant by " 'a newly -constructed. transmission 1ine. During operation,_vv
3ffluid will be transported = from ‘wellheads through pipelines to localized or:.
_."satellite” ‘flash separators, from which ~steam will ‘be sent to an injection
”’“plant.‘k ‘Noncondensable gases will be removed from the geothermal fluid in the.
",turbine condenser and processed through a hydrogen sulfide abatement system. i

~V‘The goal of the federal geothermal program is to accelerate commercial devel-ﬁ;ﬂ :
¢ 'opment of geothermal energy in an environmentally sound manner. In pursuit of

" this goal a_program’ opportunity notice (PON) was :issued - to prospective,;‘v

" offerers on September 30, 1977, inviting organizations ‘to submit proposals to

P design, construct, and operate a geothermal electric power plant in the United‘gu‘" '




o

"States using a liquid—dominated geo;hermal reservoir. The objectives of the
PON were selected to provide the maximum stimulus to nonfederal developmént

of the widest spectrum of hydrothermal resources usable for electrical produc-

tion. - The project described herein is’ that selected by DOE from reSponses to
: the PON., ' : : s 9

‘The objectives of the demonstration plant are to provide informatiou on the

economic, technologic, and environmental aspects of electrical generation from

4 liquid—dominated resource. Current geothermal technology in . the United
States, with the exception of those ‘at The Geyserg and two natiomal parks; atre

likely ‘to be. ‘liquid dominated ‘and, . since the development . tisks of
liquid-dominated resources are not well known, this demonstration is  aimed at

‘enhancing development of electrical production from the bulk of the United
;States geothermal resource. B : . : : '

;‘The Baca demonstration will cost - $l40 - $148 million. The cost of the project
: »will be shared ‘by the United Stated Department of Energy, Public Service Com— = -~
- pany of ‘New Mexico, and Union Oil Company. s : ;

jIn July 1981 activities at the Baca had ' to be modified and construction
- plans were suspended for an indefinite period.-1 Union Geothermal Company has'
been having: problems bringing- adequate steam on line. - The most recent: wells

have - been. encountering high temperatures  at depth, but the pressure “has beén
too low to bring .the steam to the surface.- Union has begun a multimillion

‘ dollar well field stimilation- program to see if sufficient steam can be-
»lgenerated to’ warrant the continuation of the project. o : .

HOT DRY ROCK PROGRAM e SR o |

hfljﬁnggéfghﬁfg‘l, Cel ! ;Z,”:;i:f"* . R B l;:“'z,;f.«'f;{’w“'@i

S

" Inc 1970 scientists at Los Alamos Scientific Laboratory (LASL) developed the‘_

concept of extracting heat from hot. underground tock:  This concept has been
taken to actual demonstration with support of the United States Department of

: Energy and is known as the Hot Dry Rock Program.

The first deep exploratory holé" was drilled in 1974 to a depth of 9 610 ft.
The second deep hole was drilled in 1975. LASL fractured the rock at the bot~
tom of ‘one hole with pressurized water. “After the fracturing was completed
.water was injected down one hole and brought up the other hole as steam. ‘

V_The two holes have been connected to a heat exchanger, similar to a large.
- automobile radiator. - Scientists are . currently studying the mechanical

chemical “and thermal properties of the system- :

" LASL has announced plans “to build a 5 - 10 megawatt electrical demonstratiOn
plant to demonstrate the production of electricity from hot dry rock. ' If the.
' first demonstration is successful, “the -10- megawatt: plant may’ be expanded ‘to

100 megawatts, which could supply electricity to 10,000 consumers._ S

VThe cost of - generating power from hot dry rock systems 'may be - as low as
3 = 4¢/kWh, which. is competitive with = the current cost of power - from coal; -
: oil;’ -or nuclear plants. 'As the costs’ of . fossil fuels rise, the relative

. ‘cost ‘of. geothermal power should decrease and its future grow even. brighter.

Currently, the Hot Dry Rock Program at LASL employs about 100 employees and

,;has an annual budget of abOut $17 million.;'

©




SUMMARY
: : P of :
[’EEOTHERMAL ENERGY. A HEDGE AGAINST ESCALATING ENERGY COST%J

PRE%ENTATTON Ll et
i by' |
‘Robert R. Miller . -,

o -v 2 o :,-ij Rohr Industries

s

CA brief introduction of ~the company, its manufacturing function, and its

: 7geological setting is the first of six. points in this presentation. ~ A series
. - of eighteen --slides is used throughout the discussion to. define and feature:
T ‘:certain segments of the talk. ‘ . k o : :

: Sixty-five percent of ‘the natural gas used at Rohr today is for manufacturing_‘
. activities,. -25 percent 1is: for space heating, ‘and- 10 percent for sanitary water

and cafeteria use. Gas~fired manufacturing equipment includes paint drying.
ovens,  processing facilities, ‘heat ' treating furnaces, and foundry heating

o equipment.  This equipment represents a capital investment of several million{;
, dollars over a period of the past 25 years.rb" R ‘

i

cirThe energy management program of Rohr Industries has been actively pursued:r'
‘since 1975, and ‘our mnatural gas usage is now 35 percent below that = used in

1972. Numerous energy ‘conservation measures have ‘been implemented including_’

"',a plantwide energy monitoring system, translucent roof Sections for natural -

light, and the upgrading ‘of various building lighting systems and processing.

; equipment. e

A part of the energy management program ‘is- the use of alternative energy sys—
tems. A large restroom facility has had its . ‘hot water supply ‘heated by -~ the
sun since 1977. A cogeneration plant was installed. and made Operational in’'

February 1979 in cooperation with Applied Energy Incorporated.

',.In 1979 Rohr Industries was' made ‘aware of a ‘potential geothermal energy . .

source. beneath its Chuls Vista - properties, however, because of- the lack of

g;,;geothermal resource information,; was: unsuccessful in a DOE request ‘for a quote -
+. involving a geothermal direct ‘heat demonstration.‘ ‘Some exciting possibilities :
-:did ~ present themselves in the- preparation of the: quote and = a- more recent -
,xsuccessful California Energy ‘Commission 'Geothermal Resource, Assessment:
‘program, which is discussed briefly in the presentation. S S :

i

'C”Six large buildings are candidates for conversion to a direct use,geothermal3'

system. -~ -Total heat source requirements’ of these buildings equate’ to.

18,000,000 Btu/hr. ‘These needs : are-gpace ‘heating, processing, “‘and  paint
“.drying functions. - Ali of these facilities, at the: present time have their

'~*Mr. Miller is. the Manager of Plant Engineering and Energy Management at Rohr'v
Industries Chula Vista, California.r He 'is active in the San Diego -Chapter
- .of: 'ASHRAE, and he represents Rohr Industries on the Energy Committee of the .
‘ California Manufacturers Association. : L LT

7.'7'91"f7'~
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heat source requirements supplied by either direct fired or indirect—fired '

natural gas heating equipment which can be retrofitted to use hot water from a

"r,geothermal production well. and distribution system.

"The natural gas supply, which can be replaced by geothermal energy in the form ,
of "140°F circulating water, represents 41 percent of ‘the yearly natural gas
“demands . of the plant._ The geothermal energy would then replace 500, 000 therms -

~of purchased natural gas at a. current - cost. of $230 000 ‘per year, $287 500 in
1982, $359,375 in 1983, and -so forth, assuming a 25 percent natural gas cost

: ,jump per year in this area of Southern California.

gRohr Industires,i in conJunction with their subcontractors,z Science Applica—~

~tions, Alternative Energy, Inc., Geothermal Services, and Geo Drill, began. an

 investigation of the geothermal - resource underlying the plant in  July 1980. .
The program,. Wh;ch;was funded by the California Energy Commission, involved

six‘tasks.

f Legal ownership of the geothermal resources underlying the property was inves—
tigated by . the company's legal department, and. 'in the areas in which .a’ pro-
- duction well might be drilled it was. found to be owned by Rohr. :

:After a resource investigation was made in the form of a° literature search and -
gathering of 1local geothermal information, a series .of 5 shallow 100 foot _
holes " were drilled in an attempt - to determine’  the best 1ocation for ‘an:.

~exploration well. Site No. 6 was determined to. be the location for an explor-

~‘ation well drilled to a depth of 1, 143 feet in January of this year. Tempera—.
ture gradients were developed after repeated temperature checks were made over

a period of "nearly five weeks.  The greatest . temperature rise - per 100 feet

o occurred between 300 feet - and ‘800 feet below grade, with a bottom hole temper— -

ature as shown of 92°F at‘l 143 feet.rf

A potential "most probable geothermal resource of "150°F 1is now_.believedbtoi
- underlie the Rohr property at a depth -of 4,500 feet. It is also estimated:
- that a most likely flow rate would be 600 gpm, based on water: well information

. in nearby areas. .

:.An economic analysis with sensitivity to economic variables was developed as
- part of the assessment. The analysis indicated that Rohr could expect a 39.75

: percent return on investment, ~and the- geothermal resource- could replace any
“alternative energy source costing over ‘$3.25 per million Btu - (current cost

_”of natural gas 1s $4.70 per million Btu) when the capital costs for the system }_4
' were kept within $3,500,000. A slide provides variables to the base case and -

a_ reveals how these base case costs can vary with ‘the price of energy,_interest
,lrates, and .a multitude of other variables. ST e e

B ,rThe final point 1n the presentation indicates current company policy toward'_V

l'development of the resource..

The financing options that Rohr planned to- use, most notably the Geothermalv,_
Loan Guarantee Program, the Geothermal Reservoir Confirmation Program, . and the
User Coupled Confirmation Drilling Program, either have had severe budget cuts;

or - funds have not ;been: appropriated. However, Rohr's 'current policy toward
' the development of

92

R

geothermal resourcesris to_pursue development with. the,

.

O



',understanding that there is still considerable inherent risk involved with the

resource assessment. . Because the development of geothermal resources in the

Chula Vista and San Diego areas -~ may- provide both regional and : national bene-
f£its, Rohr would prefer to. share. the monetary risk with other . potential bene—‘ '
"ficiaries and will continue to pursue various financing alternatives.i, : 3

. "‘.93'
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It is unique in many respects that a small city of 7\000 people “should take

E C 7 SUMMARY
e : - of
‘ THE SUSANVILLE SUCCESS STORY
S  PRESENTATION
by ‘
'\,\,tf!‘ s T Philip Edwardes

-Geothermal Principal Investigator
City of Susanville i :

'v=upon itself to exploit and develop this geothermal resource with the intent to
" "sell the energy to the community. ' Development has been done by the private

~The . story goes’ back to 1974 when ' what was then the California.Department of
Commerce initiated a study to investigate possihle ways -of  mitigating the

sector. and not- by the city.

closure of a major employer in the area. The study showed that Susanyille had

a geothermal potential and should try to pursue that potential. . In September‘r
1974, the Bureau of ‘Reclamation - initiated an in-house study to look . at

‘ Susanville 8 resource “area.  In 1975, the National ' Science Foundation, in

conjunction with the Energy Research and Development Administration (ERDA), -
looked at geothermal development for Susanville and. other commmnities, again

mainly in the northern part of California. In 1976, at the request of the

-City.of. Susanville, Congress ‘authorized the Bureau of Reclamation to initiate

a resource evaluation. They expended, over time, $1.3 million. This special

bill was carried by Congressman Biz Johnson and Congressman Cranston.- In

"1978, under contract with DOE, Aerojet did: a site-specific study of  the

_create a heating district. In February 1979, DOE awarded Susanville a Phase I
,vEngineering Contract. So, . as " you can see, between 1974 and 1980 there Were'

Susanville area. From that, it was defined that Susanville had a potential to

enormous amounts ‘of paper studies.

‘ Now,’we get- down to the interesting areas. - ‘We have - at. least - four feet of

~'studies in my office. They were all pertinent. and necessary because there was

_no-other . way to get into the geothermal business -at that time. ' The city 8

‘objective was to create job opportunities.» We were looking for commercial use

of geothermal energy rather than a “heating ‘district. Because of the nature of
the funding available, we had to use the heating district as a vehicle to
_reach that objective. In May 1980, the exciting stage started. We were given

our hardware dollars by DOE, and as of the end “of September 1981 we .effec—

tively completed the construction of the heating district which encompasses 14

"public buildings.

‘-f‘Susanville is a very compact little community, while the population is 7 OOO‘y/

‘- people, we ~-have 15,000 within a five-mile radius of ‘the city itself. . The

,North Honey Lake Geothermal Resource area includes Susanville, Litchfield, and

o/

#Mr. Edwardes is the Geothermal Principal Investigator for the City of Susan—
ville and the Program Coordinator for the DOE funded Susanville Geothermal

Energy Project ($2 million allocated)
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Wendel-Amedee. Under the DOE program, we put together a large team., This
team, which includes DOE, has  really put this project together. _Without the

o strength of the team and the tenacity  of the people involved, wekrwould not
~have ‘completed our existing DOE project.v, o [EUE ' T

‘Since we . have gone into the‘ construction phase ‘of our DOE project, ‘we ﬁere.‘

awarded a grant by HUD of $800,000 to demonstrate the use of geothermal energy
‘in 126 low- to moderate income homes. This was supported by $100,000 from the
_,Farmer's.Home Administration to take the geothermal waters from the heating
district to an economic development area. - We have a 67 ‘acre site adjacent to
the HUD area, which will be developed by private enterprise. : : ,

All good geothermal projects need a well which produces steam.' The Litchfield
well is 935 feet deep and produces, under test flow conditions, 700 ‘gallons a

minute at:170°F. We hope 1t will give us more than' that. ' But at the present,
the drawdown is 130 feet. , . : : :

1 think one of the most dramatic things to ‘come out of the 'Susanville project"

"has been. the Spin—off benefits that have occurred as a result of the DOE

participation. We hear a little criticism of DOE sometimes, but I think -

particularly -in our community, without their participation, none of  what has
‘occurred in our valley would have happened.  We are happy to say that ‘we have

been able to get our project together, within budget, and slightly ahead of
‘time. .But as a result of.'that commitment, we probably have now in - excess of

.-§10 million going in or actually gone into our geothermal development with a
promise of a lot more development in the pipeline. ‘

The Susanville Correctional facility currently ‘uses 750,000 gallons of oil for

space heating and domestic purposes. We have a geothermal lease area which is o
. owned by the -city undér the original Bureau of Reclamation program. - That -

" resource is approximately 180°F ‘at somewhere around 1,300 feet.  The Litch4
field development, as we call it, has-an interesting composition in terms of

participants. - Once we defined we had the resource, the City of Susanville
took the lead‘to try and get the California Correctional facility people
interested in using geothermal energy. The California Energy Commission
granted the City of Susanville $90,000 to initiate an engineering study.  The
California Department of General Services did the dirty work of taking through
the legislature a-request for $1.43 million to retrofit the facility to geo-
thermal "energy. The City - .of Susanville,. along with its developers, Carson
Development Ltd., ' is raising $900,000 to develop 2 production wells and sup-
ply 1 mile of pipeline to take the geothermal energy to the boundary ~of the
. correctional facility. We hope construction will commence in early 1982 an be
completed for the winter of 1982-83.  The first increment‘of displacement will

"be for ‘some 500,000 gallons of oil. The success of this program will, in-

" ‘retrospect, probably be attributed to two things. One, the ability to be able
to insuré the resource and show the differential price between oil and geo-

_thermal cost, and two, by the enormous diversity of participation. The other,
important factors have been the ability of the correctional system to enter:

into a long-term contract with the City of Susanville to supply the energy
and,’ getting private participation at’ the front end, taking a11 the risks. !

“The City of Susanville does not restrict itself to geothermal energy. : We are
~-also looking at cogeneration .using- city waste. - This may sound distant from

i
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AR geothermal energy, but we felt: that our: resource within the city is relatively ,
 limited and we may need some ‘back-up. system. This project is being financed

i entirely by private money -~on ~behalf of  our’ college system. . We - have :an . ]
. objective 1in our county - to be energy self-sufficient within the decade. =

" There ‘is cutrently $80,000, 000 worth committed to ‘the valley, and by ‘the end

0f 1985 we will not have done our work . if . that has not esclated to
$100, 000 000. For'a community of 24 000 people, I think this is just reward

Vfor 8 hard - years of work.,"r

'1What is’ our future? 1 think our. community owes the rest of our fellow citi-i

.zens a-debt. of gratitude for the money that has been spent. I think we have a
" moral obligation to make sure that §$5, 000,000 of federal and state funds will

"be expended expediently and that we will produce a good. project that will have

’f‘a potential for replication. - T believe ' that we have the commi tment - of our

- community and the commitment of our teem ,members to be able to. reach that
»»'goal. S : . S o . PR
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 GEOTHERMAL APPLICATIONS IN THE NURSERY INDUSTRY
" Salvatore Pantano®
Geothermal Floral

l”ﬂ'The question most often asked of ne is "Why did you build a greenhouse for cut‘r

-~ flowers at Canby, California, ‘in Modoc County?" : The answer . 1is very ‘simple: .
my property is a matural resource; it has an artesian hot springs that flows

- at - the rate of 350 gallons per minute at 210° Fahrenheit. It:-1s producing
‘between 290,000 Btu and 323,000 Btu per minute, which is ‘the equivalent of 525-f' v

l,qto 538 barrels of fuel oil per week.

At these rates it is a shame to ‘have all of this 'energy flowing out' of our o

'.7artesian spring ‘and only ‘be using ‘it to heat one-tenth of an acre now and two- -

" tenths of an acre by the end of October, when we expect to have our ‘next . phase‘{i‘“'

of greenhouses c0mp1eted.~”‘

' You must be thinking that I am not a very good businessman to only be using
the equivalent of 35 to 40 barrels of fuel oil per week when we ‘have 525 to
w‘538 available to use. . Let me explain the problems which we  have encountered'

,in attempting to,build our project.,a, , D B S T

» ri:My first decision was to determine how to use the hot water. As a realtor,” ’
.~ our firm has sold land in the Half Moon Bay area to flower growers, ‘and I have
‘seen the growth of greenhouses An: that area as well as the Watsonville area..

‘In January of 19801 took a trip ‘to the Susanville area after hearing that'

‘af"there 'were. greenhouses being. “heated with geothermal ‘hot water. - One was Hobo
- Hot Springs, which " was no. longer in operation.. ‘The Wendel _greenhouses were -

bfproducing ‘cucumbers at the time.and had just changed growers for “the fourth .
S times . :I7also went-to Lakeview, Oregon, to look at a tomato operation which,jn
’:~'did not look very successful. . ; LR : . :

e

~.I decided to grow cut flowers, not vegetables, as it appeared to me _that my

\%nlchances of success would be greater in the cut flower business.;v: :

.'ilA flower grower contacted me, and we proceeded to put figures together~
;jnrelating to construction,‘.set up, operating, carrying costs,f and income ;
_:projections in: order to make a presentation to: 1enders for a. loan. E ’ PR

SR | approached Production Credit in Half Moon Bay with a loan proposal only to'ﬁ‘“
'be advised that my project was: -too far away for them to be able to service the .

. loans - - During ‘our ‘discussion questions ‘came up about the- distance of shipping.

4

,‘{si;Pg

“The cold climate with snow _and high wind might be a problem to growing flowers . .
_-in California 8 most northeasterly county.,, I talked to the Bank of America,{y

*Mr. Pantano 1is the owner ‘of Geothermal Floral in Canby, California. He'is'_»,{*-

presently operating one—tenth of an acre of greenhouses, which will be"-

.- expanded to two—tenths ‘in October. - The ‘long-range plan is to.have three

acres of greenhouses heated with geothermal hot water.'r'f
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Wells Fargo Bank ‘both’ in Belmont and Alturas, Production Credit, -and the-

-~ Farmer's Home Loan Bank of Alturas, all to no avail in trying to obtain finan-

‘cing for three acres-of greenhouses. ' When T cut back the size to an acre and -
a half they still said "No " :

~
~

.During this period of time I made a trip to the Oregon Institute of Technology
and met with Paul" Lienau, Gene Ryan, Gene ¢ Culver, Charles. Higbee and Bob
Johnson, ‘all of whom were very helpful and encouraging. They recommended

J:'Vvarious ways in which my geothermal spring could be utilized. - From the trip -
_came the 'idea’ of : cascading uses of ' the geothermal water, - first for :

greenhouses, then for a mushroom farm, and ultimately for: raising prawns.

‘During this time my grower got discouraged and we parted ways. < 1 heard about
the University of Nevada Research on raising prawns using geothermal water,
and on a trip to Reno. discussed their: system. 1 made ' a call to Wholesale'
‘Florists - to determine if and when our- greenhouse . was built, would they be:
interested in buying our flowers. - ‘Mr. Jay Regas said yes,"'and if 'we had a
- particular grower, he would ‘buy - our flowers . sight unseen- because of the
quality of flowers he grew as well as the fact that Canby is a lot “closer to

{'ereno than San Mateo County, s0 his freight cost would be less. i How ‘lucky can -

‘you be; one call got me the name of a grower who was going to be looking for a
‘,position because the firm he was employed. with was phasing -out their cut

. flower ‘operation and changing to potted plants and then going to a .market for ;7

the flowers.

'Bill was . intrigued with the idea of using geothermal water to heat “the. green—
houses due to.  the fact: that flowers need heat in the winter months and also

. because the firm he was with had to cut -back on heating to keep their -costs
- down. = He also mentioned that the light intensity ‘at my elevation would be
helpful to. the growth of the plants in the winter when market prices are.

ggood.;

So‘ we- started all over -again, going to all of - the sources previously

- mentioned. This time we were armed: with a wholesaler in Reno and another . in

.'Portland that would buy our flowers because of the quality of flowers he grew.

. The results were . somewhat better. but changed ‘too. Have you ever built a =
- greenhouse before? Has your grower built one and set one up before’ This was

'just a. different way of saying "No."

We had chosen the strongest greenhouse to withstand the: snow load and winds of '

1the area and - still left empty - handed after again cutting back ‘from three acres
to an acre and one-half. - By this time both Bill and I were getting “down’ in
~ the dumps. - Jerry- ‘Shibata of Mt. Eden Nursery Co. mentioned a meeting in Santa
'Clara - where Tom Byrne of the University of California, Davis, was giving a-

' . presentation about gerbera. He suggested that Bi111 and T go to it. Bill went,,:

" to the meeting and was enthused with the idea of ‘growing the gerheras, and T
got excited when it was determined that we could build the greenhouse and set
- up our operation and - make a profit without a millfon dollars ‘having to be

" spent. Again, I tried to get financing for two—tenths of an acre only to be

told by my friendly ‘bank, Production Credit,'“why not just build a tenth of an

' aere and use your own cash. : WHICH I DID. ‘

R TR
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,f;Now we finally‘ were ready to get started. .The greenhouse and the gerberas
“were ordered.  Bill placed an order for soll mixed.to his specifications.. ‘A
spraying machine was ordered as well as’ all of the sundry ‘1tems necessary to” .-
-start up the operation. ' : v P TN

fVOne day toward the —end of May I received a- call from ICX saying that our’ ,
'greenhouse was on their dock in Hayward, that they do not go into Canby, and‘m
what should they do with it. ey , , .

o In the meantime, I purchased a mobile home to. be delivered on June lst for
Bil1l's new home in Canby. There was an old well on the property we knew would ‘
" be a good site for the residential well to be drilled a5 the 0ld one did not -
‘meet the present county code. ' We decided to drill a well close to where our
‘three acre complex would ultimately be built. ‘We drilled to 680 feet and only
’got 3 gallons a minute.,[. A . . R

.;we pump directly from our-. geothermal spring to the greenhouse.l We. had toi
change ' pumps twice until we found one that would take the 210°. ‘temperature - -
‘without losing its prime due to - the NTS curve.,~ Then we ~ had to put a ball
check valve in so the pump would not lose its prime. In the latter part of .
:August, due’ “to_cool evenings, the system failed due to the check valve seat

. warping. ; Although- the check valve was designed to ~withstand 210° water, the.
" washer was - only designed for 185° ‘water.  We now have a ‘system including the
seat that will take 250° water. 'The system is designed to maintain the green-
: -house at 60° when the outdoor temperature is 20° below zero.=v¢v : :

" We are heating the Troots of the plants on the ground and ‘have tubing suSpended‘,
‘in the upper portion of the greenhouse: to heat “the air  above : ‘the plants.
“There 1s a total of four miles of. ethylene, propylene diene monomer tubing in__ai
;our one-tenth of ‘an acre greenhouse.;~ . : e ‘

,Since the door vas installed our plants have been doing very well..'IOn-Sep? ;
tember 15th we cut our first three flowers and expéct to be able to start -
?'shipping weekly to our wholesalers in Reno and Portland by mid-October. ;»’

99

When the greenhouse finally got there, this was missing, and that was missing. S
Bi1ll found himself driving back . and forth to Alturas 17 miles away to buy o
: nuts, bolta, and nails, as nothing is available in Canby..' : ‘

Our greenhouse came in parts,» a part ‘now - and a part then, with the doorﬁ'
i finally arriving August 10th.  The gerheras “had arrived in Reno on. July 9th
k,and were planted, with poly covering the door. I : r

In - one way it is great not to have a loan “to make payments on, but the sad :
‘.‘part is seeing all that geothermal water being wasted. U : ,
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" omateir
. INSTITUTIONAL OPTIONS FOR DISTRICT HEATING . -
oot PRESENFATION- -

, o John T. Nimmons :
Earl Warren Legal Institute

”-The core idea of district heating is’ the transmission and retail distributionf :
of geothermally heated fluids from a central extraction source to multiple end
users within a circumscribed geographical area.av : : : I P

“COMMUNITY SYSTEMS VS LIMITED SYSTEMS

lfSCOPE OF ACTIVITIES

. There .‘are two polar cases in district heating, Communitywide"System NZ- TN
"Limited Systems. - The COmmunitywide System is intended to serve = the general
7+ ‘publie within whatever area the resource is capable of Supporting. The objec- -
" tives ‘of the. Communitywide - System range from-offering low~cost heat to
- community residents to. increasing revenues : for local governments ' to: providingou,)
" for economic development (such as’ ‘Susanville, California where they are using
geothermal energy to attract new industry). Most often, the end results are a ..
w:combination of all three of these objectives. A limited system is intended to
- supply a predetermined set of identifiable users: like an industrial ‘park, the
occupants of ‘a shopping “center or a residential subdivision. . There it is a _
~ limited system. - You know what it consists of before you start.,' It is not . -
~-intended to serve. the community in the .same: way'as the communitywide system.
. "The limited system is probably initiated by:a resource “developer. interested in- '
.-creating -a market for geothermal heat, 'a -property owner: or developer‘
i,interested in enhancing the value of his property for sale or lease purposes, c
_or  a group of individuals or. business concerns. with some common - interest in
S flowering their energy costs. = Between these: polar cases, there are a. 1ot of |
._3‘variations. ‘Many  people ‘think of - district heating ‘the communitywidev o
..system. - ‘But in- district heating, that 1s not the only thing that we . are.’
. talking about. - A lot of ‘the kinds of 1issues that arise do so in - the context
- -of the industrial park where you may only have ten users, a. shopping center, '
“‘gkor a residential subdivision. LS St ahs , ; o

‘uThe functions that a district heating progect are intended to undertake can
by "vary. ~ First, you - may already ‘have a well, 80 ‘the exploration end of “the:
\~_project is really a- _very minor " part of - it. The primary  emphasis is the -
-+ - production wells and the construction cand operation of. the. distribution ~
i systems. Secondly, your district heating project might just be: for basic
:vexploration., There is not a production well and there has not been a lot of
exploration in: the area. “The - attributes' ‘that your “institutional entity is
. -going to have will vary depending upon what functions your district heating
= project is going*to undertake. R SR T SO , n

T
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'.'f PUBLIC ENTITIES VS. PRIVATE ENTITIES

There are three basic institutional options in district. :heating ; publlc,

',jentity, private' entity, ‘or some combination of public: :and private.  Public

,entities are cities, counties, or special districts (which. are local govern—"'}
ment units formed to serve one or afew limited purposes). It is 4 government, e

i'unit. A private entity includes private commercial business enterprises or a
‘cooperative.v A cooperative is the appropriate entity to think about for-a

“Iimited type system. You know who your users are in -advance and they have .
- common interests. 'Their primary interest is in providing 1ow—cost ‘heat to its
.';'members. The choices among’ these entities, the decisions about the roles each

" one: might play, - and - the’structure and relationship among them ultimately -
depend on the specific issues of each project. . But there are generic issues .

: that come up with most of these systems. s

1ISSUES AFFECTING INSTITUTIONAL CHOICES

There are . several issues affecting institutional choices._, The first bone is:

: the capacity to proceed at all, This is rarely a problem for. private entities
=‘because they are free to -engage - in any " lawful activity that serves the

. purposes -~ for which . it is formed. ° But this is not so for public entities.

" They are creatures of statute ‘and they ‘can only do what they. ‘are authorized to

-do by the laws that create them.  The basic rule is a city, county, or local
‘government unit 1like a special district has no inherent powers. It only can
do what it is authorized to do. One’ must first consider CAN the ‘eity, county,
or special district undertake this at all. ' Does it have the legal authority
to undertake any kind of utility services (geothermal, in particular)? = A

- developer must make  sure in-the beginning that it either does or can obtain

the authority. If it requires legislation, you may have ‘to delay your project.~

' years. by choosing an entity that is not’ authorized to proceed. :

. "FINANCING AND COST CONSIDERATIONS B

\ .._The types of financing and the cost of capital are going ‘to’ vary, depending S
upon the entity that you choose. In general, public entities find it diffi-

cult or impossible to finance- the high  risk phase of geothermal district

~heating systems. In the more conventional 6 phases, the distribution end

.- particularly, the cost - of capital may be lower. - On the other hand, private o
entities are much more flexible in financing the high risk phase, but the:cost
“<‘of,capital 4is likely to be more. . They cannot . issue tax exempt bonds which -
“lower the cost of capital for a public entity. 'The major point is that the
‘entity - you choose, 'public or private, will ‘have  a real impact ‘on . your

o

Aﬁinancing cost. :' s S L [

: ,;,PUBLIC UTILITY REGULATION OF GEOTHERMAL HEAT SUPPLIERS

Another maJor issue is the prospect of - Public Utility Regulations.» For puhlic'
entities, city, county, or special districts, it is not likely to be a problem~

4 ‘because they -are almost always exempt from public utility status. The same is
itrue of ‘cooperatives if they -serve only their own members. But a private

entity producing and distributing geothermal fluids in California may - then be
treated as a public utility. . That means it is. under comprehensive supervisionr ‘

‘
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P

T of the Public Utilities Commission (PUC), and “the PUC - controls “its service
area and regulates its rates: ‘based on its cost of service.. - This is a major

consideration for someone who is’ considering a_ district heating system. It

‘algo applies to: those entities that may only be serving a’ few users.k e

"Other issues to consider are accommodation of - competing ‘interests : (for': '
‘example, Boise, Klamath Falls, ‘and . Susanville district heating projects) and‘

resource management and protection.‘ (See references for detailed reports )

E
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;,Ecouonrc CONSIDERATIONS FOR GEOTHERMAL. DISTRICT HEATING
PRESENTATION SR 1[1"? el

3>Charles V. Higbee ot
b “Geo—-Heat Center =
, Oregon Institute of Technology :

’1”'Assume that “you already have a well. First, you need to consider these BASIC*
;‘ECONOMIC PARAMETERs'r R : : , ,

'AVAILABILITY OF THE RESOURCE—-Who does 1t belong to? What are the penalties”f'>
to leasing 1t? - (For example, 1f it is om federal “land or privately owned o

‘.1and, you are: going to have to lease and pay royalties to, the resource.)

lTHE PROXIMITY TO THE END USE——It is difficult to move the user to’ the resource

“in district heating.: “However, we are trying it in North Bonneville where we

‘are going to build a town where the resource is. .- You cannot really transport“lv'

";geothermal energy over very 1ong distances. 'i

‘.g:_;CONSIDER WHETHER YOU HAVE TO REINJECT--Many artesian wells do- not. need to pump
L to retrieve the water but you. do need to reindect. o

o

"(WATER QUALITY“'Y°“ probably Will have to heat exchange the fluid.HiJ-'h""

“g“TEMPERATURE--This country is geared to heating systems that supply 200 plusi
- degrees Farenheit water, taking about 20 degrees - Farenheit out' of it and

returning . it to: the boiler at 180 degrees Farenheit._ ~If you :“do mnot- ‘have a

resource that can supply ~you with that, then you are.going to: have higher =
retrofit costs. That means. ‘that you' cannot go down " to lower temperatures,v'
Jf'especially with a new design. It is easy to design a system ‘that can work .
. with 120 - 130 degrees Farenheit ‘water, . and when you get . down . to- lower -

temperatures you can ‘- even go with heat pumps.{ ‘You need 'to be careful with

.~ heat pumps that the. electricity needed to run the heat pump is not so great as .. -
“.‘to make  the cost of the geothermal system nonreconomical. “Another thing to
“.consider 1s ‘that’ today the Internal Revenue Service (IRS) has sought to ,set a -

~><’ntemperature limit “on direct . use geothermal energy. = ‘If you are in the heat.
. pump range you are not going to. get a tax credit for your efforts; to save -

2.

~energy. ..

i’SIZING OF THE HEATING DISTRICTS——The best is to. optimize the resource——use all

of ‘it by expanding the size of the district to- maximize the - use. - of the7
B resource.»n- : BRI TR R, : L T

ﬁ'kPOPULATION DENSITY--Cost ‘ increases tremendously vfas,' population density:[nff
decreases. - With less energy users in a given area, the geothermal heat must“x%

k';hbe distributed over a large area.v_"~
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, The second economic consideration is COST of a district heating system.

iCONSTRUCTION COST PIPELINE DISTRIBUTION, AND WELL DRILLING--These ' are lfhe

~largest costs of a district heating project. . You need to consider how - expen—

~sive ditching is_ as well as where you are  going ‘to lay the pipeline.l .These. -
-will affect whether you -are going to direct bury it or put it in a concréte

vault. f Although more expensive, in congested areas, there “are advantages to

- using concrete vaults., Such advantages are:

Ia. -They are readily accessible in case, you get a. failure in the

:pipeline.

;I f b;i.This also provides access or routing for public utilities for o

;pipelines, phone 1ines, and domestic water.

. TOPERATING COSTS .are also important. " When. comparing to a conventional system,
' make ‘sure you. compare in all. areas: ‘salaries, maintenance, _and system
management.  Also, .when making cost comparisors, make sure “you  consider

‘-operating and maintenance costs on both conventional and geothermal systems.

‘decrease. When y0u do your economic analysis, you have to .compare what you
project your. cost to be over the economic 1ife of the. project - to conventional B

We estimate that when you go into district heating, -your maintenance - cost may

fuels.  Keep the life of .the project short; _the longer ‘your project, the. more

: inaccurate your forecasts are  going to be. Also, keep your inflation rate
conservative or low. . If possible, estimate cost using no inflation rates .

_because ve have a terrible time forecasting fossil fuel inflation rates. -

PUBLIC ACCEPTANCE is the 3rd economic factor to’ be considered. 'Several

'problems were encountered in the Klamath Falls experience, = The problems were ' -
not the resource or the availability of the resource. They estimated the cost

~.to drill to 1,000 feet to .be $38 -$40 thousand per .well. As it turned out, ‘-
they hit ‘the resource on every well they poked .at 300 feet. The water-
produced was ‘cleaner and hotter than was estimated.. ; Klamath Falls 1is’ sitting

on one of -the finest resoéurces. in the nation. . The. problem lies in the lack .of
exchange of information between ..the city" and the. public. +This led to. public
distrust.  They thought they were going to be cheated by the district heating

- system. . Well owners decided to- get an injunction against the system., As it .
. stands now, unless something changes, the project as originally proposed will
. fall apart.
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. DISTRICT HEATING
PROJECT IMPLEMENTATION.

5,':rdPhilip,A;'Edwardes .
i City.of:Susanville"'“

ifWith dramatic cost escalations due to the current inflationary era we live in,:

< time and timing become extremely eritical considerations dn project develop- s

" ‘ments Two important ‘considerations need to be’ carefully examined: (1) avail=-
. ability and cost of off—the—shelf hardware and (2) critical items and decision‘ .
o points._‘ ; . Lo v R a0 S

/

AVAILABILITY AND COSTS OF OFF-THE—SHELF HARDWARE

\,3Typica11y, both factory and agency inventories "are at a’ purely service,u’
: ‘,flevel. Delivery delays for major standard components (fan - coil units,

heat. exchangers, etc.) of a retrofit package vary between 6 and 10 weeks.
. 1f ‘any special materials- are utilized due to adverse geothermal fluid' .
BN, Ichemistry, a further 4 to 6 weeks can’ be added to normal delivery times.

'Valves, metering devices, Special fittings in sizes of 8- inches and S
;.above, require 8 to 12 weeks ‘lead time; and if special materials are
‘_required, allow for a 50 percent increase in lead: time.

;: InSulated pipeline in sizes 3 inches to 12 inches in all major brands W'ﬁ
,’presents no - major problem.» Three to six weeks delivery appears"

:7iifstandard. o

‘Turbine pumps ‘and wellhead gear delivery varies considerably. with'

':'[different manufacturers. A specially designed and manufactured pump to
, vsuit specific water quality conditions is 1ike1y to take 12 to. 16 weeks.‘

. pis e

‘Cost of standard off—the-shelf heat exchangers and fan coils are dwarfed P
by the horrendous cost - of valvesy meters, and fabrication .costs asso—f
" “ciated with an average retrofit package.» Component costs seenm to vary'* o

1itt1e between manufacturers.

ifj"Major pipeline manufacturers appear to; ‘be extremely interested in the :
fw}geothermal industry, and thus, competition can, considerably affectwn*

published prices. = Generally, ‘the " price:per ‘Anch of ' diameter varies

”stlightly between manufacturers despite differences in materials used.

~Turbine pumps and - wellhead gear costs vary considerably between manu- -

[facturers., "A-100 percent cost difference for similar. duties are . common.

© . Pump 1ife also: varies,_ §0 basically, costs’ can be‘ controlled by
; ,'specifications. e ' ,

v r__ i ,v,_‘; ;}7’ e 'az»;;

LS ';I;Generally, in any special order placed (particularly where special metals'. -
s are defined) the price appears to be controlled purely by ‘the’ imagination;"
. of the vendor. ‘ . : v P o
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VCRITICAL ITEMS AND DECISION POINTS _

A;e. anbine Pumps p

CRITICAL ITEMS.

b Heat Exchangers ' :75 n'i:‘ SR R L o
Ce Valves and Metering Devices

B DECISION POINTS:

In order that a construction contract may proceed and be implemented in

-an expedient manner, and especially where more than one contractor is,

involved, careful consideration should be. given to scheduling of procure-

" ment packages to ensure that delays‘ in construction do not ‘occur due to
*delays in'delivery of long-lead items. 'CLOSE COMMUNICATION WITH INDUSTRYv~

- - PRIOR" TO THE PROCUREMENT PROCESS - 1S ESSENTIAL. Close evaluation of the

cost effectiveness of - special = metal used in necessaty periodic replace—

' " ‘ment of ' standard equipment may be cost effective and keep the project

" DB-I8 GDU'

/-

;‘within budget.
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' R HEAT PUMP ‘TECHNOLOGY AND GEOTHERMAL APPLICATION

. o
: Norman E. Donaldson Ay
: Westinghouse Electric Corporation J»a,:

*pI; INDUSTRIAL 'HEAT PUMP DEFINED

_;A.' Machine to Transfer Heat Energy from One Heat Carrying Element to o
e Another While ‘Also Amplifying the Temperature (Fig.ll) : e

’B; Uses Refrigeration Cycle to Transfer Energy.; j -

1 Similar to Common Reversible Type Air to Air Residential Heat L
Pump but o L L R

Operates in higher temperature rangewv ATT”'L,iV: PR
'i:b. Water to water type ‘ ’ | |
L 7 Nonreversible ‘. _
vi‘ir d} Typical Industrial Heat Pump Cycle (Fig. 2)

‘:fD;v Possible Range of Temperature Amplification (Fig. 3)

IS & HEAT PUMP APPLICATION 0 GEOTHERMAL SYSTEMS

To Provide Higher Using Temperatures when the Geothermal Source-'
Temperature Is ‘Not Adequate - 7; o : v ‘

:;i'B,' To Help Overcome Problem of Inadequate Geothermal Water Flow illx"

- perature Water (Fig. 4)

jﬂ1. Can use lower temperature source water at shallow well depths. -

‘7*,'111. APPLYING HEAT PUMPS TO DISTRICT HEATING

‘ A Circulate Geothermal Source_Water and Use Multiples of Heat Pumps at nE
Point of Use ' o R0 S o IR

’ ;P. Use Heat Pumps at Central Plant and Circulate Higher Temperature s

'iffC; As ‘a Lower Cost Answer to Deep Well Expense for Obtaining Higher Tem— g'}"

Use Water, as in “Our St.. Joseph's Indian School Installation at:~"7

Chamberlin, South Dakota

IV, HEAT PUMP AVAILABILITY

"si#'y '*"A; Now Becoming Available from Several Manufacturers.

pp-18 GDU -
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C.

V. HEAT

‘One Manufacturer Has‘ Capacitfykanges"ﬁ;omilQO,COO_.Btu/hr ?to"ZOL

Million Btu/hr PR 'g‘v-"‘ _ PR » i jr,t\
One Manufacturer Can Operate to. Provide up to 220 F i, ‘

PUMP cosr o

Al

>

Installed Cost Varies Greatly Depending upon System Complexity and

- both Source and Use Water Temperatures e N

. DD-18 GDU

Installed Costs Renge from $15 000 to $60 000 per Million Btu/hr'

Output’
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 FINANCING DISTRICT HEATING PROJECTS
"

Jeffery B Weinress jﬁ';;ﬁ e
_ Bank of America"‘r'~f

’1;Ig’ INTRODUCTION

Obtaining conventional financing for . geothermal projects isb ﬁ¢¢;'_
~.longer  .an: impossible proposition, though “project financing is L
_ﬂdifficult. SRS o 5 ) : 'TH"., T

. The best example of this are’ projects at The Geysers utilizing
f*geothermal ‘steam ‘to- generate electricity, This’ is now. recognized as
. 'a conventional business and banking proposition.. There are no major: .
. or unusual impediments to raising the necessary capital to finance ' -
-*such projects.,, R ERIEt

“on the other hand ‘what' is needed now '1s a record of similar :
‘successes using wet steam (hydrothermal) for electric’ generation, -
‘particularly in the Imperial Valley.u- ‘Then utilities will want, and -

" private . capital will flow to, 'hot water ‘geothermal - projects.xpr,“_
: ‘Meanwhile, most .of: these projects will continue to be done only with . .

' government support or as part of . a 1arge corporation s R&D budget.:

:1Financing district heating systems falls somewhere between these twoopf;f'
. extremes. At present; we have a clear case of the "chicken and egg" =~
;.,l~»prob1em." successful projects ‘cannot- happen without financing, andg,f"‘
. ‘finaneing will not be generally available until- there are’ more
~successful projects., Given. a 20—year'period and an ample . 'supply. of
o visionary and: ‘intrepid entrepreneurs, . there 1s little doubt that:
- district heating. -systems will achieve a record. of success “enabling o
.. such projects to compete - successfully in. capital markets.: However,:f;r;=,n" o
if one' is prepared to put in a ‘great déal .of. work and -spend a0
. considerable amount of money “on. professional fees " and,services,“r
financing ' can be arranged.;v The success stories in Susanville and =’
*Boise attest to this. ' ' L TG b T T

'111;1 ECONOMIC/PROJECT CONSIDERATIONS

A.

LJ',,Z Private developments.

Because district heating systems are generally used only part of the7"u
Colyear, project economics .tend to suffer.. Economics ‘would improve if
- 'the gystem were downstream of another use (i.e.,a power - plant) of’ o
“the system. involved . one or more 1arge~scale users (hospitals, for R
example), particularly if heat is required year—round. =

-f‘Distinction needs to be drawn between.rg’pt’

ERER)

/Public district heating projects, and fff;f M

e et S+ e e i - IRTIR s Lt e o




‘ III}“ FINANCING PUBLIC DISTRICT HEATING PROJECTS

I'A?

History ‘and cost efiectiveness frequently lead such projects into-,

‘revenue bond (tax-exempt) financing. Indeed,- almost any project cam. .-
. attempt to obtain such- financing, since the California State Legis~—
lature recently established the California ‘Alternative Energy Source

- ‘Financing Authority. This authority is authorized to issue up . to '

. $200,000,000 in revenue bonds and bond anticipation notes for
“projects utilizing alternative sources of energy. There,are two

‘ 'kjproblems, however, with this alternative.

'.l.,-Such revenue bonds offer the bondholder no source of payback L
other than.the project ‘being financed. At present, ‘however, .
- the financing community perceives geothermal energy as a tech-
nology and. -enterprise. still in.its infancy.  Whether this per— ..

'ception is true or not 18 irrelevant' the fact that- it exists

.-1s enough to significantly stifle’ revenue bond sales. ‘With the
_market . for. private capital 80 competitive, proven investments

are likely to win out every time over new. energy technologies.

IIT:Z. ProfeSsional fees associated with such financings ‘are quite

- pp-18 6oU

high ($50,000 on up to several hundred thousand ‘dollars). - IRS

rules, in- particular, need professional attention. in such ’

k .vfinancing.,>»”

Success in raising such funds will depend upon'g

jfl._ Risk mitigation measures such as - (a) bank standby 1etters of

';Vcredit (effectively guaranteeing a~ project),  (b) reservoir
insurance, (c) municipal. bond" ‘insurance, or {4y - comingling_the

.- project.- with' other of the community's revenue -generating
-+ activities (i.e.,, having a local power agency sponsor the..‘f

‘,aissue)

i 2.A;Proper structuring of such projects, legally and tax-wise.,

3. Attempting to ' privately place rather than publicly sell the,‘
- . - revenue bonds. = A privately negotiated“ deal  with ome bond -
' “'purchaser is much ‘more likely to be successful (especially if

that purchaser is a 1ocal individual or bank)._; -

4, -Asking the State Authority to : pool your issue 'with other'
. bonds - (whose technologies and economics are- at least equally'

- .favorable to. yours) or. to come “up. ‘with some . new form~ of

o insurance or "reserve fund"” for . . such’ bond issues. S Inthis:
~ ‘regard, Oregon's action in authorizing $300 million 'in general-v o
-‘;zobligation bonds: should be noted (such bonds are backed by the =~

state s taxing authority).

" 'Therefore, you should obtain the Services of a- good investment
' banker. early in the ‘game to maximize your. chances of success. -
. It should be noted that commercial banks cannot underwritevﬂr

: revenue bonds at present.
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’;" chv;, FINANCING PRIVATE DEVELOPMENT
4ivA. This would be more, easily accomplished as part T of an “overall
c,for in the sale price of new homes.v,

,In this manner, a. developer could obtain financing.

: and maintain the system once it s up and running.’

oL

V. CLOSING RECOMMENDATIONS

‘5A3“Your'chances of success will be increased if you';»i
FEEN W LDevelop a complete, well—documented business plan (describing
i resource, utilization: technology, management, legal structure,

W ,economics)

\”their connections.

‘the "chicken and egg"” problem can; be surmounted as. quickly as

19

' DD-18 GDU

“development plan: for ‘a - new area. This way the system can be paid]

~,B:_ Fund raising will be easier if a. 1oca1 utility has agreed to manage‘

.marketing, environmental matters, financing plan, and project' :
,h2.':Work with professionals obtaining not only their expertise, butv
f3, vSeek additional support in Sacramento and Washington 80 that,

: 'possible.; “1f the. government is milling to take on’ some of . the .
: ;perceived risk in such projects, everything will move faster. '
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‘TiHindsight is a valueless gift._o However, never neglect to capitalize on thel

HOW TO SUCCEED WITH A DISTRICT HEATING PROJECT
 Philip A. Edwardes g
City of Susanville _j._'f:

"hindsight of others! o

Despite how careful a. pro;ect manager may be, five stages of a project willy‘i

‘joccur. :

T

TlStage 1--Excitement——Euphoriavi lcf

ocstage 2—-Disenchantment

k'fStage 3—-Search for the guilty

:fStage 4-—Punishment of the innocent ﬁv'L

"iStage S--Distinction for the uninvolved

Be forewarned!

J‘fo;g,The

1.

¥

following litany of do s and don ts may aid in avoiding major pitfalls. N

{?Establish the ability of : the lead gency/corporation, - etc.,: to .
aggressively pursue the objectiVes “of ! the project and provide necessaryﬂ'
;‘support often unpopular, to project management. 5 Y

vvall necessary enabling" legislation, ordinances, by}laws,l_etc.,_Should',{fh
. be in place prior to project commencement.; : : '”f". SO :

W

fEstablishorelationship between project and existing third party and/or‘.:-n
‘~-existing interest groups and resolve differences prior to developing,'

- project.,'i_o
:;Develop .a strong project A'Team._i Careful selection of geologist, E
‘designers, ngineers, ‘consultants, - etc.,. will have .an. extremelyv

Q'beneficial impact on project well—being.

‘7A1ways, even in the case of prototypic projects, be - aware from the outset S
“that the project must be cost-effeetive: design/engineering to . ‘dollar
“availability and best bottom line.. A sonnd project will always attract S
;investors.,,' , e , B T , RN

-The procurement process is extremely important.; Maximize project visi—-
.-bility. - Make full - use’ of construction industry publications,- building»‘!
@hchanges, etc., which ‘are .far more -effective - than daily newspapers.. ,
-~ Solicit interest from manufacturers. They have long lists of contractors e
“on file. : : S

121r1f o
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8.

xProcurement process “and freview of contracts always. take longer than
; expected. e o LRI T A '

Attempt to schedule* the;procurement process to minimize  total in-field

" construction ‘ time.: .- This helps "to maximize effectiveness of project
‘manager and in-field. inspection process, It also . ‘allows for an orderly

) checkout procedure. - This 1is extremely important where several subcon—

. tractors are. involved.

3

fTake care to avoid excessive overdesign. Special'metals, equipment,

étc., ' are extremely expensive. " Check the cost effectiveness, =~ and 1f
‘necessary, use materials ' with a shorter life span, - but - .ensure ready

acéess to weak points and include in maintenance manuals.v Technology is

4’changing daily and a. greater and better choice may be available in’the_\

| '«future. ;

10,

11,

12,
13,
S 14,

15,

DD-18 GDU.

A well—defined and implemented resource’ evaluation is the cornerstone tog'
" "a successful project. Adequate availability of- energy through a we11~
leanned long-term lease agreement is essential. : ) o

Free and close communication between all "Team members is paramount.

Any contract is a two-way street.c Make decisions as. quickly as’ possible,
provide all necessary support, and have a close working relationship with _
vall subcontractors.

.A well-planned active public awareness’ program keeps the public informedg
‘and helps to minimize friction. ‘ : . .

Financing is always difficult.,’ Do‘not be afraid to be creative, persis—
s tant, aggressive and pigheaded. N L , , )

A project manager must have a well—developed sense of humor and access to
1a permanent hard—working “Guardian Angel.
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woaxsnop PANEL OUTLINE
INDUSTRIAL PARK DEVELOPMENT*Ff"
"‘;by"

Fred Longyear
Panel Moderator

. GEOTHERMAL INDUSTRIAL PARKS-—“PARKS  OF COMMERCE"--Fred  lomgyear,

g Lahontan, Inc.

The Formation of a’ "Park of Commerce
':ffB arks--Existing and Under Deve10pment

CC. Parks——In Planning and Proposed

| ?Ii ECONOMIC CONSIDERATIONS—-Roy A. Cunniff, New Mexico State University‘
. ’;iAf Basic Considerations - | s L
| f?le:‘Location f~*‘.
a. Access to Market ‘iildCi‘, -‘v';':‘Cf';C{‘ C'l'?f;"
;Cttr Access to! Laboryliﬁ s o
;C;f,c;‘ Access to Raw Material :,
JC ﬁfviuxf?if Other Factors =
.V‘ra,s‘Landicpst fi C;}CV‘:f':"""
. f]53$? 'Eﬁe;gyCCOQt'rrlz» irCfﬂij7"7]r,::, R
: e Lab;r COSt .' l"’.f . 7 : \ |
‘V:Q,CL;B,‘iTrade—offs | fe e
7‘ };jl._ Increased LoaovPeyments L

2 Utility, Land and Labor Cost Savings

A”"_,Cs Cascading 5~f*fjk:~e:;fi“ffr,f:3t'3 (~%ﬂﬁff"3iefr“' ;,‘i" _/ e
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I, ) HARDWARE (ENGINEERING) CONSIDERATIONS--Robert J. Schultz EER, Tne,

*VvA-i Resource vS. Design B
EI‘ZEng?eeri“g
D;HITeﬁpetature:Requifeﬁéﬁték L RERRR 7 7 |

: NQ’IPiping

R ‘Water Quality B
" G. ‘Water Disposal -

. ﬁ. 'Costs '

LTIV FINANCING A GEOTHERMAL INDUSTRIAL PARK PROJECT——John H. Woods, Bank of
Montreal R 5

A. Introduction
Financing ’

vCJ Data. Requirements'

Vel

\ &. FINANCIAL INCENTIVES-TAX ITEMS‘—William R.~Brink Coopers and Lybrand .
| »A; 'Economic Recovety Tax Act of 1981 s | |
'i:B; *Accelerated Cost Recovery System—-Depreciation
'é;f Investment Tax Credits i
: 1'N,I‘Enetgy«Thx Credits |

N'IE. Percentage Depletion




" GEOTHERWAL INDUSTRIAL PARKS-="PARKS OF COMMERCE"

by

' Fred Longyear
1 Lahontan, Inc.-'

};THE FORMATION OF A PARK OF COMMERCE
A A Geothermal Park of Commerce 1s an Economic Development Project

Three prime areas must be addressed in the planning and development*'
of a park. : , _

1. Institutional--Is the~ community s fkattitudek’ and capacity o
, suitable for development of a geothermal park of commerce° S

o ,Competitive Institutional Processes (permitting, etc.) in;'
Place,. : - - o

o No Organized Intervenors,
o Positive Public Attitude, and More Important, and
0 Economic Development Expertise.‘-=aw»,':' |

7»(2, Resource-—Is the Geothermal Direct Use[ ResourceﬁEconomically‘
Adequate’ . R B e

o Adequate Temperature and Flow Rate'x‘;
o Economic Fluid Quality, and f'i

- L) Low Cost Supply System (short transmission lines,ifshallow:*
wells, low brine content etc.) & R

’ 3, Viable Users--Is the Energy Use Load Economic’yf.i

'm vo"Load Large and Dense Enough to Generate the Revenue, atl?:
.rp.Incentive Prices, ‘as Required to Support the Development'
.‘and Operation of the System, and R _ v ,

'v o ‘Is the'”Anchor" load Based upon Viable Operational Entity’-
‘f;VToday, successful development of- geothermal direct use is. >a medium-

.jsized"' development' - medium-sized applications S medium-sized
/,industrial park developers + medium—sized investors.; T,i.;‘- :

. The Major Pitfalls in Development Today Are{:jl"

- o Institutional Impediments,

S
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‘0 High Cost of Financing, and e ;.hplzp}
':;J - g't o Lack of Growth in Agribusiness and Food Industries.

ﬂowever, there ‘are solutions to these problems, as evidenced by the
following developments., S : . : :

3

i;lI."PARKS-—EXISTING AND UNDER DEVELOPMENTr"

A. Brady Hot Springs, Nevada

1.' Onion Processing Plant producing 26 million pounds per year of

: dry onions and plans for ethanol and mushrooms
B Klamath Falls Oregon ;l'f

RN Litchfield California'

yeIlI.ifPARKS—-IN PLANNING AND' PROPOSED
| :A A.:‘Susanville California o 3 d‘;‘;li;jlkl ‘(->jf: :
,l‘B, :Bridgeport, California :'”’~,‘ 've'v , :iiy" Jilu.rr'; o
‘vC: Imperial County; California,,
'n,'jPahoa,,Hawaii ) | 7‘
VE._.State of California Market Survey “; 1@

‘F."Heating Districts, Western States

;Currently, 26 million pounds per year of dried onions are being processed atv

. an onion ptocessing plant in Brady Hot Sptings, Nevada. This plant has plans
: for expansion which include ethanol and mushroom production. _

n Adjacent to the Oregon Institute of Technology are three tenants and space for- .
22 more. . The current plans are to cascade spend geothermal fluids from OIT .

and the Merle West Hospital for-a commercial and electronic space heating
_ Project.-'u L - R . - Lt

A third direct use project which is being promoted~by the City of Susanville

- ~and Carson developers is under way in Litchfield, California. — Their anchor
- land is ‘the prison which burns over 3/4 million’ therms per year in fossil
_fuels.. They can pay off their $1.4 million retrofit in seven years using: geo-
therinal direct heat. Also, the wells and . pipelines of the system ‘'will be paid

off in :about nine years. There is an adjacent park of commerce planned that -

would be oriented toward agri—business. - This sets a prototype approach for
- other areas. Four different state agencies have been involved in this progect

plus the Legislature and ‘the Governor's Office. ~ The - city .and ~private .

developers have come up with a'unique means of financing.
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GEOTHERMAL‘; 'FéESOURCE ’SELECTIONA"CRITERIA S

'. lFl_‘Uidi"cempe'ravtu:,"-éj>'_50 ” C(122F) o )

Well depths <760 M (2500 ft.)

~ Brine concentratlon<5000 PPH

~ Well sites <.6KM (1 mi) from load

- Local permitting <6 months  ©




:’{GEOTHERMAL RESOURCE SELECTION CRITERIARJV;;Z"'/ -

g RATING FACTORS

E fnffProx1m1ty to a labor base
“nfgf Adequacy of tronsportotlon -
"'"7R;‘Prox1mity to community serv1ces

~ Local sources of raw materials .
| ~f,Adequote, concentroted Toad - e
1'1['Compet1t1ve conventional utility costs o
| _f‘>;Competit1ve land costs for business i
| “* §1HG0od communlty attitude & bu51ness cllmate
‘f@;Attractlve 11ving conditions |
,  §'Loc01 f1n0nc1ol 1nst1tut10ns
“"qr“Other plus, minus foctors for each 51te




L o

| 'GENERICdAPPLICATIONSrSCREENINGftj

APPLICATION SECTORS

"Distrlct heoting & cooling
';}Commerciol “ "

| ;“iInten51ve/confined growing

| ‘-;1;wdste processing & methane
| s‘.Food & kindred products SR

) 41d:An1mol feed oroces31ng “

. Lumber & wood products |

9,ﬁSe1ected~pdDer products 'd

JAq~yn”f"Chenicols E dllied Droducts

‘Geothermol electrtc effluent resource .

8 smoll electric




““f;fﬂGENERIC APPLICATIONS SCREENING

CRITERIA

'"?fﬁf”j’?0verall economic condltlons i

.f.

'i'f}eifEnergy Sensitlvit&
e> )7efRepl1cotion/Tronsferab111ty “’U_,"Qe
'Trﬁ:;;::Fit W1th geothermol L
ﬁ ”";i:fffEconomic development limiting fdetorsiﬁ"fyii“
‘:‘einstoricol Utilizotion‘
. ‘feePropensity for branch plonte ezi :

['fJfoverridingquctors,'"~*"
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INDUSTRIAL PARK DEVELOPMENT
o ECONOMIC CONSIDERATIONS

Roy A. Cunniff
New Mexico State University

_fIntroduction‘"‘

s ‘Any industry must consider ;several factors» iﬁ'hrrivinépdat 'a'decisioﬂ,*ﬁ,,
: *f”where to: build.. These are: : R e -on

o‘ Location—-Access to market‘ R E

715 o’ Location——Access to labor.

o Location——Access to raw materials. )f3"

ﬁf Other factors are considered but are less significant"""‘

o Land cost '(1 - 2% of total) @- Hffi;f"‘
o Energy cost (15 = 25% or total) v

0 Labor cost (marginal cost 10 - 30%).»

'~With this introduction, use will be made of Figure A to.: highlight the‘j
. "Three Locatiouns” problem in the context ‘of geothermal energy. This will
= lead”. into Figure. B, and 'a simple comparison is drawn’ between building i
Q."here" or’ building where geothermal resources exist. : : : e :

5With Figure c, I will attempt to explain some of the trade—offs that mustf,‘
5be considered.g e : . o : R

i o; Trade off the increased loan payment resulting from the geothermalv

r.front—end investment against reduced utility costs.. s

'v,og;Trade off the combined cost savings from lower ;utility costs;l, 5
. cheaper land, and cheaper labor, to provide a profit margin which o

.could result in early payback on the relocation.;»; S

_Figure D is used for a’ general discussion of the factors which must bef' o
_”;considered in arriving at a. decision for geothermal usage.1 “This must be o
. a general assessment, because ‘each industry-geothermal match is a unique -
_configuration which requires a. tailored analysis.  This then will lead ‘me
“to’ Figure E, = which portrays 1n simplified form - the . versatility of
4'geothermal and’ highlights the fact that cascaded uses can . -be very_'
'profitable.vxu. RN & o L T R T

S will close with Figure F, 'ﬁhiéh'is*'ay¢apsu1elcom¢éhtary;’* There are
S significant advantageskrto geothermal but to gain those advantages, -
.'~expert advice is, needed. . . LT el e e

R AON
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:'A¢éess'to markécg

‘Access to labor . .-

. IF YOU HAVE

s

© BASIC CONSIDERATIONS -

o .,Géo,‘ghémgl foexfs“béhéf_‘ii‘ts‘ L

>  ‘_7,FigufefA p ST

5

 Aé¢ess,toArawfméte:ials/a‘flf.

Inexpensive energy
\; S -

o jh*RedUCEG’opéfétinglcosts

. Out-year price stability -

'   'Easy1to‘expaﬁd; ‘¢ 




| Commemt onations
o Labor Available

- o LandCOSt High ($15' 000/acre) 0 - Land Cost LOW ($5 .000/acre) o

. LOCATION VS_LAND COSTS o

6 Raw materials could favor either sector

S Flgure B T




':,Payrolig‘

‘e 5Gee'Mode1iA'efn

. Typical Industry

)\ Loan Payments .
‘Other 0 & M

:Energy.

Geo Model B -

Reduced Loan :
(Cheaper land)

Extra Profit (chenp

- Increased loan -~

payments to amortize |

~~Geo System offset the = .
<“decreased energy costs o Ll
S : : s ~1fExtra Proflt ;v. | s o

. (cheap labor) R

Figure C

land and energy)

““ i ¥




| GROmERMAL CONSIERATIONS

Cobrilling

M'{f_eo»; Do it YOurself 7f'"
.'}f‘b; Lead F1rm 1n Park R

w“'cuf; Buy the water

;*QA COIIOSLOH resistant materiaIS h, E

vfﬁo_ Back-up energy source  fj;t"

o Revamped process heat use e .

';or"eDiredt disposairﬂ

7§t¢vbe}“fWater treatment

.":?i"{b*f 1D1sposa1‘wellsiiifsif;e:;i _'




"wtip i

‘ ,CgD-———E> | INDUSTRY PROCESS HEAT .

" 180°F

CASCADED USES ' *

-~

500 gpm @ 180°F

. ®PROVIDE COST AND ENERGY SAVINGS ~

v

SPACE HEAT WAREHOUSES, BUILDINGS;

" ®SERVICE AN ENTIRE INDUSTRIAL PARK

L 115°F ¢

95°F

)

| DOMESTIC HOT WATER

GREENHOUSES = . - -

IRRIGATION, FISH PONDS, LIVESTOCK | .~

- Figure E -

.

> | CGROUND WATER HEAT PUMP-. -




BIG PROJECTS REQUIRE BIG FIRMS

'*'GEOTHERMAL 1S HIGH COST BUSINESS

A MaJor Residential Subdivision (1 500 homes)

Sl $150 million for Subdivision

$5 million for geothermal system e
A City of 5, 000 People
-.$20 million geothermal option o
A Major Shopping Center
‘ $45 million for construction
~$2 million for geothermal‘option:fI
’New Stnsnol Plsnt V | :
jsad‘miliion;

$3 miilion geothermai optioni =

~ARRAY OF SPECIALIZED FIRMS v"

Land Acquisition Experts“j‘
Geothermal Exploration and Drilling
Large A&E Firms : |
-HVAC expertise71
' Design ‘ |
Cost analysisb
Product knowledge
1, Tax’ and Finance Experts
Grantsmanship

o Politics and”Policiesi;

Figure F -
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 INDBSTRIAL PARK DEVELOPMENT o
HARDWARE (ENGINEERING) CONSIDERATIONS

by

: - Robert J. Schultz ‘
Engineering and Economics Research Inc.,-

~‘The decision to develop and use  a geothermal resource for an industrial park
‘must be evaluated thoroughly from both a technical and economic viewpoint. As
. one would suspect, the technical (geological ‘and engineering) issues and the
‘economic issues are interrelated to ‘the extent that the developer - must con-
tinue: analyzing the integrated system during development. .Eight major areas
of consideration that impact the cost and’ design of the system hardware have
been identified for further revieW' :

1. xRESOURCE-—The issdes »that ‘have to - be included 1in the hardware/system
. development design and cost for resource delivery’ and' energy expended
fluid disposal are (a) . number of production and injection wells, (b)

. spacing or distance between wells, (c) well head temperature, (d) pumping

: depth of resource, (e) annual Operating hours, and. (f) distance to site."

S 2. ENGINEERING—-Normal design practices used with other energy systems often: .
" must be altered to be compatible with geothermal conditions. In addition.
' to the normal design considerations of headloss, expansion, and heatloss,
~consideration must be given to pumping of high temperature fluids, fluid
~chemistry (corrosion and scaling), potential of temperature cascaded use,
" energy expended  ‘fluid- return, handling of -noncondensable gases and
‘selection of fluid to be  supplied to user (steam or hot water) Design:
: ,and fabrication.costs for:a geothermal system can be greater than normal
[;energy system costs. . , -

3. UTILIZATION FACTOR—-The utilization factor, the percentage of the'time
' the system 1is being ‘operated, is critical in: amortization of energy
‘production and delivery system- expense. Utilization factor is ¢alculated

by dividing the amount of energy actually used by the yearly capacity of

" the system. Typical utilization factors are (a) industry, 75 percent to’
95 percent and (b) space heating, 20 ‘percent to 30 percent. - :

4o USE’ TEMPERATURE AND TEMPERATURE DIFFERENTIAL— lST——The temperature re-
. - quirements of industrial park participants are critical  to the park.
developer. A developer = must ‘determine the .amount of - process heat that
can be obtained from his geothermal resource and decide what percentage
. of the parks process heat requirements can be fulfilled by his resource.
"‘Temperature boosting may be required for a portion of the fluid 1f the
geothermal resource supply temperature is inadequate. Temperature boost-
ing must be carefully analyzed, since this technique is usually not eco-
nomical. '~ The AT or amount of emergy that can-be removed (sold) from
the supply fluid '1is extremely critical. = The larger the AT, the less
fluid out of the ground; and the greater the return on each pound of
fluid handled. ' ' . : ,

\
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l&T is a function of supply temperature and use temperature. The closer h
- _these two temperatures approach each other, the smaller the AT available

for utilization.'

PIPING--Normally, two piping _systems, complete"mithl:valves, expansion

. joints,  controls, and pumps, are required.  'One is .the transmission/ .

distribution system, the. other is the collection and energy expended

fluid " return - system. Piping system can. be fabricated:-from either
» metalllc or nonmetallic materials‘ co : S '

o Metallic..
—,Black pipe.

Coppet.

Stainless'steel.J o f
- Exotlc-metals;ﬁ'
o ﬁonmetallic.
S Cemeht asbestos.v
_vPolymer concrete.i'
_ Ve (150°F max).
/= CPVC (212°F max).
- Fiberélass;> |
'—'Poljpropyleme.r ’
. = FRP (FiherglaSS'reinforced‘plastic--?00°F max).
Nometallic piping‘materialsrgeherally cost less, bot ‘material Selectiom

criteria -should include water quality fluid temperature, maintenance
costs, and original capital cost. , IR

T~

WATER QUALITY--Water quality varies greatly from geothermal ‘resource to

resource. Geothermal fluid temperature and chemistry are closely related‘:
in that there is a general -increase in total dissolved solids as ‘tempera-
. ture ' increases. . The chemical components found ' in the fluids "are a .

"~ function - of the local insitu,geology. The chemical components present

in geothermal fluids are the primary causes of corrosion and scaling when
' fluids are used as heat :sources. Corrosion and scaling can be- controlled

through material selection and process control.

DISPOSAL--The energy expended fluids must be disposed ofilafterv heat

extraction is completed. = The disposal technique selected should be

‘reviewed in light ‘of accepted practices and cost. The ~ four ' common

options for geothermal fluild disposal ‘are . (a) discharge',to_surface
waters if "the fluids ' are envirommentally benign; .(b) discharge to

Fat : - ; ¢
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CAG ;)‘j' g
‘"njevaporation/infiltration pondS° “ponding requirements will depend - upon
flow rates ‘and- evaporation/infiltration rates; (e)- injection -into

;.;shallow, intermediate,‘ or ‘deep’ aquifers depending upon local- conditions;.
. and ' envirommental ‘regulations; or ~(d) used: for secondary = purposes: = .-
energy. expended geothermal fluid could be. beneficially ‘used  for agricul—;."A'

"‘iture or- other purposes but may require fluid treatment before ‘use.

.,8}_jCOSTS-—Two types of - hardware costs .are. associated with the developmentj;”'L'
. and operation of an industrial park.. They are capital costs and opera-
ftion and maintenance. costs. - The major elements which comprise these‘_g*

f;costs are listed below. e

Capital CostS'k

o Engineering Design jof;
t‘o*hPipingﬁ.ff7Q':. ;
'“;of‘v51§eg::fj:y ?f 'dif“vhl‘} ?111'.41f’ Qsi,fs
fib:p:!PumPSk,fi~ Ry , .
“vf;i Wellhead |
‘ Circulation :
Injection B
.folfConsumer Hookup
‘QioﬂiControls and Process Instrumentation‘v
,fobeackupiComponentsji,;;; |
v'i%ibjﬂbisbosaiisyste&" 3
"VobiSystem Installation‘;;;ii
.“,i\‘oiiRight of Vays g
f<o}oTransmissionw?i;.i%r;
:‘vjofjnistribution }f{;:idfb;ﬁi‘;ﬁ_f}?f"fj?l}ﬁ~;rf;”j?ggiffff_ff]}
;fi:'gf:Collection SRR e e e

"0“ Return o

Operations and Maintenance Costs. B

o Pumping costs

Fluid withdrawal s

ERL

Comasew

e




O'

0.

The costs listed above do” not include either the

COStS

- Transmiesien o

- injection

iMaintenénce
Scheduled Replacementf
eSystem Operators

\',Billing/collection -

(geoscience activities; well drilling, well testing, etc.) or the

0

resource development.

‘ normal site development costs (land,: roads services, etc ) s

s
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" FINANCING A GEOTHERMAL INDUSTRIAL PARK PROJECT /
by

- " John H. Woods' .
-k .. .+ 'Bank of Montreal

'INTRODUCTION | L e % e e

‘ Thek idea of having .an industrial park development centered ‘around a

reasonable and reliable energy resource holds great promise, as industry

~is concerned not only that its traditional sources of energy have placed

a heavy burden on 1its operating costs but also this source may be cut off
in periods of shortage. - Utilizing a proven geothermal resource provides
certain industrial users with several applications in their operations
such as process hot water, refrigeration, space heating, and in certain

| ‘high temperature resources, electricity. ‘In turn, the industrial park -

11.

. developer can spread his capital costs for deéveloping the geothermal
resource over these several applications ("cascading”) which makes the
- geothermal resource cost ‘competitive with ' other energy sources. Other,
’;attractive features a developer can offer industry arer - ‘

] Lower energy. escalation—-Once the initial capital. cost is in place .

- for a geothermal development project, there ‘is 1little additional

operating cost  for a developer; therefore, he can offer further
V.energy pricing ‘benefits. ' S N

L

S0 Industrial ‘employee housing--The geothermal resource benefits can be

R used to provide space heating/cooling for residential housing. This

can provide 'an industrial ' company with the necessary employee_
ousing near its operating plant.. . v

FINANCING S ‘a— g R - N R FERT S

From a lender's point of view, ‘the only difference between the financing v
of a geothermal industrial : park development . and a conventional park is
the resource risk. - -In some cases, a lender may have some ‘concern about

‘the location of the. development, since it has to be near the resource;
"however, - this can be overcome by having firm long-term leases from.

financially able companies. 'The risk ' factor is a matter of education.

- There is the need to provide a reliable geothermal reservoir ‘analysis by

o a proven reservoir enffineer, which - supports the resource capacity and

III.

-life. The lender will also have to investigate. the favorable history of ‘
geothermal performance throughout the  world. . As . an incentive,  the
“developer can provide a slightly,higher~interestnrate’and/or‘ a resource '

guarantee or insurance . coverage. Once the -lender's barrier -has been

o broken (the first financing), then other lemders will accept geothermal
voas an acceptable risk without any pricing or: support incentive.{»

ISOURCES OF FINANCING

- An industrial park development ‘may or may not include the development of

the geothermal resource, but, in both cases, this factor has to. be taken

" into consideration. Therefore, the development is no different than a
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. conventional industrial - park.  The sources of financing mnormally will
include a construction and completion phase. The ‘construction phase will —~
“be by a commercial bank and in some instances an institution lender (for . '\Ej :
example a life insurance company) "who will normally require-a take out e
commitment from a long-term lender after construction is complete and
certain occupancy has been achieved. This two-tiered = financing can be
arranged directly with ' the lenders or through mortgage . or investment
" banking companies. An important factor in financing geothermal projects
has been the United States Department of Energy under ' their Geothermal
Loan Guarantee Program. The continuance of this program is not known at
this time. : ' . : e :

O
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SUMMARY

I NDUSTRIAL _ T
FINANCIAL INCENTIVES--TAX ITEMS. ~ -

PARK DEVELOPMENT

PRESENTATION .

by

 Willlem R. Brisk - - .-
- Coopers and Lybrand L o

I. [ECONOMIC RECOVERY ACT OF,1981?—HIGHLIGHTSf

‘There have been
“rates, faster depreciation,
you are tied up in leases, y

‘a lot of tax'y changes. ,Aﬁang}thém are reductions in tax

‘liberalized taxes: to lease (which means if .
ou can get some additional tax benefits now) ,

R&D . tax credits (specific ~to certain conditions), state and gift tax,
" longer NOL (net operating loss) and tax credit carryforward (so “you can
now carry your losses further out), and new at-risk rules: (if you do. not
at risk, you probably will not get a tax credit:  or

have . something

beﬁefit);v

for shorter tax lives
faster tax write-off),”
value, and an extended carry

recapture now,
4 find out what 1s qualified and nonqualified. If you are careful and have
“the. right tax man, you can move something from the nonqualified column to -
" the qualified and thus get a t '
not. careful, something-that is
will be disqualified.

Investment tax credits are
allowances in some cases.

III.' INVESTMENT TAX CREDITS

1. ACCELERATED COST RECOVERY SYSTEM--DEPRECIATION
Accelerated cost recovery SySEémvis equal to depreciation. 'This’provides"r
(five to seven years which enables you to get a

depreciation in full value. 1instead of partial
forward period on your losses. - ‘ .

easier ‘to get mnow. - They have increased
; Tax credits are available for new equipment
and under certain conditions on used equipmentfalso. “There also 1is an

: extendedjCArryfofward'pefiod,on,iﬁveétment tax credits. If you happen to
- be ' carrying the tax credits,yourself';andkcanhot use. them now, you can
carry them out for a few more years. You are not.as likely to lose them;
this has happened in small projects before. . There is also ‘a liberalized

‘Investment tax credits -are not cut and dry. - You have. to

tax credits.

~_ DD-18 GDU
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- In energy tax credits,

IV. ENERGY TAX CREDITS

olar. Also,

ax credit. On the other hand, if you are
‘qualified right there on the check 1list

not much has changed other than the carryforward.
-0on the handout page 157, geothermal qualifies for a 15 ‘percent energy
credit along with s

there are two personal primers for ‘energy
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1. IRS Publications--The IRS has, a shelf full of publications on. tax

credits, depreciation, and special booklets for farming, individual,

~and business. . Publication 900 4is the catalog from which you can

select  a variety of -~publications having to do - with fuel taxes,

Sl interest expenses, deduction, etc. If you call or write the IRS
L they will send it to you free of charge. -

'12, U, S Master Tax Guide--This gives ‘you a check list and discusses in

more detail the items that fit into the different categories. This

publication will also help you do some depreciation projections. o

V. PERCENTAGE DEPLETION

- ‘Percentage depletion is a certain percentage of gross income from the property

Vduring the tax year, 'but the deduction for depletion under this method cannot
be more than 50 percent of taxable income from the property ' figured without

the deduction for depletion. - Rents and royalties paid or :incurred. for the o
propérty. must be excluded from gross income from the property - when figuring '

/ percentage depletion. A net operating loss deduction is.not deducted from

‘ gross - income from  the property for figuring the 50 percent limit -nor are -
charitable contributions allowed as a deduction from gross income in figuring ‘

the limit.-

Geothermal deposits qualify for percentage depletion. A geothermal deposit 1is

a geothermal reservoir of natural heat stored. 1in rocks or in a watery liquid

or vapor. . It is not considered a gas well. Geothermal deposits located

-outside the United States or its. possessions do not qualify. PR

"The- applicable percentages are:

1980 222 . EERNER

1981 20%
1982 . 187
1983 16%

1984 lSZ (thereafter @ 154)

149
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_ Economic Recovery Tax Act of 1981

N

The principal thrust of the Economic Recovery Tax Act of

1981 and its corollary.— the recent Federal budget reductions— .
-is to bring about substantial improvement in the Nation's

economy. The new law makes fundamental changes to the

- ‘tax- System which will have a significant impact upon lhe
lmancral srrategres of busmesses and rndrvrduals :

The combmatlon of the unrlorm reductrons across all rndrvrdual
tax rate brackets, the reduction in the rop rate of taxation

_applicable to dividends and interest, the reduction of the

maximum capital gain rate, and major changes in the taxation-

- ot estates will free up major sources of additional funds for =~

capital investment. This will resull in a change in the relative
aftractiveness of various. investment alternatives, and the
decrsron processes of many mdwrdual mvestors

- For busmess a new syslem of properly deprecratlon which is

no longer tied to the useful-lite concept of prior law, is -

. ‘expected to. provide an important invesiment slimul,’us to

improve the productivity and efficiency of American business.
Another important capital incentive is the new 25% tax credit .

~for rncremenlal research and developmenl expendrlures

: |n many cases busrnesses wnh an urgenr need 1o invest in

new technology or in capital ‘equipment to achieve greater

‘productivity may not be able to realize the réduction in.the cost.

of such investments intended by the Act. For example; tax -
benefits may not be of value to companies experiencing heavy
losses in recent years or to companies involved in new types

- of business undertakmgs

- Accordingly, there is likely to be a prolrleratron oi Iransaclrons -

structured to shift corporate tax benefits to- mveslors who can
more advamageously use them. Opportunmes to shift tax

~ Coopers & Lybrand

benems avarlable lhrough Ieasmg have been specrhcalty : (
: expanded by the Act SR

1 Siate and local taxation should now v be grven grealef anemron .
.. as tederal tax rates are reduced and funds available to state” = -
“-and Iocalgovernmenls come under increasing pressure, ‘because

of the reductron of avarlab|e Federal subsidies and property lax :
reform. ~

An important tacror in current and fulure tax planmng wrll be

the large number of effective dates contained in the new law.
A number of changes are retroaclively effective 10 various
dates in 1981, and 1o 1980 in one case. Many changes lake
etfect at the beginning of 1982, and some several years later.

" In addition, some are subject to transitional rules spanning

‘several years.

~ -

A number of admrmstrauve changes have been enacled

* - including:-

& Starting in 1982, interest rates on lax delrcrenCres and
~_overpayments will be recomputed each year ‘al 100% of the
o predomrnare pnme lnterest rate (the old law requrred 90%)

® A “penalty” tax ranging from 10% o 30% ot rax
underpayments due to excess valuation; and a 50%
“penalty” tax on the amount of interest on tax
underpayments due 10 negligence' S .
o An rncrease rn lhe crvrl and criminal penaltres ror hlrng lalse
W-4's; "o ‘

., Increased penames for failing to file inrormarion rerurnS‘ »

.. Congressmnal prohrbmon agarnst fringe benefit regularrons
- extended to December 31, 1983

e Income exclusion for services received under qualilied

group legal service plans is exlended lhree years until
December 31 1984 ‘

& Technical and cranlyrng changes were made in rhe 1980

law which imposed tax and reporling requirements on
foreign investors who own interests in U.S. real estate.

o 1981 Tax I eqisiation




f | ,EcohOmié Rec_ovéry _Téx Act of 1981

- A number of provisions of the new law can have an immediate.

‘and dramatic impact upon financial plans and the development
of strategies for 1981. Some of the important areas are set

~. -forth'in the tollowung summary:

S (.\pnlal Gains

1S

The maximum lax rate on long-term capnal gams is reduced

~ from 28% 10 20% effective for sales occurring atter June 9,
1981. Although current transactions for persons above the -
- 50% bracket will benefit from this change, deferral of income

until 1982 should still be conscdered to accomplcsh cash llow
and other obleclwes . . :

: Dwndcnds, lntcrest, and Short term- C.\plml (,.nns

Planning to defer investment income until 1982 for those in
high brackets is particularly important because the reduclion in
rates on investment income to a maximum of 50% does not

- oceur. unnl January 1,1982.

N Dcprcuanon and Investment Crcdll :
~ The increase in the amount of investment credit, and lhe

complete new system of accelerated depréciation methods

-and lives (ACRS), are applicable to all personal and real
-”property placed in service since the beginning of 1981. Before
the end of 1981, these provisions should be analyzed and
'various strategies considered, including the election of -

altemauve methods and llves prowded m the syslem

‘l’us(m.\l Propcrty ‘

Attention should be pald‘ 1o the placmg of personal propeny
into service betore the end of 1981. Under the new sysiem, the
full amount of cost recovery determined for the first year of an

assel shown on the applicable table is deductible regardiess of the -
month in which the property is placed in service. The hall- -year

convenhon has heen built mlo these tables.

Also, to facilitate the shifling of tax benelits, the hberahzed

corporate leasing rules can be used for property placed in

©

, Is(.nlc and. Gitt Tax
‘These changes are tundamental to the entire estate tax

service ealier in 1981 if appropriate action is taken within
three momhsol the»dale of enactment. - .

’Rehablhtalmn Credit

Larger credit amounts.for property 30 years and older, and «
histori¢ structures, apply to rehabilitation expenduures incurred

after December 31, 1981. However, the current 10% credit for -

20- to 30-year struclures will lapse, and the tax benefits will be o

: Iost unless rehabilitation begnns before lhe end ol the year..

’\lcw Incentive Stock ()phuns

The rew rules which contain sagnmcam advamages to many
‘participanits in stock option plans may apply to oplions granied
since January 1, 1976 and exercised during 1981, it both the

- employee and employer agree, and the opﬂon othetwnse
‘ qualmes under the new rules. ‘

New Iwu arch and l)o.-wlupmcnl Credit ,
The new 25% credit.can apply 10 expenditures made aller
June 30, 1981. However, the-incremental test requires

R developmg optimal strategies for undertaking dlsueuonery )

acuvmes between late 1981 or early 1982

I

structure and will require attention over the next several years.

.As an imporiant. example, gifts made after December 31, 1981

will be eligible tor the new annual gift tax exclusion of $10,000

“per donee or $20,000 in the case of a joint gilt. The exclusion 7

for. gifts made during 1981 wilt be sub|ecl 1o the current

83, 000/$6,000 fmitation.

‘ ‘nlc ol l'tl‘nlll.ll Rcanlcmc
.. Sales of residences made within the 18- monlh penod e
" preceding July 20, 1981 will be eligible to complete the
“rollover transaction in the 24-month period which is allowed in the
-~ Act. Also the increase in the exclusion for gains realized by
- individuals 55 years or older from $100,000 to $1 25 000 applies to
) sales occurring after July 20 1981,




TR

'Overvrew of Acceleratcd CObt
‘ Rccovery System (ACRS)

To sttmulate rnvestmem and economrc expansron a new oy
R mandatory accelerated cost recovery system (ACRS) has -

i 'been established to provide for more rapid deprecratton of

: caprtal assets and ltberaltzatton of the rnvestment tax credrt

E ACRS will apply to assets placed in servrce alter Decem_ber

31,1980, ‘The cost of tangtble deprecrable property is -

U recovered over 3-, 5-, 10- of ‘15-year periods, which rs
‘ srgnrtrcantly shorter under ACRS than under prror law

: o, Most personal property is in the 5- year class (delrned as .
: property not |n 3 10- or 15 year classes)

. Cars Itght duty trucks research and e"Pe"mentatron S

" equipment and certatn other short Irved property are in the
3 -year class ‘ N FRRE :

)

e Theme park structures mobrle homes and rarlroad tank cars 3

‘ are m the 10 year class -

: 0 Deprecrable real property is tn a 15 year class

: 0 Specral rules haVe placed certarn srngte purpose agrrcultural, i
-structures and certatn petroleum and storage tacrlttres inthe™ =

5= year claSS

e Assets amortrZed or deprecrated under a specral method
such as the:unit- ot productron method are not sub[ect to
ACRS R ‘ : ,

. For purposes ot computrng a corporatron S earmngs and

profits, cost recovery is computed ata strarght ltne rate over :

an extended recovery perrod

Coopers & vara'nd{'- X E

. ‘A halt year ot deprecratron is allowed tor the year property is

placed in service. For example if the straight-line method and

u ‘a 5-year recovery pertod are used, a half-year- of cost recovery”
s afiowed in the first year and the remamtng costis recovered
. ~in the next four years l : .

‘_.Observatlon* The halt -year conventton is rellected in the o
. recovery tables. This rs because all ACRS property, regardless -
~of ' when placed in service during the year, is allowed dne- hall

" of ayears deprecratron (unless subject to shorl taxable year:
rules). Businesses receive a premjum by placing assets in A
“service by the.end of their taxable year rather thanin‘the . - -
e tollowrng year. In addrtron to-accelerating depreciation, the ‘
R rnvestment credrt wilt be avarlable one year earlter EITE e

S vFor personal property placed rn servrce lrom 1981 to 1984 cost
B 'recovery is allowed based uporia1 50% declrntng balance method
N ,wrth opttmal swrtchover to strarghl lrne

SR

1981 Tax Legistation - .




ACCELEHATED COST RECOVERV SVSTEM OVERVIEW

X (Elcludlng Foreign Aueh)

: ,cms s

-3-Year . » S;an'

~10:Yeur

15-Year

Appendix E.

1
*

'.1S-Ven Rojl ﬁvopérly

.. CONTENTS OF CLASS.

e Cars

-« Most machinery and V -
_-equipment-(not in 3- or
10-year class)

o Light truéks "
« R&D equipment
+ ADR mudpoini of 4 years .

« Single purpose agncunu«al

« Raroad tank cars

o Public_ ulihty p:opeﬂy .
ADR midponi of 185 to
‘25years .

* « Recreauonal facitities and

o Public utilty property
with' ADR midpont of

~ . over 25 years -

. Real propeily {other -
fhian items rede.sngnaw
personal property
5-year class or real- . -

: OF Jess. struciures . o N - properly wi-10-yeat class)
C » Pelioleuin_storage " theime park struclures - e
- laciiwes - - « Qualfied coaf conversion . -
" « Public ulibly pmpeny " property ol public utilies -
with ADR midpoint ol IB "' Depreciable jeal propesly :
years of less ““with ADR midpoint.of 12.5 v
. yearsorless’. . i
) " ‘o Manulactured homes -
" LIMITED EXPENSING .. . . : IR A s . : .
- OF PROPERTY IN YEAR CoYes o v Yes Yes. “Yes No -
“'PLACED IN SERVICE 1 vk L Co ) L R
INVESTMENT CREDIT: 6% . 1o L N0 (except :L‘;?'p«openy) V0% 04

© OPTIONAL EXTENDED -

RECOVERAY PERIODS:

5 or 12 years 12 o1 25 years

25 or.35 years

... 35 or 45 years

"'35 or.45 years

HALF-YEAR'
CONVENTION

Yes R e Yes

Yes'

“Yes

"No . LT
* (Prorated by months)

" METHODS USED

each year below 3 * - 8ach year below’5-

N ~each yeai below &

" Annual Bimds.

774984 'and 1985 -~

1982 and 1983

‘Afler.1985°

© $-5000
$ 7500
$10,000

“Coopers & Lybrand |

2The half-year convention has been built. ino the tecovevy (ables The. lull dmoum
§ p(ov-dedmlhe Jables ior-the lusl yeat is deducloble legaldless of the -
‘monlh placed in service.

T

1981-1984.150% DB/SL-© - Ll : e ';gg,,;";;’;‘;““s'"g'
FOR RATES* - 1985 “175% DB/SYD - .~ Same as 3-year -Same as 3-year Samie as 3-year Al ofher real B
e . 1986 _200% DB/SYD . T S A e ) « All other real property
. - L ‘ S - 175% DB8/S1. ¢
OSHECATONNTER | g e o' pemeam e
- RECAPTURE . - it It it i ul r'.v';;";;;“:;zg‘s i
’ s % "= Excess:ol acceleraled . -
over SL: Residential
<7 using accelerated .
" e Full recapture.
) i Commercial-using
s SRR : . i - S accelerated’
.~ ITC RECAPTURE .~ 2 perceniage poinis fof ‘2 percenlage pows lof 2 peicentage poinls for 2 percentage points lor - G
Vs _each yearbelow5 ..’ NA"

- *Straighl-line is oplional lor all classes but must be usea L] exlended rerova 15 Gl cwd
*Recapiure ol expensed llens 1s immediate and overndes instaliment: sale provisiuns

1981 Tax Legislation
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Personal ProPcrty

» The new law phases inan acceleraled melhod whnch

maxnm:zes the benetit of the cost recovery deduction’in the
early years of.an assel's use; and automatically switches.over

: 1o a slraight-line or sum-ol-the-years digils method at the point

necessaiy 1o commue maxlmnzahon of deprecuauon
deductions: .

PERSONAL PROPERTY COST RECOVERY

" This iflustration éompates the deductible amounts over 6 yearsfor a new:
machifie which costs $100,000, and has a 10: -year useful lile and salvage
value of $10,000 under prior law. The machme falls into the 5- -yeat class

and is placed n service on July 1, 1982.

| NEW u‘w s Pmon LAw

i Adcalonled'_;S(nlghl-llno Accelerated
‘Year : ‘ S (DDB)

1982 - $15000 . $11.112 $10,000 - $4500
1983 . 22,000 122282 180000 19,000 :
11984 21,000 22222 = 14,400 9,000
1985 . '21,000 S22222 T 11520 7 179,000
S 1986 ¢, 21,000 22,222 9216 9,000 ..
1987 -0 SO e 23T (e 9,000
'rom sioo 000 - $100,000 $70,509 $49,500

'Taken Irom the prescnbed tables using '150% declmmg palance method
in 1982 with optimal switchover 10 straigh-line n 1983,

~ Extension of Net- Ope‘ml“inb Loss (NO’lk.‘)" »

and Investment Credit Gurvyforwards

The new law extends the carrytorward period 10 15 years for

net operating losses for taxable ‘years ending after 1975. A 15-

_year period is also available for unused investment credits

arising from years ending after,1973. There has been no -
change in the provision that nel operating losses and -
invesl_menl\c‘redils.can be carried back three ’yeaf_s‘.\

smlgm-nno .

: 1’98,1 Tax tegislation

: 'RECOVERY PERCENTAGES ‘
’ PERSONAL PROPERTY PLACED IN SERVICE 1981—84

Class o' lmno(mcm

Yoarof .- AR 111111
Ownenhlp 3-year  'S-year 10-year - Properly
Teeain ... 25 s ST -8
2..... .. 38 w22 RT3 : 10
3 iieainns a7 21 12 -9
4.0 P USSR 21 10 8
B i e e i L 21 10 7.
T R SR weees 10 B
T e e e e e 9 6
B e B S S P FR A 9 .6
[ S R S T S 9 6"
L S A S ST Cieaevaieenan 9 B
L F R PR PP bensaas it &
12 (i iiivnnes R A P SR 6
I T ST SO RSP U SRS PR 6
B Y S e S SN IS 6
1 J T R KT TIPSR 6
Total 100 100 100 100

1 S-yoaf Publlc

(RSN S

For 1985, the cost recovery schedules approximale the 175%

declining balance method. with a change to sum ot-the-years
digits. After 1985, the cost recovery schedule will be based
upon a 200% declmmg balance melhod with a cnange 1o sum-ot-
the -years dngns .

‘Copyright 1981 Coopers & Lybrand (U.S.A




-Appendix F
RECOVERY PERCENTAGES .
- PERSONAL PROPERTY PLACED IN SERVICE IN 1985*

Class of Investment .7 {5-year
Yeer of- S o : ' Pubtic -
Ownership. 3-year - S-year - 10-year - Utiilty
IR O cee. 29 18, 9 . 6
T2 i .. 47 a3 19 12
K O 24 : 25 . .18 . 12
Y U il 16 14 n
- I B S S 8 12 10
. " . . ) 9 g
8
7‘
6 .
5,
4.
4
3.
- 2
o 1
o . ; ,
Total....... 100 : 100" i 100 .100

*The recovery in 1985 schedule apptoximalgs the 175% deélining :
balance method with an opfimal change lo sum-ol-the-years digils.

s

- Coapers & Lybrand

Appendix G-

" RECOVERY PERCENTAGES .
PERSONAL PROPERTY PLACED IN SERVICE
~ AFTER DECEMBER 31, 1985°

. o ' Class of Investment - 15-year
Year of . ' v “ Public
Ownership: 3-year = - S-yesr ~ 10-year  Utility
J IO | J 20 SN [ S 4
2% eeeiia 48 : L3 .18 12
A< IR pie 22 24 ’ 16 . S 12
[, T e P 16 14 11
- P P P S - ) 12 R | 4]
6 .iviiein AT AN Pee g erened [T 10 9
R A S A S T A 8 8
IR SR R TS SRR 6 I
9 SN R | 6
L1 A S s N Peedeiaeas CeVesas e 2 5
T R S R PRSP SRR R
1 A SRR PN R P 3
13 . B i e e cient e RPN 3.
B L R R PN O S SO A 2
'5‘....-........-)-.-..ﬂ.........-......;...............a..;. 1
qu!l' ..... +. 100 o 100 100 : 100

*The recovery after 1985 schedute approximales the 200% decluung
" batance method with an optimat change 10 sum-of-ihe-years digis

L
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( Rccapturc =

The recapture rules of bolh personal and real properly cosl
_ recovery allowances are as lollows ‘

" Rule ,‘ e o ,_Properly

- No recapture v Al real estale using
2 R i *.-straight-line method
Excess of accelerated -

‘ _ Residential property using
over straight-line

accelerated method
Full recapture .. " Commercial and industrial
L ovf o property using acgelerated
~ - method
Subslanllal rmprovemenls
", using accelerated method

All personal property
Antr-Chummg, Rules L

converling pre-1981 owned personal and real property into prop-
erty qualrlyrng for the new acceleraled cosl recovery benelrls

: lnvestment Tax Credrt

' '_leer.rllu-d lncentrves ' ‘
The new law encourages investment in_ bolh new and used i
“property by establishing new lnveslmenl credit rules: The new -

rules apply 1o property placed in servrce in laxable years
T begrnnmg after 1980 .

A 6% credit applres to qualrlred properly in lhe 3-year deprecr-
ation class; and 10% for all.other qualified property. (Under the
old law, the credit was 3-1/3% for property with fives of 3-5
years, 6-2/3% for 5-7, and 10% for over 7 years). The
investment credit carryover. period is exiended to 15 years for
credits arising in taxable years endrng alter 1973

The used property limitation is: rarsed from $100 000 to
$125,000.in tax years beginning rn 1981 and $150,000 in tax
. years’ begmnrng after 1984 d

: For progress payments: begrnnmg in 1982, the requrremenl that
»properly have a. 7-year life before lhe progress payment

1981 Tax l’e_qrslal:on .

Rules are. provrded to prevent persons (or relaled parlres) lrom !

e N B . -
{ . : o
. v o

election will- apply has been changed. Now the election is

“available provided that property qualifies for the investment

credit (e.g., that it be at least 3-year class property} and has a
normal construction period of at least two years. If an election
is already in ‘effect for other property, then properly subject to

. the new rules would be covered aulomalrcally -
" New “At Risk” Rule

New investment credit at risk rules are ellecllve for properly

"placed in service after February 18, 1981 (except for property.
- acquired under a binding confract entered into on or belore

that date). This provision may postpone or eliminate allowance
of the portion of credit attributable 10 nonrecourse financing..

.~ However, borrowings from (or guaranteed by) Federal, state. or
- local governments and amounts borrowed from banks,

insurance companies, credit unions, pension trusts and most
other persons in the business of lending money avoid
application of the new at risk rules. This "safe harbor" is only )

. applicable where. thereis anat nsk amountequalto atleast20% of

the asset basis. Specral at risk- rules apply to Cerlarn energy
‘property. :

Neither widely-held corporations nor real eslale activities are
subgecl to the at risk rules: :

* Observation: While the new at risk rules were aifmed at tax
- shelters, all sole proprietorships, operating partnerships, and_
"~ Subchapter S corporations can be directly alfected. The
-Februaty 18, 1981 effeclive date may cause a loss of credits
~on 1981 returns for equrpmenl purchased srnce lhe begrnnrng

of the year. -

Rec .lpturc : |
The investment tax credit recaplure rules are modrlred o
refiect the liberalized credit percentages. The following table
‘shows the percentage of. qualrlred basis on which recaplure is

: compuled
) s 3-Year 8-, 10-, 15- :
’ Years Held - - Property Year Properly “
Clessthanl - 100% - 100%
. between tand2 66% - - - ; 80%
- between 2and 3 33% S 60%
- between: 3 and 4 -~ : ‘ 40%

between 4and5 — - 20%

‘ Coope/s & ! ybmnd E




Energy Credits

- The energy credits Operate independent of the ITC.' Thus, a par-
. ticular component of an alcohol fuel plant might qualify for one

~ecredit or the other, or both. Experience to date has shown that-

" typically the -total dollar savings from combined ITC and . energy

credits will be ,20% of an average 80% of total costs. ' For exam-

~ ple, on a $10,000,000 plant combined credits ‘would be approxi-
mately $1 600 000 (20% x $8 000, OOO) &

. The energy credits vary by amount and expiration date. .The »
different percentages and expiration dates are. outlined below:

(@

- Expiration
7 - Energy % - Date -
Alcohol Plants ' o
alternative energy property o 10" ;f,* 12/31/82
v biomass property g ‘ RS “10 o 12/31/85
n Solid Waste Recovery (direct burning) _':' SO o
~ recyeling o T o o2/3v/82
Solid- Waste Recovery (solid fuel) | '

i from waste , , 7 . ;
recycling TR 10 12/31/82
‘biomass oo .1 12/31/85

xSmall Dams ., | | T
qualified hydroelectric generat- A IR I ‘
ing equipment : : ~ 11 maximum 12/31/85
'Space Heating ' f . R o
solar L o1 123185

- Keep in mind that ‘in the case of certain 1ong-term projects :

(e.g., those with a two or more year construction: period) it is

possible to extend the expiration date of the. ‘credits through a

.. special election. Otherwise, energy credits could be ‘lost in
~ total, or in part, for projects placed in service after the
_~appropriate effective date.

157 , | :~,';‘v R




Check Usts -

-t

U.S. Moster Tq(:m.' '

. Fences for livestock (¥ 5392.25)

th;t;cultunl)ltﬂlcmnt. single purpou
Leased equipment (¥ S392.017)

» " Livestock  (other than horses) (§ 539Z.012).

: -—
\‘a m .
[e2)

Livestock structures, nin(le purpose
(1539Z.011) -

‘ vaperty used for lodgi g " 539)

Coin-operated vendl
and dryers’(1 5392,512)
Mobile homes (more
uu) (1 539C) ‘
Property used outside United States
Am:raft (1539C and 539Z. 65}'3
Communication- ntelhtu [ 92.012)
B i e 1539C)
shore dnliing eqmpment
‘Property used in ‘possaa(m ¥ MC)
: Shlppnng conmnen
Shg ; (marine ‘vesse ) (159C and
Submanne teléphone ublen 4 5392.012)
Public utility property
Parts and components (¥ S39Z. 30)
Stﬁm—gemnnng electric povet plant
Research and storage facititien .
Air-conditionin, ;nd humidity wnlm!
systems required for &r o openﬁon'
. of other machmery (ﬁl
Corn cribs (1 539225
Dry-\uln and contml room structures
(1'539Z.45)
Gas storage unlu (1 539C
gnmﬁnouge bins - (ISJ9C and’ 5391.27)
iguefied petroleum eqmpment
M 15392 E e ’
ik stora tefn tor and freeut nnw-
fures (f S392428)
Oil storage tanks (§539C
. Oil storage tctmmal acility’s fuoel oil blall-
- ing propesty (§ 539Z.2843)
Potato storage fwhty 4 ] 5392.295)
- Propane ‘gas. storage. tanks, . water hatm
and water nﬂenen (leased) (Y S392.278)
. Refrigerated ;sx)wruou of building (¥ 539Z.195

50% tnnnient

and 539
Res f: ith ! genens
p‘e:vmo;r' sg; use wi ectric. tin;
- Silos (Y 5392.25)
Storage facility for
- modities (539227

" Tangible personal property

Automatic vending machines (Y S”C)
A-Z:'o;?‘onu test tracks and bqliuu
‘Bank vault doors (§ 539Z.15)
Boiler facility, (§ $39Z.195) -

7 Wall- lo-wall carpetin

employees SX7H 0255
Coau?ol yroomannlcmtu II 5392.45)
Display racks (f 539C)
. Display shelves (1 539C) -
Dr(l;g»i;p tellers’ windom ln bukl
Dry-kiln nmctnru (i 5392 45)
- Electroplates ( 5392.296) .
Fire extinguishers (§ 5392.103)
Floating docks (f 5392229 asnd 5392.26)
Gasoline pumps (§539C)

’GOHOwrsewa B;m (lssozzsz

5392.
Grocery countcn (1 539C)
Hydraulic car lifts (539C) -
Laboratory facilities (f 539Z.195)
Mechanized conveyors (§ 539Z.55)
vshroom beds, 5, conveyors, i
pipes (§ 5392.28)
- Neou and other signs (1 539

t deposito lactlmeom banh
i i

i Oﬁ'\ce equipment ( $39C)

" - Offset-lithography - films: ( 5392296)

Piping machinery (§ 539Z.55
P:weg machinery q 892.5)5)

Printing presses 3 1
Production mch inery ( 539C)
ropane gas storage tanks,
“and water loﬁeneu 1 5392.273)
: Reeord vault doors (1 5392.15)
_Refrigeration equipment ({1 5392.‘25)
Refrigerators (§ 539C

Reusable containers (!;»39444)
Testing equipment (1

Transportation equipment (IS

Vending machines ( 539Z.278)

Voice communication systems ({ $397.55)
Walk-np ceueu mndo'n in banks -

(§539Z.
Sl 5392.2798)

‘
U\A

Water pumps (Y 539

Other tangible property -~ S
- Blast furnaces (¥ 539C)
Broadcuun( towers (§ SJ9C)

preheater

Burner and
: klln (I 5392 195) !
- Citrug trees (§ 5392.20)
Compressor station structures (‘l 5392.2)
Drain tiles for field irrigation (l 5392.25)
Drain tiles for. pasture (‘l 5392.25
Electrical connections (¥ 539Z. 24)
Fences used to confine livestock (l $39C .
- and 5392.25)
Gas pipelines (f 539C) .
. Grain storage bins (f 5392.27) - i’
“Henhouses (§ 539Z.25) :

Rehrenm are to the mr Standard Fedcul Tax chom
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Giant amusement slides (¥ 5392.11)

53 54
‘ s 67] Checkl.isinll-—!nvoshmnt Tax Crodlt——Sec 38 Propcrty G\eék' Uist XIIF—-InVést’menf Tax Credit—Sec. 38 l’rbpbﬂy—-Conﬁnuéd :
: E ty—con v h ibt 4
. Eetvion (1590) Tengible persons progerty m _°',§';:.,::32‘::;’.:::::"H°d,.,.. el e | O e e e ke wat

ing generator n
- (€5392.24)
Integrated ho -nisin hc:hty—-amomatic
‘equipment (¥ $39Z.25) :
Logging truck roads (§ 5392 45)
~ Marine. tenmnal hﬂh? (4} 5392.2795)
‘Mooring cell
Oil derricks (l $39
Qil pipehnen sl [ )
Orchards an vel

(! 5392.285)
Paved barnya
Plumbing’ connecmu (1

1t 68)  Check List XIV-—Property N

: Bueball player contracts ‘(¥ S19Z.17)
Bottles, reusable (1 5392.“)
Buildings
Airport lunpn (] 5391195)
Apartment houses (1539C)
. Barns (1539C)
- Bus stations (f 539C) :
Craneway structure (f 5392.195) .
Drive-up bank teller's booth (¥ 5392.15)
Factory buildings (1 539C)
Garages (§539C) . .
Laboratory “clean” rooms. (f 5391!95)
Office buildings (1 539C)
Quonset-type strnctures, (f 539Z.195) -

propulsion : tnrbme

" ‘Sh-hft control houses (1 $39Z.195 uul

Sponn nhd)tum (€ 5392.195)
Stables (7539Z.25)
Stores (§ 539C)
Trailer park launderette (¥ SI9Z.48)
Warchousea (¥ 539C and $392.25) .

Inhérently permanent structures
Floating dock (f $39Z.26) -

Lobster pound (f $392.279) - .
" - Outdoo¥ li(hﬁn( facility (¥ 5392.29)

Intangible property
Copyrights (1 539C)
Patents (f 539C) :
" River bottors dredging (¥ S392.2795)

with valves mpnns and prefabricat
walkways (i 5392 4.

Roadways within manufactunng complex
(§ 5392.2925)

Soft drink vending machine (Y 5392.278)

!e facnlmu (used in farming)

) "!‘mclnn( teminal improvements (¥ 5392.60)
" Waterwells (1 5392.25)

Welh grovldm( water for hm livutock L

ot Quol’ﬁod for Invostment Tox Crodit

Live . o
Houen (15392.012) . i
Paved parking areas (¥ 5392.2925) :
Pro used by tax-exémpt organizations,
p e:t,than in :n nnrelates m%:mor bul:; o
. ness (1 o
ty used for uonmnnent lodmng R

: ‘lobntﬂomet (15392.48) " : :
Property used outside the United States, ex- -

cept as indicated at 67 herein (§ SJ9C)
Structural components of buildings

Air-conditioning - -system (i

$39Z.103):
Ceilings ( $39C)
imneys (¥ 5]9C)
Concrete trenches in lﬂ:ontoq (I SMWS)
. Doors (1 539C) g $35C)

Electric wirin

Fire uca s (

Floou :
; Healmg lynem 1 SJ9C and 5392.!03)
- Hot water system (l 5392.103)

Lighting ﬁxmres {1 539C)

Paneling (! &
-+ Partitions !SJ9 5392 195)

Plumbi ! umbing fix tures—sinks inks and
- bathtubs (§ 539C)

Polystyrene insulation (l 5392 425)

Recessed lighting (1 S39Z.

Ski-lift «?mment [ 1 5392.195 and

§39Z.
- Sprinkler tgnmm (§539C nd 5392.]95)
Stairs (
Tiling (¥ 539C
Walls (153
Water coolers (¥ 5392.!03)

Subscription lists (§ 539C)

Windows (1539C) e ' :

® Tax Court nu'uu tu:ﬂu;zllnl'l, and e-nb::
support towers of & ski-) qual
’ lnvatm-:t credit (l 6392.459), - The IRS

National Ofice in LTR -manu agreed with the
\
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" Check Uists

£9 691 Check List XV—-Proberty Eligible for ﬁnergy Tax Credit

* Principal Residence ( SZ?M.OI) '

Energy-saving components -
Caulking for building ioum, exterior -
doors and windows - - ]
Flue opening modifications .
Furnace igunition systems - cp!aan( gu
.- pilot lights 7
Furnace replacement burners -~
Insulation for -eeilings, exterior v:ns.

floors, forced air ducts, hot, bare pipes, .
hot water hezt:r: (exterior mhlhucn).

- roofs
. Meters duphmg energy . usage costs

‘Storm and thermal doors and windows -

Thermostats (automatic -
‘back and clock thermostats

'ﬂm lﬂ!‘

Wuthentnppmz foz extenor doon and |

T win dows
_ Reaewable enem m eqmymu:t

“Geothermal en ment
_ Geoth wglsu exuip

{1 70] Check bst XVI-—Property

Renewable energy soum eqmpmt—-

- continued

Solar energy equxpmt L
R e

ind ener, men!
Win dnnlllu uxp

, anhequperq(l'S”Z.OZS)"
Alterutxve energy equipment
Equipment for grodncmg ‘matural m fxm
geopressured
Recycling equipment -
Shale oil equipment *
Solar or wind energy property -
Specially defined energy property -
_ Automatic energy eontrol lysm

“Heat exchanger
. Heat pipe -

| Heatwhest

Preheater
Recuperator
Regenerator

Turbulator
W

Not Eligible for Energy Tax CredRA

Carpets } Hydrogen-fueled equipment -
Drapes . : | Replacement ‘boilers and furnaces
Extenorndm: : | Wood- or peat-burning stoves
 -Fluorescent lights Wood paneling
. Heat pump - : :
*Credit for 18  association - stockholders (allocable share),

2, . Credit for renewsbls energy source
equipment iz availadle for existing newly
or reconstructad ¢
-mum inciude

7 Referances are ta‘dle 1581 Standard Federal Tazx Reports. = §70

159

o



‘ References

AIRS Publications,«free (Publication 900 is the index)

aster Tax Guide, Commercial Clearinghouse, Inc.
~
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"‘SUM'MARY'
e ‘e 'INDUSTRIAL USESl
: \rf GENERAL OVERVIEW'

PRESENTATION
be,j.? S
John Lund

o k Geo-Heat Center.jf P
,Oregon Institute of Technology

if RESOURCE CHARACTERISTICS VS. INDUSTRY DEMAND

}beypicaI Temperature Ranges 5‘

- The majority of resources are low temperature below 90°C (194°F)., ~The. =
- main source of information in the United States is ‘the- USGS Circular 790 . -
. which is available from Menlo Park or Reston, Virginia. A series’ of maps .
. accompany this c¢ircular which: ‘show each of the resources, mainly KGRAs.
" They give the: temperatures,_wells, flow rates, “chemistry, and so forth as:
. of 1977 = 1978, The California Energy. Commission and the Division of 0il -
b;and Gas has specific’ state information available on. specific resources -

nd ongoing programs.uw

. The main geothermal kareas' of ©. California arell(a) 'Thé'fCéysers ,and

.‘ﬂ'There ‘are a number of things that need to be considered. " The first is

_ direct use versus using a heat exchanger. * You need to know whether your = L
- ;resource can: be used directly or whether. you need ‘a heat exchanger.fv IE L
- you have' .a low temperature ‘resource and _you feel " you can use . it, many . T o
. times these resources can be boosted with heat’ pumps. For - instance,' ai v
70~ 80°F resource can be- boosted with a heat pump to 135 = 140°F. Geo— «
" thermal ‘resources’ can also be used for cooling purposes.‘- Chillers or

“ surrounding ‘area, (b) Northeastern California (Modoc “and Lassen' ' ‘'
- counties), (c): Los Angeles Basin, (d) Imperial Valley,-and (e) Eastern -
’;California {Inyo and Mono counties). "The only ~area of ..the state that = -
- seems to be lacking in geothermal energy is the Central Valley Area.'“, -

N

“ Resource Utilization

j'frcooling systems that can ‘go. down use:a resource as low as 180 - 190°F.

- This system may ‘not be very. efficient at that temperature, but it ‘can be s
-~ used,. The other. thing that needs ‘to be considered is if the geothermal = .~
. system is'a new installation ‘or-.a retrofit. If ‘you ~are retrofitting a

‘”ﬂparticular industry, your ‘costs are -going. to be a 1ot ‘higher . than

. Anstalling a new system.. ‘Another consideration is whether there 15 waste |

~-heat that can- ‘be -used for another process.- ~You. can take' the waste heat " .-

- from' a geothermal power‘ plant or other: ‘high temperature industry andj' ;

" “cascade it down so you squeeze as much - energy ds “you can ‘out’ of it. -
Often, cascading can make the geothermal project profitable when it would

e
R




“opagGU

‘o

N v BN

'{'pnot have been otherwise.p, Peaking versus base 1oad andﬂloadxfactor ‘15

~ another important item to.. consider." One thing mnost industties have going

o for them is a high load factor which can levelize their cost, enable them.
“to have year-round operation, and reduce the number of wells required. -

Finally, the. last resource utilization consideration isr transmission

| “distance. You can transmit a: considerable distance (up to 5,070 miles in’
',g;Iceland) and still “be economical. - But' in  some ‘cases, it is not
" economical, It is not the temperature loss that is ‘the: problem but the

cost of the transmission lines.

,ADrilling Techniques

: The advantage of a 1ow to moderate tempetature resource is that you can

- use. conventional well water drilling methods. - Another’ drilling method
*used is cable vs. rotary drilling {see attached diagrams). - RS

"'Sources of Information N ,‘1; f” p o f":-" . : B

‘There are several sources that provide information about geothermal

V;_energy. There are a number of technical assistance programs available
which * provide in most cases, up. to 100 hours of free’ technical assis~

“tance for preliminary engineering and economic studies and 1in some cases,

~ for reservoir evaluations as well.  Some institutions that provide these _ -

services- are OIT, UURI, NMEI, INEL. = Other -agencles that provide infor-

mation are the - California Energy Commission, Department of ~ Energy, and-

private firms (consultants," equipment suppliers) Also attached is a-

© . list of reference literature.'
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- 'SAND LINE <

POVIER TRANSFORM

| SAND REEL
BN 'DRILLING
| B TLINE /—\
O , ‘DRILLING LINE -
NI = REEL
\0 ENGINE
)
R
S — SPUDDER BEAM
PITMAN ARM

T

'IQ_BASlC ELEMENTS
OF CABLE TOOL
_DRILLING RIG

GEOTNERMAL acsouaczs COUNCIL.
©duLyY |979

yvs

{ R "THE ACTION or THE BIT BREAKS

: ROCK cmPs FROM -THE BOTTOM OF -
: rns WELL. FOLLOWING A PERIOD
OF DRILLING, THE Accumuursu
~ ROCK CHIPS MUST. BE REMOVED.
CTHIS IS ACCOMPL[SHED BY. BAILING
“THEM FROM THE weu..senenu.v_
‘A FLAT 80TTOM BAILER IS USED
TO'REMOVE CUTTINGS DURING THE'
- DRILLING PHASE AND A DART BOTTOM
" 'BAILER 1S USED FOR GENERAL weu.
cx.amms ssnvuc:

TO PITMAN ARM °'{f,%,"s‘"° T
o . _ BAILER DUMP BOX

_PoweR is aéwm:n we 4
ENGINE AND 1S TRANSFERRED

G THE SPUDDER SEAM VIA GROUND

. THE PITMAN ARM. ACTION OF SUR“CE
THE PITMAN ARM CAUSES THE N
‘SPUDOER BEAM TO MISE AND - : -

FALL iN A RWYTHMIC MOTION, - : FOI:?;Ié:T 08 !

" AISING AND ORGPPING THE % -
‘$IT ON THE SOTTOM GF . . L '
THE HOLE FROM A MEIGHT OF CE"E“ =

, LTOS T L6 ToIm). , "suf‘!?M:E ‘» . S e FLat 80 TTOM NOTE; CUTTINGS ARE TO 8E

! : - | TRANSPORTED away FROM
. CASING : /f . ““‘ER THE SITE. ONE WALF OF A
E 5“""5'- ~ N T1 1 oanr soTToM 'STEEL ORUM 1S USED FOR

" NOTE THAT THE sunncz CASING c ASING - : f BAlLER ™ A QAILER OUNP' sox

. WAS GEEN CEMENTED TG THE .. LAP - s I o o
_MOLE. THE DEPTH AT WHICH THE - - :

“CASING 1§ PLACED 1S GENERALLY. AFTER SEING wL£D PROM The

T &Y A GOVERNMENTAL mEGU- pnonuc*nou WELL ,A FLAT SOTTOM BAILER 1S
. :fm:: A CASING - L OUMPED 8Y PLACING 1TS LOWER
e ' ' : _END OVER THE PIN-IN THE SAILER -
- DRILL STEM—T2S—+= OUMP BOX. A DART BOTTOM BAILER S
ru: omu. STEM aNO BT IILL w . - OUMPED 'BY SIMPLY LOWERING THE -
WATER LEVEL.
VARY ‘8 LtNGTN mu co'ro 30 R e e | THE BAILER ON (TS DART, THUS
FT.AND WILL WEIGH FROM 1000 OPENING THE YALVE > NOTE BAILER
3000 L8S. . VALVE AND OUMP 80X OETARS.
L TwE SHAPE OF THE DAL BT OFENNOLE .
- Wi VARY aCCOROING TO THE b TS
.. FORMATION SEING ORILLED. - : % osmL ART :
_ ~BOTTOM BAILER '~
) ORILL. 8IT =t ﬂ’ SRR
O Lo N 'mot 10 scaLE
\ LI . o
y o -
FIGURE 2 RSt RN
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o TRAVELING

BLOCKS Z

. HOOK .~

‘ "'swwEL‘: o

“ ENGINE

' CHAIN DRIVE 10
| ROTARY TABLE ~—
= ROTARY GEAR

o .Pncaéa
- " NIPPLE

s feLow our-va:vsmsns

“BAG PACKER
“PIPE RAMS =
-'BLIND ‘RAMS

i NOTE: aLowouT PREVENTION

-~ EQUIPMENT 1S NOT NECESSARY.
“WHEN DRILLING INTO RESERVOIRS
CWITH XNOWN TEMPERATURES -
‘LESS ‘THAN BOILING. ;-7 -

~| CONCRETE CELLAR
' SURFACE ‘CASING «—
“PRODUCTION CASING —

, ,—KELLY Sl R
:,'E:__>DIRECTION OF ROTATION :

”\L 75 KELLY B SHING
: /\\\\ '

BAS!C ELEMENTS 2
CTUUOFAL
ROTARY DRlLLING RIG

c:ovuuuu utsouncts cowc.L'-_ ;
: w1979 S

N

. THE POWER TO TURN THE DRILL STRING -
AND THE.DRILL BIT IS PROVIDED BY THE
.- ENGINE &ND ‘IS ‘TRANSFERRED ' TO THE ROTARY
. TABLE BY A CHAIN-DRIVEN GEAR. ENERGY
~ 1S TRANSFERRED FROM THE ROTARY-TABLE ..
. TO THE DRILL 'STRING VIA THE KELLY.
v RERER auswmc AND THE SQUARE KELLY
L—Muo HOSE '

: :',,STAND PIPE

ROTARY TABLE ~  \( 2 “ O O

0

MUD PUMP

“TABLE

_MUD TANK - -

DRILL TN
cu'n'mcs N

1 CDRILL PIPE ‘.'T"\’, RS
Y casinG ANNULUS G

. o S ".'.NUD is ClNCULATED BY TNE MUD PUMP YuROuun Int
- DRILL PIPE. - " "'STAND PIPE AND THE MUD HOSE INTO THE-ORILL :
SRR L 2 STRING (KELLY, DRILL PIPE -8 ORILL COLLARSY 10 . ™

1 - DRILL an'

" BACK UP THE DRILL PIPE~ CASING ANNULUS THROUGH .

“UTHE PITCHER NIPPLE, CUTTINGS ARE SEPARATEL ©.°°
"FROM THE MUD 8Y THE SHAKER' TABLE CLEANED

ST MUD 18 S TORED AN _THE MUD TANK TO ar: nz‘
CIRCULATEO BY THE uuo PUMP o

I ST = | 7THE BIT WHERE-IT CARRIES THE DRILL CUTTINGS - Be

DRILL COLLAR -~ -

. (TRI-CONE ROLLER). e NOT IO SEALE

FIGURE 3
ﬁ 16_8
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: . mema\ddm-up ) - - s
: | . DOlstiied Liquor .. - |

Bioges | e uuu Evnpomtcn Lo

L . R - N A e fmﬂﬂ\hq.— . } §

Mushroom | - | Bignching and Cooking | { Rubber Vulcanization

" Beat s;;ga' .
Extraction .~ -

- : S ST e onormoceutical
g smodm, ] " aua Claying & Clean=wp

"|. - swhmc Rubber J

A" Orgonic “Chemicals
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gy
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oL

[ 40°C-

60°C-

~80°C-

100°C-

“160°C-

180°C-

e 170°C- | 140°C- . s
- INDUSTRY . ‘60°c | so°c | 100°c | 120°c | 140°c ] 1s0°c | 1s0°c | 200°c ] 200°C | 280°C
Meat packing . 'f ma | eev | wem | . '

Prepared meats NN 46,20 | 61,58 | 1000
Natural cheose ' 23 wor | ,

Fluid milk E Y TS T
Canned fruits and PSRRI UL : =
" vegetables NA NA 2.7% 67.6% | 100%

Dehydrated fruits and | ' : .
~.'vegetables ¢ NN 100%

Potato dehydration L : S
T granules | - . _NA 19.9% 40% 83y . 100%

flakes - (TN R T NN R T 3t 100V
Frozen fruits and RO SR

vegetables ‘ NA. NA 308 100\ B :

Wet corn milling 218\ | - 36.4v | 46.60 LA 100%
Prepared feeds : cle : ' ‘ »

pellet conditlioning | NA- “'NA 100% , B "

sifalfadrylng 1 Ml nma | oma | NA NA NA | WA 1008 3
Beet sugar AT o228 | 95,48 f : 100%
Soft drinks | eoion faoon |
Sawmills and Sl T ' ; ' :

“planing mills o NA NA . NA NA NA | 1008 - oo
Alumipa 0o - NA NA NA M | L 100%
‘Soaps ’ R T N R T Y 0.6% Sy , 100
Detergonts e NA NA | s2.2% 99.9% 1008
‘Concrete block : S I :

low pressure NA 100% . : R : : : .
~augoclaving - NA “NA T NAS NA " NA - NA  NA 100%

‘Ready mix . 11008 ’ E ’ ‘ :

/ FIGURE 5 .;,d-.,,‘,,;‘.} p@c“.s heat -requi're’len'n. k




lndusﬁ'l_a’l Process Heat Requirements at Temparatures 300°F ¢149°C) and Below

from GRC Speci&l Report No. 7

Industry = SIC Group

»Groug IO :

Copper Ccmcenfrate - 102! s

Drying

Grf:oug; 12

" 2. Bituninous Coal = 1211
Drylng (lncludlng llgnlfe)

- jGroUg; 14 -

3. ‘Potash - 1474
Drylng Fliter Cake

”‘Group 20 «~ Food & Klndrod Products '

4, Meat Paclslng - 201!’,
- Sausages and Prepared
Meats = 2013
. Scailding, Carcass ﬂash and
Cleanup
Edible Rendering
Smoklng/Cooklng

5. ‘Poul'try Dresslng - 2016
Scaldling ’

. 6a - Natursl Cheese - 2022
Pasteurization
Starter Vat
Make Vat
Finish vat
_ Whey Condensing
Process .Cheese Blending

7. pondohsod and Evaporated.
Milk = 2023 e
-Stabitization

Evaporation =~
Sterlilization

8. Fluid MIIKk = 2026
Pasteurization

‘App!tcation
Temperature
“Requirement -

..F

Process Heat

" 160

- m

°c)

250% ¢ 121)
150-250* | ( 66-104)
2% (121)
. 140 ( 60y -
20 (9%
155 ¢ 68)
uo 60
170 cm
135 (51
- 105. 4N
" 100 (38)
160-200  ( 71-93)
165 « 74)
200-212_( 93-100)
wm
250 (azn
162-170 ¢ 72-7T)
FIGURE. 6 -

Used fgr
Appl _lcaﬂon
o w'ZBruse
7 010'2 ky/ve
17 (1.8
18.0  (19.0).
103 (109
{
43,7 (46.1)
0.2  (0.5%)
1,16 (1,22)
506 (3.33)
128 ( 1.35)
0.02  ( 0.02)
0.47 - ( 0.50)
20402 ¢ 0.02)
10,2 . (10,8 )
0,07 (0.07)
2.93 ' (3409
520 ( 5.48)
P 0.54  (0.57)
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1.

SECTION 2

S INDUSTRIAL USES ,
ECONOMICS AND ECONOMIC ANALYSIS

' Roy A. Cunniff
~New Mexico State University

INTRODUCTION

This presentation will cover ‘in broad fashion the relative economics of f
. geothermal ~ energy. - 1In perspective, ‘the cost  of geothermal energy - is
: compared with current and projected costs of conventional energy.

SECTION 1 EE R Ty

_Figures 1 through 5 provide a background for comparison of geothermal

energy ‘costs. Figures '1 and 2 are broad in nature, - and provide
generalized data. Figure 3 is typical energy costs. I will use this to
put Southern: California. energy costs in perspective and provide a brief

8 discussion of the long-temm price hikes to be expected. - Californmia, in
‘particular, is expected to ° see. price ‘hikes higher than the national

average.  Figures 4 and 5 -provide an overview of the relative cost
effectiveness of geothermal energy, as a function of economies of scale.

i

I)Figures 6, '7 ‘and 8 are representative costs for two of . the - major
elements of the geothermal systems. I will use. these four figures to -
“expand on the theme that a user must. perform a complete analysis -of his'

problem to ‘determine whether or ‘not to drill: on his own property. .~ orto
buy hot water from some more distant resource. The user must consider

'_the relative importance . of having depeletion allowances and - tax credits
for his own development, as . contrasted . with allowing the off-site

developers to use these incentives “to hopefully ‘provide  lower energy -

I!costs to the user. " “Also of significance is the relative importance of.
‘energy price protection to the user. Figures 9 and 10 are representative

examples, showing benefite of . geothermal groundwater = heat ‘pumps for:

- larger-scale application and - an example of a shared use resaurce which”3‘ -
: _would be economical for ‘two small to medium energy users.

"174
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-

o Small scale prolecls (under $10 mmion)

- Shallow lnexpensive wells (7)0 1500 foet; $3) 000 - smo ooe)

_"

Can he used for heallng, process heat some coollng

~ GEOTHERMAL DIRECT USE OVERVIEW

) Low lo moderale resources plentl{ut .

Heatlng 65 - 1700r
. Cooling: 170 _moﬂr, |
~ Process: B 140-‘250°F'

Requlres retrofil for most exlsting facilitles ‘

Special categon y, ground water heat pumps

s ‘-Figure 1

’ | '(G‘r‘iou‘-nd‘mtef heal pump 65 5 v




~ GEOTHERMAL GROUND-WATER HEAT PUMPS

. | lth‘ef‘uyl Walef lempe‘r‘alu\re.ran-’ge -f "_65 ‘- 1200;
| . /I»deal‘fovr'US.“er*Sx'wilh wkaler*WeAll‘s' S
. More écvo.r}l;o’m‘iical th’én: olher ‘ener‘gy' forms
o Easily relrofilled | |
| .« J's'un;ime for most néw_rc’ovn"_s{tr,u‘ctio'n
° ~ Typical A"ﬂyﬂ'al lleating »Cosl'sj(‘_tasj(fru‘cves)k B

$ COSTS

B - .

CENERGY ‘
. NalwralGas - 206
V'OIlIPr‘opa‘ne R ETLI
"AII“Elec(ricv, s

Conventional ILP, 363
 GeolleatPump 194

-~ FIGRE2

76




~ TYPICAL WESTERN STATES ENERGY COSTS

PR
- Nalural Gas
~ Propane .
Diesel

CElectriciy

 UNIPRICE
o saSamet

- 0.75lgal

- $0.850ga

~ $0,055/khw-

."Figufe 3

 simmBTy
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%600
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" GEOTHERMAL COST for TYPICAL INDUSTRIAL USERS

L Lo |

ool o\

1 “ -\ _— Regular Space Heé'_t,ing S
;6'01_{[' ' S : S

gt S _. Steam Process leat.

$/MMBTU MR o

- ;VA "‘ ,’ ! ’ "‘.
‘@ sl

ool

o R Pessible 1990 Foacepy o
Ao Gost Convendt tonn b

TTU 2 3 45 6 7 8 9 1o T 12
. ANNUAL HEAT LOAD =~ et
~ TEN THOUSANDS Mcf EQUIVALENCY -

 FIGWRE 4
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“people - |
Homes -

8}

}1 Competltive with‘;v
 $/MMBTU

GEOTH[RMAL cos1s :

~TYPICAL nESiDENTlAL APPUCATIONS o

Electricity

» New Apartment l_lnfl;f

COmpetitive with

for

_New “S'l.t'tygle bl-‘nmi-‘l“y' All'mm‘.-:' '

Cbmpetitive with

Propane/Diesel Fuel

Natural Gas

- 50 o 150
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Figure 5
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PIPE COST

ooy |

eof

- =

© © TRANSMISSTON PIPELINE .~ =
. COST PER FOOT (INSTALLED) . = =~ - .

Ay E

—8 10 12

' PIPE DIAMETER (INCHES) ~

' Figure 6
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' WELL DEPTH
LS R
©WELL COST

20—

126
L4l
el
. WELL COST | L
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- Figure 7
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GOOD "SMALL'* APPLICATION

 HOSPITAL T
RETIREMENT
CENTER

8L

© FRESH WATER—y - A
aeeestera(X) PRODUCTION WELL

= | DISPOSAL R

S . eEACH USER: ‘S;OOOkMMBTU7YﬁA£ (TOTAL‘12;0005,’ o R £
"« eWELL PARAMETERS: | EETR A Lk T R
| | . eDEPTH: 600°Feet

T eTEMP:  130°F |

: - SFLOW: 70-100 gpm . .o Dh e

©  oPAYBACK PERTOD: 2-3 YEARS N S T
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© " INDUSTRIAL USES ‘ .
AVAILABILITY AND COST OF HARDWARE

- B by_
Gene P. Ryan

\_\ “Geo—~Heat Center .
Oregon Institute of Technology

I; HARDWARE INVOLVED IN. GEOTHERMAL SYSTEMS

DD-18 GDU

TYPES OF HARDWARE

1..

2.

3.

Well Pumps and Drivers (available with proper metallurgy)

BT ‘Submersible-~Moderate volumes and high 1lifts. Lifts to

- 15, 000' 750 HP.

‘b'b. Vertical Turbine-—High volume, shallower 1lifts.  Lifts to .

~800° less at temperatures above 250°F,- 1, 000 HP._

c. Variable Speed Drivers——l to more than 1 000 HP. " Power
- savings of about 40 percents .

‘Heat Exchangers

a. Shell and Tube——For flashing or condensing.

= b .Tube~in—Tube--Simple design,.poor performance.

‘i‘c. Plate-—Small size, . large heat transfer, low pressure

drop. . Flows 'to . 3 500,rgpm, pressure ‘to 300 psi,
temperature to 500°F ' o PR L -

Heat Pumps (where temperature boost required)

Sa. Water/Water Type——To 5 x 106 Btu/hr single stage 150°F, 2 -
: stage 220°F. : : : EREE

b Water/Air——Less than 10,000 Btu/hr to over 50, 000 Btu/hr. N

Piping and Piping Insulation

:',a. Piping, Metallic, and Nonmetallic

(1) Metallic--Normally carbon : steel. Stainless too
expensive, aluminum and copper unsatisfactory for
~“corrosion reasons » »

(2) Nommetallic--Inert to mnormal chemical compounds . -
' Limited by temperature . . S =

i
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5.

6.

(a) Polyethylene 100°F Maximum

1b) PUC--2 Grades About 140° Maximum
3) Chlorinated Polyvinyl Chloride (CPVC) 180°F Maximum
‘4) Polybutylene 200 F Maximum

' ;(5) ~Epoxy Lined Asbestos Cement 200°F Maximum

(6) Fiberglass < Reinforced Pipe (FRP) Polyester 200°Fsﬁ'

"EpOxy 300°F

'f (7)7 Carbon Steel +700°F External Corrosion, a Problemv

with Buried Pipe

b Insulation, Various Types, Prefoamed Polyurethane Widely
- Used T o

VSpace,HeétingrEQuipment

a. Bare Tubes in Floor Slab = B85°F minimum

‘b, Finned Tubes in Forced Air Duct  105°F minimum

c. Forced Air Flow Convectors lZOf?'minimum o
d. Natural Air Convectors = v',;,140°F minimum -
e. Radiators = . . ~160°F minimum .

Valves and Controls, Simple, Same as Hydronic System -

“Ba INSTALLATION

1.

2.

\ 3.o‘

Done by normal craftsmen.

With the plastic-pipe, " the manufacturers instruction must be
~carefully f0110wed. : T : A

'Mostly predesigned or "off the shelf" items.r ‘Most less than\

three-month delivery.

s

C. COST--HIGH CAPITAL, LOW OPERATING

1.

2.

3.

ﬁﬁ+iﬁiGDﬂ’l

Retrofit versus new installation.‘
Well and well pump can be a major capital cost. :

Pipe insulation g’major cost.' May not have to insulate.,

187 . -
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1.

" FINANCING AN INDUSTRIAL GEOTHERMAL PROJECT
by |
7 SR : ,John H. Woods.
B . Bank of Montreal

INTRODUCTION

. Industry, since the oil embargo of 1973—74 has been conducting extensive

in-house reviews of their energy requirements: as this cost component. of

'.their operations ‘has increased substantially. Besides the major increase
in energy cost, industry is also concerned with the availability of its
fuel source., - Therefore, geothermal -energy offers a viable alternative.

It is now up to  the. geothermal industry to promote its benefits to

. potential users.

FINANCING :

J

_The structuring of a geothermal project loan is. basically the same as any' '
alternate energy project. There are some differences, primarily the need
‘to locate the overall project near the energy source. In many cases,
“'this disadvantage of location offsets the benefits of the cost savings/
: availability of a reliable energy resource. For example, the. need to be
" near . a major  transportation center can be more' critical - “certain:

industries than a Treliable energy source - (automobile manufacturer)
Another feature that makes geothermal ‘different . than other - energy
resources is the benefit of cascading,' where temperature ranges can be.

~utilized for various industrial applications., Iceland is a good example
‘where geothermal resources are used for electricity, space heating, and.

for greenhouse heating.

~In order for a lender to completely evaluate a- given industrial geo-

.;thermal project, they require information in the following areas.

,b‘ Borrower,
o Management,i
o ‘Financial/Econqmics,_'

o Project, . ..

‘f'ok_Ceothermal Resource,

|

"o Resource_UtiliZation,
‘o Marketing, and

o ‘Legal/Regulatory;'f

189
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1
v

‘Once the lender has evaluated this - informetion, it 1s in a position to
evaluate the risks associated with the project "and 1f-1it  1s satisfied,
can determine its loan requirements and pricing. - Not every lender will

evaluate its requirements or pricing in the . same way, as business and

loan policy varies from institution to institution.
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. _ INDUSTRIAL USES -
1 Ue,A DEVELOPMENT STRATEGY FOR COVER FORT—SULPHURDALE UTAH

byf

Wayne A, Portanova
Mother Earth Industries'v.

Introducing geothermal energy. to the industrial marketplace is basically a new

‘product introduction. Our new product is an unknown to most industrial users.

 Onceé acquainted, potential - users may. ‘concede the .relative advantages . of
.- geothermal usage in theory, but in practice they perceive large risks with‘any
new energy form. . As geothermal developers, we view our first, task as one of

risk reduction through entrepreneurial project development.. If successful, we
.believe special adaptation of our -geothermal. resource to the needs of
specially - targeted industrial users will motivate them to ~relocate ' to our -

',industrial complex on a profit sharing basis..

~’dStage One of the development strategy for. the Cover Fort—Sulphurdale KGRA 1is
to - put the energy to use  in a display case industrial process. - Once we can
.-show 'the advantages of - geothermal i.,e., lower cost ‘and reliability, we
. believe selected industrial users can be. convinced that we offer a unique
"competitive advantage via lower energy costs. e ~

- The cOrnerstone of this strategy centers around Our efforts over the past 12

months to develop a proprietary process to. extract high—purity elemental
. sulfur from moderate grade ores, relying primarily on geothermal fluids for
- process energy. ' .

X

, The following reasons highlight bur selection of’ this project'

— The prime difficulty experienced over the past year has not. really 'been_‘

S Energy is a major component of the extraction process, yielding a signi— B

~ ficant competitive advantage.

2, World ‘sulfur markets ‘are: extremely tight, permitting easy product'

fmarketing and healthy margins.

3. Moderate grade ore. deposits are in close proximity to the geothermal
field. : _

' 4.’ANo one, to our knowledge, has successfully implemented a large-scale '
- geothermally based industrial operation in the United States of America,

allowing us the opportunity of becoming a market leader.

geothermally related at -all., The two geothermal production wells have

"temperatures of 330 and 290 degrees F, which appear perfectly suited to sulfur

. extraction. because of sulfur's 235 degree F. melting point, " However,
experimentation with extraction processes to melt sulfur from the ore ‘has lead.
us through three pilot. process plants before achieving what we think may be
the right technological approach. 1In short,. we found it necessary to create a

new process technology to match the industrial needs of the project with the

.available geothermal resource. , We - think ‘other geothermal - developers ‘may

- 191
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ekpetieoce‘this same challenge'esrrthey try to market their-‘particuler>geo—

thermal energy.

We recognize ‘' that there are probably less risky. methods 'Of"potting: the
geothermal resource to work, - such as promoting space heating or industrial

drying. However, the types . of ‘industrial wusers we are interested in

Vattracting to out industrial complex (e.g., pharmaceutical and electronic
manufacturers) have industrial energy needs - requiring custom tailoring.

Special adaptation yields value-added for the industrial user and, as a

result a profit sharing developer. -

" While this may ‘not be the best strategy for other developers, we - believe we -

have assembled the right combination of . eléments, including geothermal
-‘resource, location, and management. talent to make this a feasible. approach for
" the industrial development of Cover. Fort-Sulphurdale, Utah. :

2
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S N WORKSHOP PANEL OUTLINE
VL '1_'.'f - FOOD PROCESSING

Paul Rodzianko
Panel Moderator

I. USE  OF  GEOTHERMAL _ENERGY _IN__FoOD PROCESSING——Jack ._.Chevrne/vJ_ay‘b ,'
‘»1‘ Seidman/George Gelb, TRW Energy Systems o TSR
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' USE OF GEOTHERMAL ENERGY =
~ IN FOOD PROCESSING
by
s ’Jay Seidman ,k v
’f’: TRW Energy SYStems '

Where it can be used the value and applicability of geothermal energy for the

- food processing industry ‘can be ‘measured in strictly economic terms. - Within
“the realm of the food: industry, geothermal resources. that range from: 20°F to
©350°F  offer direct applications of an  energy resource that would. otherwise'

have little ~value, Falling below " the temperature ranges - ‘where it may. be .

~worthwhile to produce electricity on one hand (about 300°F = 150°C) and above
- the space heating range (below 175°F - 80°C), geothermal applications range
{from drying organic materials to evaporation and curing of food products. '

'Using geothermally produced heat in lieu of heat from gas,’ oil or electricity '
‘usually implies some ' modification to- process cycle time and/or equipment.
Each of . these. can ‘have a serious economic or . process impact on ‘the actual
'product., Food processing may. ‘be time dependent in that prolonged: eXPOSure to
“low heat is not équal to short exposure to ‘high- heat with ‘a degradation to the
food product.~ Under these conditions  of changes in process ‘cycle time, other .
- means of using the .available geothermal heat must be established -or extensive

"investigations ‘into the actual cycle times for processing the food productl

'DD-18 GDU

developed.v

‘,Similarly,v the availability of the heat at reduced temperatures may imply' L
major modifications to existing equipment.f Whereas current equipment may use

high heat for short periods of time; with short exposure, low heats mean that

“the" exposure “time. may .- be very large..n For example, dryers may change from
‘rotating ‘drum types to long corveyer belt types with multiple drying stages
‘(aSSuming that the product can. be dried over these longer time periods)

EIn addition to the: equipment and process time considerations,_ the physical :
‘availability of ‘the geothermal energy at a site where it .can be ‘used: “in an:
‘overall economically competitive ‘fashion must be evaluated. Practically, this

has a serious impact . on the use of geothermal energy, since. this energy is

-generally available in areas that are  not marketing centers.  The economics .
“associated with developing a food processing plant in those areas becomes the
_major consideration.,‘ : , S AT

:On the positive side, there is little question that 1f these ‘three'parametersu

are successfully solved; the use ‘of geothermal energy as the energy source for

'many ‘of the processing functions can prove - valuable- to ‘the food. processingi,‘v
,industry.e ‘This has ‘been amply demonstrated in dehydration, cooking, drying, .-
'freezing, and as an auxiliary sonrce of plant maintenance. o o ‘,’,g, L

fThe spectrum of applicable food processing industries that ‘can - capitalize on
geothermal energy has ‘had. “to be evaluated in terms of competing energy -

N \

L




:sourceS‘ and has only been successful ‘where’ the cost of the geothermal energy B
- was demonstrably 1ess than that of the available competing energy.t' : o

Qf

i

i Plants have been built eneompassing geothermal fluids for dehydration, cooking -
~drying, and freezing, as well as auxiliary plant requirements- ‘for electricity
and steam. In many -cases, it " has been necessary . to cascade the energy in

. order to attain the competitive economic status..
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o FOOD PROCESSING
B ECONOMIC CONSIDERATIONS

o

';f»,.'ﬂ.',t Gerald W. Huttrer ' SR
: hRepublic Geothermal Inc.4.7

%iI. BASIC PARAMETERS TO CONSIDER

‘A

C.

The Resource

"'bs;i
o for 30 or more years

. 100 miles if . possible; railheads: within 25 miles, and all-
- weather highways adjacent" S B

r,‘

"'Adequate Temperature—*For planned use after cooling due to;_,;:
' transportation B : o

7%2Adequate Quantities--For provision of needed Btu per hour. "

\f Chemical Quality—-Must be benign enough to minimize’ or. avoidﬁ )
VScaling, corrosion, or. contamination of agricultural productsv

Recharge-—Must be adequate to replenish the resource for at -

fleast 30 years and to minimize subsidence tendencies

‘Reservoir Size——Mnst ‘be great enough to ‘sustain productionﬂv"

*Hiﬁi_ Geographz ’7;{-
1.

Land——Must be available for purchase or. lease,‘ including the;hc
rights to geothermal resources, at a reasonable cost -

Transportation--Facilities ‘should be nearby, airports within

:ifLabor--Should ‘be available nithin - reasonabie’ commuting
-distancej - otherwise expensive infrastructure may have to be

7’”1built s

'ﬂfClimate——May determine the viability of outdoor product and/or
~raw material storage;. will also. determine the magnitude of

‘b,space heating requirements (geothermal or conventional)

Aiwﬁ;f

',Topographz-—Should be amenable ’tr relatively inexpensive :ff
: ffacility construction : 3 ‘,“» ,

~Fresh Water—-Must be available for a multitude of reasons "‘

Market Considerations‘

-

Raw Materials-—Should be available readily or easily shipped in PO

i

Market-—Must be: accessible and predefined' contracts desirable 4df

to obtain financing

':'77292i NN




'3, Commodity - Stability--ﬂust be assured for at 1east 30 years;
i.e.; o’ fads or cyclical products . g

SV

»4.d;Market Trends——Should be positive and on the upswing =

'ftls : Ss'mAlternative Crops—-Should be available 80 ‘as to ensure~
o maximum utilization of the resource on a year—round basis

D Environmental Aspects

,ii. Site-—Must not be constrained by ecologicai archeological
historical and/or social conditions LT

Timing

A food processor considering % change to or initiation of a‘

geothermal plant must study its ‘cash-flow. prognoses and confirm that -~

: p'the project is going to begin at the right. stager in the firm s
o growth. v : L »

‘2_03.
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| © SUMMARY -
e Yﬂz’ ~of :
Pt i FOOD'PROCESSING HARDWARE -
S SYSTRM. DESIGN CONSIDERATION%/J
PRESENTATION '

' Dr. Joe V. Mullin
-~ Proctor-Schwartz, Inc.

y f» INTRODUCTION P - $~;'L' o 1:}_ R e T l;, S :j,,'¥,;>_
'Proctor- chwartz manufacturers and installs process equipment to. a11 the pro- =
- -cess. industries:- foods, chemicals, minerals, and textiles: Two-thirds of the
~company' s work is domestic, including Canada, = One-third- is offshore, outside -
~the continental United States. . The work . involves drying, roasting, toasting,

2~baking, curing, heat treating,, calcining-—just about. anything you can do with. o

- heat ‘to .process a particular product.  We handle ‘everything from vegetables to =~
,titanium 'dioxide pigment to ‘polyester fibers. Characteristically, all these v
r,processes require considerable quantities of heat.; . , P L

In 1973 there began a concern about energy supplies. Proctor—SchWartaAbeganﬁ‘ 2

, looking at many alternative. energy resources to augment energy.."Finally,
2 1‘began to look at alternatives, specifically to. natural gas and very much in the
; vegetable: dehydration business. In California we are .a major builder of equip—‘
.‘ment for the processing of vegetables and in particular, onions._, o

AtDIRECT CONTACT VS. INDIRECT CONTACT SYSTEMS 7

"1Z'In a direct contact system the geothermal fluid is put in direct ‘contact‘with

the end product.. In an  indirect contact system, the geothermal fluid is P

~ brought “into a.: heat exchanger, which "is part ‘of ‘the equipment, rather than -

using a- separate ‘heat " exchanger.f The hot air is passed through a coil, a fan,';

-~ then through. the bed of the product to.extract ‘moisture from it or to. heat ie,

- toast it, roast -it, or whatever you ‘are attempting to. accomplish..g Then ‘as ‘the. .
oatr cools through the product it is then vreheated as it returns ‘to the coil.

f"This is’ .important to - remember . ‘because that  is: ‘the - type of system ‘that is

: .‘currently operating “at Paul Rodzianko's plant, and ~yet it is not the kind ofj” ,

R system that I, as a conservation engineer, originally proposed at that plant.; o

‘}SECORROSIVE SPECIES

e The species that are most common in geothermal fluid are oxygen, hydrogen ion,_.ip
‘,chloride ‘sulfide ion,, hydrogen sulfide (toxic material), and other materials
‘,that may not be toxic, but they do cause -some difficulty, such as.’%'<-‘,‘ :

,1, Pitting of metal surfaces,

’.éo&:f;j
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_jZ. Crevice corrosion which‘Occurs in sharp reentering corners at- the edges',

e of wells or wherever there might be a deep slot, ‘and

3. ‘Stress corrosion and galvanic coupling.

I
)

These -are mot unsolvable problems but problems we must address in design.u
The easy way to solve these problems is to use an isolation system. With.
the isolation . system: ‘in the -primary heat exchanger, you - only  have. to

= f' worry about the working fluld which is nicely controlled. - The working

- fluid must be treated so it does not cause ‘corrosion: and scaling which .
- are serious considerations ‘to ‘boller users. Water treatment expenses .for’

o tap water gre common. - Corrosion is always a design consideration.
",Material selection is important as well as the type of system involved.

i - v

”,,BASIC DATA ON PERFORMANCE OF THE HEATING COIL

’

A heating coil is a fluid ‘to air heat exchanger. B Heated geothermal fluid

_  enters .the heat exchanger vhere cool air is blown through; heat is transferred B
- from - the fluid to the air. . By measuring - ‘the temperature drop between the

‘front dnd end of the ¢oil, we can estimate how efficiently the coils transfer
heat to the air. Copper has 100 percent heat transferability. - Mild steel is
90 percent of the efficiency of heat transfer of copper.- Stainless steel is

70 percent of the efficiency of heat transfer of copper, - _Therefore, you pay a 1j”

price of ‘going to more exotic metals like stainless steel not just the price

" of the metal itself, but- the price of . inefficiency. Additional ‘coll will be ..
needed in order to obtain: the same “heat transfer - characteristics.‘ As an’
Ve engineer, that means I have to design a machine that fits more steel . and more.
coil surface., - I have to increase perhaps the configuration of - the machine or =

1-just maybe stack ‘more coil.

If you look at. Raft River‘ data, which' measured the exposure of. different

A ;materials to . geothermal fluids, you will find' copper and copper divided by -

nickel, a combination, 'do not do. the job; they are susceptible  to . corrosion.

‘Mild steel is acceptable in thick wall vessels but not in thin wall “tubes, as.

‘you tend  to.get a lot- of pitting, corrosion, - and loss .of metal surface.

i Therefore, what is left. to use is stainless steel. 316 gstainless steel can do’
-the job. - But you ".are paying the price of using stainless .steel; in effi~ "

ciency, for ‘the price of" stainless steel dtself. Nonetheless, it" is a

- solvable: problem. “It 1is & trade-off between price, efficiency, and long—term,‘f
use. These are the kinds of problems engineers have té take into account when :

.'making this process equipment applicable to the problem. o

s
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o , FOOD PROCESSING v R
FINANCING.‘ DIRECT USE PROJECTSwi"

by
_ Paul Rodzianko
. © . Grace Geothermal )
Geothermal Energy Corporation o

PROJECT RISK ASSESSMENT Tl

Ty

;Process Economics-—Are the basic economics; of the project able to
. earn - a -rate. of ‘return -consistent ~with-: industry expectations?

1f,.(Exc1ude special tax considerations in this analysis.),

B.

Management-—Do the personnel assigned to or originating the projectf
. " have a. track ~record of successfully coping with  the’ industry s
L challenges’ In a start—up situation,. this -aspect. - becomes!

.—kparticularly ctucial

vaarketing-—Is there a demonstrated market for the product or'doesy T
“one have to be created? . 'Will the project depend . ‘on an existing'"/‘ :
*.“sales force, a contract for output, ‘or’ other approach7~ o i

“Technology/Resource-fAre there significant risks associated withl
. these areas?  Is the technology proven or the first.of its kind? Is
. there an’ operating history associated with the geothermal resource EE

zor not? .,;j /, o : ,.»; ERE RIS S e L

’ Geographical Viability--Is a work force readily available? ’boes]~f
‘infrastructure - exist to support ' the . planned: project’ ‘Are there”

A.-other intangibles that could affect the project" L

‘YFinancial Climate—-Is “the financial marketplace in'a mode that' .
' -encourages ' new plant investment or not? Interest rates, taxation,v, R

{,alternative opportunities, trendiness, etc.

1T, SOURCES OF FINANCING

DD-18 GDU
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'_gc,

“both debt  and equity aspects, as well as other kinds -of financing>

Commercial banks-—Generally, conventional five' to saven year lending”

at a rate floating over prime.,'»fj % ,ji,g 5,,_;;

usavings and loans—~Generally, mortgage lenders ‘over middle to long-;i.:

) term at fixed rates, but variations exist.:, R

"Investment Bankers——Generally,' structure transactions,. including =

”-;‘-such as limited partnerships and R&D Partnerships- e

"f’D'E

Public Sector Financing—-Has been available in the form of grants,;f;ﬂ_,»

~,n-jloans,, and loan’ guarantees. States. have -~ varying. energy programs B
- with California and Oregon being among most active. ~ Federally, the =
“Geothetmal loan Guarantee Program appears in limbo and grants seem :

j-to have been cut back . G . .

o e ———




. ITT. FINANCING STRUCTURES
A Egﬁities%-C@mmohfand,preferreé.L  '\]1E T e SR o N

B. Debt--Varying - terms, recourse - Or  nonrecourse, - convertible
~  features. R ‘ R R s , L

AC,fﬁCorpdfate'Vs.lProjeéf ?1nahciggf4F1nancihg avaiiaﬁ;li:y will deﬁehd
" .‘on credit strength of. entity itself or its sales contrdcts. oL

1IV. . CONCLUSIONS

Obtaining financing for. a ‘project  1s the acid test of its being
- economically viable. ~ The closer to'its being a start-up, the harder it

is for a prbject-'to,ubtain‘nonrecourse-debt“finahcing;' For direct . use
"geothermal, the resource itself is only one of six main areas on which a
‘project is ‘evaluated and, as the result of a deficiency in any one of.
which, financing could be denied.. = B e T

. o
e
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1. DRILLING THE WELL

" roop PROCESSING 'f‘_ .
f'DRILLING AND RESERVOIR EVALUATION

o Jay F. Kane /.: i
: Energy Services, Inc.r"”

fgdrilling costs are: to be expected.

”¥5Bia;Rig selection is 'usually made on the basis ‘of some “of ~the above
‘-f:for typical well design.) -

fjdepartment) which- require permits. The permit is usually not issued

’Ttypically require: many months to obtain‘ - Appropriate leases at ‘the

; ‘;developer.r

amaneuvering _room,. a large pit to collect drilling fluids, etc. .r-

arrangements. s

N

- .-Adlrport - Plaza, Idaho Falls, Idaho 83402.  He received his Ph.D. in physics.
- -in 1959 and: is a licensed mechanical engineer in several states. He was the .- =~
Z'ideveloper and’manager of the geothermal programs at the 7Idaho National,fg,g'l,

. Engineering Laboratory, -such .as- the Raft River and Boise developments, from .-
21973 to. 1978. = In 1978 - he formed - Energy Services, Inc., - a company ‘that
ispecializes in-developing geothermal resources for clients who intend to use. .

,fthe heat for space heating or industrial processing. LT :

7,%;“,DD+18~CﬁUbnfov.ﬁ“

*Jay F Kunze is Vice President and General Manager of Energy Services, Two

- gosb %

"A;}ﬁKnowing (or anot knowing) the ‘target depth formations to --be
.. encountered, at what depth the reservoir 1is to be found, etc. It is
- obviously of. considerable advantage = to have - some “information (or ‘
-~ intuition!)" concerning ‘the above. Without such . information, the -
"~ well should be considered a "wildcat"‘ ‘well and surprises and»high, e

‘jrinformation. Rotary rigs are the overwhelming choice for geothermal]
_ wells, but cable tool rigs have their place: for the shallower wells

. and for setting the surface. casing in areas where ' loose sediments’

~and much cool near-surface grOundwater is present.- (See_Figure 1

’,C}i Permits and other institutional factors should be resolvedfbefore~'!fr
',committing to a ‘drilling contract.  Most western states have .
geothermal drillihg regulatory agencies (usually the water resources) C

_:~,without a detailed well design plan and use plan:. On federal land,
-~ the V. S..Geological Survey . is the cognitive agency to : assist the -
~agency that controls the land, Plans ‘must ‘be detailed, and permits

2 drilling site and surrounding it should be obtained to protect the‘i
D;l=Site preparation requires : road “access ‘by heavy equipment,k.fv-

,‘E;“;AuXiliary '.services such as mud“ suppliers, stab equipment,'ﬁﬂ;f o
,,7; ementing . services, casing: crews, 1ogging, etc.,z must be arranged.j,,v
A single - drilling engineer usually is responsible for ,a11 S“Ph‘*x :




- F. Diséovériﬁg»thé gebtﬁerﬁal fegdurce‘during ﬂfiiliné!is‘difficult be-

.. cause the drilling fluid medium 1s the same as the formation fluid
being sought, quité a different case from gas and oil.,. B

O ‘

©G. Cost qf'ged:héfmal hole to a given~ae§thréan.var§ $yffa¢tdfs of two
©, “and more, depending not only on “the types of formation but on the
drilling techniques used., (Figure 2.is'ajsummary'éfvreCenthosts,)

. 11. WELL AND RESERVOIR EVALUATION = R e el

¢

_A.. ‘Stimulating and ;adé&qételjiptOtecting~‘thé‘prbduC£ian,zdﬁe of the
. well is a'prime conSide:gtiéﬁ before'aqd,durihg'well ;eStingg :
'ﬁ.°~Artes1ap f16w ﬁestinéfaﬁd/or-pﬁmﬁ‘testiﬁchaﬂ'detéimihé tﬁé,eipe@ted‘
‘1ongf;e§mbperfbtmancé¥0f;che well, based on ”ésSu@ptions_cOncerning;

the reservoir or supplying conduits. However, physical changes such

i - as chemical;bloékage;éanpot_bg predicted by these tests. ' -

: TC? "Reservoir evalhatidnz iS'imbOftant’if.~hbte‘théﬂ 'Qné'wellkisf,tbjbe?."
" drilled for production and/or “‘reinjection. “Generally, ‘additional -
observation points chér:than-the_prOddcing well are needed.’ '

become a more . common requirement as geothermal ]pﬁetgy development
progresses throughout the country. Much geothermal energy occurs in.

- D."Reinjéctioh of thé'geothérﬁali watéf-after.titvhasr-béén used will"

- areas of water shortage, and ¢gdpsumptiveudischargiﬁgf‘of the used
" water 1s -seldom permitted. An exception would be in cases where the .

" geothermal water is'subStitutédjfor'other;Wéter rightsﬂ_fbf existing
-uses. - If such: is possible, then the chemical quality.  of ‘the
' geothermal water and its enviromnmental impact apegimpbttant._" e
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From GRC Special Report No. 7 (1979)
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. AGRICULTURAL PRODUCTS

S DN GREENHobSE OPERATION--ALTURAS, CALIFORNIA

.,by,

8al Pantano'
Geothermal Floral‘

,Our greenhouse is 'a double poly house with, a swamp pad cooling system.;, Our
. source ‘of heating is from an artesian ho :
“mimute at 210° Fahrenheit. We are pumping direct from ‘the spring to our

- greenhouse. In- .the greenhotise, there are four miles —of EPDM  (ethylene-

o propylene—diene-monomer) tubing. . The underroot heating system should cutf,:
overall heating costs while making. growing“much more productive.' The- overhead

. tubing will “heat the ‘air above the plants, thus ' allowing more of . the root f‘

,heating to remain closer to the. plants where it is needed most.

’»,Our heating control system is set right in the plant soil it is set for 65°.

to maintain the: temperature ‘at the root leave 'so it does not - go below or above

"th865°’ J e B Coa

Our. swamp coolers are also set: to maintain the greenhouse temperature in the

. daytime at 68°.  When the greenhouse is ‘¢losed up in the evenings, the air is t:'
“eirculated. using a fan that blows air through a clear poly tube with air holes”v B
Vin it running the entire length of the greenhouse. : -

'Our fresh water for irrigation is pumped from the ‘same well that ‘serVices ‘the

grower's mobile home. We attempted to drill a fresh water well closer to our

f’greenhouse ‘and went to 680 feet only getting 3 gallons a minute. When we .go
' to a large complex we will have to put in a storage tank to make sure . we have
‘sufficient water for our needs at that time. G ot :

- Our gerberas arrived July 9th and on September lSth three flowers ‘were cut
- -and we expect. -to have a supply for.  our wholesalers' in Remno ‘and Portland by -
" mid=October, - -Our production between now and then will be used by the localj‘v

',-florist in Alturas.5

v},Shipping will be by truck The flowers will be picked up at our headhouse by -
- .d local freight fimm in. Likely, taking the flowers direct to Reno. or Redding '~
" where they will be ‘transferred .to go on to Portland. ~ The freight firm offers -

- both refrigerated and . heated trucks, 50 we do not. expect to have any problemsf

: ffgetting our flowers to our present markets.,k

'/When we. expand to a full 3 acre operation requiring additional markets, ‘the’

~j!;Alturas airport (17 miles from our 10cation), which ' 4s in the process of -
" expanding the air  strip to . about 4 500 -feet (large enough “for a D.C.  3)
. should be sufficient for our needs to ship to major markets in: other parts of

. ‘~§1the country. e

y

| e feel that our geothermal hot spring will be giving us a competitive edge inv?f

A

" ‘the growing = of cut - flowers as .our cost will be lower ' than 'growers using

conventional means of heating their greenhouses. 'Also, the light intensity of .

o our area gives ‘us better growing conditions than most’ growers. ‘have  in e
"ﬁ.jppalifornia., S S

a7

pring that flows at 350 gallons per . -




DECISION HISTORY

o

. 'The question most often asked of me is “Why did you build a greenhouse for cut -
flowers ‘at Canby, ‘California, in Modoc County’“’ ‘The answer _{is very simple.-,f'.
Lmy property s natural resource; it has an artesian hot spring that flows at
‘the rate of 350 gallons per mimte - at 210° Fahrenheit.,r It is producing ‘
between 290,000 Btu and 323,000 Btu per minute which is the equivalent of 525

to 538 barrels of fuel oil per week.

VAt these rates, it ig¢ a shame to have all. of this energy flowing out of our -

~artesian spring and only be using it to heat one-tenth of an acre now  and two

.- tenths of an acre by the end of October when we expect ‘to have our next phase '
L of greenhouses cOmpleted. o

You' must be thinking that I am not a very- good businessman ‘to only be using ,

-the equivalent of 35 to 40 barrels of fuel oil per . week when we have 525 to

- 538 available to use.  Let me explain the problems which we’ have encounteredivv

b‘in attempting to build our project.

My first decision was to determine how ‘to use the hot water. As a realtor, L
our firm has- sold land in the Half- Moon ‘Bay area to flower growers, and I have"'

. seen the growth of greenhouses in that ‘area as well ‘as’ the Watsonville area.

e

In January of 1980 1 took a trip to the Susanville area after hearing thatf

_there were greenhouses being heated with geothermal ‘hot water. :One was Hobo

- Hot Springs which was no longer in operation.j The Wendel greenhouses vere
producing - cucumbers at the time and - had just changed growers for the fourth

time. Also; I went to Lakeview, Oregon, to look at tomato operation which did
not look very successful. : : - .

I decided to grow cut flowers, not vegetables, it appeared to me that'my ‘:”

chances’ of success would be greater in the cut flower business. _'4

‘A flower grover contacted me and we proceeded to put figures together relating'

“to construction, set up, operating, carrying costs, and. income projections in_,.f '

- order to make ‘a presentation to 1enders for a loan.

1 approached Production Credit in Half Moon Bay with a loan proposal only to

~be advised.that my project was too fdar away for them to be able to service the

:Joan. - - During - our - discussion, questions . came up about the distance of

"~ shipping. The cold climate with snow and high winds might’ present problems to

‘ growing flowers in California's most northeasterly county. I talked. to-the

Bank of America, Wells Fargo - Bank both in Belmont and Alturas, Production
Credit, and the Farmer's Home Loan Bank of Alturas, all to no avail in trying

- to obtain financing for three acres of. greenhouses.' ,When,l cut'back the size'

;to an-acre and a half they still said “No."

o During this period of time I made a trip to the Oregon Institute of Technology,
- and met with. Paul Lienau, Gene Ryan, Gene Culver, Charles Higbee, and Bob:
%~ Johmson, all of whom were very - helpful and encouraging.;, They recommended

various ways in which ‘my’ geothermal spring could be utilized.

l N N

s
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From the trip came the idea of cascading uses of the geothermal Water, firsth'
or greenhouses, then for a mushroom farm, and ultimately for raising prawns.

’TDuring this time, my grower got discouraged, and we parted ways.. 1 heard_ i

about the ‘University of: Nevada Research -‘on raising prawns using geothermal-;i

.;water, and. on a . trip . to Reno discussed their  system. I'made -a call.
* Wholesale Florists to determine if and whén ' our greenhouse was builtjwould
“fthey be interested in buying our - flowers. ‘Mr. Jay Regas said "yes," and 1f we
- had a particular grower, he would buy our flowers sight unseen because of the -
{ﬂ'quality of flowers ‘he-grew as well -as the: fact that Canby is a. lot closer to
“Reno than San Mateo County, ‘80 his freight 'costs would be less. . How ‘lucky can
. you be; one call got me the name of a grower who was going to be looking for a
© . position. because the . firm he was  employed with . was phasing ‘out their cut
" flower operation and changing to potted plants and then going toa’ market for o
- the flowers. ,' , S £ R L :

L Bill was intrigued with the idea of »using geothermal water ‘to heat ‘the green

“houses due to flowers' need for heat in the winter months when the firm he was

. with had to cut back on- heating to keep their costs. down.[ ‘He also mentioned
- "that the light intensity at my elevation would be helpful to the growth of the'
,_plants in the winter when market prices are good. :‘f" : S o

'iSo we started all over. again going to all of - the sources previously mentioned.*,l

This time we were armed with a wholesaler in Reno and another in Portland that .
would “‘buy our flowers because of the quality of flowers . he grew, . The results
were ~somewhat better -but changed too. Have you ever ‘built a greenhouse :

before?  Has your. grower built one and set one up before.- This was just a

fiﬂ»different way of saying "No

s«We had chosen the strongest greenhouse to withstand the snow - load and winds of‘

‘the area and still left empty handed after .again cutting back from three acres
":,to ‘an acre and one-half. - By this time, both Bill and- 1 were getting down in -

- 'the dumps. _ Jerry Shibata ‘of Mt. Eden Nursery Co. . mentioned- a meeting in
. Santa Clara where Tom Byrmne ‘of University of California, Davis, was giving a".

presentation about gerbera. He suggested that Bill ‘and I go to it. Bill went

,.‘to the meeting and was enthused with the ddea of growing the gerberas,_ and I
“got excited when it was determined that we could build the greenhouse and set.

soup our operation and “make a profit without a- million dollars having - to be

'7ospent. . Again I tried to gét financing for: tw0—tenths of an acre only ‘to be- -

= told by my friendly bank, Production: Credit, “why not just build a tenth of an fﬂ
‘,,,acre and use your own cash.f WHICH I DID. S S

T}g_Now we finally were ready to” get started., The greenhouse and gerberas weref',‘
’fordered.k ‘Bill placed an order for soil mixed  to his specifications.'ifA S

~spraying machine was ordered as. well as - all of the sundry items necessary'to5A

'hﬂ One day toward the end of May, 1 received ‘a call from ICX saying “our green- ‘_J'
‘house was ~on their dock in Hayward. : They did not go into,Canby, so ~what =

_start up the operation.»

, should they do with it. V"‘7

fi:In the meantime, I purchased a mobile home to be delivered on: June firstlfor

S ompe8eDU

'Bill's new. home in Canby. : There was an old well on the property we knew

~
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~ would be a good site for the residential well‘to beidrilledraS»thejold one did

“not - meet the present.county code. We decided to drill a well close to where

our three acre complex would ultimately be built.‘ . We drilled to 680 feet and .

only got 3 gallons a minute.s

;’rWhen the greenhouse finally got there, this was’ missing, and that was missing.
Bill found himself driving back and forth ‘to Alturas‘ 17 miles away _to buy.

~~nuts, bolts, nails, as nothing is available in Canby.

Our . greenhouse came .in parts,A a part now and a part then, with' the door

;finaily arriving August 10th: The gerberas had arrived in Reno ‘on July 9th
- and were- planted with poly covering ‘the door. ' o

'rWe pumped - directly from our geothermal spring to. the greenhouse.  We had to-

change pumps twice until we “found one that would take the 210° temperature
: without loosing its prime due to the NTS curve. Then we . “had to put a ball
" check .,valve in so the pump would not lose its prime. The latter ‘part. of
August, due to cool evenings, the system failed because the check . valve seat

warped. Although the check valve was designed to withstand 210° water, the §

washer only was designed’ for 185° water. We now have a system including the
seat that will = take 250° water.  The system is designed- .to maintain the
greenhouse at 60° when the outdoor temperature is 20° below zero.;

I

We are heating the roots of the plants on the ground and have tubing suspended
in the upper portion . of the greenhouse to heat the air above the plants.
There is a total of four miles of ethylene, propylene diene monomer tubing in
our’ one-tenth of an ‘acre greenhouse. . L .

,‘Since the door was installed our plants have been ’doing very well.' On.

~ September 15th, we cut our first three flowers and éxpect to be able  to start
shipping weekly to our wholesalers in Rero and Portland by mid—October.'

- In one. way, it is great ‘not to have a loan to make payments on, but the sad

: - part. is seeing all that geothermal water being wasted.
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MITS NA'K/‘\SH.IMAV'know's there is more to thcproccss of

growing flowers than the sum of its parts.- Love and skill, cour-

~ - age and strength, ¢lation and disappointment are all part of his

© - energy.

““and charts, Nakashima nar-
‘rowed his search for hot wa-
_ ter to an area near Qasis, a

drew a circle in and around

“cent thermometer at a drug
~.store and then went door to-
" door 'visiting ‘'the farmers
_~within the perimeter of that
* circle. He asked each one if -

~he could measure the tem-

equation for success in the nursery business: .
Although he “retired” several years ago, Nakashima contin-

ues to-Seize opportunities that help make the business’s future
*-bright, Growing roses with gcothermal energy is-an example of

one of his projects. .
In 1977, Nakashima handed over the reins of Nakash:ma

Nursery Co., Watsonville CA, to his son, Doug. But, instead of
.retiring, he launched ' an  intensive program of study and

research to find ‘an alternatlve source of energy for his green-
houses. -
““Qur heating | bxll went up 833 percent in six years,” Nakashl-

ma says. “And when natiral gas is'deregulated, the cost will .
,probably jump even more, It was a:matter of necessity.” -~

Nakashima -crossed and re-crossed ‘the vast deserts of the

: southwest in his search for a solution. Solar? Wind? Wave? In
1979 alone, Nakashima ‘put in. 57,000 miles. of dnvmg and’
' finally came to the’ conclu-

Nakashima taps earth s energy
to grow roses in the desert

by Takake Ende

sion ‘that, for him, the solu: - ==

tion - might -be geothermalj‘

ranges

Armed with scores of sur-.

face and sub-surface maps

town -with "a- handful of
buildings.- In - his ‘mind, he -

lush, growing- citrus trees.
Nakashima purchased a 50- -

perature of the hot water

Left: Each -greenhouse
has a - 12-foot walkway
through its center, '

_ Below, left: 12-inch drain-
age lines were visible dur-
-ing construction. -

i i R g ) Do ’
coming from underground. In this way, he pinpointed the area.

which he thought had the hottest water..
.He negotiated for and purchased 40.acres of fairly level,
virgin land on May 25, 1980."] knew the ground was fertile,”

-Nakashima says. “The grass was six feet tall. But whether or

not we cou]d get enough hot water was a gamble.”
The site is 30 miles from the Mexicanborder. The Salton Sea

is Just a. half-mile-away. “Its beautiful,” Nakashima -sighs..
~“We’re near Palm Springs. In-fact, I call it *poor man’s Palm .
Springs.” But the extra point here is that we don’t have.smog.

We’te only 130 miles from the center of Los Angeles, so the
trucking distance is really a third the distance from Watsonwlle
to L.A. We have 350 days of sunshine.’

“*“The first thing we did was to dig for hot water because, after
all, that was the name of the game. Without hot water, the

project couldn’t take off.

' “We hired a big drilling rtg%not unlike those you see in, the
-oil fi clds——and we began. Everything went along falrly well for

(Conthcd on page 112)
'FLORISTS’ REVIEW

- Above: Side: view of one
of Nakishima's desertv




the first 600 feet. Then we hit a bed of. -

.. solid rock.” It took two weeks to drill
-'through 20 feet of hard rock. It was
“ touch- and -go, but after that, it was a lot
€asier.

“We hit hot water at 1 000 feet That'

~ made my day.”
~He was told later by a government
- geologist that he was sitting “right on top
of an aquafortis.” Nakashima says, “1
knew then: that what 1 had sought for
four years was here.” This was the first of
many exciting moments. '
: “The hot water has enough pressure to
“flow up without pumping,”-Nakashima
explains. “It’s an artesian well. We keep
it capped when we don’t fieed it. By turn-
ing a valve we can get hot water flowing

" into "the greenhouses. No boilers. No-

“ burning of gas or ojl. It's a dream.”
- -~ The 115" Fahrenheit water comes: up
~‘through a 14-inch well at the rate of 400
. gallons-per minute. This can be increased
* to 1,000 gallons per minute with the help
of a small pump.
‘Next came the search for fresh i lrnga-

tion water. Farmers in-the area get their

supply from canals fed from the Colorado
- “River. “But the bad part about that was

that the feeder outlet was 1% miles away °

-and the cost of the pipeline alone for us

was approximately $60,000,” Nakashi-.
ma says. “Then, too, we'd have had (o put’

in a requisition each time we wanted

water. If others were ahead of us, we'd -

have had to wait our turn. Imagine hav-
ing a hot spell and having to wait our turn
for water! So we began a search for our
pwn supply.

“] had a Bakersﬁeld firm-come out to )

find sweet water. Salinity is measured by
an instrument much like an electrocar-

diogram. After an area was marked off as

possibly having the greatest amount of

© sweet water, we began digging. At 200 to .
300 feet we hit a river of swect water with -

a third the salinity of the “fresh Colorado
River.” " This was another of Nakashi-
~ma’s exciting moments.

. The sweet water is also from an arte-
sian well. The water flows through a 12-
inch steel casing into a 250,000-gallon

reservoir. A’float switch shuts off the’

. flow when the reservoir is full. A-'15-
-horsepowcr pump moves water from the

- reservoir-to the greenhouse.
*What's so good about having our own
source is that not only do we not have to
‘wait our turn, but the canal water collects

seeds as it flows in from the river. Even -

-after filtering, those seeds can plug

_ valves—those that get through sprout

_into weeds. s
“2“With both hot and swcet water, |
knew we were there to stay,” Nakashxma
recalls.
“We lascr-levelled lhc ground put up

a warebouse and built 21 greenhouses

" square feet) in 40 minutes.”

covcring 100,000 sqpa're_ feet. The houses
are made with aluminum framing with
covers of double polyethelene with 6 to 12

inches of air between the two layers for
insulation. The roof is saw-tooth style to .

maximize air flow and minimize mainte-
nance of the plastic covers. A 12-foot
walkway runs through the greenhouses,

making it wide cnough for a ﬂmall carto

maneuver casily.

“Hot: water travels from the dncslan
well to the greenhousc in an 8-inch PVC
‘pipe—underground-—and runs the length

_ of 'the houses with 4-inch manifold. We'
used six miles of 1-inch copper coils hung.

under the trusses to run the hot water

through the houses. Spent hot water

flows into_a canal which, in turn, drains

-into the Salton Sea.

“Sweet ‘water from the reservoir is

fairly clean. Sand and debris settle to the -
bottom of the reservoir, but we filter the

watér anyway. Water gets to the green-
house from the reservoir in PVC pipes for

misting and for perimeter watering. One

person can take care of the feeding and
watering of the ‘whole place (200,000
Fertili7ing
and “irrigation ‘is a single step usmg a
compfetely soluble fertilizer,

“We. had planned to put.up 100, 000

square fect each year for 10 ycars, bui’
- everything went -along so wc.ll‘ that we
“added another 100,000 square feet.”
The first plantings weré made during .
- the last week of December and concluded
in the-first ‘week ‘of January. The first,

cuttings were taken the week of March

23 and produced 80 bunches. Eddie Fu11- -

ta, Nakashima’s marketing manager in
Los Angeleés, tagged them *Desert Geo-
thermal Roses™ and the 80 bunches were

_sold within 10 minutes.” Eiju Sasajima,
Nakashima’s long-time marketing advi- .~
sor, was joyously surprised. During the -

weeks that followed, the cuts increased to

< 1,000, then to 1 700 and thcn to 2,000

bunches.
~ ] figured if we could get 1,000
bunches a week, we could run that place
in the black,” Nakashima says; “but to
get double that number was more than |
had hoped.

“We grow’ about 20 or 21 different
kinds, mostly new varieties. We have ‘Ex-
citement,” ‘Sassy’ and *Lavonne’.” Heck,

if 1 had known how well ‘Lavonne’ would =
move, 1'd have planted the whole place in
_that. It’sa purple and you know how pop-

ular that color is today.

“Lots of growers warned me that the
* buds would be small because of the heat, i

but I think the flowers are of good size.

The stems arc sturdy and the leaves are ..

clean. Frankly, they're better than 1 ex-

_ pected..Of course, new plants always pro- -
- duce good flowers. The real test-is later.”
But ‘Nukashima doesn’t appear wor-
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~ried. He seems to'be floating on a carpet
of joy- His exciting moments were be-

coming marvelous memories.
But even success has its share of prob-

lems, minor as they may scem. Because
- of the hot; dry climate, fungicidal dis- .
~eases have not posed problems—but not ’

5o’ with infestations of mites and thrips.-
Controlling -them. is a time-consuming
chore, but Nakashima seems to brush

“ that off as a nuisance, not a problem. He
just looks‘ahead to cutting 4,000 to 5,000 -
- bunchgs of roses during Mother’s Day -

week. A small amount of ‘gardenias is
also being grown on'a trial basis.
“FIl be getting new neighbors soon,”

Nakashima reveals. “Kenzo - Yonemitsu

of Central Coast-Greenhouses in Salinas

is buying a place. Poor guy, price of land"-
has gone up 4-fold since I bought. But~
‘I'm sure other. growers will be coming

too—which is. good. The more of us the ' -

better, We.can share the cost of transpor-
tation and-buy in bigger lots.” ;

:Nakashima’s voice trails off as if he’s’
" enyisioning a future scene. This isn’t the'
first time- for Nakashima. When he

moved from San. Leandro to Watsonville:
~as a second-generation grower, in Febru-

ary of 1962, he was nearly alone in the

-Monterey Bay area.” But one by one, .
- scores of -other growers flocked to the .

area. It -was an exodus from the San

* Francisco-Bay area and the: peninsula

Almost ‘twenty years later, once again
Nakashima finds himself nearly alone—

“this time in the desert: He has hot water
for heating, sweet water -for xrngatmg, -

350 days-of sunshine, no smog, virgin soil,
close proximity ‘to the.marketplace and
enough labor. After it’s all well and done,
one will wonder if there ever was a reason

- to question desert growing.

Nakashima has $pent only about 40
hours at_his new plant. The operation is
left to. a supervisor, Henry Arao, who

- keeps Nakashima -posted 'via telephone”
~(which was installed after a 4-month
* wait) and weekly sets of pictures. Naka-

‘shima’s command post is at his home in
Aromas, a 7 or 8 hour drive from Oasis.
. Wondrous things seem still in store for
Nakashima. In_a quip -perhaps - more

. revealing than glib, he says, “I'm think-

ing about my next project.” And off he
goes' to create more exciting moments.
Maybe flower growing in outer space?

Vo
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Y : : - ' of Lt
gi#<'p‘,' Cos S AQUA FARMING WITH GEOTHERMAL ENERGY A

A e PRESENTATION
‘;by 'o?.

: Kenan Smith Sl L By s
Geo-Heat Center ) S R
, Oregon Institute of Technology

. S N s N . - B o

- Geothermal aquaculture is a relatively new field in an industry which has been -
in existence for nearly 4,000 years. ‘Trout,: salmom, ‘crayfish, catfish,
- ~tropical aquarium fish, prawns, and others show great promise for geothermal

'4_.cu1tivation. . By. controlling the enviromment - through the direct ‘use of
.-geothermal energy, the stress level is reduced and an increased. growth rate is
usually observed.  In addition, direct ‘use geothermal allows for the propaga- .
tion of crops that are not indigenous to the region.‘

A research program began in 1975 to study the potential uses of geothermal

heat 'in aquaculture. . The Oregon Institute of Technology has developed - two

one-half acre ponds with 27°C (or 80°F) water in addition to a small hatchery.

‘The- production of prawns raised in geothermal waters was about ‘1. 4  times the
- ‘productivity on Hawaiian prawn farms. A project involving 20,000 fingerling

trout raised in geothermally heated ponds {60°F) resulted in a production rate
- three times greater than the local state hatcheries (45°F) '

Limitations for a successful venture are dependent on: several variabless . ‘the .
resource, site location, the market for the product, and the interrelationship
 between these variables. The quality and quantity of the resource is
‘important and must suit ‘the heating capacity and temperature ’requirements of
‘the project. . The site- location is important because electrical costs vary
“from site to site as well as the proximity of the market. - It was ‘found that

the best sized system was’ a one-quarter acre raceway with 50 feet by 200 feet

by 4 feet deep measurements. Of all the temperature—controlledvsystems,‘the Ny
_ diffusion system was the best, . In this system, each line is controlled by a

“thermostat. - When the temperature decreases below the’ required temperature, a -
mechanism allows geothermal fluid through the valves until the . temperature is
‘again stabilized (see diagrams). It is helpful to have a trained aqua-
,culturist on hand : to’ manage the pond and spot problems before they become
~serious. In one of the latest experiments, they placed manzanita brush in the
unlined pond to provide shelter ‘for the prawns.:f»g

}In conclusion, each resource and 1its potential will vary, but fthe:ouerall
: feasibility(for using geothermal for aquaculture has a very promising future.

N
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":'lists these economic considerations.f,

ECONOMIC CONSIDERATIONSJ
: ZPRESENTATION‘;
by -

".Charles.v.‘Higbee”
"Geo-Heat'Centeri
Oregon Institute-of Technology

n:‘,Many times people do not use'common sense in evaluating the economics of al
project. . It 1s; therefore, important “to identify the basic ‘parameters
- necessary ‘in evaluating the ‘economics of a geothermal project. The" outline

It is especially important ‘to use. a relatively short economic life (ZO'Yearsr
or less) when evaluating project economics - and a conservative 1inflation rate
- 'or mone at alle One cannot forecast accurately enough when looking 40 to 50

:years ahead.

o Ecouomc CONSIDERATIONS' -

A BASIC: PARAMETERS
1. Location and Land Cost |
2 Location and Compatibility with End Uses i _" o
t’AB;t;Heat Pumps , ' e o '
| Effluent T
4, Resource Temperature :i‘.~s e ;;;)rl
“ 4a, Proper Range for Application 7
'5;’JSizing Heat Load
o.x?Cascading and Multiple Use to Maximizekti :
'”i.7.;gDesign System to Resource Specificatiops"-
ﬁ g,JFFIOW,RateS' CE ' ‘
;:~’a,v Peak Versus Average'

g o Fossil Fuel Peaking

_DD-18 GDU



0 Storsge'Peakipg 1l
"\o“LevelftingtLoed 7
9; Transportation System fft
7 Ne. Methods of Minimizing Costs
‘104 Labor Availability
- ‘e. Specialists Versus Unskilled

"~ b. Remote, Unattractive Sites
(

e Climatic Conditions
‘ ag Affects Application

b.i Affects Product Selection L

o4

»fylZ; Comparison ‘with Other Energies

o a; Conventional Energy Inflation Rates

| _13; Forecasting Problems

_B. 'MARKET CONSIDERATIONS

'1; -Market Availability : :
T2, "Transportationxrg

3. - Labor

228
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' EQUIPMENT AVATLABILITY

R R ."".f'sum«ARYf

| gvm.{,, HARDWARE AVAILABILITY AND CONSIDERATIONS __‘ -
[ ) PRESENTATION ‘
p by P

L‘Leonard A. Fisher, P.E. -
Leonard A. Fisher Company

The hardware is what it takes to get- the resource from the well to its endfr
use. Most of the equipment utilized is off the shelf, that is, of a standard

-.manufacturer, except for some of the pumping equipment.iv The first considera-
tion is the pumps. The. sizing of the pumps 1is a function of the 1lift of  the
“well = and the friction in’ the pump  line which depends on the length of

,pipeline. Vertical turbine pumps, which have a lift ‘of about 800 feet, are
‘most commonly used. Submersible -pumps are used for fluids at greater depths.

They have a high 1ift.  In an artesian flow, a common centrifugal pump can

’ push the fluid from the Surface reservoir to the end use,

Selection of piping is a matter “involving several considerations. . ‘Heat

losses, friction losses, expansion of pipes, and corrosion of pipes should all

be considered. Metallic piping is very commonly used. Copper pipe has been
used but is very susceptible to corrosion. There are a number of nommetallic

“pipes used depending on the temperature of the resources. . The question of

insulation depends on the economicl trade-off of insulation vs. the heat loss
in the transportation of :the fluid, The installation of pipes requires. a

skilled labor force. Many geothermal fluids contain dangerous or harmful

. chemicals such as boron. If this is the case, & heat exchanger is often used,
" -The . hot" ‘geothermal fluid is used ‘to exchange heat to a .cleaner circulation

fluid. = There are several common heat exchangers such as Shell and Tube,
Plate, Downhole, Direct Contact, and Fluidized Bed. ' Once the’ hot fluid is to

its end use, there are several -options for heating systems. The most common

1s the forced air system (Figure 2), = Couvective heating systems consist of

piping which is hung in the air. By natural convection in the structure, the:

" heat: is dissipated.  Radiant systems are like a traditiondl steam  -radiator.

‘They are -commonly used - ‘in animal  husbandry. A heat pump is good for an
exceedingly low geothermal temperature. This requires electricity to get the

heat out. A tempered fluid is used, for example, in aquaculture where a high
temperature fluid must be cooled down. "All these systems have varying costs.

- EQUIPMENT INSTALLATION

There are several factors in equipment ,inStallation that are important in

“evaluating = the cost of.a system.' They are site considerations, ‘project

demands, fluid properties, topography, and soils. - Future ‘developments  may

‘bring down cost. - They include plastic tube heat exchangers, scale cleaners,

r,and, perhaps, geothermal packaging for various sites.

«
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In conclusion, every application is site specific, the cost at each site will
be different, -and capital cost result in a higher operation ‘and maintenance
COSC. N . >' Y B - N .

R ' : : ,
,The factors under equipment installation are all important considerations
relating to the cost of a system. Costing estimates may be obtained from

('handbooks, vendor quotations, and people with similar experiences.

-
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From GRC Special Report No. 7 (1979)

: Hot Water Coll

* FORCED AIR|

HY'DRONIC RADIANT FLOOR OR CEILING PANEL

From Hegt =9 : Compressor‘ |-—->1'° HoAc!Slnk '

: Evopordtor‘ Condenser

. “J -"‘_:‘Expnbd'vhlvef : L“

" MEAT PUMP

. ' FIGURE 2, Space—hoaﬂng sysnms sultable for geofhermal appllcaﬂons .
S (source._ SG&G ldaho,‘lnc.). o S e
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AGRICULTURAL PRODUCTS
) - FINANCING [~ -
fag,gy"
LE “* Paul Rodzianko
L ‘Grace Geothermal _
Geothermal Energy Corporationk';

1. PROJECT RISK ASSESSMENT '

_"A;‘

Co 1

Process Economics--Are ‘the basic economics 'ofﬂthe’project"able to

,earn a rate of return comsistent with industry expectations’,'
: '(Exclude special tax considerations in this analysis )

pfaManagement-—Do the personnel assigned to or- originating the project
" ‘have:-a track record of: successfully coping with . the: industry -
aachallenges? n: ‘a start-up - situation,,; this . aspect becomes:
:,particularly crucial. : : i s

rketigg--Is there ‘a’ demonstrated market for the product ‘or does )
-~.one have ' to be created? - Will: the project depend on an existing ‘

'Vsales force, a contract for output, or . other approach’ g

D,

‘Technology/Resource-—Are there significant risksv associated with

these areas?. 1Is the technology proven or the first of its kind? I v
there an voperating history associated with the geothermal resource

",«or not?

o Fe

Geographical Viabilityf-Is .a work force readily available? . Does

“.infrastructure - exist to:support . the planned - project’ ' Are thereeﬁ
‘_other intangibles that could affect the project?

Financial Climate--Is the financial marketplace in ‘a mode, that‘
encourages . mnew plant investment or not? - Interest rates,xtaxation,
alternative opportunities, trendiness, etc.'if :

'Commercial banks-—Generally, conventional five to seven year 1ending_,
~at a rate floating over. prime." ‘ TR : TN

”Savings and 1oans-—Genera11y, mortgage lenders over middle to long—'f
‘”“term at fixed rates, but variations exist. o . p : _

. ,Investment Bankers-—Generally, structure transactions, 'includingf:7ir_
~both debt - and: equity aspects, as well " as ~other kinds - of financing T
- such as limited partnerships and R&D partnerships.,~ AT L

- Public Sector Financing--Has been available in the form: “of grants,
~loans,  and-loan guarantees. States haver varying energy = programs .
~with California and- ‘Oregon ‘being among - ‘most-active. Federally, the =7
‘Geothermal Loan Guarantee Program appears in limbo and grants seem
to have been cut back. ‘ : e : : '

23



L IIT.

. Ca Corporate VS Project Financingf—Financing availability will depend -

S

FINANCING STRUCTURES '

'i"A; Eguities--Common and preferred.-

Bxl Debt-—Varying terms, ;ireconrse or - ',nonrecourse; -convertible

‘features. S

‘on credit strength of: entity itself or its sales contracts.

'CONCLUSIONS

\ T LT e e fo A AT
Obtaining financingl for a project. is the acid test of its being
economically viable. . The closer to its being a start-up, ‘the harder it

is for a project to obtain nonrecourse debt financing. ~ For direct use
geothermal, the resource itself is only one of . six main areas on which a.

project is evaluated and, as the result of a deficiency in any one of

fwhich financing could be denied. -

fl é35f;'tf'.‘
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RN | AGRICULTURAL PRODUCTS s L S
D I WELL CONSTRUCTION AND RESERVOIR ASSESSMENT ST

by e

Luhdorff & Scalmanini Consulting Engineersv

1. WELL DESIGN AND CONSTRUCTION

’ A. Importance of Design 1

1. Optimal Yield . S DI e

2, Hydraulic Efficiency

3. Sand Control S . f i - /’}~ _ ’i‘ e R
: \',"‘v: B. <Pre11minary Design - _
1., Exploration and Site,Selegéion.
. ‘ ‘ :‘\&{

“i2{ Test HoleQConstruction and Evaluation _7‘;
u'o"Lithology
o Geophysical Logging Suite

C. Well Construction,

1. Drilling Methods

e ‘]C 2. Drilling Fluld
s ‘. "j; FbimetlonrDamage | » ’>f‘ vf SETAEI S ;'\ o S
b. 'Final Design , B | Y | ‘ | |

o 1. Components of the Well

-2. Intake Section, Including Gtavel Envelope :
3. Materials of Construction ‘

‘E;“Well Completion and Development

1. Material and Artificial Well Completions
2. Well Development S
’ F. Costs

"'“II.' RESERVOIR AND WELL ASSESSMENT

‘3\e ; A Importance of Reservoir and Well Assessment

236
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1. Pumping Equipment Design S o . L e L 5 Co }'.i
2. Projected Well and Well Field Performance '

3, Operation and Maintenance Planning

.B. Test Procedures and Data Requirements
1,- Test Procedures . _‘,' ”i » ’i h..;'~" 3
"o Variation of Reservoir Response with Flow Rate and Time

o Constant Rate, Variable Rate, and Recovery Tests
) N
o2 .Data'Requirements~"

¢

o Flow Rate;jwater'Level,"Time

C. .Reservbir.and*Well"Analysis

i. .Resetvoir Characteriétics
‘A2; welllyerformance
o Rydraulic Efficiency SR
o ~ Pump Reqnirements |
3. Well Field Performance
o oiiMutual'Interference‘ . - :
4.. Opefaticn and Maintenance

D. Costs

237 R
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