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ABSTRACT 

Engineering and economic s t u d i e s  have been 
conducted on fou r  a g r i c u l t u r a l  and municipal di-  
r e c t  energy p r o j e c t s .  Two of  t h e  p r o j e c t s  located 
i n  Northern C a l i f o r n i a  a r e  being constructed i n  
1981 and w i l l  be  ope ra t ing  i n  1981-82. Two o the r s  
i n  Northern C a l i f o r n i a  and Southern Idaho have no t  
progressed beyond the  paper s t u d i e s .  

This paper w i l l  summarize t h e  Susanv i l l e ,  
Mountain Home, Kelley Hot Spring and L i t c h f i e l d  
p r o j e c t s  i n  terms of  eng inee r ing  and economics, 
i n s t i t u t i o n a l ,  pe rmi t t i ng  i s s u e s  and f inancing and 
w i l l  draw conclusions from the  evo lu t ion  and ma- 
t u r i n g  of  geothermal d i r e c t  use p r o j e c t s  i n  the  
U.S. i n  t h e  1975-81 t i m e  pe r iod .  The i n s t i t u t i o n -  
a l ,  f i n a n c i a l  and management f a c t o r s  delaying two 
of  t he  p r o j e c t s  a r e  addressed.  The cha rac t e r i s -  
t i c s  of s u c c e s s f u l  geothermal d i r e c t  use p r o j e c t s  
i n  the  U.S. are discussed.  

Three of  t h e  p r o j e c t s  have been funded by the  
U.S. Dept. of  Energy. One o f  t h e  p r o j e c t s  i s  a 
p r iva t e - loca l  government-state funded e f f o r t  t h a t  
w i l l  d i s p l a c e  over  500,000 ga l lons  (2000m3) of o i l  
pe r  yea r .  

1 .0  INTRODUCTION 

The major p o r t i o n  of t he  geothermal resources  
i n  the U.S. are most s u i t a b l e  f o r  d i r e c t  u t i l i z a -  
t i o n  f o r  space h e a t i n g  and moderate-to-low temper- 
a t u r e  processes .  S i g n i f i c a n t  development of t hese  
resources  has been impeded, i n i t i a l l y ,  by regula- 
t o r y  and o t h e r  i n s t i t u t i o n a l  b a r r i e r s  and, more 
r e c e n t l y ,  by l a c k  of  pub l i c  awareness and the im-  
matur i ty  of  t he  resource as an investment.  

This paper  addresses  the  h i s t o r i c a l  evo lu t ion  
of  four  d i r e c t  use p r o j e c t s ,  occuring between 1974 
and 1981. These a r e  t h e  S u s a n v i l l e  Geothermal En- 
ergy Project-- the p ro to type  modern d i s t r i c t  hea t ing  
system i n  the  U.S.; t h e  Mountain Home and Kelley 
Hot Spring Geothermal P ro jec t s - - in t eg ra t ed  ag r i cu l -  
t u r a l  a p p l i c a t i o n s ;  and t h e  L i t c h f i e l d  Geothermal 
Project--a l a r g e  s c a l e  cascaded system developed 
through a p r i v a t e  deve lope r / loca l  government/state 
agency j o i n t  e f f o r t .  The degree of  success  i n  
terms of implementation f o r  t hese  p r o j e c t s  and 

those f a c t o r s  a f f e c t i n g  t h e i r  i n d i v i d u a l  degrees of  
success  a r e  d i scussed .  And f i n a l l y ,  those elements 
and f a c t o r s  found necessary f o r  success  i n  the  fu- 
t u r e  a r e  desc r ibed .  

Since technology has  not  been a pacing f a c t o r  
i n  d i r e c t  use development i n  the  U.S., t he  techni- 
c a l  a spec t s  w i l l  be only minimally addressed i n  the  
paper.  The t e c h n i c a l  a spec t s  are addressed i n  
depth i n  the  publ ished r e fe rences .  

2.0 OVERVIEW OF DIRECT USE GEOTHERMAL PROJECTS I N  
THE U.S., 1974-1981 

P r i o r  t o  t h e  U.S. Department of Energy (DOE) 
incen t ive  programs, geothermal,  on a commercial 
s c a l e ,  was concentrated a t  t he  Geysers,  north of  
San F ranc i sco ,  f o r  power product ion.  D i rec t  use 
p r o j e c t s  were l i m i t e d  t o  spas  and a few small to- 
mato greenhouse ope ra t ions  - most of which were 
pu t  t oge the r  by people inexperienced i n  the  green- 
house vege tab le  r a i s i n g  bus iness  and, consequently,  
most subsequent ly  s u f f e r e d  one o r  more s i g n i f i c a n t  
r eo rgan iza t ions  and a number of  complete business  
f a i l u r e s .  DOE i n i t i a t e d  t h e i r  engineer ing and eco- 
nomic s t u d i e s  ( c a l l e d  PRDAs) i n  1975 and t h e i r  
j o i n t  funded f i e l d  experiments (PONS) i n  1976. One 
of  t he  more s u c c e s s f u l  of  these programs has been 
the  Susanv i l l e  Geothermal Heating D i s t r i c t .  This  
p r o j e c t  s t a r t e d  a s  a community-industry j o i n t  e f -  
f o r t ,  r e sea rch  and development funding was made 
a v a i l a b l e  by DOE, t h e  Bureau o f  Reclamation and 
o t h e r  government e n t i t i e s .  (The DOE Geothermal 
Loan Guarantee Program has  been i n i t i a l l y  inappro- 
p r i a t e  and subsequent ly  found t o  be too  expensive 
i n  front-end c o s t s  and calendar  t i m e  f o r  most di-  
r e c t  use p r o j e c t s . )  I n  t h e  1974-1979 time pe r iod ,  
d i r e c t  use p r o j e c t s  were ex tens ive ly  s tud ied  by 
commercial banks,  b u t  t he  immaturity of  t he  re- 
source precluded f inanc ing  without a f e d e r a l  guar- 
anty.  D i r e c t  use p r o j e c t s  came of age r e c e n t l y  
when r e s e r v o i r  insurance was made a v a i l a b l e  and, 
more impor t an t ly ,  when s o p h i s t i c a t e d  p r i v a t e  inves- 
t o r s  found t h a t  cons ide rab le  t a x  advantage could 
be obtained through i n v e s t i n g  i n  geothermal as an 
a l t e r n a t i v e  energy,  po l lu t ion -mi t iga t ing  n a t u r a l  
resource.  Hence, i n  1980, geothermal d i r e c t  use 
came of  commercial age with the  p o t e n t i a l  f o r  a 
broad base of development. 
i s  a p ro to type  f o r  t h i s  type o f  development. 

The L i t c h f i e l d  P r o j e c t  
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3.0 FOUR GEOTHERMAL DIRECT USE PROJECTS 

The projects are described in chronological 
order of their initiation. All of the projects 
were initiated with private industry participa- 
tion--at least in the project development phase. 
Federal participation was required for the proto- 
type financing of the first three and was indirect- 
ly involved in the "seed" effort that justified 
private financing of the fourth. Local government 
was heavily involved in the first project and is an 
active participant in the fourth project. 

3.1 SUSANVILLE GOETHERMAL ENERGY PROJECT 

The City of Susanville, California is at 4200 
feet (1280m) altitude on the east slope of the High 
Sierra mountains. 
cultural and forest product-based economy in the 
rural northeastern part of the state. The core of 
this project is a fourteen building heating dis- 
trict started in early 1974 as a joint industry- 
city effort. Being a prototype, the resource was 
explored by the U.S. Bureau of Reclamation and the 
principal design and development funds came from 
the U.S. Department of Energy. A 126-home addition 
is being fended by the Farmers Home Administration 
and the Department of Housing and Urban Develop- 
ment. A local non-profit corporation is being es- 
tablished by the community to own, operate and ex- 
pand the systems. Private developers are being 
encouraged by the City to develop the commercial 
and agribusiness uses of energy. 

Its 7,000 people have an agri- 

Like many of the hydrothermal resources in the 
western U.S., the geothermal fluids exist at typi- 
cally moderate-to-shallow depth 3200 feet ( 1000m), 
moderate-to-low temperatures 206OF ( 3700K) and 
are suitable for agricultural or potable uses (to- 
tal dissolved solids of 1000mg/l). In Susanville, 
the supply well, Susan No. 1, was drilled to 900 
feet (274m) with a temperature of 170°F (352'K) at 
800gpm (50.0 l/s). The Heating District, at this 
stage, requires a nominal geothermal flow of 550gpm 
(35.0 l / s ) .  The transmission lines--supply and re- 
turn--are principally asbestos-cement pipe. The 
supply line is insulated. Above ground, for bridge 
crossings, etc., they are insulated steel. One 
branch line is polybutylene donated by the Shell 
Chemical Co. as a demonstration item. Being all 
retrofits at this stage, peaking and emergency 
standby energy will be supplied by the existing 
heating systems in the buildings. 

The HUD 126 home addition will utilize an ex- 
isting 150°F (339'K) hot water well to supply a 
peak demand of 500 gpm (32.0 l/s). This is in con- 
struction at this time, with transmission line op- 
tions of steel, asbestos-cement or polybutylene, 
with insulated supply and uninsulated return. The 
system will be interconnected to a nearby park of 
commerce by a Farmers Home Administration funded 
pipeline. 

The pipeline routing and principal facilities 
involved in the primary Heating District are shown 
in Figure 1. 

3.2 MOUNTAIN HOME GEOTHERMAL PROJECT 

Mountain Home is a city in south central Idaho, 
located on the Snake River Basin hydrothermal re- 
source area. In 1973, a fossil fuel exploratory 
well, Bostic lA, was drilled to a depth of 9680 
feet (2950m). Artesian flow of lOOOgpm (63.0 l/s) 
occurred for a 2 week eriod. A bottom hole tem- 
perature of 370°F (462 K) was measured. This led 
EMMA, Ltd., a San Francisco investment firm, to 
seek development of a direct use project. Through 
a competitive application, DOE funded an engineer- 
ing and economic study of a large, vertically in- 
tegrated agricultural complex. 

g 

A system of feed production, swine raising, 
slaughter, potato processing and waste management 
was selected, based upon market trends, regional 
practices, available agricultural technology, use 
of commercial hardware, geothermal resource char- 
acteristics, thermal cascade and mass flow consi- 
derations, and input from regional agricultural 
advisors. The complex covers 160 acres (65 ha), 
(Figure 28; utilizes a peak energy demand of 
1.14 x 10 
thermal heat between 300°F (422'K) and 70°F 
(294'K), (Figure 3); has an installed capital of 
$34.4 million; produces 150,000 hogs per year, 136 
million lbs. (62 million kg) of proces ed potatoes 
per year, and on the order of 7.5 x 10 W of con- 
tinuous power from methane. The methane is pro- 
duced from livestock and process wastes in a geo- 
thermal heat-augmented, anaerobic digestion system. 
The total effluent from the facility is 100 gpm 
(6.3 l / s i  of water of irrigation quality and 
3.5 x 10 lb./yr. (1.6 x 104 kg/yr) of saleable 
fertilizer. The entire facility has a peak demand 
of lOOOgpm (63.3 l/s) of 300°F (422'K) geothermal 
fluid. 

Btu/hr. (1.2 x 101lJ/hr. ) from geo- 

5 

To reiterate, this was an engineering and eco- 
nomic analysis of an agricultural complex that was 
to utilize proven technology and commercial hard- 
ware. 

3.3 KELLEY HOT SPRING AGRICULTURAL CENTER 

Kelley Hot Spring is the second largest boiling 
hot spring in the U.S., flowing at 300 gpm (20 l/s). 
It is located at 4360 feet (1329m) altitude in south 
central Modoc County, on State Route 299 in north- 
eastern California. The resource has been exten- 
sively explored and there have been two exploration 
wells drilled to 3200 feet (975m) and 3395 feet 
(1035m) with bottom hole temperatures on the order 
of 240°F (390'K). The fluids are of agricultural 
quality and are used for watering livestock. The 
Kelley Hot Spring Agricultural Center (KHSAC) com- 
plex would require on the order of 1% of the esti- 
mated reservoir capacity in thirty years of opera- 
tion. 

The KHSAC complex was conceived in 1977 as a 
direct use application of the geothermal resources 
under lease to Geothermal Power Corporation of Cal- 
ifornia. The Project incorporated the results of 
the Mountain Home Geothermal Project and between 
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1977 and 1979, f i e l d  demonstrat ion funds were 
sought from the  DOE. A l t u r a s ,  t h e  l o c a l  county 
seat ,  was involved only f o r  purposes of  permi t t ing .  

The core a c t i v i t y  i s  a nominal 1360 sow swine 
r a i s i n g  complex. A conceptual design was completed 
and ex tens ive  t r a d e  s t u d i e s  conducted t o  s e l e c t  e- 
quipment and design f e a t u r e s  optimized f o r  swine 
r a i s i n g  i n  t h e  p r o j e c t  area. Subsequently,  a pre- 
l iminary  design,  up t o ,  bu t  not inc luding ,  con- 
s t r u c t i o n  drawings, w a s  complcted. A t  t h e  same 
t i m e ,  a very ex tens ive  environmental  assessment was 
conducted. This included an a rcheologica l  f i e l d  
survey t h a t  r e s u l t e d  i n  d e f i n i t i o n  of ex tens ive  
a rcheologica l  middens i n  t h e  a rea .  These would 
have t o  be avoided i n  f i n a l  des ign  and construct ion.  

The swine r a i s i n g  was planned t o  be a t o t a l l y  
confined opera t ion  f o r  producing premium pork, i n  
c o n t r o l l e d  environment f a c i l i t i e s  t h a t  u t i l i z e  geo- 
thermal  d i r e c t  use energy. The complex would in-  
c lude  a feed m i l l  f o r  producing t h e  var ious  feed 
formulas requi red  f o r  t h e  animals from breeding 
through g e s t a t i o n ,  farrowing,  nursery ,  growing and 
f i n i s h i n g .  A b a r l e y  sprout  r a i s i n g  f a c i l i t y  was 
incorpora ted  t o  produce a green g r a s s  c o n s t i t u e n t  
f o r  use  i n  t h e  breeding,  g e s t a t i o n  and l a c t a t i n g  
feed  formulae.  The market animals were t o  be 
shipped l i v e  by t r u c k  t o  s l a u g h t e r  t o  Modesto, Cal- 
i f o r n i a .  A complete waste management f a c i l i t y  
would inc lude  manure c o l l e c t i o n  from a l l  animal 
r a i s i n g  areas, t r a n s p o r t  v i a  an enclosed water 
f l u s h  system t o  a methane anaerobic  genera tor ,  
s o l i d s  s e p a r a t i o n ,  s e t t l i n g  ponds and d i s p o s i t i o n  
of t h e  s u r p l u s  a g r i c u l t u r a l  q u a l i t y  water. 

The f a c i l i t y  would produce over  29,000 m a r -  
k e t a b l e  hogs/yr  a t  an average weight of 225 l b s .  
(103kg) ea h. Methane would be produced a t  over  

duce about 400KW of e l e c t r i c i t y .  E f f l u e n t  agr i -  
c u l t u r a l  q u a l i t y  water  would amount t o  5gpm 
(0.34 l/s). 

1 x 105 f t  5 /day ( 3  X lo6 l /day)  , which would pro- 

The geothermal system schematic f o r  t h e  com- 
p l e x  i s  shown i n  t h e  p l o t  p lan  i n  Figure 4. 
i n g  p ip ing  d e t a i l s  f o r  space h e a t i n g  are shown i n  
Figure 5. 

Build- 

3.4 LITCHFIELD GEOTHERMAL PROJECT 

L i t c h f i e l d  i n  nor thern  C a l i f o r n i a  i s  loca ted  
about 16 km east of Susanvi l le  and i s  t h e  s i t e  of 
a medium s e c u r i t y ,  1200 inmate,  S t a t e  Correc t ion  1 
Center .  The Center consumes 750,000 g a l .  (2840m 
of  o i l / y r .  f o r  space h e a t i n g  and consumptive h o t  
water. A s  p a r t  of t h e  Susanvi l le  p r o j e c t ,  a geo- 
thermal  h o t  water resource  was discovered w i t h i n  
2 m i l e s  ( 3  km) of t h e  Center.  The City of  Susan- 
v i l l e  acquired the  leases f o r  t h e  resource  and, as  
a j o i n t  e f f o r t  with Carson Development Co., i n i t i -  
a t e d  p r o j e c t  development a c t i v i t i e s  i n  1980. The 
P r o j e c t  inc ludes  an energy supply system t o  t h e  
p r i s o n  wi th  cascading t o  an ad jacent  park of c o w  
merce and the  r e t r o f i t  of t h e  pr i son .  

J 

This  is  t h e  f i r s t  modern geothermal p r o j e c t  
i n  the  U.S. t o  be developed as a u t i l i t y  wi th  p r i -  
v a t e  f inanc ing .  P r i v a t e  funds a r e  used t o  develop 
t h e  resource ;  t h e  energy i s  marketed by a l o c a l  
government e n t i t y  t o  a s ta te  e n t i t y  and subsequent- 
l y  t o  p r i v a t e  i n d u s t r y  users .  Unique i n s t i t u t i o n a l  
agreements had t o  be reached f o r  t h i s  multi-agency- 
p r i v a t e  i n d u s t r y  venture .  The p r i v a t e  developer  
had t o  have an agreement with the  City t h a t ,  i n  
t u r n ,  acts as  t h e  d i s t r i b u t o r  u t i l i t y  and simul- 
taneously t h a t  owns t h e  resource r i g h t s .  The City 
had t o  have a s a l e s  agreement with a S t a t e  agency 
t h a t  i n  t u r n  requi red  c l o s e  p a r t i c i p a t i o n  of four  
suppor t ing  s ta te  agencies .  P r i v a t e  f inancing was 
arranged through a l i m i t e d  par tnersh ip  and indus- 
t r i a l  revenue bonds au thor ized  by the  S t a t e  f o r  a 
" p o l l u t i o n  cont ro l"  p r o j e c t .  
nancing f o r  the  p r i s o n  r e t r o f i t  was r a i s e d  through 
t h e  l e g i s l a t u r e  i n  one year  ins tead  of t h e  normal 
t h r e e  y e a r  process .  Surpr i s ing ly ,  t h e  P r o j e c t  was 
developed, f inanced,  had cons t ruc t ion  design 
s t a r t e d  and a s u c c e s s f u l  w e l l  d r i l l e d  and t e s t e d  
i n  one year  from p r o j e c t  s t a r t .  Other than f o r  
some p o l i t i c a l  de lays  incur red  i n  a t i g h t  budget 
y e a r ,  t h i s  p r o j e c t  is  a model f o r  f u t u r e  a l t e r n a -  
t i v e  energy p r o j e c t s  i n  C a l i f o r n i a .  

S t a t e  f a c i l i t y  f i -  

The supply w e l l  has  been d r i l l e d  t o  1400 f e e t  
(425m1, flow t e s t e d  t o  1500gpm (95 l / s )  a t  172'F 
(351OK). It i s  expected t h a t  t h i s  resource can be 
economically used t o  d i s p l a c e  60+% of t h e  p r i s o n  
f o s s i l  f u e l  consumption. Peak geothermal f l u i d  
design flow i s  nominally llOOgpm (70 l / s )  a t  170°F 
(35O0K) f o r  t h e  Center .  

4.0 STATUS AND UNIQUE FEATURES OF PROJECTS 

The author  was t h e  lead  i n i t i a t o r  and e i t h e r  
t e c h n i c a l  d i r e c t o r  o r  advisor  on the  four  p r o j e c t s ,  
as w e l l  as a p a r t i c i p a n t  i n  similar p r o j e c t s  i n  t h e  
w e s t  and southern  s ta tes .  Hence, these  observa t ions  
on unique f e a t u r e s  are r e l a t i v e  t o  a spectrum of 
d i r e c t  use  p r o j e c t s  i n  t h e  U.S. The unique fea- 
t u r e s  are h i g h l i g h t e d  t o  i d e n t i f y  c h a r a c t e r i s t i c s  
t h a t  a f f e c t  t h e  degree and r a t e  of success  o r  lack  
of success  i n  such p r o j e c t s .  

4.1 STATUS 

F i r s t ,  t h e  s t a t u s  of t h e  p r o j e c t s  as of No- 
vember, 1981, i s  as fol lows:  

Susanvi l le :  The Heating D i s t r i c t  is  complet- 
i n g  c o n s t r u c t i o n  and subsystem checkout. This  pro- 
j e c t ,  def ined i n  1977, is  one of few t h a t  w i l l  com- 
p l e t e  on schedule  and w i t h i n  o r i g i n a l  a l l o c a t e d  
funds.  The Heat ing D i s t r i c t  w i l l  go on l i n e  i n  
e a r l y  1982. 

Mountain Home: This engineer ing and economic 
s tudy  was completed on schedule  and w i t h i n  funds.  
However, as a p r o j e c t ,  i t  did not  progress  beyond 
t h e  s tudy  e f f o r t ,  which was completed February,  
1979. 
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Kelley Hot Spring: This f i e l d  demonstration 
completed Phase 1 - Pre l iminary  Design - wi th in  
funds wi th  the  Phase 1 r e p o r t  i s sued  August, 1980. 
Fu r the r  work w a s  suspended pending de termina t ion  
of t he  h i s t o r i c a l  va lue  of t he  a rcheo log ica l  f i nds  
i n  the  a rea .  

L i t c h f i e l d :  This p r o j e c t  s t a r t e d  i n  1980 and 
i s  e n t e r i n g  the  hardware s t a g e  wi th  a success fu l  
supply we l l  and the  r ecen t  completion of Prelimi- 
nary  Design of t he  r e t r o f i t .  The p r o j e c t ' s  f i n a l  
outcome i s  t i e d ,  i n  p a r t ,  with t h e  p o l i t i c a l  pro- 
ces s  of br inging  a s t a t e  f a c i l i t y  i n t o  use of an 
a l t e r n a t i v e  form of energy wi th  p r i v a t e  investment 
and l o c a l  government p a r t i c i p a t i o n .  To d a t e ,  t he  
P r o j e c t  has progressed extremely well-in f a c t ,  
b e t t e r  than o r i g i n a l l y  expected by the  S t a t e  agen- 
c i e s  involved. Delays have occurred p r imar i ly  i n  
the  p o l i t i c a l  process dur ing  a t i g h t  budget year .  

4.2 PROJECT FEATURES 

The unique f e a t u r e s  of t hese  p r o j e c t s  inc lude :  

Susanv i l l e :  The C i ty  is  a smal l  r u r a l  c o w  
munity loca ted  i n  a co ld ,  semi-arid c l imate .  It 
has  a r e l a t i v e l y  h igh  government employment base  
and a depressed a g r i c u l t u r a l  and f o r e s t  product 
i n d u s t r i a l  base.  However, a s p i r i t  of independence 
and s e l f  r e l i a n c e  p r e v a i l s  i n  t h e  community. The 
d e c i s i o n  f o r  p a r t i c i p a t i o n  i n  t h e  p r o j e c t  w a s  made 
simply and quick ly  by the  Ci ty  Council ,  r e s u l t i n g  
i n  a one-page l e t t e r  of i n t e n t  i n  1974. Since 
then ,  t he  subsequent counci l s  have maintained a 
very  c o n s i s t e n t  and f i rm suppor t  of t he  p r o j e c t  
and i t s  indus t ry  team members. This has  permi t ted  
t h e  indus t ry  p r o j e c t  developers t o  c o n s i s t e n t l y  
commit and follow through on t h e i r  support  of t he  
p r o j e c t s .  This l o c a l  environment, coupled wi th  
the  ded ica t ion  and i n t e g r i t y  of key c i t y  s t a f f  
persons ,  has e s t a b l i s h e d  a s t rong  n a t i o n a l  and 
s t a t e  base of p o l i t i c a l  suppor t .  P ro jec t  leader- 
s h i p  has  been s t a f f e d  wi th  persons wi th  pe r s i s -  
t ence ,  i n i t i a t i v e  and c r e a t i v i t y  i n  management and 
problem so lu t ion ,  and a s t rong  sense  of schedule 
and accomplishment of c o s t  e f f e c t i v e  r e s u l t s .  
Without t h i s  t o t a l  team capac i ty ,  t he  p r o j e c t  
could have ceased t o  e x i s t  on s e v e r a l  occas ions  
from 1974 through 1978. 

Mountain Home: This p r o j e c t  accomplished 
what was c o n t r a c t u r a l l y  r equ i r ed .  I n  f a c t ,  i s  was 
considered a s  a good e f f o r t .  However, t h e  P r o j e c t ,  
a t  Mountain Home, d id  n o t  cont inue .  (The r e s u l t s  
were picked up i n  o t h e r  subsequent p r o j e c t s ) .  
p r o j e c t  lead e n t i t y  was a new, small a l t e r n a t i v e  
energy f inanc ing  company which subsequently has  
been acqui red  by a petroleum development company. 
While having experience i n  f inanc ing ,  t he  f i r m  had 
no experience i n  a g r i c u l t u r a l  p r o j e c t  development 
and management. 
p a t i o n  from e n t i t i e s  experienced i n  the  mul t ip l e ,  
very h igh  technology d i s c i p l i n e s  involved i n  the  
$34 m i l l i o n  complex became an insurmountable t a sk .  
The geothermal e x p e r t i s e  a v a i l a b l e  i n  the  l ead  en- 
t i t y  app l i ed  only t o  a very  sma l l  p a r t  of t h e  over- 
a l l  p r o j e c t  development. 

The 

Developing such t a l e n t  o r  p a r t i c i -  

Kelley Hot Spring: The Kelley H.S. p r o j e c t  
b u i l t  upon the  r e s u l t s  of t h e  Mountain Home pro- 
ject .  And the  Kelley e f f o r t  s t a r t e d  wh i l e  t he  
Mountain Home p r o j e c t  was j u s t  completing. Hence, 
i t  could no t  perce ive  the  magnitude of e f f o r t  re- 
r equ i r ed  t o  b r i n g  the  experienced , high  technology 
t a l e n t  t o  bear  on a new energy resource  and i t s  
a p p l i c a t i o n  t o  l i ves tock  opera t ions .  Again, t h e  
l ead  e n t i t y  was a smal l  f i rm  i n  the  development of 
geothermal resources .  The CEO was an eng inee r  
w i th  exper ience  i n  u t i l i t i e s ,  but no exper ience  i n  
l i v e s t o c k  ope ra t ions .  The o r i g i n a l  i n v e s t o r s  com- 
mi t t ed  t o  a p r o j e c t  i n  1977 t h a t  took u n t i l  1979 
t o  go on c o n t r a c t  and requi red  another y e a r  t o  
produce t h e  pre l iminary  des ign .  Needless t o  say ,  
t he  investment environment and the  i n v e s t o r  t a r -  
g e t s  changed cons iderably  over t h a t  t i m e .  

F u r t h e r ,  t h e  a rcheo log ica l  f i nds  became a t  
least  a t i m e  b a r r i e r  f o r  f u r t h e r  f e d e r a l  o r  s t a t e  
p a r t i c i p a t i o n  i n  terms of demonstration p r o j e c t  
money o r  f inanc ing  gua ran t i e s .  

L i t c h f i e l d :  This p r o j e c t  b u i l t  upon p r i o r  
work and the  e x i s t i n g  i n s t i t u t i o n a l  and p o l i t i c a l  
s t r u c t u r e s  f o r  geothermal developments i n  t h e  C i ty  
of Susanv i l l e .  Carson Development Company was se- 
l e c t e d  a s  a medium-sized, commerc ia l - indus t r ia l  
development f i rm  with a t r ack  record of turnkey 
p r o j e c t s  and wi th  a p r i v a t e  f inanc ing  c a p a b i l i t y  
f o r  p r o j e c t s  of t h i s  s i z e .  The a v a i l a b i l i t y  of a 
s l i m  tes t  h o l e  (by the  Bureau of Reclamation),  a- 
v a i l a b i l i t y  of t h e  new r e s e r v o i r  i n su rance  program, 
t h e  d e f i n i t i o n  and r ecogn i t ion  of geothermal d i r e c t  
use a s  a dep le t ab le ,  a l t e r n a t i v e  energy, non-pollu- 
t i n g  resource  and the  a t t endan t  t a x  p r o v i s i o n s ,  the 
new s ta te -sponsored  p o l l u t i o n  con t ro l  i n d u s t r i a l  
revenue bonds, and the  s t a t e ' s  commitment t o  co- 
g e n e r a t i o d a l t e r n a t i v e  energy a l l  con t r ibu ted  t o  
the  t imely  i n i t i a t i o n  of t h i s  p r o j e c t .  
of p r i v a t e  f inanc ing ,  r e s e r v o i r  insurance  and a 
c i t y - s t a t e  agreement f o r  long-term a l t e r n a t i v e  
energy s a l e s  wi th  long-term f inanc ing  through I .R. 
bonds i s  a precedence-sett ing p r o j e c t  t h a t  i nd i -  
c a t e s  t h a t  t h i s  resource  i s  a commercially v i a b l e  
oppor tuni ty .  

The meshing 

C h a r a c t e r i s t i c s  of t he  four  p r o j e c t s  a r e  sum- 
marized i n  Table I. One must recognize t h a t  t he  
i n i t i a t i o n  ca lendar  times and the corresponding 
s t a t u r e  and matur i ty  of t h i s  i ndus t ry ,  as w e l l  a s  
t he  con-committent c o s t  of f inanc ing ,  m a t e r i a l s  
and s e r v i c e s ,  t end  t o  prec lude  abso lu te  compari- 
sons.  It i s  a l s o  d i f f i c u l t  t o  compare munic ipa l  
h e a t i n g  d i s t r i c t s  w i t h  a p r i v a t e  bus iness  complex. 
However, i n  s p i t e  of t h e  foregoing, one can observe 
the  p o t e n t i a l  of geothermal a s  a compet i t ive  re- 
source .  

I n  an o v e r a l l  summary of f e a t u r e s  of these  
p r o j e c t s ,  one can observe t h a t  the  f e d e r a l  govern- 
ment procurement procedures t h a t  had t o  be  used 
f o r  t hese  supposed seed p r o j e c t s  prec luded  a normal 
bus iness  approach t o  the  programs. The t i m e  de lays  
a s soc ia t ed  wi th  these  procurements were completely 
i n  d i sco rd  with normal p r o j e c t  investment schedules.  
This i s  b e l a t e d l y  being recognized. The success  of 
p r o j e c t  completion on t i m e  and wi th in  funds ,  once 
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underway, and the r e l a t i v e l y  a c c e l e r a t e d  schedule  
i n  the  L i t c h f i e l d  p r o j e c t ,  i s  a r e s u l t  o f  t h e  
unique c a p a b i l i t y  of very t a l e n t e d  s t a f f  i n  t h e  
f e d e r a l  and s t a t e  energy o f f i c e s  t h a t  permi t ted  a 
t r u e  team approach. This  i s  t h e  except ion  r a t h e r  
than the  r u l e .  me f e a t u r e s  of the  L i t c h f i e l d  
p r o j e c t  model a r e  obviously a more e f f e c t i v e  means 
of a c c e l e r a t i n g  the  development and use of t h e  ex- 
t e n s i v e  geothermal d i r e c t  energy resource  i n  t h e  
U.S. 

5.0 CHARACTERISTICS OF A SUCCESSFUL DIRECT 
USE PROJECT I N  THE U.S. 

0 F i r s t ,  the  p r o j e c t  must have a committed (pre- 
fe rab  l y  f i n a c i a l l y  commi t t e d )  competent " i n i t i a t o r "  
o r  "spear  c a r r i e r "  - a t  least  u n t i l  such p r o j e c t s  
become more commercially r o u t i n e .  

0 The resource and i t s  use must cont inue t o  be 
t r e a t e d  by f e d e r a l  and s t a t e  tax ing  agencies  on a 
competi t ive b a s i s  with o t h e r  n a t u r a l  resources  i n  
order  t o  a t t r a c t  the  necessary broad base  of  pr i -  
v a t e  investment.  

0 Direc t  use resources  have t h e i r  b roades t  ap- 
p l i c a t i o n  i n  the agr ibus iness  and food process  
s e c t o r s  of indus t ry .  The u t i l i z a t i o n ,  i n  t u r n ,  i s  
optimized i n  the confined,  i n t e n s i v e  growing o r  
c o n t r o l l e d  environment a p p l i c a t i o n s .  And t h e s e ,  i n  
t u r n ,  a r e  high technology bus inesses ,  r e q u i r i n g  
s t a f f i n g  wi th  experienced p r o f e s s i o n a l s .  This  i s  
an absolu te  requirement.  

0 D i s t r i c t  h e a t i n g ,  e s p e c i a l l y  i n  t h e  lower 
populat ion-densi ty  western U.S., a r e  economically 
marginal systems, thus r e q u i r i n g  a s i g n i f i c a n t  com- 
merc ia l  o r  i n d u s t r i a l  d i r e c t  use load t o  make them 
a t t r a c t i v e  f o r  p r i v a t e  and commercial f inanc ing .  

0 Geothermal d i r e c t  use systems and t h e i r  com- 
m e r c i a l / i n d u s t r i a l  a p p l i c a t i o n s  are economic de- 
velopment p r o j e c t s  r e q u i r i n g  a l l  of  t h e  profes-  
s i o n a l  d i s c i p l i n e s  and e x p e r t i s e  requi red  t o  pro- 
mote and car ry  forward a convent ional  commercial 
economic development p r o j e c t  p l u s  the  p r o f e s s i o n a l  
e x p e r t i s e  t o  s u c c e s s f u l l y  develop an economical 
geothermal h o t  water energy system. 
r e q u i r e s  an experienced understanding of cost-ef-  
f e c t i v e  geothermal resource development and cos t -  
e f f e c t i v e  engineer ing f o r  geothermal d i r e c t  use 
energy d i s t r i b u t i o n  systems. 

This  e x p e r t i s e  
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through an equiva len t  system, precludes t h e  ten- 
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f r e e  design.  
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TABLE I.  FOUR GEOTHERW PROJECTS SUPEJIARY 

KELLEY SUSANVILLE 
IEAT'CNG MOUNTAIN HOT 

DISTRICT HOME SPRING I,I TCHF IELD CHARACTER1 STI CS 

I n i t i a t i o n  Per iod  

P r o j e c t  S ize  

Energy Supply System Cost 

Appl ica t ion  Cost 

Re t r o  f i t 

New F a c i l i t i e s  

Payback Period 

1974 - 1977 

4.3~10" Btu/yr.  
(4 .  5x10I3J/yr. 

$1,800,000 (1) 

( 3 )  $600,000 

7 - 10 y r  

1977 - 1978 

6 . 3 ~ l O ~ ~ ~ & t u / y r .  
( 6 . 6 ~ 1 0  J / y r . )  

$1,450,000 ( 2 )  

$33,000,000 

Owner: 

3+ y r  

Debt : 

1977 - 1979 

9 .  lxlO1O1gtu/yr. 
( 9 . 6 ~ 1 0  J / y r .  

$406 ,000(2) 

--- 

$5,000,000 

Owner: 

3+ y r  

Debt: 

12 y r  20 y r  

(l)Commercial cos t s  wi thout  pro to type  c o s t s  

(2)Rework e x i s t i n g  w e l l  p lus  backup and r e i n j e c t i o n  wells 

(3) Inc ludes  $300,000 revolv ing  fund f o r  c u r r e n t  and f u t u r e  r e t r o f i t s  

19 80 

6 . 6 ~ 1 0 ~ ~ ~ j t u / y r .  
( 7 . 0 ~ 1 0  J / y r  . 

$900,000 

$1,520,000 

--- 

Energy Sys tern: 

9 Y r  

R e t r o f i t  : 

7 Y r  

Figure - Susanvi l le  Geothermal Pro jec t  Pipe1 
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Figure 2 - Mountain Home Geothermal Project Facility and Geothermal System 
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FIgure 3 - Mountain Home Geothermal Project U t i l i z a t i o n  o f  Geothermal Energy. 
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Figure 4 - KHSAC Geothermal System Layout 

Figure 5 - KHSAC Bui lding Piping Deta i ls  


