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INTRODUCTION 

The Nation has  embarked on a n  aggress ive  program t o  develop i t s  

indigenous resources  of  geothermal energy.  For more than a decade,  

geothermal energy has been hera lded as one of t h e  more promising forms 

of energy a l t e r n a t e  t o  o i l  and gas f o r  e l e c t r i c  power g e n e r a t i o n ,  b u t  

d u r i n g  t h e  l a s t  f i f t e e n  y e a r s ,  t h e  t o t a l  c a p a c i t y  i n  t h e  U . S .  has  

reached 502 me, about  h a l f  the  s i z e  of  a s i n g l e  modern n u c l e a r  power 

p l a n t .  And y e t ,  the  United S t a t e s ,  e s p e c i a l l y  i t s  western  and Gulf 

c o a s t  s tates,  is  be l i eved  t o  possess  a v a s t  r e source  base  of  geothermal 

h e a t  a t  depths  up t o  3 t o  10 km. Many estimates of  these  p o t e n t i a l  re- 

sources  s u i t a b l e  f o r  t h e  p roduc t ion  of e l e c t r i c  power have been pub- 

l i s h e d  and they range over a spectrum of more than a f a c t o r  of 100. 

Th i s  v a r i a t i o n  sugges t s  t h a t  the  p o t e n t i a l  i s  e s s e n t i a l l y  unknown. 

Table 1 g i v e s  a range of publ ished f o r e c a s t s  f o r  t h e  yea r  1985 and 

the  e q u i v a l e n t  p o t e n t i a l  i n  number of  1000 MWe power p l a n t s  and i n  o i l  

consumption i n  m i l l i o n s  o f  b a r r e l s  p e r  day. I n  view of the  es t ima ted  

c o n s t r u c t i o n  of  about  200 t o  250 n u c l e a r  power r e a c t o r s  by 1985-90, the  

p e s s i m i s t i c  f o r e c a s t s  c l e a r l y  show t h a t  the  c o n t r i b u t i o n  of  geothermal 

energy t o  the  Na t ion ' s  energy supply  may indeed be small. 

t i c  f o r e c a s t s  r e p r e s e n t  more than 15% of  t h e  t o t a l  e l e c t r i c  power re- 

quirements e s t ima ted  f o r  t h e  yea r  1985. The Task Force f o r  Geothermal 

Energy, i n  the  Federa l  Energy Amin i s t r a t ion  P r o j e c t  Independence Blue- 

p r i n t  r e p o r t  of November 1974, e s t a b l i s h e d  a n a t i o n a l  goa l  f o r  1985 of  

20,000 t o  30,000 MWe , t h e  lat ter  v a l u e  r e p r e s e n t i n g  an e q u i v a l e n t  en- 

e r g y  supply  of  one m i l l i o n  b a r r e l s  of o i l  p e r  day. 

The opt imis-  

This goal  was 
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c l e a r l y  a compromise between what is  worth a n a t i o n a l  e f f o r t  and what 

might be r e a l i s t i c a l l y  achieved .  The p o t e n t i a l  f o r  adding o r  r e p l a c i n g  

the  e q u i v a l e n t  of  some 25 n u c l e a r  power p l a n t s  o r  f o r  conserv ing  one 

m i l l i o n  barre ls  of  o i l  p e r  day should be a n  adequate i n c e n t i v e  f o r  t h e  

Nation t o  a c c e l e r a t e  t h e  development of  a v i a b l e  geothermal i n d u s t r y .  

A puzz l ing  enigma appears .  I f  t he  p o t e n t i a l  resource  base  of  geo- 

thermal  energy is  s o  vas t ,  why has  s i g n i f i c a n t  u t i l i z a t i o n  n o t  occurred? 

The e n t i r e  U.S.  product ion  of  e lec t r ic  power from geothermal r e sources  

occurs  a t  one l o c a t i o n ,  t h e  Geysers i n  C a l i f o r n i a ,  where over  a 15-year 

pe r iod  s t a r t i n g  i n  1960,  g e n e r a t i n g  c a p a c i t y  has grown from 1 2  Mw sup- 

p l i e d  by Unit  No. 1 t o  the  t o t a l  of 502 MW a t t a i n e d  w i t h  t h e  s t a r t u p  

of  t h e  106-MW Uni t  No. 11 i n  May 1975.  The Geysers i s  t h e  l a r g e s t  geo- 

thermal  e l e c t r i c i t y  gene ra t ing  s t a t i o n  i n  t h e  world. The e n t i r e  world- 

wide c a p a c i t y  of  e l e c t r i c  power gene ra t ion  by geothermal r e sources  i s  

s l i g h t l y  more than  1000 Mw, t he  e q u i v a l e n t  of t he  c a p a c i t y  o f  a s i n g l e  

modern n u c l e a r  power p l a n t .  

U t i l i z a t i o n  o f  geothermal f l u i d s  f o r  thermal energy i n  t he  U.S. i s  

a lmost  n e g l i g i b l e .  And y e t  throughout  t h e  count ry ,  f o s s i l  f u e l s  are 

consumed i n  l a r g e  q u a n t i t i e s  t o  b o i l  water f o r  h e a t i n g  and e l e c t r i c  

power gene ra t ion ,  both  a t  ve ry  low thermal  e f f i c i e n c y .  Some c o u n t r i e s  

a l r e a d y  use geothermal f l u i d s  f o r  i t s  thermal  energy,  no tab ly  I c e l a n d ,  

where municipal  h e a t i n g  i s  an  important  u t i l i z a t i o n .  

responding t o  inc reased  p u b l i c  awareness t h a t  f u t u r e  supply  of f o s s i l  

f u e l  may be ve ry  l i m i t e d ,  are examining t h e  p o t e n t i a l  use of indigenous 

thermal  waters f o r  i n d u s t r i a l  and munic ipa l  hea t ing .  

Seve ra l  c o u n t r i e s ,  

How i s  t h i s  enigma t o  be solved;  how i s  t h e  United S t a t e s  (and 

o t h e r  c o u n t r i e s )  endowed w i t h  p o t e n t i a l l y - b o u n t i f u l  geothermal r e sources  
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going t o  develop t h e s e  n a t u r a l  r e sources  as a s i g n i f i c a n t  c o n t r i b u t i o n  

t o  i t s  energy supply?  The a t t a inment  of a n a t i o n a l  goa l  t o  c o n t r i b u t e  

an  e q u i v a l e n t  of  one m i l l i o n  b a r r e l s  of  o i l  p e r  day from geothermal re- 

sources  c l e a r l y  r e q u i r e s  a c c e l e r a t e d  development of a geothermal i n d u s t r y  

capable  of  p rov id ing  20,000 t o  30,000 MW of e l e c t r i c  power and thermal 

energy i n  t h e  n e x t  t e n  t o  f i f t e e n  y e a r s .  

a n a t i o n a l  e f f o r t  t o  a c c e l e r a t e  and coord ina te  development i n  t h r e e  

p a r a l l e l  tasks:  (1) the  d i scovery ,  proving,  and e x t r a c t i o n  of geothermal 

r esources  t o  provide  a s i g n i f i c a n t  supply  of  hydrothermal f l u i d s  f o r  

d i r e c t  u t i l i z a t i o n  and t o  produce more than  5 x 1 0 l 2  kwh of e l e c t r i c i t y  

over  the  a m o r t i z a t i o n  p e r i o d  of  t h e  investment i n  r esource  development 

and power p l a n t  c o n s t r u c t i o n ,  (2) t h e  technology t o  conver t  the  resources  

as found i n  i ts v a r i o u s  n a t u r a l  forms and q u a l i t i e s  i n t o  e l e c t r i c i t y ,  

and (3) t h e  removal of unnecessary i n s t i t u t i o n a l  c o n s t r a i n t s  t o  the  

r a p i d  development of  a c o s t - e f f e c t i v e  and environmenta l ly- acceptable  

i n d u s t r y .  

And t h i s  o b j e c t i v e  w i l l  r e q u i r e  

A major f a c t o r  which he lps  create the  enigma of v a s t  r e source  base 

and l i t t l e  u t i l i z a t i o n  is the  v a r i a b i l i t y  o f  geothermal r esources .  The 

geothermal energy c y c l e ,  a l though  s imple  compared t o  o t h e r  a l t e r n a t e  

energy sources ,  is a c t u a l l y  complex i n  t h a t  geothermal r esources  occur  

i n  many types  of geo log ic ,  thermodynamic, hydrodynamic, and chemical 

q u a l i t y .  

type of resource .  Table 2 l ists the  key a s p e c t s  o f  t h e  cyc le  from 

e x p l o r a t i o n  t o  u t i l i z a t i o n  t h a t  must be eva lua ted  f o r  each type of  

r e source .  

A s  a r e s u l t ,  the  major problems i n  the  energy cyc le  v a r y  by 

Severa l  genera l  reviews of the  s tate o f  the  a r t  of geothermal en- 

e r g y  resources  and technology are l i s t e d  i n  the  Bibl iography.  One is 
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TABLE 2 

PROBLEM AREAS IN THE DEVELOPMENT OF THE 
GEOTHERMAL ENERGY CYCLE 

VARIABILITY OF GEOTHERMAL RESOURCES 

LOCATION OF SUBSURFACE RESERVOIRS 

RESERVO I R EVALUATION 

EXTRACTION TECHNOLOGY 

CONVERSION TECHNOLOGY 

POTENTIAL FOR MULTIPLE UTILIZATION 

ENVIRONMENTAL IMPACT CONTROL 

LEGAL AND INSTITUTIONAL CONSTRAINTS 
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t h e  proceedings of  t h e  1970 United Nations symposium on the  development 

and u t i l i z a t i o n  o f  geothermal r e sources .  Another is  t h e  1973 compila- 

t i o n  of an  Ad Hoc Working Group convened by UNESCO. 

t i o n  t o  geothermal energy is  the  proceedings of t he  American Nuclear  

S o c i e t y  conference on geothermal r e sources ,  product ion ,  and s t i m u l a t i o n  

he ld  i n  1972. 

are t h e  proceedings o f  t h e  second and t h i r d  All-Union conferences  on 

geothermal energy organized by the  S c i e n t i f i c  Council f o r  Geothermal 

I n v e s t i g a t i o n s  of  t h e  USSR Academy o f  Sc iences .  

proceedings are n o t  g e n e r a l l y  a v a i l a b l e ,  b u t  much o f  t h e  t e c h n i c a l  con- 

t e n t  i s  g iven  i n  t h e  Sov ie t  papers  of volume 2 of  t he  United Nations 

Symposium and i n  t h e  ARPA reviews o f  S o v i e t  l i t e r a t u r e  i n  geothermal 

energy .  The proceedings of t h e  Second United Nations Symposium h e l d  

i n  San F ranc i sco  i n  May 1975, adds ano the r  major c o n t r i b u t i o n  t o  t h e  

l i t e r a t u r e  o f  geothermal energy.  

A gene ra l  in t roduc-  

Among o t h e r  compi la t ions  of  papers  on geothermal energy 

T r a n s l a t i o n s  o f  t hese  

GEOTHERMAL RESOURCES 

The upper 10 lun of t h e  ear th 's  c r u s t  may con ta in  more than  3 x 10 26 

ca l  o f  heat, a r e source  base  r e a d i l y  c l a s s i f i e d  as v a s t .  

of t h i s  energy is too  d i f f u s e  t o  be e x p l o i t a b l e  as a n  energy source .  

Geothermal r e sources  may be de f ined  as l o c a l i z e d  d e p o s i t s  of  geothermal 

h e a t  concen t r a t ed  a t  a t t a i n a b l e  dep ths ,  i n  adequate volumes, and a t  tem-  

p e r a t u r e s  s u f f i c i e n t  f o r  commercial e x p l o i t a t i o n .  

However, much 

The only  geothermal r e sources  p r e s e n t l y  used f o r  e lec t r ic  power 

gene ra t ion  are h i g h- q u a l i t y  hydrothermal  convect ive  systems which con- 

t a i n  h igh- entha lpy  geo f lu ids  s u i t a b l e  f o r  t r a n s f e r r i n g  t h e  geothermal 

h e a t  t o  t h e  s u r f a c e  f o r  d i r e c t  use  i n  low- eff ic iency  steam t u r b i n e s .  
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Unfor tunate ly  such resources  have been discovered a t  on ly  a few p l a c e s  

on e a r t h .  More than 75% of  the  wor ld ' s  geothermal e l e c t r i c  power capac- 

i t y  r e s u l t s  from vapor-dominated hydrothermal systems which produce d ry  

o r  super-heated  steam f o r  d i r e c t  convers ion.  

s u l t s  from high- temperature , low- s a l i n i t y  , water-dominated hydrothermal 

systems i n  which the  g e o f l u i d s  are f l a s h e d  on product ion,  and on ly  t h e  

s e p a r a t e d  steam is used f o r  e l e c t r i c  power genera t ion .  

t i o n  is  e i t h e r  wasted o r  r e i n j e c t e d  i n t o  t h e  ground. 

commercially less d e s i r a b l e  because on ly  a small f r a c t i o n  of the  water 

f l a s h e s  t o  steam, thermal e f f i c i e n c i e s  are low, and p l a n t  o p e r a t i o n a l  

problems are more s e v e r e .  

The remaining c a p a c i t y  re- 

The l i q u i d  f r a c-  

These systems are 

Liquid dominated hydrothermal systems are expected t o  be many t i m e s  

more abundant than vapor- dominated hydrothermal systems. 

h igh s a l i n i t y  hydrothermal r esources  may be more abundant than low 

s a l i n i t y  resources .  

hypersa l ine  b r i n e s ,  geopressured f l u i d s ,  vo lcan ic  and magmatic d e p o s i t s ,  

and impermeable hot- rock mass ives ,  which are n o t  y e t  commercially ex- 

p l o i t a b l e ,  may be even more abundant than the  c u r r e n t l y  e x p l o i t e d  hydro- 

thermal r esources .  

s o  much wi th  the magnitude of the  resource  base ,  b u t  more w i t h  the  a b i l -  

i t y  t o  l o c a t e  s u i t a b l e  concen t ra ted  d e p o s i t s  of geothermal h e a t  and the  

technology t o  e x t r a c t  t h e  energy i n  q u a n t i t i e s  which areeconomical ly  and 

environmenta l ly  f e a s i b l e .  

Moderate- to- 

And o t h e r  types  of geothermal r e s o u r c e s ,  such as 

Thus t h e  answer t o  the  u t i l i z a t i o n  enigma may l i e  n o t  

Although estimates o f  the  geothermal resource  base are a v a i l a b l e  , 

the  magnitude of  the  p o t e n t i a l  r e s e r v e s  i s  not  y e t  w e l l  de f ined .  The 

l o c a t i o n  of  underground d e p o s i t s  of geothermal h e a t ,  e s p e c i a l l y  where 
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thermal  m a n i f e s t a t i o n s  are n o t  v i s i b l e  a t  t h e  s u r f a c e ,  i s  a d i f f i c u l t  

task. 

energy ,  were i d e n t i f i e d  as e a r l y  as 1967 by t h e  U.S. Department o f  t h e  

I n t e r i o r  i n  des ignated  Fede ra l  lands  i n  f i v e  western states as having 

c u r r e n t  p o t e n t i a l  va lue  as geothermal r e sources .  An a d d i t i o n a l  86 m i l -  

l i o n  acres of land  i n  t h i r t e e n  s tates  were des ignated  as p r o s p e c t i v e l y  

v a l u a b l e  f o r  geothermal r e sources .  S ince  then s e v e r a l  o t h e r  i n v e n t o r i e s  

o f  known geothermal r e source  areas (KGRA) have been compiled. A c u r r e n t  

assessment  o f  U.S.  geothermal r e sources  has  been completed by the  U.S, 

Geologica l  Survey and a summary o f  t h e  r e source  base ,  by r e source  type ,  

is given i n  Table 3 .  

Over one m i l l i o n  acres of " hot  spots ,"  areas o f  known geothermal 

Exp lo ra t ion  f o r  geothermal r e sources  has  been undertaken by i n d u s t r y  

on p r i v a t e  l ands ,  and through t h e  Fede ra l  Leasing A c t  of 1970, on Fed- 

e r a l  l ands  by compet i t ive  and non-competi t ive l e a s i n g  under supe rv i s ion  

o f  t h e  Bureau of Land Management. 

a s c e r t a i n ,  i t  is e s t ima ted  t h a t  about  100,000 acres on Fede ra l  p u b l i c  

larids and about  200,000 a c r e s  on Fede ra l  Ind ian  lands  were under lease 

f o r  geothermal e x p l o r a t i o n  i n  mid- 1975. 

Although t o t a l  va lues  are d i f f i c u l t  t o  

Resource e x p l o r a t i o n  and assessment  o f  p o t e n t i a l  r e s e r v o i r s  of 

geothermal energy  are made by the  v a r i e t y  of e a r t h  sc i ence  methods 

l i s t e d  i n  Table 4 .  Details of t hese  methods are a v a i l a b l e  i n  t h e  g e n e r a l  

r e f e r e n c e s  l i s t e d  i n  t h e  I n t r o d u c t i o n .  The f i n a l  phase of  geothermal 

e x p l o r a t i o n  is t h e  d r i l l i n g  o f  e x p l o r a t o r y  wells. It i s  from these  

w e l l s  t h a t  d a t a  f o r  e v a l u a t i n g  t h e  s u i t a b i l i t y  of t h e  resource  as a pro- 

duc t ion  r e s e r v o i r  are ob ta ined ,  

p l o r a t i o n  and product ion  o f  geothermal f i e l d s  are the  success  of  

Major f a c t o r s  i n  t h e  economics of ex- 
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TABLE 3 
SUMMARY OF GEOTHERMAL RESOURCE BASE OF Tt E UNITED STATES* 

ESTIMATED HEAT CONTENT ( 1 0 1 8 ~ ~ ~ )  

IDENTIFIED POTENTIAL 

HYDROTHERMAL CONVECT ION SYSTEMS 

50 VAPOR-DOMINATED (STEAM) 26 

MOD T - HOT WATER (90" - 150°C) 345 1,400 
TOTAL 740 3,000 

HIGH T - HOT WATER (T > 150°C) 370 1, 600 

HOT IGNEOUS SYSTEMS 

MAGMA AND HOT ROCK 25,000 ~ o o J o o o  
GEOPRESSURED BASIN PART OF 

REGIONAL CONDUCTIVE SYSTEMS 10,920 44 , 000 

TOTAL RESOURCE BASE 36,660 147,000 

* 
FROM D, F, WHITE AND D, L, WILLIAMS, EDS,, ASSESSMENT OF 
GEOTHERMAL RESOURCES OF THE UNITED STATES - 1975, U,  S,  
GEOLOGICAL SURVEY CIRCULAR 726, 1975, 
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TABLE 4 
GEOTHERMAL EXPLORATION METHODS 

EXPLORATION SURVEYS 
AIRBORNE 

AEROMAGNETIC SURVEY 
THERMAL INFRARED SURVEY 

TECTON I cs AND STRAT I GRAPHY 
RECENT FAULTING 
DISTRIBUTION AND AGE OF VOLCANIC ROCKS 
THERMAL MANIFESTATIONS 

SURFACE DISCHARGE OF GEOFLUIDS 
TEMPERATURE OF FLUIDS 
CHEMICAL COMPOSITION OF FLUIDS 
GROUNDWATER HYDROLOGY 
METEOROLOGY 

CHLORIDE CONCENTRATION 
SIO, CONTENT 
NA-K-CA RATIOS 
ISOTOPIC COMPOSITION OF HYDROGEN AND OXYGEN 

GEOTHERMAL GRAD I ENT 
HEAT FLOW 
ELECTRICAL CONDUCTIVITY 
SEISMIC ACTIVITY 

GEOLOGICAL 

HYDROLOG IC 

GEOCHEMICAL 

GEOPHYSICAL 

EXPLORATION HOLE DRILLING 
RESERVOIR CHARACTERISTICS 

TEMPERATURE-DEPTH PROF I LE 
PRESSURE-DEPTH PROFILE 
LITHOLOGY AND STRATIGRAPHY 
PERMEABILITY LOG 
POROSITY LOG 
FLUID COMPOSITION 
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techniques a v a i l a b l e  f o r  s u r f a c e  e x p l o r a t i o n  o f  p o t e n t i a l  r e sources  and 

e x p l o r a t o r y  d r i l l i n g  o f  p o t e n t i a l  r e s e r v o i r s .  

methods f o r  reducing  c o s t s  i n  t h e s e  two i n i t i a l  phases of t he  geothermal 

energy  cyc le  are thus  of g r e a t  importance. I n  o rde r  t o  achieve  t h e  g o a l  

of p rov id ing  a n  e q u i v a l e n t  of  one m i l l i o n  b a r r e l s  of o i l  p e r  day by geo- 

thermal  r e sources ,  i t  is e v i d e n t  t h a t  e x p l o r a t i o n  f o r  geothermal re- 

s o u r c e s ,  e s p e c i a l l y  hydrothermal ,  must receive a ve ry  h igh  p r i o r i t y  by 

the U. S . energy r e source  indus t ry .  

Improvements and nove l  

The magnitude o f  hydrothermal r e sources  r equ i r ed  can be e s t ima ted  

frcm the  fo l lowing c a l c u l a t i o n  f o r  a 100 MWe gene ra t ing  p l a n t  o p e r a t i n g  

w i t h  f l a shed  steam o f  555 kca l /kg  (1000 Btu/ lb)  heat con ten t .  The re- 

q u i r e d  geo f lu id  product ion  rate f o r  a hot-water  system y i e l d i n g  10% 

steam on f l a s h i n g  wi th  a thermal  e f f i c i e n c y  o f  20 p e r c e n t ,  would be 

7.75 x 10 kg/h ( 1 . 7  x 10 l b / h r ) .  The amor t i za t ion  o f  t h e  100 MWe 

p l a n t  over  a pe r iod  o f  t h i r t y  y e a r s  would r e q u i r e  a t o t a l  product ion  

2.1 x 1 O I 2  kg h o t  water, and a mean r e s e r v o i r  p o r o s i t y  of  10 p e r c e n t  

would r e q u i r e  a geothermal r e s e r v o i r  volume of about  2 km . A t  a 50 

6 7 

3 

o f  

p e r c e n t  condensat ion e f f i c i e n c y ,  t h e  p l a n t  would d ischarge  a h o t  water 

supply  o f  about  100,000 m 3 /d (2.5 x 10 7 gpd) . 
For a n a t i o n a l  c a p a c i t y  of 20,000 MWe, these  va lues  are m u l t i p l i e d  

by iI f a c t o r  of  200. 

gene ra t ing  p l a n t s  must be loca t ed .  

1 . 5  x 10 

250,000 kg/h a t o t a l  of 6,000 product ion  w e l l s  w i l l  be needed, and f o r  

Thus r e s e r v o i r s  suppor t ing  200 u n i t s  o f  100 MWe 

These r e s e r v o i r s  w i l l  produce about  

9 kg/h of  h o t  water. For a mean w e l l  p roduct ion  flow rate  o f  

a mean spac ing  of  100,000 m 2 /we11 (25 a c r e s / w e l l ) ,  a t o t a l  r e s e r v o i r  

5 area o f  6 x lo8 m2 (1.5 x 10 acres) o f  geothermal r e sources  must be 
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:Eound. It is ev iden t  t h a t  i f  hydrothermal systems are t o  provide  the 

riat ion wi th  20,000 W e ,  very  h igh p r i o r i t y  f o r  resource  e x p l o r a t i o n  and 

assessment is indeed r e q u i r e d .  

UTILIZATION TECHNOLOGY 

U t i l i z a t i o n  o f  geothermal energy v a r i e s  w i t h  the  q u a l i t y  of a v a i l -  

It has been noted t h a t  the  p r e s e n t  geothermal i n d u s t r y  a b l e  r e sources .  

f a s  focused  on high q u a l i t y  hydrothermal r esources .  E x t r a c t i o n  and con- 

v e r s i o n  technologies  f o r  dry-steam r e s e r v o i r s  a r e  s u f f i c i e n t l y  advanced 

t o  be commercially a t t r a c t i v e .  

r e sources  are more complex, and f o r  h o t  b r i n e s ,  geopressured b a s i n s ,  and 

h o t  dry  rock format ions ,  they  a r e  even more complex; commercial u t i l i z a -  

t i o n  is s t i l l  f u r t h e r  away. 

g r e a t  promise,  technology t o  e x p l o i t  them must be developed. 

Conversion technologies  f o r  hot-water  

Since  t h e s e  latter types  o f  r e source  hold  

S t imula t ion  of geothermal energy product ion can be achieved by re- 

sgarch  and development t o  

( 2 )  improve energy convers ion technology,  and (3) provide  advanced 

methods of  energy e x t r a c t i o n .  

three a s p e c t s  of the  geothermal energy c y c l e  is a t t a i n a b l e .  

(1) i n c r e a s e  t h e  modes of r e source  u t i l i z a t i o n ,  

Inc reased  e f f i c i e n c y  i n  each of t h e s e  

Development of  a geothermal f i e l d  g e n e r a l l y  involves  the  g e o f l u i d  

c h a r a c t e r i s t i c s ,  steam s e p a r a t i o n  and g a t h e r i n g  f a c i l i t i e s ,  t u r b i n e  and 

g e n e r a t o r  equipment, coo l ing  systems,  and condensate d i s p o s a l  methods. 

Such development presupposes t h a t  e l e c t r i c  power genera t ion  i s  the  s o l e  

purpose of the  f i e l d  development. 

many geothermal r e s e r v o i r s ,  n o n - e l e c t r i c  u t i l i z a t i o n  of the  resource  may 

make t h e  r e s e r v o i r  economically f e a s i b l e ,  w i t h  s i g n i f i c a n t  conse rva t ion  

of' f o s s i l  and n u c l e a r  f u e l s .  

It may t u r n  o u t ,  however, t h a t  f o r  

S e v e r a l  modes of  u t i l i z a t i o n  of  geothermal 
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r e sources  are l i s t e d  i n  Table  5 .  Hydrothermal f l u i d s  w i t h  temperature 

o r  en tha lpy  too  low f o r  economic e l ec t r i c  power product ion  may be use- 

fu:t f o r  water o r  minera l  sou rces  and f o r  i n d u s t r i a l ,  a g r i c u l t u r a l ,  and 

munic ipa l  hea r ing .  However, since major interest in  geothermal energy 

is  f o r  t h e  product ion  of  e l ec t r i c  power, combined o r  t o t a l  u t i l i z a t i o n  

ma17 h e l p  make many geothermal r e s e r v o i r s  submarginal i n  power product ion  

a lone  become economical ly f e a s i b l e .  

munity around a geothermal  r e source ,  w i t h  munic ipa l  h e a t i n g ,  a n  i n d u s t r i a l  

pa rk  o f  p rocess  f i rms  r e q u i r i n g  h o t  water and concomitant e lec t r ic  power 

prclduction appears  f e a s i b l e .  

geothermal r e source  u t i l i z a t i o n  i n  a l l  forms is  w e l l  warranted.  

The p o s s i b i l i t y  of  b u i l d i n g  a com- 

Thus, r e s e a r c h  f o r  methods s t i m u l a t i n g  

General  methods f o r  producing e l e c t r i c i t y  from geothermal f l u i d s  are 

sur rmrized  i n  Table  6 and are desc r ibed  adequate ly  i n  t h e  several c i t e d  

r e f e r e n c e s .  The choice  of a conversion c y c l e  is  g e n e r a l l y  dependent on 

the  thermodynamic and chemical p r o p e r t i e s  o f  t h e  geo f lu id .  

mercial p l a n t s  u t i l i z e  l o w- s a l i n i t y  hydrothermal  systems w i t h  steam o r  

water a t  temperatures above about  200°C i n  the s i n g l e - s t a g e  d i r e c t  steam 

t u r b i n e  conversion system. To u t i l i z e  lower temperature f l u i d s ,  inves-  

t i g a t i o n s  are underway t o  develop o t h e r  convers ion  systems; among these  

are mul t ip l e-  f l a s h  low-pressure steam t u r b i n e s ,  s i n g l e  and m u l t i p l e  

sta,se b i n a r y  c y c l e  systems,  and hybr id  systems combining these  two. 

The b i n a r y  system appea r s  t o  be the most promising f o r  u t i l i z a t i o n  of  

geoEluids w i t h  temperatures between 100°C and 200°C. 

exper imenta l  f a c i l i t y ,  t h e  Pauzhetlca s t a t i o n  i n  t h e  Kamchatka pen insu la  

o f  t h e  USSR, has been cons t ruc t ed  t o  d a t e .  

l i k e l y  t o  be s u c c e s s f u l  i n  t h e  U.S. w i l l  r e q u i r e  a downhole pump to  

p reven t  f l a s h i n g ,  a heat exchanger which can ope ra t e  wi thout  excess ive  

P r e s e n t  com- 

However on ly  one 

The b i n a r y  system most 
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TABLE 5 
UTILIZATION OF GEOTHERMAL ENERGY 

ELECTRIC POWER PRODUCTION 

DIRECT USE OF DRY STEAM 
FLASHING OF HOT WATER TO STEAM 

SURFACE FLASHING 
IN-SITU FLASHING 

BINARY AND HYBRID CYCLES 

INNOVATIVE SINGLE-WELL CONVERTERS 

DIRECT USE OF THERMAL WATERS 

AGR I CULTURE 
AQUICULTURE 

SPACE HEATING 
INDUSTRIAL PROCESS I NG 

MED I CAL THERAPY 

BY PRODUCTS 

MINERAL EXTRACTION 
WATER RESOURCES 
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TABLE 6 
TYPES OF GEOTHERMAL POWER PLANTS 

HEAT SOURCE 

DRY STEAM 

HOT WATER ( T > 1 8 0 ° C >  
HOT WATER ( T < 1 5 0 ° C )  
HOT WATER 

(MODERATE SALINITY) 
HOT B R I N E  (PRESSURIZED) 
HOT BRINE (FLASHED) 

GENERATION MODE 

STEAM TURBINE 

STEAM TURBINE 

BINARY CYCLE 

HYBRID CYCLE 

BINARY CYCLE 

IMPACT TURBINE 
HELICAL SCREW EXPANDER 
BLADELESS TURBINE 
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c o r r o s i o n  and d e p o s i t i o n ,  and a c i r c u l a t i o n  system which a l lows  f o r  re- 

i n j e c t i o n  o f  t h e  g e o f l u i d s  f o r  environmental  c o n t r o l  purposes ,  

Seve ra l  types  o f  downhole ,pumps are under development, involv ing  

(a) i n - s i t u  h e a t  t o  ope ra t e  a c l o s e d  steam- des ign  concepts  which use 

genera tor-  t u r b i n e  t o  d r i v e  the  pump , (b) a high-speed, high- temperature 

h igh  length- to- diameter  e l e c t r i c - m o t o r  d r iven  pump , o r  

i c a l l y  d r iven  u n i t  w i t h  hydrau l i c  power from t h e  s u r f a c e .  

concepts  inc lude  f l u i d i z e d  sand beds t o  enhance h e a t  t r a n s f e r  rate and 

maintain clean s u r f a c e ,  and l i qu id-  l i q u i d  systems wi th  d i r e c t  c o n t a c t  

of  immiscible f l u i d s  , t r ay-  tower c o n t a c t o r s  , o r  s u b c r i t i c a l  o r  super-  

c r i t i c a l  power c y c l e s .  

(c) a hydraul-  

Heat exchanger 

F l a s h  and b ina ry  systems are u s e f u l  i n  l a r g e  power p l a n t s  having 

c a p a c i t y  i n  excess of 50 We. 

f i e l d  development and e x t e n s i v e  networks of ga the r ing  l i n e s .  Innova t ive  

convers ion  systems are under development i n  which small power p l a n t s ,  i n  

s i z e s  of 1 t o  15 We, may be i n s t a l l e d  a t  i n d i v i d u a l  w e l l s .  

t e m s  may involve  a t o t a l  flow concept  i n  which bo th  the  thermal and 

k i n e t i c  energy of  the  geo f lu id  is  used f o r  product ion  of e l e c t r i c i t y .  

They r e q u i r e  complexes of  mul t ip l e- we l l  

These sys-  

One o f  t hese  i s  t h e  impulse t u r b i n e ,  i n  which the  thermal  energy is  

conver ted  t o  k i n e t i c  energy through a converging-diverging nozz le ,  and 

t h e  h igh- ve loc i ty  ou tpu t  d r i v e s  a h y d r a u l i c  impulse tu rb ine  opera ted  a t  

low pack p re s su re .  

220 W e )  might be f e a s i b l e  f o r  t h e  S a l t o n  Sea geothermal b r i n e s ,  which 

con ta in  as much as 230,000 ppm t o t a l  d i s so lved  s o l i d s ,  

hand l ing  problems of such b r i n e s  are indeed enormous, b u t  t h e  d i s s o l v e d  

s o l i d s  may also r e p r e s e n t  a source  of v a l u a b l e  minerals, such as l e a d ,  

manganese, and copper ,  i f  they  can be processed  economically. 

Ca lcu la t ions  i n d i c a t e  t h a t  a l a r g e  u n i t  (e .g. ,  

The material 
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Another t o t a l -  flow concept  is t h e  h e l i c a l  r o t a r y  screw expander 

which expands t h e  vapor from h o t  s a t u r a t e d  l i q u i d s  by continuous pres-  

s u r e  r educ t ion  i n  t he  expanding screw, i n  e s sence  c r e a t i n g  an  i n f i n i t e  

series o f  f l a s h i n g  s t a g e s .  A small 62.5 kV pro to type  model was t e s t e d  

s u c c e s s f u l l y  w i t h  moderate s a l i n i t y  geo f lu ids  w i t h  i n d i c a t i o n s  t h a t  i t  

can a c c e p t  t h e  t o t a l  flow of u n t r e a t e d  b r i n e s .  

t he  b l a d e l e s s  t u r b i n e ,  i n  which a series of c lose ly- spaced  d i s k s  are 

r o t a t e d  by v i scous  drag  e x e r t e d  by g e o f l u i d s  in t roduced by a nozz le .  

The device  seems s imple  and s e l f - c l e a n i n g ,  b u t  the o v e r a l l  e f f i c i e n c y  

may be s m a l l .  

S t i l l  ano the r  concept  i s  

Inc reased  e x t r a c t i o n  e f f i c i e n c y  r e p r e s e n t s  a major means t o  stimu- 

late geothermal energy  product ion ,  e s p e c i a l l y  f o r  non-hydrothermal reser- 

v o i r  systems. C a l c u l a t i o n s  show t h a t  hot- water  r e s e r v o i r s  c o n t a i n  a 

l a r g e r  amount o f  a v a i l a b l e  energy than s t e m - f i l l e d  r e s e r v o i r s  under t he  

same r e s e r v o i r  cond i t ions  because o f  t h e  much l a r g e r  mass of  water; b u t  

i n  e i t h e r  system, t he  h e a t  conta ined  in  the rock  formation is much 

l a r g e r  than  t h e  heat i n  t h e  f l u i d s .  

h e a t  would be of major economic s i g n i f i c a n c e .  E x t r a c t i o n  of formation 

heat must be a non- isothermal  p rocess ,  which can be achieved e i t h e r  by 

f l a s h i n g  geothermal l i q u i d s  t o  steam w i t h i n  t h e  formation o r  by r ecyc l -  

i n g  c o l d e r  f l u i d s  back i n t o  t h e  formation.  

and t h e o r e t i c a l  c a l c u l a t i o n s  o f  r e s e r v o i r  models are underway t o  d e t e r -  

mine the  e x t e n t  of  h e a t  e x t r a c t i o n  from f r a c t u r e d  r e s e r v o i r  format ions .  

Thus recovery  of t h e  formation 

Laboratory i n v e s t i g a t i o n s  

The n a t u r a l  e x t r a c t i o n  e f f i c i e n c y  o f  energy  from imperneable h o t  

d r y  rock  formations i s  ext remely  small. 

p e r  10 km o f  t h e  e a r t h l s  c r u s t  r e p r e s e n t s  a major p o t e n t i a l  r e source  of  

And y e t  h o t  d ry  rock i n  the up- 
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geothermal energy.  

c a l c u l a t e d  f o r  average expected  p r o p e r t i e s  and p o s s i b l e  t e c h n i c a l  e x t r a c -  

t i o n  e f f i c i e n t s ,  i s  of the  o rder  of  1 . 2  x 10 

The vo lumet r i c  energy e x t r a c t a b l e  from h o t  d ry  rock ,  

9 3 kWh/km of f r a c t u r e d  rock ,  

e q u i v a l e n t  t o  a vo lumet r i c  power e x t r a c t i o n  of 1 .4  M w / h  3 f o r  one cen tu ry .  

The t e c h n i c a l  cha l l enge  i s  the  a b i l i t y  t o  f r a c t u r e  such volumes of  h o t  

rock massives and achieve  an  e x t r a c t i o n  e f f i c i e n c y  of t h e  o rder  of 

10 p e r c e n t .  

F r a c t u r e  s t i m u l a t i o n  methods are u s e f u l  f o r  many types of geothermal 

r e s e r v o i r s .  

ing  p r e s s u r e  o r  connect  d r y  ho les  i n  commercial steam f i e l d s  t o  producing 

s e c t i o n s .  I n  l iquid-dominated systems l ack ing  s u f f i c i e n t  p r o d u c t i v i t y  

f o r  economic power g e n e r a t i o n ,  f r a c t u r e  s t i m u l a t i o n  may provide  l a r g e r  

wel lbore  diameter  f o r  inc reased  flow rate, g r e a t e r  s u r f a c e  area f o r  h e a t  

t r a n s f e r ,  o r  r e s t o r e  p o r o s i t y  o r  p e r m e a b i l i t y  around w e l l s  having depos- 

i t e d  s i l i c a ,  c a l c i t e ,  o r  o t h e r  p r e c i p i t a t e d  minera l s .  In  d ry  geothermal 

systems,  s t i m u l a t i o n  is needed t o  provide  l a r g e  f r a c t u r e  volumes f o r  

h e a t  t r a n s f e r  t o  a n  a r t i f i c i a l  convect ive  e x t r a c t i o n  system. 

I n  vapor-dominated systems,  s t i m u l a t i o n  may r e s t o r e  dec l in-  

S e v e r a l  f r a c t u r i n g  methods are under s tudy;  these  inc lude  h y d r a u l i c  

f r a c t u r i n g ,  thermal s t r e s s i n g ,  and chemical  and n u c l e a r  exp los ive  f rac-  

t u r i n g .  Hydraulic and e x p l o s i v e  f r a c t u r i n g  methods have a l r e a d y  proven 

s u c c e s s f u l  i n  s t i m u l a t i o n  of n a t u r a l  gas r e s e r v o i r s .  

Experiments t o  e v a l u a t e  t h e  p o t e n t i a l  f o r  hydrau l i c  and thermal 

stress f r a c t u r i n g  f o r  recovery  of geothermal energy from h o t  d r y  rock 

formations are underway. 

c r a c k  is  c r e a t e d  h y d r a u l i c a l l y  a t  the  bottom of  a boreholde i n  the  geo- 

thermal formation.  

I n  t h i s  concept  a l a r g e  diameter  v e r t i c a l  

A second ho le  is  d r i l l e d  t o  i n t e r s e c t  the  upper p a r t  
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of t h e  f r a c t u r e ,  and a pump is used t o  i n i t i a t e  a r t i f i c i a l  heat -  

e x t r a c t i o n  c i r c u l a t i o n .  It i s  hoped t h a t  pumping can be d i scon t inued  

i f  a n a t u r a l  convect ive  c i r c u l a t i o n  is achieved.  The major t e c h n i c a l  

problems are t h e  a t t a i n m e n t  of a v e r t i c a l  crack of about  2 km diameter  

w i t h  s u f f i c i e n t  f r a c t u r e  area, the  c r e a t i o n  of a d d i t i o n a l  f r a c t u r e  

area by thermal stress of co ld  water i n j e c t i o n ,  and the  a b i l i t y  t o  

achieve  a n a t u r a l  convect ive  c i r c u l a t i o n  wi thou t  undue l o s s e s  of 

water, e s p e c i a l l y  i n  a r i d  reg ions .  C a l c u l a t i o n s  i n d i c a t e  t h a t  under 

f avorab le  c o n d i t i o n s ,  the  system might provide  a n  average power of 

about  100 MW ( thermal)  f o r  twenty y e a r s .  

INSTITUTIONAL ASPECTS 

Although much remains t o  be done i n  l o c a t i n g  adequate r e s e r v e s  

and developing adequate technology t o  meet the  goa l s  f o r  e x p l o i t i n g  

the  Na t ion ' s  geothermal r e s o u r c e s ,  t h e r e  is g r e a t  confidence t h a t  these  

w i l l  be achieved.  These problems involve  advances i n  p h y s i c a l  r e s e a r c h  

and technology.  I n s t i t u t i o n a l  problems however, a l s o  ex is t .  Such 

problems are complex; they involve  p u b l i c  acceptance ,  ves ted  i n t e r e s t s ,  

h i s t o r i c a l  p receden t s ,  e x i s t i n g  r e g u l a t i o n s  from o t h e r  r esources ,  over- 

lapping j u r i s d i c t i o n s ,  and economic and f i n a n c i a l  f a c t o r s .  These prob- 

lems are o f t e n  more d i f f i c u l t  t o  r e s o l v e  than are eng inee r ing  problems, 

and they may i n  the  long run be the  major c o n s t r a i n t s  t o  an a c c e l e r a t e d ,  

b u t  o r d e r l y  development of  geothermal r esources .  The s o l u t i o n s  t o  many 

i n s t i t u t i o n a l  problems may r e q u i r e  broad p u b l i c  i n t e r a c t i o n ,  changes i n  

r e g u l a t i o n s  and l e g i s l a t i o n ,  and perhaps changes i n  t r a d i t i o n a l  inves t -  

ment and marketing procedures .  
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Economic f a c t o r s  a f f e c t  a l l  forms of energy supply;  they involve  

t o t a l  c a p i t a l  c o s t s  p e r  i n s t a l l e d  power u n i t  and o p e r a t i o n a l  c o s t s  p e r  

u n i t  o f  energy product ion .  

f a c t o r s  are s t r o n g l y  dependent on t h e  s p e c i f i c  c h a r a c t e r i s t i c s  of  i n d i -  

vi.dua1 r e s e r v o i r s  and t h e  s ize  of  t h e  i n s t a l l e d  power p l a n t  u n i t s .  

Important  c a p i t a l  c o s t s  inc lude  the  investments  f o r  e x p l o r a t i o n ,  d r i l l -  

irLg and completion of  w e l l s ,  ga the r ing  l i n e s  and waste handl ing  systems 

f o r  a l l  u t i l i z a t i o n s .  For  thermal energy  a p p l i c a t i o n s ,  they a l s o  in-  

c lude  t h e  d i s t r i b u t i o n  system, and f o r  e l e c t r i c  power product ion ,  they  

inc lude  t h e  power p l a n t s  and t h e  t ransmiss ion  network. The product ion  

c o s t s  are inf luenced  by t h e  c o s t  o f  c a p i t a l ,  ope ra t ions  and maintenance, 

and p l a n t  u t i l i z a t i o n  f a c t o r .  I n  t he  United S t a t e s ,  a d d i t i o n a l  c o s t s  

must a l s o  be added f o r  environmental  p o l l u t i o n  c o n t r o l .  

For  geothermal energy ,  bo th  of t hese  c o s t  

F a c t u a l  c o s t  d a t a  f o r  geothermal e lec t r ic  power product ion  i n  t h e  

United S t a t e s  are a v a i l a b l e  on ly  f o r  t h e  Geysers f i e l d .  The e l e c t r i c  

u t i l i t y  purchases steam from on ly  one s u p p l i e r ,  bu t  has n e g o t i a t e d  t o  

purchase steam f o r  f u t u r e  p l a n t s  from a d d i t i o n a l  s u p p l i e r s .  I n  t h e  

development of f u t u r e  geothermal power s t a t i o n s ,  a n  op t ion  e x i s t s  f o r  

a n  i n t e g r a t e d  ope ra t ion  from e x p l o r a t i o n  t o  power product ion  i n  c o n t r a s t  

t o  t h e  t r a d i t i o n a l  r o l e s  of a n  e l e c t r i c  u t i l i t y  purchas ing  steam o r  h o t  

water from an  independent s u p p l i e r .  The gene ra l  e f f e c t  would be a n  in-  

c reased  investment  c o s t  p e r  k i l o w a t t  hour o f  energy.  

Data f o r  c o s t s  o f  r ecen t ly- cons t ruc t ed  power p l a n t  u n i t s  a t  t h e  

Geysers are s p a r s e ,  b u t  estimates f o r  t h e  o r i g i n a l  p l a n t s  range from 

about  $100 t o  $150 p e r  kW. Product ion  c o s t s  were e s t ima ted  a t  abou t  

7 mill/kWh of  which about  3.5 mill/kWh w a s  t h e  p r i c e  o f  the purchased 

steam. These estimates inc luded a c o s t  of  0.5 mill/kWh fo r  i n j e c t i o n  
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of water condensate as a d i s p o s a l  method. 

c o n s t r u c t i o n ,  and environmental  r e p o r t i n g  c o s t s  over  the  p a s t  few y e a r s ,  

t hese  c o s t  va lues  are n o t  u s e f u l  f o r  e s t i m a t i n g  c o s t s  o f  new f a c i l i t i e s ,  

e s p e c i a l l y  f o r  r e s e r v o i r s  which do n o t  produce d r y  steam. 

mates i n d i c a t e  i n s t a l l a t i o n  c o s t s  may range from $500 t o  $700 p e r  kW 

and o p e r a t i n g  c o s t s  f o r  b i n a r y  conversion systems of  t he  o r d e r  of  20 t o  

40 mill/kWh. 

c o s t s  w i l l  be genera ted  as o t h e r  major r e s e r v o i r s  and p l a n t s  are devel-  

oped and opera ted .  A l a r g e  u n c e r t a i n t y  i n  t he  t o t a l  c o s t  is t h e  f i x e d  

e x p l o r a t i o n  c o s t  f o r  t he  r e source ,  which is  independent of p l a n t  capac- 

i t y ,  and t h e  average d r i l l i n g  c o s t s  o f  t h e  product ion ,  d r y ,  and i n j e c t i o n  

w e l l s .  

sou rce  and u t i l i z a t i o n  c o s t s  are under development. 

With e s c a l a t i o n  of  d r i l l i n g ,  

Recent es t i -  

These c o s t s ,  o f  cou r se ,  are h y p o t h e t i c a l ,  and more p r e c i s e  

Computer models t o  e v a l u a t e  t h e  r e l a t i v e  importance of  t hese  re- 

Because of  l a r g e  u n c e r t a i n t i e s  i n  t h e  t e c h n i c a l  c o s t s  o f  explora-  

t i o n  and d r i l l i n g ,  conversion e f f i c i e n t s ,  and s t i m u l a t i o n  techEiques ,  

and because of  t h e  r a p i d  e s c a l a t i o n  rate of  these c o s t s ,  it is d i f f i c u l t  

n o t  on ly  t o  estimate c o s t s  on a n  a b s o l u t e  b a s i s ,  b u t  even t o  compare 

c o s t s  of  o t h e r  forms of  e l ec t r i c  power gene ra t ion .  

a f f e c t e d  by these  t e c h n i c a l  f a c t o r s ,  o t h e r  f a c t o r s  more s o c i a l  i n  

n a t u r e  must be cons idered .  

ment s t imu lus  f o r  a c c e l e r a t i n g  t h e  development of  geothermal energy i n  

r e l a t i o n  t o  o t h e r  energy sou rces ,  t he  i n t e r p r e t a t i o n  of  compliance w i t h  

t h e  Na t iona l  Environmental P r o t e c t i o n  A c t  of 1969, and t h e  a v a i l a b i l i t y  

of investment  c a p i t a l  f o r  development of geothermal resources  and elec- 

t r i c  and thermal  power p l a n t s .  

much p u b l i c  and government d e l i b e r a t i o n  be fo re  gene ra l  ph i lo soph ie s  are 

widely  accepted  i n  p r a c t i c e .  

Besides t h e  c o s t s  

Among t h e s e  are p u b l i c  acceptance and govern- 

These socio-economic f a c t o r s  may r e q u i r e  
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Although geothermal energy is considered t o  be one o f  the  least pol- 

l u t i n g  o f  t h e  many forms of energy a v a i l a b l e ,  i t  should be assumed t h a t  

the  p u b l i c  w i l l  i n s i s t  t h a t  the  environmental  impact of  producing geo- 

thermal energy i n  a l l  of i t s  n a t u r a l  and s t i m u l a t e d  forms, be thoroughly 

i n v e s t i g a t e d  i n  accordance w i t h  NEPA and any a d d i t i o n a l  requirements 

under s tate  and l o c a l  l e g i s l a t i o n .  Furthermore,  i n  a d d i t i o n  t o  environ-  

mental  impact, i t  is a l s o  e v i d e n t  t h a t  assessment w i l l  be r e q u i r e d  of 

the  o p e r a t i o n a l  a s p e c t s  of the  v a r i o u s  types  of  r e sources  which a f f e c t  

personnel  s a f e t y  and p l a n t  maintenance.  

I n  the  e v a l u a t i o n  o f  a b e n e f i t - r i s k  a n a l y s i s ,  geothermal energy is  

expected  t o  compare favorab ly  w i t h  r e s p e c t  t o  o t h e r  energy r e s o u r c e s ,  

e s p e c i a l l y  when viewed over  the  e n t i r e  f u e l  c y c l e .  

energy must be u t i l i z e d  o r  converted i n  the  v i c i n i t y  of  t h e  resource ,  

t h e  e n t i r e  " f u e l  cycle"  from r e s e r v o i r  t o  t ransmiss ion is  loca ted  a t  one 

s i t e .  

vo lves  mining,  s t o r a g e ,  r e f i n i n g ,  t r a n s p o r t a t i o n ,  r ep rocess ing ,  and 

waste d i s p o s a l ,  many o r  a l l  of these  a t  d i f f e r e n t  l o c a t i o n s .  

more, inc reased  u t i l i z a t i o n  of geothermal energy may r e s u l t  i n  a cor-  

respondingly  reduced demand f o r  material f u e l s  i n  s h o r t  supply ,  such as 

n a t u r a l  g a s ,  o i l ,  c o a l ,  and uranium. 

f l u i d s  may provide  byproduct  sources  o f  water wi th  reduced demand f o r  

coo l ing  water. 

Since  geothermal 

This is i n  c o n t r a s t  w i t h  material f u e l s  i n  which the cyc le  in-  

Fur the r-  

And s t i l l  f u r t h e r ,  geothermal 

Geothermal energy,  n e v e r t h e l e s s ,  has i t s  a r r a y  of p o t e n t i a l l y  

d e l e t e r i o u s  environmental  impacts.  

impacts is g iven  i n  Table 7 .  

r e c e n t l y  been completed i n  a workshop sponsored by the Nat ional  Science  

A l i s t  of  p o t e n t i a l  environmental  

A review of  t h e  more impor tant  ones has  
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Foundation (see [ 7 ]  i n  Bibl iography) as t h e  b a s i s  f o r  a program t o  sup- 

p o r t  r e s e a r c h  f o r  b a s e l i n e  d a t a  and technology f o r  moni tor ing  p o t e n t i a l  

impacts and c o n t r o l l i n g  a c t u a l  hazards .  The major impacts inc lude  

gaseous emiss ions ,  l i q u i d  waste d i s p o s a l ,  and geophys ica l  e f f e c c s  such  

as s e i s m i c i t y  and subs idence .  Other  concerns involve  thermal releases, 

s u r f a c e  water contaminat ion ,  land use  p lanning ,  coo l ing  water consump- 

t i o n ,  and v i s u a l  and n o i s e  p o l l u t i o n .  

An a r r a y  of l e g a l  problems a s s o c i a t e d  w i t h  geothermal r e source  

development a l s o  ex is ts ,  

sponsored by the Na t iona l  Sc ience  Foundation (see [8] i n  Bib l iography) .  

The l e g a l  problems o f  geothermal r e sources  begin  wi th  r e source  

These have been reviewed i n  ano the r  workshop 

d e f i n i t i o n ,  which varies from state  t o  state. 

f o r n i a  geothermal r e sources  are de f ined  as “ t h e  n a t u r a l  h e a t  o f  t h e  

e a r t h ,  t he  energy--which may be e x t r a c t e d  from n a t u r a l l y  hea ted  f l u i d s - -  

b u t  exc luding  o i l ,  hydrocarbon gas  o r  o t h e r  hydrocarbon subs tances .”  

This  d e f i n i t i o n  leaves  open t h e  q u e s t i o n  whether geothermal r e sources  

are l e g a l l y  def ined  as water, m i n e r a l ,  o r  gas r e sources ,  and r e s u l t s  i n  

l a r g e  u n c e r t a i n t y  w i t h  r e s p e c t  t o  F e d e r a l ,  s ta te ,  and l o c a l  j u r i s d i c t i o n s .  

On t h e  o t h e r  hand, t h e  S ta te  o f  H a w a i i  cons ide r s  geothermal r e sources  as 

m i n e r a l s ,  whereas t h e  S t a t e  o f  Wyoming has  dec l a red  them water r e sources .  

A s  water r e sources ,  they  would be  s u b j e c t  t o  t h e  ve ry  complicated set of 

s tate laws concerning water r i g h t s  and r e g u l a t i o n .  

would be s u b j e c t  t o  mining laws and such  problems as ownership, d e p l e t i o n  

a l lowances ,  and w r i t e - o f f  o f  i n t a n g i b l e  d r i l l i n g  c o s t s .  

sou rces  have a l r e a d y  been c l a s s i f i e d  i n  c o u r t  dec i s ions  i n  d i f f e r e n t  

ways. I n  one case a U.S. District Court  i n  San Francisco  t r e a t e d  t h e  

For example, i n  C a l i -  

As minerals, they  

Geothermal re- 

- 24 - 



Geysers geothermal r e source  as "nothing more than  superhea ted  water" and 

t h e r e f o r e  n o t  a mine ra l ,  b u t  i n  ano the r  case, t h e  r e source  w a s  he ld  t o  be 

a gas  w i t h i n  t h e  meaning of the  I n t e r n a l  Revenue Code p rov i s ions  f o r  de- 

p l e t i o n  al lowance and i n t a n g i b l e  d r i l l i n g  c o s t s .  

Ownership r i g h t s  is  a l s o  a s e r i o u s  i n s t i t u t i o n a l  problem. The Fed- 

eral  government has  given some 35 m i l l i o n  acres of  land  t o  t h e  home- 

s t e a d e r s  y S t a t e s  , and r a i l r o a d s  , b u t  g e n e r a l l y  reserved  t h e  mine ra l  

r i g h t s  t o  t h e  Fede ra l  government. However some S t a t e  g r a n t s  included 

mine ra l  r i g h t s  and thus  many problems ex is t  i n  t h e  ownership a s p e c t s  o f  

F e d e r a l  and S t a t e  l ands  under t h e  l e a s i n g  of  t hese  lands  f o r  geothermal 

energy  development. 

comes under t h e  j u r i s d i c t i o n  o f  l o c a l  governments, excep t  f o r  r e sources  

on S t a t e  o r  Fede ra l  lands .  

Land u t i l i z a t i o n  f o r  geothermal r e sources  a l s o  

Other  i n s t i t u t i o n a l  ques t ions  a t  t h e  S t a t e  l e v e l  inc lude  t h e  acreage  

l e v e l  f o r  commercial development, t h e  need f o r  long-range f i n a n c i a l  and 

land use  p lanning ,  and the  over lapping  o f  S t a t e  r e g u l a t o r y  agencies  w i t h  

each  o t h e r  and w i t h  j u r i s d i c t i o n s  o f  l o c a l  governments f o r  pe rmi t s ,  li- 

cences ,  t a x a t i o n ,  and e s p e c i a l l y  environmental  c o n t r o l .  The la t te r  may 

be a f f e c t e d  a t  t h e  Fede ra l ,  S t a t e ,  r e g i o n a l ,  county,  o r  c i t y  government 

l e v e l s .  

such  agenc ie s  as a Regional Land Development Commission and a County A i r  

P o l l u t i o n  Cont ro l  Board. 

For  example, i n  some areas, a u t h o r i t y  may be  d iv ided  between 

The i n s t i t u t i o n a l  a s p e c t s  o f  l i c e n s i n g  and r e g u l a t i o n  of  power 

p l a n t s  is  ve ry  complicated;  they  cover  t he  spectrum from Fede ra l  t o  l o c a l  

j u r i s d i c t i o n s .  

d r i l l i n g  and o p e r a t i o n  o f  water and mine ra l  w e l l s  i n  a l l  s tates .  

Regulat ions a l r e a d y  exist  w i t h  r e s p e c t  t o  t h e  e x p l o r a t i o n ,  

The 
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e x t e n s i o n  t o  geothermal w e l l s  should be r e l a t i v e l y  s imple .  

t o  s a t i s f y  t h e  p r o v i s i o n s  of NEPA and any s p e c i f i c  S t a t e  environmental  

requirements  may make geothermal r esource  development a slow process .  

For example, i n  C a l i f o r n i a ,  t h e  S t a t e  Lands Commission, b e f o r e  it can 

lease any l ands  under i t s  j u r i s d i c t i o n s ,  must make a f i n d i n g  a t  a p u b l i c  

meeting t h a t  the  lease w i l l  n o t  have s i g n i f i c a n t  d e t r i m e n t a l  environ-  

menta l  e f f e c t  and must p repare  an environmental  impact r e p o r t  a v a i l a b l e  

t o  the  l e g i s l a t u r e  and the  p u b l i c .  The corresponding problems of en- 

vi ronmenta l  impact from geothermal r esources  i n  p r i v a t e  lands  are n o t  

y e t  f u l l y  r e s o l v e d .  

Yet the  need 

Once the  f i e l d  is  developed t o  the  p o i n t  where a u t i l i t y  c o n t r a c t s  

t o  purchase t h e  resource  and c o n s t r u c t  a power p l a n t ,  o t h e r  r e g u l a t o r y  

agenc ies  come i n t o  t h e  p i c t u r e ,  such as t h e  Federa l  Power Commission and 

corresponding s tate and l o c a l  agenc ies .  S i t e  s e l e c t i o n  and environ-  

menta l  a n a l y s i s  c r i t e r i a  are becoming of  major importance i n  power p l a n t  

l i c e n s i n g  f o r  a l l  types  o f  energy resources  and t h e i r  e f f e c t  on geo- 

thermal energy development w i l l  probably be determined by s o l u t i o n  o f  

t h e s e  problems on a g e n e r i c  b a s i s ,  r a t h e r  than s p e c i f i c a l l y  f o r  geo- 

thermal  energy a lone .  

I n s t i t u t i o n a l  problems thus  involve  many s o c i a l ,  l e g a l ,  environmen- 

t a l ,  and economic q u e s t i o n s .  The problems become more complex f o r  land 

use  p lann ing  when geothermal r esources  span Federa l  , state  , and p r i v a t e  

l a n d s .  

ment which may be considered t o  be h i g h - r i s k  and involve  long-delay t i m e s  

u n t i l  they become income producing.  They involve  i n t e r -  i n d u s t r y  ar range-  

ments when m u l t i  o r  t o t a l  u t i l i z a t i o n  is needed t o  suppor t  economic 

They involve  c a p i t a l  investment problems f o r  geothermal develop- 

- 26 - 



development of e l e c t r i c  power g e n e r a t i o n ,  thermal power h e a t i n g ,  desa l -  

i n a t i o n  and minera l  recovery.  

ments i n  the  realms of r e g u l a t i o n ,  l i c e n s i n g ,  and environmental  c o n t r o l .  

And they involve  multi-government ar range-  

NATIONAL GEOTHERMAL PROGRAM 

Although s i g n i f i c a n t  growth of  the  one n a t u r a l  steam f i e l d  i n  t h e  

United S t a t e s  has  occurred s i n c e  1960, i t  has  become apparent  t h a t  a 

major n a t i o n a l  e f f o r t  o f  i n d u s t r i a l  development suppor ted  by Federa l  

s t i m u l a t i o n  is  needed t o  develop the  p o t e n t i a l  of geothermal r esources  

i n  i t s  s e v e r a l  forms as an a l t e r n a t e  energy source .  E a r l y  e f f o r t s  t o  

ach ieve  a coordinated  Federa l  program f o r  the  suppor t  of r e s e a r c h  and 

development were undertaken by an informal  In teragency Panel  f o r  Geo- 

thermal  Energy Research. From these  e f f o r t s  evolved a 5-year  program 

whose o b j e c t i v e  w a s  the  r a p i d  development of  a v i a b l e  geothermal in-  

d u s t r y  f o r  the  u t i l i z a t i o n  of geothermal r esources  f o r  e l e c t r i c  power 

p roduc t ion  and o t h e r  products .  

were prepared by the  In te ragency  Task Force on Geothermal Energy under 

d i r e c t i o n  of the  Na t iona l  Science  Foundation i n  t h e  Federa l  Energy Ad- 

m i n i s t r a t i o n  " P r o j e c t  Independence Bluepr in t"  (see [ 91 i n  Bibl iography) .  

The t a s k  fo rce  eva lua ted  two a l t e r n a t e  s t r a t e g i e s .  

" business- as-usual"  which assumed c o n t i n u a t i o n  of c u r r e n t  p o l i c i e s  af- 

f e c t i n g  l e v e l s  of geothermal p roduc t ion .  

demand" which assumed s p e c i f i c  changes t h a t  would resul t  i n  a more r a p i d  

expansion of p o t e n t i a l  product ion.  

The goa l s  and p l a n s  f o r  t h i s  program 

The f i r s t  was 

The second was " acce le ra ted  

The t a s k  f o r c e  es t ima ted  t h a t  under t h e  "business-as-usual ' '  assump- 

t i o n s ,  

59,000 

electric power c a p a c i t y  could reach  4000 Mwe by 1985 and perhaps 

MWe by 1990. The corresponding numbers f o r  the  " acce le ra ted  
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demand" assumptions were 20,000 t o  30,000 MMe by 1985 and 100,000 MWe by 

1990. These l a t t e r  va lues  were adopted as the  primary goal  o f  a pro- 

posed Na t iona l  Geothermal Energy Research Program, which was d i r e c t e d  

towards 

the  economics of  geothermal power p roduc t ion ,  (2) expanding t h e  knowledge 

of r ecove rab le  r e sources  of  geothermal energy ,  and 

f u l l y  r e sea rched  p o l i c y  op t ions  t o  ass is t  i n  r e s o l v i n g  environmental ,  

l e g a l ,  and i n s t i t u t i o n a l  problems. 

(1) provid ing  the  necessary  t echno log ica l  advances t o  inprove 

(3) provid ing  care- 

The major  r e s e a r c h  funding agenc ie s  which con t r ibu ted  t o  t he  t a s k  

fo rce  program were t h e  Atomic Energy Commission, t h e  Department of the  

I n t e r i o r ,  and the  Nat ional  Science Foundation which served  as lead  

F e d e r a l  Agency. 

from these  agencies  i s  desc r ibed  i n  t h e  proceedings of a conference on 

r e s e a r c h  f o r  t h e  development of geothermal energy resources  (see [ l o ]  

i n  Bib l iography) .  

During 1974,  two a c t s  of Congress r e s u l t e d  i n  a marked change i n  

The s t a t u s  of  t h e  r e s e a r c h  c a r r i e d  o u t  under suppor t  

d i r e c t i o n  f o r  t h e  n a t i o n a l  development o f  geothermal energy.  

was PL 93- 410, t h e  Geothermal Energy Research,  Development , and Demon- 

s t r a t i o n  A c t  of 1974, which e s t a b l i s h e d  a Geothermal Energy Coordinat ion 

and Management P r o j e c t .  

management and coord ina t ion  of a n a t i o n a l  geothermal development program 

which included e f f o r t s  to: (1) determine and e v a l u a t e  the geothermal 

r e sources  of t h e  United S t a t e s ;  (2) suppor t  t he  necessary  r e s e a r c h  and 

development f o r  e x p l o r a t i o n ,  e x t r a c t i o n ,  and u t i l i z a t i o n  technologies ;  

(3)  provide  demonstrat ion of a p p r o p r i a t e  technologies ;  and 

and implement t h e  loan  guarantee  program au tho r i zed  i n  T i t l e  I1 of t h e  

Act .  

The f i r s t  

The P r o j e c t  w a s  g iven  r e s p o n s i b i l i t y  f o r  t h e  

(4) organize  
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The sec.ond l a w  was PL 9 3 - 4 3 8 ,  t h e  Energy Reorganiza t ion  Act of  1974,  

which e s t a b l i s h e d  t h e  Energy Research and Development Admin i s t r a t ion ,  

ERDA, w i t h  r e s p o n s i b i l i t y  as l ead  Fede ra l  agency f o r  a c t i v i t i e s  related 

t o  R&D of  all energy  sources .  The A c t  abo l i shed  t h e  AEC and t r ans-  

f e r r e d  t h e  geothermal development f u n c t i o n  of  t h e  AEC and NSF t o  ERDA. 

On January  19, 1975, ERDA assumed r e s p o n s i b i l i t y  f o r  t h e  n a t i o n a l  pro- 

gram of geothermal energy development. It has a l s o  assumed d i r e c t i o n  o f  

t h e  Geothermal Energy Coordinat ion and Management P r o j e c t  which has com- 

p l e t e d  the  F i n a l  Report r equ i r ed  by PL 93-410 (see [ l l]) .  I n  a d d i t i o n ,  

ERDA, i n  response t o  Congressional  requirements  and i n t e r n a l  needs ,  pre-  

pared a comprehensive R ,DW p l a n  (see [ 1 2 ] )  f o r  developing energy tech-  

nology o p t i o n s .  

p redecesso r  p l a n s  o f  t he  Task Force f o r  Geothermal Energy and the Geo- 

thermal  P r o j e c t  and has based the g o a l  f o r  t h e  n a t i o n a l  program on the  

r a t i o n a l  g iven  i n  Volume 2 of t h e  P lan .  

The geothermal s e c t i o n  of t he  p l a n  b u i l t  upon the 

The o b j e c t i v e s  be ing  cons idered  i n  t h e  ERDA program f o r  geothermal 

energy inc lude  methods t o  s t i m u l a t e  t h e  i n d u s t r i a l  development o f  ind ige-  

nous hydrothermal r e sources  t o  provide  t h e  Nation w i t h  10,000 t o  15,000 

MW of e lec t r ic  power and thermal  energy  du r ing  t h e  1985 t o  1990 pe r iod  

and t o  develop new and improved t echno log ie s  f o r  c o s t - e f f e c t i v e  and 

environmentally-acceptable u t i l i z a t i o n  of  a l l  types  of geothermal re- 

sources  as a long- term a l t e r n a t e  source  o f  energy.  

The s t r a t e g y  of t h e  program which might  accomplish such o b j e c t i v e s  

would be t o  accelerate i n d u s t r i a l  development o f  t he  n a t i o n ' s  geothermal  

r e sources  by (1) coord ina t ing  e f f o r t s  f o r  e x p l o r a t i o n  and assessment  

of  geothermal r e sources  necessary  t o  e s t a b l i s h  r e se rves  by 1978-1980 

which can  suppor t  product ion  of  20,000 t o  30,000 o f  power, 
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(2) demonstrat ing near- term and advanced technologies  needed t o  u t i l i z e  

many types  of  geothermal resources  i n  a c o s t - e f f e c t i v e  and environmental ly-  

a c c e p t a b l e  manner, and (3) f o s t e r i n g  r a p i d  development of  a v i a b l e  geo- 

thermal i n d u s t r y  by a p p r o p r i a t e  i n c e n t i v e s ,  t ime ly  r educ t ion  of  i n s t i t u -  

t i o n a l  impediments, and d i r e c t  p a r t i c i p a t i o n  of t he  p r i v a t e  s e c t o r  i n  

development and demonstrat ion of  geothermal energy technology. 

Although ERDA assumes o v e r a l l  r e s p o n s i b i l i t y  f o r  e f f e c t i v e  manage- 

ment and coord ina t ion  of  Fede ra l  geothermal  a c t i v i t i e s ,  t h e  scope of  t he  

Fede ra l  program inc ludes  the  e f f o r t s  of  many Federa l  agencies .  The 

Geothermal Steam A c t  o f  1970 au tho r i zed  the  Department of  t h e  I n t e r i o r  t o  

lease Fede ra l  lands  f o r  geothermal r e source  e x p l o r a t i o n ,  development, and 

product ion  of energy and u s e f u l  byproducts  (such as methane, d e s a l i n a t e d  

water, and va luab le  mine ra l s ) .  

Bureau of  Land Management which is r e s p o n s i b l e  for s e l e c t i n g  lands  f o r  

lease and hold ing  lease sales and the  U.S. Geological  Survey which 

c l a s s i f i e s  t he  lands  by appra i sed  va lue .  

The l e a s i n g  program is  conducted by t h e  

The U.S. Geologica l  Survey ' s  geothermal r e s e a r c h  program i s  focused 

on t h e  c h a r a c t e r i z a t i o n  end d e s c r i p t i o n  o f  t h e  n a t u r e  and e x t e n t  o f  t h e  

geothermal r e sources  of  t he  United S t a t e s .  The ou tpu t  o f  t h e  U.S. Geo- 

l o g i c a l  Survey's  program is  the  de terminat ion  of t he  magnitude o f  t h e  

geothermal resource  base on a n a t i o n a l  and r e g i o n a l  b a s i s .  

program inc ludes  development o f  e x p l o r a t i o n  technology, methodology f o r  

e s t i m a t i n g  energy p o t e n t i a l  of geothermal sys tems,  environmental  e f f e c t s  

of  geo f lu id  withdrawal ,  and geochemical a s p e c t s  o f  r e s e r v o i r  pe rmeab i l i t y .  

The Survey ' s  

Some of t h e  problems t h a t  have r e t a r d e d  t h e  d e l i n e a t i o n  o f  t h e  

Na t ion ' s  geothermal resources  through t h e  l e a s i n g  o f  p u b l i c  lands  inc lude  
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t he  l a c k  of  r e l i a b l e  informat ion  r ega rd ing  s u i t a b l e  r e sources  , even on 

l ands  c l a s s i f i e d  as KGRAs, i n s u f f i c i e n t  requirements  €or  e a r l y  explora-  

t i o n  and development of  l ea sed  l ands ,  and lega l  problems involv ing  owner- 

s h i p  and c o n t r o l  o f  use  of  geothermal r e sources .  

program, coordina ted  e f f o r t  by ERDA and t h e  Department of t he  I n t e r i o r  

would h e l p  t o  accelerate t h e  e s t ab l i shmen t  o f  geothermal r e se rves  by 

t h e  r e source  i n d u s t r i e s .  P o t e n t i a l  a c t i o n s  inc lude  (1) a c c e l e r a t e d  

e s t i m a t i o n  by the  U.S. Geologica l  Survey of the  a v a i l a b l e  r e sources  by 

geologic  t ype ,  (2) improved technology f o r  r e source  e x p l o r a t i o n  and 

assessment  and f o r  r e s e r v o i r  e v a l u a t i o n ,  (3) e a s i n g  o f  l e a s i n g  impedi- 

ments by b e t t e r  methods f o r  des igna t ing  KGKAs and e s t a b l i s h i n g  minimum 

a c c e p t a b l e  b i d s ,  ( 4 )  i n c e n t i v e s  f o r  e a r l y  development of  leased l ands ,  

and 

p e r t a i n i n g  t o  geothermal  r e sources .  

Under a n a t i o n a l  

(5) recommendations f o r  l e g i s l a t i o n  t o  r e so lve  l e g a l  u n c e r t a i n t i e s  

The second p a r t  o f  t he  s t r a t e g y  f o r  t he  Federa l  program would ten- 

ter on ERDA e f f o r t s  f o r  demonstrat ion of  near- term and advanced systems 

f o r  r e source  u t i l i z a t i o n ,  development of suppor t ing  r e s e a r c h  and tech- 

nology,  and execu t ion  of  t h e  Fede ra l  l oan  guarantee  program. 

t i o n s  of u t i l i z a t i o n  technology could occur  as 

demonstrat ion p l a n t s  t o  provide t h e  p u b l i c  s e c t o r  w i t h  o p e r a t i o n a l  ex- 

pe r i ence  w i t h  f u l l - s c a l e  e lec t r ic  power p l a n t s  capable of  gene ra t ing  

energy  a t  des ign  product ion  c o s t  under p e r t i n e n t  environmental  and 

i n s t i t u t i o n a l  c o n d i t i o n s ,  (2) p i l o t - p l a n t  f a c i l i t i e s  t o  prove t e c h n i c a l  

f e a s i b i l i t y ,  provide  p re l imina ry  economic d a t a ,  and provide c a p a b i l i t y  

f o r  t e s t i n g  new and improved e x t r a c t i o n  and conversion systems f o r  

e l e c t r i c  power product ion ,  and 

Demonstra- 

(1) commercial-scale 

(3) f i e l d  test f a c i l i t i e s  t o  improve 
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r e s e r v o i r  assessment  technology,  e v a l u a t e  r e s e r v o i r  c h a r a c t e r i s t i c s  and 

performance, test  and e v a l u a t e  energy e x t r a c t i o n  and conversion components 

and p rocesses ,  e v a l u a t e  material c o m p a t i b i l i t y  w i t h  geothermal f l u i d s ,  

and test  environmental  c o n t r o l  technologies .  

development program could provide  f o r  development of hardware systems,  

components, p rocesses ,  and c o n t r o l  techniques f o r  i n s t a l l a t i o n  i n  t he  

demonstrat ion f a c i l i t i e s  and f i e l d  t e s t i n g  o f  r e s e r v o i r  e v a l u a t i o n  tech-  

no log ie s  f o r  t h e  range o f  r e source  types .  Suppor t ing  r e s e a r c h  and devel-  

opment program could a l s o  provide  advanced r e s e a r c h  and technology t o  t he  

geothermal i n d u s t r y  and i t s  s u p p l i e r  and suppor t  i n d u s t r i e s  f o r  improved 

p r o d u c t i v i t y  and u t i l i z a t i o n .  

A suppor t ing  research and 

Implementation of  t h e  Loan Guarantee program should be coordina ted  

w i t h  t h e  Bureau of Land Management's geothermal l e a s i n g  program and 

ERDA's r e s e a r c h ,  development, and demonstrat ion program. 

could involve ven tu re  c a p i t a l  companies, r e s e r v o i r  developers ,  and lease 

ho lde r s  t o  maximize t h e  impact o f  t h e  loan  program i n  s t i m u l a t i n g  e a r l y  

development of commercial e lec t r ic  and thermal power f a c i l i t i e s .  

Loan Guarantee program might be used p r i m a r i l y  f o r  income-producing 

p r o j e c t s ,  such as f i e l d  development and power-plant cons t ruc t ion .  

Smal le r  i n d u s t r i a l  f i rms  could b e n e f i t  from guaranteed loans  by ga in ing  

a c c e s s  t o  necessary  p r i v a t e  c a p i t a l .  Regula t ions  and procedures govern- 

ing  t h e  implementation of t he  loan  guarantee  program are c u r r e n t l y  be ing  

d r a f t e d  i n  coord ina t ion  wi th  o t h e r  Fede ra l  agenc ie s ,  such as t h e  Small  

Business Adminis t ra t ion  and t h e  Economic Development Adminis t ra t ion .  

Approved r e g u l a t i o n s  and o p e r a t i n g  procedures s e t t i n g  f o r t h  s p e c i f i c  

informat ion  requirements  t o  be m e t  by t h e  a p p l i c a n t  and cri teria govern- 

ing  the  approval  process  should be widely  pub l i c i zed  as e a r l y  as p o s s i b l e .  

The program 

The 
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The t h i r d  p a r t  o f  t h e  s t r a t e g y  of  t he  Fede ra l  program would involve  

s e v e r a l  Fede ra l  agenc ie s ,  no tab ly  the  Na t iona l  Sc ience  Foundation,  in-  

volved i n  a s s e s s i n g  environmental ,  l e g a l ,  and i n s t i t u t i o n a l  problems of  

advanced energy technology under i t s  RANN program, t h e  Environmental 

P r o t e c t i o n  Agency, involved i n  environmental  emission s t a n d a r d s ,  moni- 

t o r i n g ,  and c o n t r o l  t echno log ie s ,  and the  Fede ra l  Energy Adminis t ra t ion ,  

involved i n  i n s t i t u t i o n a l  a s p e c t s  o f  t he  n a t i o n a l  energy s i t u a t i o n .  

With t h e  mutual e f f o r t s  of  t he  F e d e r a l  program and the geothermal 

i n d u s t r y ,  t h e  a t t a inmen t  of  t he  Na t iona l  e l e c t r i c  and thermal  energy 

goa l s  f o r  geothermal resources  could add a s i g n i f i c a n t  a l t e r n a t e  energy 

sou rce  t o  t h e  n a t i o n a l  economy b e f o r e  t he  end of t h e  p r e s e n t  century .  
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