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1 .o INTRODUCTION 

Geothermal energy i s  t h e  n a t u r a l  h e a t  of the  e a r t h ,  and can be 
tapped as a c l ean ,  s a f e ,  and economical a l t e r n a t i v e  source of energy. 
Three types  of geothermal resources  (hydrothermal,  geopressured and 
hot  dry  rock)  are expected t o  be commercially exp lo i t ed  by t h e  year  
2000. Of these ,  only hydrothermal resources ,  which are underground 
accumulations of ho t  water o r  steam, are. t e c h n i c a l l y  and economically 
f e a s i b l e  f o r  e x p l o i t a t i o n  a t  t h i s  time. F igure  1 i s  a nap of t h e  
United S t a t e s  i n d i c a t i n g  known and p o t e n t i a l  hydrothermal resources .  
Some of these  resources  are  being tapped'now, but much more of t h i s  
energy resource  i s  recoverable  wi th  cu r ren t  o r  near  Curtent  
technology. Therefore ,  those resources  could make a s i g n i f i c a n t  
c o n t r i b u t i o n  both t o  inc reas ing  domestic energy s u p p l i e s  and t o  
reducing t h e  United S t a t e s '  dependence on imported o i l .  Moreover, 
they  can be used f o r  var ious  purposes: e lectr ic  power Production, 
r e s i d e n t i a l  and commercial space hea t ing  and cool ing,  i n d u s t r i a l  
urocess  h e a t ,  and a g r i c u l t u r a l  process  app l i ca t ions .  

Although no t  intended as a s ta tement  of goa l s  o r  t a r g e t s ,  energy 
p ro jec t ions  were prepared i n  conjunct ion wi th  t h e  Nat iona l  Energy 
Pol icy  Plan. With a midrange t o t a l  U.S. energy consumption i n  1990 
and 2000 of 86.2 and 93.4 quads,  r e spec t ive ly ,  geothermal e l ec t r i c  
product ion of 0.25 and 0.35 quads and d i r ec t -hea t  u se  of 0.06 and 0.2 
quads are projected.  Although these  c o n t r i b u t i o n s  would be less than  
one pe rcen t  of n a t i o n a l  energy consumption, r eg iona l  con t r ibu t ions  
are expected t o  exceed s e v e r a l  percent  i n  c e r t a i n  areas of 
Ca l i fo rn ia ,  Nevada, Hawaii, Utah, and p a r t s  of t he  Cascade Range. 
Thus, geothermal energy r ep resen t s  one of s e v e r a l  a l t e r n a t e  energy 
sources  which w i l l  p lay  an inc reas ing ly  important  r o l e  i n  t h e  U.S. 
energy fu tu re .  

The Fede ra l  government has  been a c t i v e l y  involved i n  t h e  develop- 
ment of geothermal energy s i n c e  1970, when t h e  Geothermal Steam Act 
was passed. Since then i t  has been engaged i n  the l e a s i n g  of Fede ra l  
l ands  as well as numerous r e sea rch ,  development, and demonstrat ion 
programs t o  i n v e s t i g a t e  t h e  use  of geothermal energy. This r e p o r t  
summarizes t h e  accomplishments of t h e  Federa l  government dur ing  
f i s ca l  yea r  1983, and desc r ibes  Fede ra l  geothermal energy programs. 
Table  1 p resen t s  a chronologica l  h i s t o r y  of s i g n i f i c a n t  geothermal 
energy developments. 

The o v e r a l l  o b j e c t i v e  of t h e  Fede ra l  geothermal program is t o  
respond t o  t h e  needs of p r i v a t e  i n d u s t r y  by undertaking long-term, 
high-r isk,  p o t e n t i a l l y  high-payoff R&D, t hus  enabl ing  p r i v a t e  
indus t ry  t o  undertake commercial development of geothermal resources ;  
t h e  Federa l  Government provides  an  appropr i a t e  l e v e l  of a s s i s t a n c e  
while  removing t e c h n i c a l  b a r r i e r s  t o  exp lo ra t ion  and development. 
- P r i v a t e  i n d u s t r y ' s  l ead ing  r o l e ' i n  t h e  d i r e c t  planning and construc- 
t i o n  of geothermal energy systems other t han  DOE sponsored t e s t  o r  
p i l o t  p l a n t s ,  r e f l e c t s *  t h e  Adminis t ra t ion ' s  po l icy  of r e l y i n g  on t h e  
marketplace f o r  energy i n d u s t r i a l i z a t i o n  ac t iv i t ies ,  i nc lud ing  
geo t herma 1 . 
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TABLE 1 

SIGNIFICANT EVENTS I N  THE DEVELOPPENT 
OF GEOTHERMAL ENERGY I N  THE UNITED STATES 

1894 District h e a t i n g  implemented i n  Boise, Idaho 

1900 

1916 

Hot water provided t o  homes i n  Klamath Fal ls ,  Oregon 

Power genera t ion  a t  The Geysers r e s o r t  1 

i 
1927 

1959 

1960 

1970 

1972 

F i r s t  explora tory  geothermal wells were d r i l l e d  i n  Imperial Val ley ,  
. C a l i f o r n i a  by P ioneer  Development Company 

Small p i l o t  p l a n t  opera ted  near  Niland, C a l i f o r n i a  on S i n c l a i r  
No. 1 well 

Commercial e l e c t r i c i t y  genera ted  from dry  steam a t  The Geysers, 
C a l i f o r n i a  

Geothermal Steam Act Passed (PL 91-581) 

NSF became l e a d  agency f o r  Federa l  Geothermal Programs 

1973 

1974 

USGS, AEC, NSF prepared t h e  f i r s t  Fede ra l  Geothermal Program Plan  

G o t h e m 1  RD&D Act passed (PL 93-410) which included t h e  e s t a b l i s h -  
ment 02 t h e  Geothermal Loan Guaranty Program (GLGP) 

1975 ERDA formed; Div is ion  of Geothermal Energy formed p r imar i ly  
from MSF, AEC s t a f f  

USGS re l eased  f i r s t  n a t i o n a l  geothermal resource  e s t ima tes  
and invent0 ry 



TABLE 1 

SIGNIFICANT EVENTS I N  THE DEVELOPMENT 
OF GEOTHERMAL ENERGY I N  THE UNITED STATES (Continued) 

1979 USGS re l eased  updated n a t i o n a l  geothermal resource  estimates 
and inventory 

FERC i s s u e d  r e g u l a t i o n s  (18CFR292) e s t a b l i s h i n g  hydrothermal 
geothermal resources  as a renewable resource  and geothermal 
f a c i l i t i e s  as q u a l i f y i n g  f c c i l i t i e s  

Streamlining t a s k  fo rce  recommended measures t o  speed Federa l  
l e a s i n g  t o  IGCC 

U.S. Navy awarded a c o n t r a c t  t o  develop 75 MWe a t  t h e  Cos0 
KGRA on t h e  Naval Weapons Center ,  China Lake, Ca l i fo rn ia  

F i r s t  geothermal e l e c t r i c i t y  produced from Federa l  l ands ,  a t  
The Geysers, C a l i f o r n i a  

World's f i r s t  experimental  binary cyc le  p l a n t  (10 We) b u i l t  
by indus t ry  a t  East Xesa, C a l i f o r n i a  

I s sued  t h e  f i r s t  Geothermal Loan Guarantee t o  Geothermal Food 
Processors ,  Inc., f o r  an  onion dry ing  p l an t  a t  Brady Hot 
Springs,  Nevada 

World's l a r g e s t  s i n g l e  geothermal power u n i t  (129 We) generated 
e l e c t r i c i t y  a t  The Geysers,  C a l i f o r n i a  

10 We flash-steam p l a n t  b u i l t  by indus t ry  a t  Brawley, 
C a l i f o r n i a  

F i r s t  e lec t r ic  power from a Hot D r y  Rock resource produced a t  
Fenton H i l l ,  New Mexico 

1980 

F i r s t  geothermal e thano l  p l a n t  began product ion a t  La  Grande, 
r)regon, under p r i v a t e  funding 

F i r s t  5 DOE-sponsored f i e l d  demonstrat ions o f ,  d i r e c t  hea t  
a p p l i c a t i o n s  became ope ra t iona l  

F i r s t  deep geothermal r e s e r v o i r  confirmation w e l l  d r i l l e d  i n  
A t l a n t i c  Coas ta l  P l a i n ,  n e a r  C r i s f i e l d ,  Maryland 

Crude O i l  Windfal l  P r o f i t s  Tax A c t  passed, providing tax 
c r e d i t  i n c r e a s e  f o r  geothermal equipment (PL 96-223) 

Energy Secur i ty  Act, conta in ing  T i t l e  V I ,  "The Geothermal 
Energy A c t  of 1979", passed (PL 96-294) 
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TABLE 1 

SIGNIFICANT EVENTS I N  THE DEVELOPMENT 
OF GEOTHERMAL ENERGY I N  TYE UNITED STATES (Continued) 

1981 F i r s t  U.S. geothermal e l e c t r i c  genera t ion  p l an t  ou t s ide  t h e  
48 contiguous states brought on-line i n  t h e  Puna resource  
areas i n  Hawaii 

The Insurance Company of North America began o f f e r i n g  
insurance  a g a i n s t  t h e  f i n a n c i a l  r i s k  of r e s e r v o i r  f ailrire 

The p r a c t i c a l  demonstration of genera t ing  e l e c t r i c i t y  from 
moderate-t empera t u r e  geothermal f l u i d s  was accomplished a t  
R a f t  River ,  Idaho 

A mobile well-head gene ra to r  w i th  a n e t  ou tput  of 1.6 mle was 
i n s t a l l e d  a t  Roosevel t  Hot Springs,  Utah 

IJSGS r e sea rch  d r i l l i n g  a t  Newherry Volcano, Oregon, i nd ica t ed  
f o r  t h e  f i r s t  time t h a t  temperatures  (265OC a t  3,057 f t )  
s u f f i c i e n t  f o r  e lec t r ica l  product ion e x i s t e d  i n  t h e  Cascade 
Range 

A 76 MW geothermal e l ec t r i c  powerplant was c e r t i f i e d  by the  
Fede ra l  Energy Regulatory Commission as a Qual i fy ing  Small 
Power Product ion p l a n t  us ing  a renewable energy source.  The 
p lan t  i s  t o  be cons t ruc t ed  i n  t h e  Imper ia l  Val ley,  C a l i f o r n i a  
by Republic Geothermal, Inc. Qual i fy ing  power product ion 
f a c i l i t i e s  are e n t i t l e d  t o  t h e  b e n e f i t s  s p e c i f i e d  under 
Sec t ion  210 of PURPA 

A 10 t4We f l a s h  p l a n t  u t i l i z i n g  hype r sa l ine  b r i n e  began opera- 
t i o n  a t  t h e  S a l t o n  Sea,  KGRA, C a l i f o r n i a  

An 80 MW geothermal e lectr ic  powerplant t o  be cons t ruc ted  by 
Occ iden t i a l  Geothermal, Inc. i n  Lake County, C a l i f o r n i a  and a 
49 14W geothermal e lec t r ic  powerplant t o  be cons t ruc ted  by 
Republic  Geothermal, Inc.  and t h e  Parsons Corporat ion i n  t h e  
Imperial Val ley,  C a l i f o r n i a  were c e r t i f i e d  by t h e  FERC as 
q u a l i f y i n g  faci l i t ies .  Magma Power Company and Magna Develop- 
ment Corporat ion i ssued  a pub l i c  n o t i c e  of s e l f - q u a l i f i c a t i o n  
f o r  an e x i s t i n g  11 MW geothermal powerplant l oca t ed  i n  East 
Mesa, C a l i f o r n i a  

I n  an  e f f o r t  by DO1 t o  accelerate t h e  geothermal l e a s i n g  
program, a record  16 compet i t ive  lease sales were he ld  i n  
which 578,656 acres were o f f e r e d  

1982 
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TABLE 1 

SIGNIFICANT EVENTS I N  THE DEVELOPaPIT 
OF GEOTHERMAL ENERGY I N  THE UNITED STATES (Concluded) 

USGS completed t h e  f i r s t  q u a n t i t a t i v e  n a t i o n a l  assessment of 
low-temperature ( <  90°C) geothermal resources  of t h e  United 
S t a t e s  

1983 Federa l  l e a s i n g  r e g u l a t i o n s  r e w r i t t e n  r e s u l t i n g  i n  t h e  dele-  
t i o n  of burdensome, counterproduct ive requirements 

As a r e s u l t  of continued development by t h e  e lectr ic  u t i l i t y  
i n d u s t r y  and through purchases from p r i v a t e  developers  t h e  
t o t a l  gene ra t ing  capac i ty  from geothermal resources  c u r r e n t l y  
s t a n d s  a t  1312 MWe 



The e f f i c i e n t  and t imely development of geothermal resources  
depends on t h e  coordinated e f f o r t s  of Federaf ,  s t a t e ,  and l o c a l  
governments; industry-, consumer and environmental  groups; and p r i v a t e  
c i t i z e n s .  Federa l  r e s p o n s i b i l i t i e s  and programs are d iv ided  among a 
number of agencies  whose a c t i v i t i e s  are coordinated through t h e  I n t e r -  
agency Geothermal Coordinat ing Council (IGCC) , which was e s t a b l i s h e d  
i n  1974 by PL 93-410. The IGCC br ings  toge the r  a l l  of t h e  Fede ra l  
agencies  wi th  r e s p o n s i b i l i t i e s  r e l a t e d  t o  geothermal energy develori- 
ment, and se rves  as a forum f o r  interagency program coord ina t ion  and 
informat ion  exchange. 

The IGCC c o n s i s t s  of t h e  Fede ra l  agencies  which p a r t i c i p a t e  i n  
t h e  geothermal program and i s  respons ib le  f o r  supe rv i s ing  and coordi-  
n a t i n g  t h e  a c t i v i t i e s  of t h e  Fede ra l  government commnity.  This  re- 
s p o n s i b i l i  t y  i s  s p e l l e d  out i n  t h e  Geothermal Research, Development, 
and Demonstration Act of 1974 (PL 93-410); s p e c i f i c a l l y  i t  i s  "...to 
coord ina te  those  Federa l  plans,  a c t iv i t i e s ,  and policies which are 
r e l a t e d  t o  o r  impact on geothermal energy, inc luding  a u x i l i a r y  a c t i v i -  
t i e s  of agencies  no t  represented  i n  t h e  counc i l  membership". The 
Council ,  through t h e  Chairman, may make recommendations t o  t h e  appro- 
pr ia te  agencies  and t h e  P res iden t  with regard  t o  a l e e r n a t i v e  policies 
o r  a c t i o n  considered necessary o r  d e s i r a b l e  t o  expedi te  t h e  develop- 
ment and u t i l i z a t i o n  of geothermal energy resources .  Member agencies  
inc lude  t h e  Departments of Energy, Commerce, Defense, I n t e r i o r ,  Hous- 
i ng  and Urban Developuent, Treasury and .Agr icu l ture ,  and t h e  
Environmental P r o t e c t i o n  Agency. The Federa l  Geothermal Program 
budget of t h e  member agencies  is presented i n  Table  2.  

2.0 LEASING 

The g o a l  of Federa l  geothermal l e a s i n g  a c t i v i t i e s  i s  t o  make 
lands  a v a i l a b l e  t o  i n d u s t r y  f o r  exp lo ra t ion  and development. Leasing 
is  accomplished by t h e  Bureau of Land Management, wi th  t h e  consent of 
t h e  Fores t  Serv ice  where Nat iona l  Fo res t  System Lands a re  involved. 

During FY 1983, t h e  Fede ra l  government i s sued  leases f o r  476,711 
acres. Federa l  leases are  i s sued  e i t h e r  through &he compet i t ive  o r  
non-competitive l e a s i n g  program. 

Competit ive Leasing 

. The Bureau of Land Management (BLM) conducts competi t ive geother- 
mal lease sales s e v e r a l  times each year.  A t  t h e  lease sales, p a r c e l s  
of land  loca ted  i n  Known Geothermal Resource Areas (KGRAs)  are o f fe r -  
ed t o  t h e  publ ic .  Typica l ly ,  a lease sale involves  s e v e r a l  tracts of 
land; each tract i s  b id  on sepa ra t e ly .  The h ighes t  q u a l i f i e d  b idder  

. r e c e i v e s  r i g h t s  t o  explore  and develop t h e  geothermal r e sources ,  con- 
d i t i o n e d  on compliance wi th  a p p l i c a b l e  laws, r egu la t ions ,  a n d . l e a s e  
terms of t h e  sale, and geothermal ope ra t iona l  o rde r s .  . .. 
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TABLE 2 

FEDERAL FUNDING FOR GEOTHERMAL ENERGY ($000) * 
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During FY 1953, t h e  Fede ra l  government rece ived  $7,179,969 i n  
h igh  b ids  f o r  58,182 acres l eased  through t h e  compet i t ive  process.  
Table  3 i s  a breakdown oE acreage leased  coape t i tve ly  i n  Fy 1983 on a 
s ta te -by-s ta te  b a s i s  and inc ludes  accep tab le  bonus b ids  generated 
from these  sales. Table 4 presen t s  acceptab le  bonus b ids  from 
competitve lease sales i n  N 1983 and t h e  t o t a l  f o r  a l l  years  
(1974-1983). Table 5 p r e s e n t s  t h e  t o t a l  acreage l eased  competi t ively 
by s t a t e  and year. 

Non-competitive Leasing 

Non-competitive leases are i s sued  by t h e  Federa l  government on 
land not  l o c a t e d  wi th in  a KGRA. During FY 1983, 418,529 acres were 
l e a s e d  through t h i s  process  br inging  t h e  cumulative t o t a l  f o r  lands  
l ea sed  n o n k o m p e t i t i v e l y  t o  over  4 . 5  mil l ion  acres, 

Post- lease Operat ions 

The Deputy Di rec to r ,  Energy and Mineral  Resources, RLM, i s  
r e spons ib l e  for t h e  regulat ' ion of a l l  phases of post- lease geothermal 
development on Fede ra l  leases. The l e v e l  of geothermal development 
on Federa l  leases during f i s c a l  year  1983 was cons iderably  less than  
t h e  previous year.  

There were e leven  power p l a n t s  I n  va r ious  s t a g e s  of c e r t i f i c a -  
t i o n  o r  cons t ruc t ion  a t  t h e  end of f i s c a l  year  1983. Three of t h e s e ,  
PG&E (Pacific G a s  and Electric) 816 and 620, and NCPA (Northern Cali- 
f o r n i a  Power Authori ty)  63 are loca ted  i n  The Geysers f i e l d .  Others  
are t h e  SMU9 (Sacramento Municipal Ut i l i t ies  Distr ic t )  GEO-1, t h e  
CDWR ( C a l i f o r n i a  Department of Water Resources) B o t t l e  Creek Area, 
Occidenta l  bl i n  South Geysers f i e l d ,  Magma Power Co. l l ,  and two 
more p l an t s  c e r t i f i e d  f o r  cons t ruc t ion  i n  t h e  Imper ia l  Valley.  l n  
Utah, a t  Roosevelt  Hot Spr ings ,  Utah Power and Light  and P h i l l i p s  P e t -  
roleum Company have nea r ly  completed cons t ruc t ion  of a 20 MW p lan t .  

3 .O HYDROTHERMAL RESOURCE IDENTIFICATION, ASSESSMENT AND EXPLORATION 

The United S t a t e s  Department of Energy and t h e  United S t a t e s  
Geological  Survey have s e v e r a l  programs designed t o  eva lua te  t h e  
geothermal energy p o t e n t i a l  i n  t h e  U.S. These programs are comple- 
mentary i n  na tu re  but  focus on d i f f e r e n t  a s p e c t s  of t h i s  goal.  USGS 
ac t iv i t i e s  emphasize geothermal resource  inventory  and a s ses snen t  
work; DOE a c t i v i t i e s  focus on more d e t a i l e d  s tudy of s p e c i f i c  
resource  areas. The main o b j e c t i v e s  of t h e  programs are to:  (1) 
c h a r a c t e r i z e  t h e  geologica l ,  hydro logica l ,  geochemical, and geop hy- 
sical n a t u r e  of t he  var ious  types of geothermal resources;  (2)  
estimate t h e  loca t ion ,  d i s t r i b u t i o n ,  and energy conten t  of both t h e  
p re sen t ly  i d e n t i f i e d  and t h e  undiscovered geothermal resources  of t h e  
U.S.; (3) develop resource assessment technology; . (4) conduct 
regional resource assesslIlents and national resource  i n v e n t o r i e s ,  and 
( 5 )  c o n t r i b u t e  to  t h e  confirmation of s e l e c t e d  s p e c i f i c  geothermal 
r e s e r v o i r s .  The programs also address  geoenvironmental e f f e c t s  and 
i s s u e s  d e a l i n g  w i t h  longevi ty  of geothermal systems. 



TABLE 3 

TOTAL ACREAGE LEASED COMPETITIVELY I N  E'Y 1983 

Acres Acceptable Bonus B i d s  - State 7 

7,007 $ 23,076 New Mexico 

Oregon 4,706 9,611 

California 40,568 7,141,381 

Idaho 5,901 5,901 

58,182 S 7,179,969 

1 
TABLE 4 

ACCEPTABLE BONUS BIDS - COMPETITIVE LEASE SALES 

State FY 1983 Total for a l l  years 

California * $ 7,141,381 $64,97 1,027 

- 



COMPETITIVE LEASING BY STATE, TOTAL ACREAGE LEASED, BY YEAR 

STATE 1974 - 1976 1977 1978 1979 1980 1981 1982 1983 Total for a l l  Years 

Nevada 1 20,996 36,663 9,322 24,298 20,419 15,304 

Utah 76,539 12,788 1,658 0 0 0 

New Mexico 32,564 48,065 8,767 7,063 0 13,835 

Oregon 68 ,872 0 5,818 0 32,630 0 

California 36,937 2,856 4,395 6,959 

Idaho 24,903 6,985 0 0 

Co 1 or ado 5,036 0 0 0 

10 84,914 

0 0 

0 0 

Washington 0 0 0 0 0 0 

A r  i zona 0 0 0 0 0 0 

Total Acres 
J,eased 365,847 107,357 29,960 38,320 53,059 114,053 

0 0 227,002 

9,230 0 100,215 

4,3,91 7,007 121,692 

16,411 4,706 128;438 

168,411 40,568 347,350 

1,833 5,901 39,612 

0 0 5,036 

2,307 0 2,307 

7 80 0 7 80 

203,413 58,182 972,492 

I 



Major accomplishments i n  FY 1983 included: 

0 Published t h e  f i r s t  q u a n t i t a t i v e  n a t i o n a l  assessment of 
low-temperature (less than  90°C) geothermal resources  of t h e  
United S t a t e s ,  thus  providing a b a s i s  f o r  e s t ima t ing  t h e  
p o t e n t i a l  f o r  non-e l ec t r i ca l  u ses  of geothermal. energy i n  t h e  
United S t a t e s  (USGS C i r c u l a r  892).  

0 Continued d e t a i l e d  geologic  mapping and geochronologic 
s t u d i e s  a t  s e v e r a l  .major vo lcanic  c e n t e r s  of t he  Cascade 
Range i n  t h e  P a c i f i c  Northwest. Rased on t h i s  work, a new 
geologic  map of t h e  Cascades i s  being compiled as  part of t he  
r eg iona l  assessment of t h e  l a r g e  geothermal p o t e n t i a l  t h a t  is 
i n f e r r e d  i n  t h e  Cascade Range. 

0 . Inves t iga ted  the  deep c r u s t a l  s t r u c t u r e  of t h e  Oregon 
1 Cascades us ing  seismic da ta ,  thus  de f in ing  deep reg ions  of 

magma genera t ion  and c o n t r i b u t i n g  t o  a c h a r a c t e r i z a t i o n  of 
i t h e  over ly ing  geothermal f e a t u r e s  probably r e l a t e d  t o  
! Cascades volcanism. 
i 
! 0 I n t e r p r e t e d  chemical ana lyses  of geothermal f l u i d s  from 

s i n g l e  high-temperature vapor-dominated geothermal system is 

t h i s  system feeds  ho t  sp r ings  j u s t  ou t s ide  t h e  Park. 

I Lassen Volcanic Nat iona l  Park,  Ca l i fo rn ia ,  i n d i c a t i n g  t h a t  a 

I centered  beneath t h e  Park and t h a t  a deeper hot-water p a r t  of 
~ 

I 

~ I 

I t h e  Park. 

1 

I 

I 0 Completed a numerical  modeli s tudy  of t h e  hydrothermal 
system a t  Lassen Volcanic  Nat iona l  Park,  desc r ib ing  t h e  evolu- 
t i o n  of t h e  present-day system and t h e  e f f e c t s  on s u r f i c i a l  
thermal  f e a t u r e s  of p o t e n t i a l  geothermal development o u t s i d e  

I 

I 

0 D r i l l e d  a research  borehole i n  l ake  sediments of t h e  southern  
I Cascade Range for c o r e  recovery and d e t a i l e d  s tudy  of t h e  

vo lcan ic  h i s t o r y  of t h i s  reg ion  t o  b e t t e r  understand t h e  h e a t  
source for c h a r a c t e r i z a t i o n  of resources  i n  t h i s  area of h igh  
geothermal p o t e n t i a l .  

0 Completed a hydrologic  s tudy a t  Newberry Volcano, Oregon, i n  
which a conceptual  model of t h e  shal low hydrothermal system 
was produced t h a t  estimates f l u i d  recharge t o  the  system; 
completed a r e l a t e d  numerical  model of conduct ive h e a t  flow 
a t  Newberry which c o n s t r a i n s  estimates of t h e  age and s i z e  of 
a poss ib l e  shal low magma chamber. beneath t h e  volcano ( t h e  
h e a t  source  f o r  t h e  Newberry geothermal system). 

0 I n t e r p r e t e d  seismic r e f r a c t i o n  d a t a  from t h e  Imper ia l  Val ley  
of southern  Ca l i fo rn ia ,  providing a d e t a i l e d  contour  map of 
t h e  depth t o  basement rock underlying t h e  many geothermal 
s y s t e m  throughout t h e  area and he lp ing  t o  d e f i n e  t h e  
geologic  s t r u c t u r e  of t h e s e  systems; i n t e r p r e t e d  heat-flow 
d a t a  which c h a r a c t e r i z e s  t h e  Imperial Val ley as an area of 
very h igh  r eg iona l  h e a t  flow l o c a l l y ,  modified by t h e  e f f e c t s  

12 



of c r u s t a l  i n t r u s i o n s  and f au l t - con t ro l l ed  hydrothermal 
c i r c u l a t i o n  t o  depths  of a few ki lometers .  

0 Developed t h e  t h e o r e t i c a l  b a s i s  necessary €o r  product ion of a 
map of Nevada showing depth  of t h e  Curie i s o t h e r n  (about  
60OOC). This  map w i l l  a l l &  es t ima t ion  of c r u s t a l  tempera- 
t u r e  p r o f i l e s  i n  t he  no r the rn  Basin and Range Province,  a 
reg ion  of l a r g e  geothermal p o t e n t i a l .  

4 .Q HYDROTHERMAL TECHNOLOGY DEVELOPMENT 

The process  of l o c a t i n g ,  producing, and u t i l i z i n g  l a r g e  volumes 
of f l u i d s  from high  temperature,  f r a c t u r e d ,  hard rock formations 
imposes a number of technologica l  and economic c o n s t r a i n t s  on geo- 
thermal development which f o r e s t a l l  f u l l - s c a l e  resource  e x p l o i t a t i o n  
by t h e  p r i v a t e  s e c t o r .  Conventional oil and gas  technology, present -  
l y  employed f o r  exp lo ra t ion ,  d r i l l i n g ,  r e s e r v o i r  assessment,  and pro- 
duc t ion  of geothermal f i e l d s  has proven expensive,  u n r e l i a b l e  and f re -  
quen t ly  non-funct ional  i n  t h e  h o t ,  chemical ly  h o s t i l e ,  downhole geo- 
thermal environment. Surface equipment, i nc lud ing  power p l a n t  con- 
ponents,  l a c k  t h e  e f f i c i e n c y  and r e l i a b i l i t y  f o r  e lec t r ic  power 
genera t ion  f o r  a l l  except  t h e  high temperature,  high flow rate, most 
benign hydrothermal r e s e r v o i r s .  As a r e s u l t ,  on ly  a small percent  of 
t h e  a v a i l a b l e  hydrothermal r e s e r v o i r s  can be economically exp lo i t ed  
with cu r ren t  technology. 

The c u r r e n t  R6D a c t i v i t i e s  are i n  areas of high-r isk and are 
d i r e c t e d  toward s u b s t a n t i a l l y  reducing hard rock d r i l l i n g  c o s t s ,  
i nc reas ing  moderate temperature  energy conversion e f f i c i e n c y  through 
binary cycle  technology, i nc reas ing  r e s e r v o i r  production rates 
through w e l l  s t i m u l a t i o n  techniques and improved downhole b r i n e  
pumps, developing r e l i a b l e  exp lo ra t ion  techniques ,  g r e a t l y  improving 
r e s e r v o i r  engineer ing  methods f o r  a s ses s ing  s i t e - s p e c i f i c  capac i ty  
and longevi ty ,  and developing environmental  c o n t r o l  technology 
requi red  t o  meet s ta te  and Federa l  s tandards  f o r  geothermal a i r  
emissions, 'and s o l i d  and l i q u i d  waste d i sposa l .  

Major accomplishments i n  FY 1983 included:  

D r i l l i n g  and Well Completion Technology 

Developed and f i e l d  t e s t e d  a n  i n e r t i a l  nav iga t ion  wi re l ine  
t o o l  f o r  s p a t i a l  mapping of wellbores.  

8 Developed high-temperature prototype logging t o o l s  f o r  
measurement of temperature,  p ressure ,  and flow . 

0 Completed modeling ( t o  p r e d i c t  optimum ope ra t ing  cong i t ions )  
of p o l y c r y s t a l l i n e  diamond compact (PDC) b i t  f r i c t i o n a l  
hea t ing  and h y d r a u l i c  cool ing  . 

' C  



0 

Completed t e s t i n g  of aaueous foam convect ive h e a t  t r a n s f e r  
p r o p e r t i e s ,  which w i l l  be  used t o  p r e d i c t  foam t e q e r a t u r e s  
i n  geothermal wellbores.  

Fab r i ca t ed  and began t e s t i n g  of t h e  Lost  C i r c u l a t i o n  T e s t  
F a c i l i t y  which w i l l  be used t o  develop materials and 
techniques  f o r  l o s t  c i r c u l a t i o n  cont ro l .  

Completed prototype developmnt  of high-temperature cement 
bond l o g  too l .  

Energy Conversion Technolopy 

0 I n i t i a t e d  supercritical/countercurrent condensing tes t  pro- 
gram us ing  isobutane/hexane working f l u i d  mixtures.  

Completed t h e  f i n a l  r e p o r t  on t h e  f i e l d  t e s t i n g  of lm?e h e l i -  
cal  screw expander ( t o t a l  flow power system) tinder I E A  
agreement. 

0 

0 Published t h e  f i n a l  r e p o r t  on t h e  f i e l d  t e s t i n g  of a SO0 kWe 
d i r e c t  c o n t a c t  h e a t  exchanger i n  t h e  b inary  cyc le  p i l o t  p l an t  
a t  East Mesa, CA. 

0 Moved t h e  Heat Cycle Research F a c i l i t y  t o  t h e  DOE Geothermal 
Test F a c i l i t y  a t  East Mesa, C A I  

Reservoir  S t imula t ion  Technology 

0 Completed two acid-wash w e l l  t rea tments  i n  t h e  Rossi  21-19 
w e l l  a t  Bemawe, Nevada. Two zones were s t imula ted ;  and t h e  
flow of t h e  h o t t e r ,  lower zone (which i s  t h e  most important)  
i nc reased  s i g n i f i c a n t l y ,  however i t  was cooled by an upper, 
c o o l e r  zone, upon aerging. P lans  are t o  cement o f f  t h e  upper  
zone w i t h  p r e d i c t i o n s  t h a t  t h e  f low rate  of t h e  lower zone 
will bring t h e  well with in  commercial requirements.  

Geochemical Engineering and Materials Research 

0 Successfu l ly  f i e l d  t e s t e d  and commrc ia l i zed  a polymer l i n e d  
Pipe. 

0 Developed a high ni t rogen-containing s t e e l  which appears t o  
be less expensive and more chemically r e s i s t a n t  t o  cor ros ion .  

0 Union Oil Company has  planned t o  use  a BNL/DOE developed 
polymer cement i n  a w e l l  completion. 

0 Completed t e s t i n g  of t h e  i sobutane  probes which w i l l  be 
u t a l i z e d  i n  t h e  Heber P lan t .  



B u i l t  and f i e l d - t e s t e d ,  a t  the Magma Geothermal p l a n t ,  t he  
f i r s t  models 9f t h e  C02 probe and pH probes f o r  monitoring 
hydrothermal potjet p l an t s .  

0 Completed a n a l y s i s  of par t ic le  c o n t r o l  technology f o r  
i n j e c t a b i l i t y  of spen t  br ines .  

Completed f i r s t  phase of tests i n  which t racer -bear ing  f l u i d s  
are i n j e c t e d  i n t o  r e s e r v o i r s  and recovered, t o  assess f l u i d  
migra t ion  behavior.  

0 

1 

i Reservoi r  D e f i n i t i o n  

Developed and f i e l d - t e s t e d  new instruments  f o r  seismic and 
e lec t romagnet ic  d a t a  t o  c h a r a c t e r i z e  geothermal r e s e r v o i r s .  

5.0 HOT DRY ROCK RESOURGZS 

The goa l  of t h e  Hot Dry Rock (HDR) Program is  t o  e s t a b l i s h  t h e  
long-term t e c h n i c a l  and economic f e a s i b i l i t y  of e x t r a c t i n g  energy 
from t h e  e a r t h ' s  ho t ,  water -def ic ien t  rocks. In te rmedia te  o b j e c t i v e s  
t o  a t t a i n  t h e  r e a l i z a t i o n  of t h i s  goal inc lude :  (1) developing a 
technology base f o r  HDR energy e x t r a c t i o n ;  ( 2 )  confirming t h a t  the 
resource  p o t e n t i a l  i s  l a r g e  and access ib l e ;  and ( 3 )  v e r i f y i n g  t h a t  
resource  development can be undertaken w i t h  acceptab le  environmental  
e f f e c t s .  , Successful  demonstration of t h e  t e c h n i c a l  f e a s i b i l i t y  of 
e x t r a c t i n g  HDR energy has  been proven wi th  a 5 megawatt (W) thermal 
loop a t  Fenton Hill, New Mexico. 

Major accomplishments i n  FY 1983 included: 

0 A t  t h e  Fenton H i l l  s i t e ,  t h r e e  prel iminary hydrau l i c  f r a c t u r -  
i n g  tests were conducted i n  t h e  upper po r t ion  (i.e., 11,000 
t o  13,000 foot zone) of t h e  designated r e s e r v o i r  region. The 
f i r s t ,  a massive hydrau l i c  f r a c t u r i n g  (MHF) experiment,  
involved the  pumping of some 840,000 ga l lons  of f l u i d  i n t o  
the nominal i n j e c t i o n  well, EE-2, under a s u r f a c e  i n j e c t i o n  
pressure  of about  7,000 ps i .  The second and t h i r d  involved 
t h e  pumping of 40,000 and 150,000 ga l lons ,  r e s p e c t i v e l y ,  of 
water i n t o  t h e  nominal product ion well, EE-3. 

i 

0 Prepa ra t ions  were n e a t l y  completed for a subsequent MHF i n  
EE-2 which would be t h e  most ex tens ive  ope ra t ion  of i t s  type 
eve r conducted 

0 Custom-tailored, 5 1/2-in. diameter  work p ipe  was designed 
and f ab r i ca t ed .  The p ipe  was obta ined  t o  prevent f u t u r e  
downhole p i p e  f a i l u r e s  due t o  s t r e s s -co r ros ion  cracking.  



0 Imp rovemen ts i n  dawnhole, high temperature instruments  
included:  i nco rpora t ion  of h e a t  p ipes  i n  t r iaxial  geophone 
t o o l s  f o r  increased  d m h o l e  residence-time c a p a b i l i t y ;  f ab r i -  
c a t i o n  and success fu l  t e s t  of "s l iml ine"  (3411 max OD) 
logging  t o o l s  f a r  f lu id -ve loc i ty  and tempera ture /co l la r -  
l o c a t o r ,  measurements; i n i t i a l  design of a family of explo- 
s i v e  workover too l s ;  and incep t ion  of a temperature upgrading 
program f o r  t h e  a c o u s t i c  t e l ev iewer  too l .  

0 S i g n i f i c a n t  progress  was made i n  a c o u s t i c  f r a c t u r e  mapping. E 
, i  A combination of holographic  and t r i a n g u l a t i o n  techniques i s  

i now employed, t o  map t h e  l o c a t i o n s  of microseismic events  
generated by t h e  f r a c t u r i n g  process.  A s i z e a b l e  s t a t i s t i c a l  
sample can be processed i n  nea r  real-time w i t h  on-line ADP 
equipment a t  Fenton H i l l .  

0 Pre l iminary  l abora to ry  and t h e o r e t i c a l  s t u d i e s  of chemically 
r e a c t i v e  tracers were begun t o  select  candida tes  f o r  u se  i n  
a s s e s s i n g  t h e  "s ize"  (i.e., e f f e c t i v e  h e a t  t r a n s f e r  s u r f a c e )  
of a HDR r e s e r v o i r .  

6 .O GEOPRESSURED RESOURCES 

During t h e  p a s t  s e v e r a l  years ,  t h e  Geothermal Geopressured 
~ Program has  e s t a b l i s h e d  t h a t  t h e r e  is  a very l a r g e  q u a n t i t y  of ho t  
1 b r i n e  contained a t  high p res su re  in sandstone a q u i f e r s  beneath t h e  

Texas-Louisiana Gulf Coast. E s s e n t i a l l y  a l l  of t h i s  b r i n e  i s  
~ s a t u r a t e d  wi th  d i s so lved  n a t u r a l  gas  (methane), f o r  a t o t a l  of about  

5,700 q u a d r i l l i o n  (quads) BTU's of gas i n  place (U.S. gas consumption 
is about 18 quads/year).  The thermal energy conten t  of t h e  b r i n e s  is 

i about  equal  t o  t h e  chemical (methane) energy conten t ,  a l though t h e  
recoverable  thermal energy i s  less than  t h a t  of t h e  gas.  It  i s  
t e c h n i c a l l y  f e a s i b l e  t o  oroduce t h e  b r i n e  a t  h igh  rates through 
wells, s e p a r a t e  t h e  gas ,  and i n j e c t  t h e  spen t  b r i n e  i n t o  s u i t a b l e  
underground formations.  The p r i n c i p a l  program a c t i v i t y  i s  t h e  
product ion t e s t i n g  of fou r  special ly-designed wells . Brine flow 
rates of up t o  40,000 b a r r e l s  per  day w i l l  provide d a t a  on 
geopressured r e s e r v o i r  performance. Analysis  of t h e s e  d a t a  
u l t i m a t e l y  w i l l  allow i n d u s t r y  t o  p red ic t  how much methane and 
thermal energy can  be recovered from a geopressured r e s e r v o i r ,  

i 
I 

i 

Major accomplishments in FY 1983 included:  

0 Completed t h e  w e l l  test  a t  t h e  Parcperdue s i t e  i n  Louis iana 
a f t e r  acqu i r ing  8 months of product ion tes t  da ta .  

I 

I 0 Completed repairs i n  t h e  Gladys McCall well  i n  Louis iana and 
began f law tests.  

I 

j 0 Determined t h e  causes  of co r ros ion  and s c a l i n g  i n  t h e  

~ ac t ion .  
I P l ea san t  Bayou and Sweetlake wells, and i n i t i a t e d  c o r r e c t i v e  

1 
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7 .O GEOSCIENCES RESEARCH 

f7umerous e n t i t i e s ,  inc luding  t h e  Of f i ce  of Energy Research of 
t h e  Department of Energy and t h e  United S t a t e s  Geological  Survey, 
Bureau of Mines, and t h e  Bureau of Reclamation w i t h i n  t h e  Department 
of I n t e r i o r ,  have undertaken R&D a c t i v i t i e s  i n  t h e  geosciences area. 
A s i g n i f i c a n t  p o r t i o n  of t h e s e  a c t i v i t i e s  i s  centered  on t h e  conduct 
of b a s i c  R&D. Research and development ac t iv i t i e s  have been s t r u c -  
t u r e d  t o  reso lve  u n c e r t a i n t i e s  i n  determining the  loca t ion ,  s i z e ,  
chemical and temperature c h a r a c t e r i s t i c s ,  and longev i ty  of geothermal 
r e se rvo i r s .  I n  a d d i t i o n  t o  research  and development a c t i v i t i e s  t h a t  
have been conducted i n  t h e  area of resource  r ecogn i t ion  and evalua- 
t i o n ,  o t h e r  geothermal-related a c t i v i t i e s ,  such as mineral  recovery 
from geobrines  and t h e  production of f r e s h  water s u p p l i e s  through t h e  
d e s a l t i n g  of geothermal b r ines ,  have been undertaken. 

Major accomplishments i n  FY 1983 included:  

0 Completed r e sea rch  t o  eva lua te  technology t o  recover  l i t h ium 
from geobrines .  In t h i s  work, a flowsheet was devised f o r  
p repa r ing  99.9 percent  pure L i C l  w i t h  an  a t t endan t  l i t h ium 
recovery from t h e  o r i g i n a l  b r i n e  of almost 90 percent .  

0 Completed research  t o  provide d a t a  f o r  t h e  recovery of 
tungs ten  as a byproduct from S e a r l e s  Lake, C a l i f o r n i a  b r i n e s  
us ing  i o n  exchange methods. 

0 A convect ive h e a t  f lew probe f o r  geo log ica l  media i s  being 
develoDed to  measure h e a t  f law i n  reg ions  where convect ive 
t r a n s p o r t  of h e a t  i s  important.  The probe has  been f u l l y  
assembled and t e s t e d  i n  a shallow d r i l l  ho le  a t  K i r t l a n d  AFB. 
The test v e r i f i e d  the  mechanical and e lectr ical  des ign  and 
produced b a s e l i n e  d a t a  f o r  a purely conductive environment. 

0 Data from logs and o t h e r  geophysical  information a t  the  
Valles Caldera,  N.M. s i t e  was obtained from Union O i l  and 
assembled and c o l l a t e d  t o  s e t  up a comvlete data base of geo- 
l o g i c a l ,  geophysical ,  geochemical, and r e s e r v o i r  engineer ing  
information. The informat ion  will be of s i g n i f i c a n t  i n t e r e s t  
t o  t h e  Cont inenta l  S c i e n t i f i c  D r i l l i n g  P r o j e c t  and of long 
range i n t e r e s t  t o  t h e  geothermal energy program. 

I 

0 The pre l iminary  research  program f o r  deep s c i e n t i f i c  d r i l l i n g  
i n  t h e  S a l t o n  Sea geothermal area was developed and will h e l p  
d e f i n e  t h e  experimental  s c i e n t i f i c  program t o  be conducted i n  
t h e  12,000 t o  18,000 f o o t  h o l e  of t h e  Sa l ton  Sea S c i e n t i f i c  
D r i l l i n g  Pro jec t .  

8 .O HYDROTHERMAL TECHNOLOGY TRANSFER 

The g o a l  of t h e  Hydrothermal Technology Transfer  e f f o r t  i s  t o  
provide an appropr i a t e  l e v e l  of Federa l  support  t o  i n d u s t r y  so t h a t  
development of geothermal resources  can proceed. The e f f o r t  focuses  

I 

I 
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on low- t o  moderate-temperature resources  f o r  d i r e c t  a p p l i c a t i o n s  and 
high-temperature geothermal resources  f o r  e l ec t r i c  power genera t ion .  
Hydrothermal resource  development i s  impeded by t h e  p r i v a t e  s e c t o r ' s  
percept ion  of economic and t e c h n i c a l  r i s k ,  r e s e r v o i r  performance 
u n c e r t a i n t i e s ,  and a v a r i e t y  of l e g a l  and i n s t i t u t i o n a l  h a r r i e r s .  

DOE'S Hydrothermal Technology Transfer  e f f o r t  i n  M 1983 con- 
s i s t e d  of information disseminat ion;  sponsorship of a Technology 
Trans fe r  Sess ion  a t  t h e  Annual Fleeting of t h e  Geothermal Resources 
Council; s i t e - s p e c i f i c  d i r e c t  h e a t  f e a s i b i l i t y  s t u d i e s  and f i e l d  
demonstrations;  and admin i s t r a t ion  of t h e  Geothermal Resources 
Development Fund. The Geothermal Energy Research Development and 
Demonstration A c t  of 1974 provided f o r  t h e  es tab l i shment  of t h e  Geo- 
thermal  Loan Guaranty Program (GLGP) and of t h e  Geothermal Resource 
Development Fund (Table  6 presents  t he  FY 1983 s t a t u s  of the  Fund) t o  
suppor t  t h e  program. The o b j e c t i v e s  of t h e  GLGP a re  t o  encourage t h e  . 

p r i v a t e  and pub l i c  s e c t o r s  t o  accelerate t h e  u t i l i z a t i o n  of geother- 

c i a l  service i n f r a s t r u c t u r e  t o  u l t ima te ly  provide f inanc ing  of geo- 
thermal  p r o j e c t s  without  Federa l  a s s i s t a n c e ;  promote competi t ion and 
encourage new en t r ance  of f i rms  i n t o  t h e  geothermal marketplace. 

mal resources  by minimizing l ende r s '  f i n a n c i a l  r i s k ;  develop a f inan-  - 

Financ ia l  and economic i n c e n t i v e s  f o r  p r i v a t e  s e c t o r  development 
are also provLded by o t h e r  Federa l  agencies.  The Departments of 
Commerce and Housing and Urban Development o f f e r  f i nanc ing  opportuni- 
t ies  f o r  geothermal developolent i n  t h e i r  g r a n t  programs. Communities 
may choose t o  u t i l i z e  t h e i r  HUD Community Development Block Grant 
(CDBG) funds f o r  t h i s  purpose,  and may r eques t  Urban Development 
Act ion Grants  (UDAG's) provided t h a t  p r i v a t e  s e c t o r  l eve rag ing  and 
o t h e r  requirements are met. During FY 1983, 4 prel iminary f e a s i -  
b i l i t y  s t u d i e s  of geothermal d i s t r i c t  hea t ing  systems were, completed: 
Bellows F a l l s ,  Vermont; Re r l in ,  Maryland; Thermopolis, Wyoming; and 
Union County, Oregon. T o t a l  funding f o r  t he  fou r  p r o j e c t s  was 
approximately $200,000 . 
9 .O ENVIRONMENT 

The Federa l  Geothermal Environment Program focuses  on charac te r -  
i z a t i o n  of t h e  e n v i r o n m n t a l  impacts from t h e  development of geother-  
mal energy sources  and t h e  development and eva lua t ion  of c o n t r o l  
m t h o d s  t o  d t i g a t e  o r  e l i m i n a t e  environmental  concerns,  i nc lud ing  
hea l th .  The coord ina t ion  between t h e  p r i v a t e  s e c t o r ,  t h e  research  
community, and Federa l  and sta,te governrent  agencies  on environmental  
matters is  provided by t h e  I G C C ' s  Environmental Controls  Panel. The 
E n v i r o n E n t a l  Cont ro ls  Panel  s u c c e s s f u l l y  completed i t s  e f f o r t  i n  FY 
1981 t o  re focus  and i n t e g r a t e  Federa l  environmental  r e sea rch  pro- 
grams, with EPA, DOE and DO1 being t h e  p r i n c i p a l  p a r t i c i p a n t s  i n  t h e  
environmental  program. The environmental  program has  included acqui- 
s i t i o n  of base l ine  d a t a ,  monitoring, and r e sea rch  r e l a t e d  t o  a i r  q u a l -  
i t y ,  s u r f a c e  and ground water q u a l i t y ,  hydro logica l  a l t e r a t i o n s ,  ecol-  
ogy,  s o l i d  r e s i d u a l s ,  suhsidence and s e i s m i c i t y ,  h e a l t h  e f f e c t s ,  and 
socioeconomic vroblems; and developnent and eva lua t ion  of environ- 
mental c o n t r o l  technologies .  
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TABLE 6 

GEOTHERMAL RESOURCES DEVELOPMENT  FUND(^) 
AND GUARANTY AUTHORITY 

FUND - AUTHORITY 

Program Di rec t ion  $ 107,088 

Unobligated Appropriat ions,  Car r ied  6,858,793 
Forward from FY 83 

Guaranty Author i z  a t ion  $500,000,000 

I Value of Loans Guaranteed (6 p r o j e c t s )  138,300,000 

Value of Condi t ional ly  Approved 15 1 , 100,000 
Applicat ions FY 83 (3 p r o j e c t s )  

Uncommitted Guaranty Authorizat ion(  2) 210,600,000 
Carr ied  t o  FY 84 

I n t e r e s t  D i f f e r e n t i a l  Paid 2,181,553 

Adminis t ra t ive Expenses Incur red(  3) 282,151 
(Fy 83) 

I 
I Guaranty Fees Col lec ted  i n  FY 83 and . 749,645 
i Deposited i n  GRDF 

, 
(1) This f i n a n c i a l  information i s  included i n  t h e  Eighth Annual 

Report to satisfy the requirements of PL 93-410, Section 204. 

'(2) The value of a p p l i c a t i o n s  c u r r e n t l y  under r ev iew is  
$101,000,000~ I n  add i t ion ,  of t h e  6 p r o j e c t s  t h a t  c u r r e n t l y  
have loan  guarantees ,  c e r t a i n  of t hese  may r e q u i r e  f o l l o w o n  
loans  f o r  powerplant cons t ruc t ion .  

(3) Contractor ,  consu l t an t ,  and ersonnel  c o s t s  necessary to 
assist i n  eva lua t ing  technologica l ,  geophysical,  f i n a n c i a l ,  
marketing, management and l e g a l  d a t a  submitted with guarantee 
a p p l i c a t i o n s  and t o  assist i n  monitoring guaranteed p ro jec t s .  



Major accomplishments i n  FY 1983 included:  

0 Continued a low l eve l -program of assessment and monitor ing of 
t h e  geothermal t e sources  i n  Lassen Volcanic  and Yellowstone 
Nat iona l  Parks  i n  o r d e r  t o  eva lua te  t h e  impl ica t ions  of 
proposed geothermal development . The program employs 
geochemical and geophysical  techniques t o  b e t t e r  understand 
t h e  r e l a t i o n s h i p  between geothermal resource areas of 
developmental i n t e r e s t  and pro tec ted  park resources .  

10.0 FEDERAL USE 'OF GEOTHERMAL ENERGY 

Where economically appropr i a t e ,  t h e  Federal  government has  been 
involved i n  t h e  u t i l i z a t i o n  of geothermal resources .  I n  p a r t i c u l a r ,  
t h e  Department of Defense has  been a c t i v e  i n  t h e  development and u s e  
of geothermal energy a t  s e v e r a l  mil i tary i n s t a l l a t i o n s  throughout t h e  
U.S. and t h e  world. 

I 
I 

Major accomplishments i n  FY 1983 included: 

0 The Navy renegot ia ted  t h e  c o n t r a c t  f o r  t h e  development of t h e  
geothermal resource  a t  t h e  Naval Weapons Center  (NWC) China 
Lake, C a l i f o r n i a  and added fou r  square miles of land  t o  t h e  
area which t h e  c o n t r a c t o r  may develop. The Navy a l s o  awarded 
a c o n t r a c t  f o r  t h e  development of up t o  75 M W e  a t  t h e  Naval 
A i r  Weapons Tra in ing  Complex Fa l lon  (NAWTC), Nevada i n  A p r i l  
1983. 

Completed a Cooperative Agreement wi th  DOE'S San Franc isco  
o f f i c e  f o r  t h e  Navy and ' D O E  t o  cooperate  i n  funding and 
s h a r i n g  of d a t a  f o r  t h e  geologic  exp lo ra t ion  of p o t e n t i a l  
geothermal s i t e s  . 

0 

i 

0 Work continued t o  ga the r  a d d i t i o n a l  s i t e  geothermal resource  
data .  A t  Pickle Meadows, C a l i f o r n i a  a preli-minary geo log ica l  
survey was completed f o r  a space h e a t i n g  app l i ca t ion .  A 
prel iminary survey f o r  space h e a t i n g  was a lso completed a t  
Twenty-nine Palms, C a l i f o r n i a  and a c o n t r a c t  has  been awarded 
f o r  t h e  d r i l l i n g  of thermal g rad ien t  wells a t  Twen tyn ine  
Palms. DOE w i l l  perform t h e  d a t a  logging on t hese  w e l l s .  
Addi t iona l  geophysical  survey work was a l s o  completed a t  
Adak, Alaska. 

0 I d e n t i f i e d  Charleston,  South Carol ina;  Norfolk, Virgin ia ;  and 
Jacksonv i l l e ,  F l o r i d a  as s i t e s  which p o t e n t i a l l y  have a low 
grade  geothermal resource which could be used f o r  space 
hea t ing .  

.. 
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11.0 PRIVATE SECTOR USE OF GEOTHERMAL ENERGY 

i Geothermal energy has  been used f o r  space h e a t i n g  i n  t h e  United 
S t a t e s  s i n c e  t h e  e a r l y  1900's and f o r  d i s t r i c t  hea t ing  systems s i n c e  
t h e  1930's. Current u ses  inc lude  a g r i c u l t u r a l  and aquacu l tu ra l  appl i -  
c a t i o n s ,  space/ d i s t r i c t  hea t ing ,  and i n d u s t r i a l  app l i ca t ions .  Cur- 
r e n t l y ,  d i r e c t  u t i l i z a t i o n  of geothermal energy i s  approximately .012 
quads/yr.  Most of t h e  d i r e c t - u t i l i z a t i o n  of geothermal energy i s  con- 
c e n t r a t e d  i n  C a l i f o r n i a ,  Idaho, Nevada, New Mexico, Oregon, and South 
Dakota. D i r e c t - u t i l i z a t i o n  i s  expected t o  grow dramat ica l ly  over t h e  
next  few years  wi th  s i g n i f i c a n t  expansion p ro jec t ed  i n  i n d u s t r i a l  
a p p l i c a t i o n s  and d i s t r i c t  h e a t i n g  systems. 

I The product ion of e l e c t r i c i t y  from geothermal  energy Eirst 
occurred . i n  t h e  United S t a t e s  i n  1960 a t  The Geysers i n  Ca l i fo rn ia .  
Since t h a t  time numerous f a c i l i t i e s  have been cons t ruc ted  and cur- 
r e n t l y  account f o r  1312 MWe power-on-line. Numerous o t h e r  p l a n t s  are 
under cons t ruc t ion ,  and by t h e  end of 1985 t o t a l  power-on-line could 
be approximately 2,100 MWe. 
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