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THE STATUS OF PLOWSHARE GEOTHERMAL POIJER 

D. H. Stewar t ,  B a t t e l l e - N o r t h w e s t  

I n  1964 P ro fesso r  George Kennedy, now a t  UCLA, suggested t h a t  n u c l e a r  

dev ices c o u l d  be de tona ted  i n  h i g h  temperature r o c k  deep w i t h i n  t h e  e a r t h ,  

w a t e r  c o u l d  be i n t r o d u c e d  and power generated f r om t h e  h i g h  temperature 

steam which would r e s u l t .  The au tho r  and J. B. Burnham f rom ~ a t t e l  l ' e  

~ o r t h w e s t  r a n  some p r e l i m i n a r y  c a l c u l a t i o n s  on t h e  concept (shown i n  F i g .  1 )  

and b e l i e v e d  t h e  process m igh t  prove t e c h n i c a l l y  and economica l l y  f e a s i b l e .  

Our work was r e p o r t e d  i n  two papers, g i v e n  a t  A IF  and ANS meet ings Dec. 1969 

and Jan. 1970. (2,3) 
- 

As a  r e s u l t  o f  t h i s  work, the  American O i  1  Shale Company (AOS) o f  . 
? 

. S a l t  Lake City dec ided t o  sponsor B a t t e l l e  f o r  f u r t h e r  work on t h e  concept 

and AOS en te red  w i t h  a  c o n t r a c t  w i t h  AEC t o  j o i n t l y  s t udy  t h e  f e a s i b i l i t y  

o f  such a  process.  The AEC p rov ided  e x p e r t  ass i s tance  f rom t h e  Lawrence 

R a d i a t i o n  Labora to ry  and t h e  Nevada Operat ions O f f i c e  and t h e  i n d u s t r i a l  

s i d e  o f  t h e  s tudy  was g r e a t l y  a i ded  by ass i s tance  f r om t h e  Westinghouse 
( 4 )  E l e c t r i c  Co rpo ra t i on  which d i d  t h e  power p l a n t  des ign  and cos t s .  The s tudy  

was p u b l i s h e d  i n  A p r i l  1971. 

The s tudy  concluded t h a t  Plowshare Geothermal power was t e c h n i c a l l y  

f e a s i b l e  and t h a t  under  c e r t a i n  c o n d i t i o n s  power cou ld  be produced f o r  

f rom 5 t o  7 mi 1  ls /Kwhr .  Fo r  . severa l  reasons these numbers may p rove  

conse rva t i ve .  D e p l e t i o n  a1 lowance and t e r r a i n  which would permi t t h e  mob1 l e 

. . 
p l a n t  concept t o  be used cou ld  reduce these  cos ts  by 0.4 m i l l / K w h r  and 0.8 

mi 11 /Kwhr, r e s p e c t i  v e l y  . I t  was announced a f t e r  t h e  s tudy  was completed 

( 1 )  George C. Kennedy, "A Proposal  f o r  a  Nuc lear  Power Program," USAEC 
T h i r d  Plowshare Symposi um, U n i v e r s i t y  o f  C a l i f o r n i a ,  Davis ,  A p r i  1  , 1964. 

(2) D. H. S tewar t  and J .  B. Burnham, "The A p p l i c a t i o n  o f  Plowshare t o  
Geothermal Power," Atomic I n d u s t r i  a1 Forum, BNWL-SA-2803, December, 1969. 

(3 )  3'. B. Burnham and D. H. Stewar t ,  "The Economics o f  Plowshare Geothermal 
Power, ANS Symposium on Eng ineer ing  w i t h  Nuc lear  Exp los ives  , 'January,  1970. 

(4) "A F e a s i b i l i t y  Study 0 f . a  Plowshare Geothermal Power P lan t , "  A p r i l  1971, : 
; Am. O i l  Shale - B a t t e l l e  Nor thwest  - Westinghouse E l e c t r i c  Corp. - 

. . " USAEC - Lawrence R a d i a t i o n  Labo ra to r y  - Nevada Opera t ions  O f f i c e .  



t ha t  the large diameter holes (24") required fo r  the large device emplace- 

ment can now be much smaller - around 8 to  9". This would also e f f ec t  a 

major reduction in f i e l d  devel'opment costs and power costs of approx. 

1.25 mills/Kwhr. 

Key problems are  the location of a geothermal s i t e  in am area which 

large nuclear. devices could be detonated ( > Z O O  KT), a s i t e  with su f f i c i en t  

ground o r  surface water available to  operate the power plant condenser, and 

a s i t e  reasonably near a large e lec t r ica l  market. Public opposition could 

develop and should be anticipated,but i t  i s  hoped tha t  the re la t ive ly  

nonpol lut ina aspects of geothermal energy could of fse t  any public opposition. 

The several reasons f o r  our original i n t e re s t  in the process .are s t i l l  

val id .  As the primar.y c,ycle i s  closed and, of course, no combustion i s  

involved, i t  i s  be1 ieved tha t  Plowshare Geothermal power would prove to  be 

nearly pollution f r e e .  While i t  has been estimated by the Department of 

In ter ior  that  geothermal.power could never supply more than 1 - 2% of the. 

nation's e lec t r ica l  energy, the to ta l  energy which could be produced from 

Plowshare-Geothermal i s  impressive. One cubic mile of rock a t  350°C cooled 

to  250°C would yield enough energy to  support 3700 MWe fo r  30 y r s . ,  and i t  

would require on the order of 40 to  60 nuclear explosives to  produce th i s  

energy. As many geothermal areas in the U .S. are be1 i eved to  range .from 

hundreds to  thousands of square miles, the occurrence of such rock i s  

unlikely to  prove rare  and i t  appears that  the potential ex is t s  t o  produce 

hundreds of thousands of megawatts. To be economic today, the selected 

temperature ( 3 5 0 " ~ )  should l i e  within 5000 to 10,000 fee t  of the surface 

and devices, s izes  of greater than '200 KT, will be required. The Mexicans 

who are developing the Cerro Prieto f i e l d ,  located jus t  below the California 

bqrder, have reported these temperatures in dry rock a t  5,000 f t .  

I t  should be noted tha t  the economics are very sens i t ive  t o  hard 

rock dri 11 ing costs ,  which r i s e  steeply with depth, and tha t  a new dri 11 ing 

method such as tha t  recently developed by Gulf( i )  Oil cpuld improve the 
economics greatly.  Gulf has f ie1 d tes ted .a process which accelerates s tee1 

(1) "Gulf's new abrasion dri  11 : Is i t  the Breakthrough?", Oi 1 & Gas Journal , 
I .  

July 26, 1,971 . 



b a l l s  through j e t s  ( 2  tons/.min. a t .  600 mph) and d e l i v e r s  5,000 H.P. a t  t he  

bo t tom o f  t h e  h o l e .  D r i l l i n g  r a t e s  o f  4. t o  20 t imes convent iona l  methods 

a r e  repo r ted .  B i t  changing t imes a r e  a l s o  g r e a t l y  reduced as t h e  b i t  i s  

r e t r i e v e d  by  cab le  and r e t u r n e d  down t h e  h o l e  by  pumping. Th i s  s o r t  o f  

technology cou'l d  p e r m i t  d r i l l  i n g  t o  much g r e a t e r  depths and l e a d  t o  much 

h i g h e r  temperatures.  I f  temperatures ove r  1 5 0 0 0 ~  can be a t t a i n e d ,  gas 

t u r b i n e  cyc les  c o u l d  p rove  a t t r a c t i v e  f o r  power gene ra t i on .  

I t  i s  a l s o  no ted  t h a t  t h e  c o s t  o f  energy used t o  b r e a k . t h e  r o c k  can 
6 be v e r y  low rang ing  f r om 256 t o  76/10 BTU depending on t he  s i z e  o f  t h e  

dev i ce  and >90% o f  t h i s  energy i s  a l s o  recovered  a long  w i t h  t h e  s e n s i b l e  h e a t  

from. t h e  rock .  

Du r i ng  t h e  course o f  t h e  s tudv ,  Sept.  1970, we i n v i t e d  some u t 3 l i t i e s  

and resource  companies t o  a  b r i e f i n g  on  t h e  concept.  A l l  expressed i n t e r e s t  

i n .  Plowshare Geothermal power b u t  a l s o  t h e  concern t h a t  b e f o r e  geothermal power 

c o u l d  hope t o  become s i g n i f i c a n t ,  p u b l i c  l a n d  - which had been wi thdrawn 

f rom geothermal l e a s i n g  - would have t o ' b e  made a v a i l a b l e .  Th i s  concern 

was remedied on Dec. 24, when P r e s i d e n t  N ixon  s i gned  i n t o  law Senator  B i b l e ' s  

Geothermal Steam A c t  o f  1970. The passage o f  t h i s  l e g i s l a t i o n  caught  

i n d u s t r y  by s u r p r i s e  as s i m i l a r  b i l l s  had been passed by  Congress be fo re ,  b u t  
. . 

had -been vetoed by  t h e  P r e s i d e n t .  Th i s  l e g i s l a t i o n  has spu r red  t h e  i n t e r e s t  

o f  numerous resource  companies, and .geotherma.l e x p l o r a t i o n  programs a r e  

p roceed ing  a t  an unprecedented r a t e .  

Senator  B i b l e  on March 24,. 1971 , i n t r o d u c e d  ano ther  b i  11 , S.  1349, 

"To a u t h o r i z e  t h e  AEC t o  under take a  coope ra t i ve  program t o  a s c e r t a i n  t he  

f e a s i  b i  1  i ty o f  u s i n g  a tomic  energy t d  develop t h e  l a t i o n ' s  geothermal energy 

resources.  " The b i  11 , s i  mi 1 a r  t o  t he  power r e a c t o r  demons t ra t ion  program 

l e g i s l a t i o n ,  c a l l s  f o r  t h e  government to .  i n v e s t  up t o  $25,000,000 over  a  f i v e  

t o  s i x  y e a r  p e r i o d  t o  ' t e s t  t h e  f e a s i b i l i t y  o f  t h e  Plowshare Geothermal concept  

match ing a  l i k e  aniount t o  be s u p p l i e d  by i n d u s t r y  i n  exp.1orat ion and c o n s t r u c t i o n  

o f  a  demons t ra t ion  p l a n t .  I n  cqmmenting on t h i s  b i l l ,  t h e  AEC suggested . . t h a t  

separa te  l e g i s l a t i o n  was n o t  r e q u i r e d  a s  t h e  a u t h o r i t y  a1 ready e x i s t e d ,  and 

a1 1 t h a t  was n,eeded was an amended AEC a u t h o ' r i z a t i  on b i  11 and a p p r o p r i a t i o n s .  



These were added by the  JCAE t o  t he  A E C ' s  FY 1972 author izat ion b i l l ,  and 

funds have been appropriated by the  tlouse and Senate. The AEC authoriza-  

t ion  bi 11 provides $500,000 in FY 1972 and an t ic ipa tes  expenditures up t o  

$25,000,000 over the next several  years .  

To r e a l i z e  the  funds authorized f o r  t he  program, i t  w i l l  be 

necessary t o  loca te  a su i t ab l e  s i t e  - provided by a resource company, and 

power company o r  group of power companies w i  1 l i n g  t o  commit the  investment 

f o r  a demonstration p l an t ,  assuming economic steam production can be 

s a t i s f a c t o r i l y  demonstrated. Also required i s  t he  R&D prograni t o  meet the  

environmental requirements , develop sui  t ab l e  devices , determine t h e  qua1 i ty. 

of t he  steam, the degree of f r a c tu r i ng ,  the  f l u i d  flow and heat  removal . 
The AEC plans t o  s t a r t  some preliminary R&D once t h e i r  appropriat ions 

- 

become ava i lab le .  This work wi 11 l a rge ly  be done by Lawrence Radiation . 

' Laboratory and Ba t t e l l e  Northwest. 

During the  c0urs.e of the f e a s i b i l i t y  s tudy,  i t  became apparent t h a t  

small nuclear devices might a s s i s t  in making the  known geothermal areas  more 

productive and economic. As pa r t  of an inves t iga t ion  of the  f e a s i b i l i t y  of 

the  use o f ,  small nuclear devices t o  augment natural  geothermal systems, 

termed Plowshare Stimulation,  the  AEC sponsored a t r i p  t o  the  major geothermal 

areas of the  world t o  discuss the ' f e a s i b i l i t y  of Plowshare Stimulation.  

Ice1 and, I t a l y  ,New Zeal and, Japan and the  Geysers in Cal i forni  a were v i s i  t ed .  

Consi.derab1 e i n t e r e s t  i n  a s t imulat ion program was evidenced by many people 

. i n  thesc countries and a l l  were i n t e r e s t ed  i n  the  data as soon as i t  

develops. 

I t  i s  expected t h a t  nuclear s t imulat ion could provide.some o r  a11 

o f  the fol  1 owing advantages t o  natural  geothermal sys tems : 

1 .  Provide an increased well bore diameter e f f e c t .  This e f f e c t  

is  analogous t o  the  natural  gas s t imulat ion experiments where 

a nuclear device can make a noneconomic we1 1 economically 

productive by increasing the  flow r a t e  and t o t a l  gas recovery 

through the extensive f r ac tu r i ng  i t  produces. 



2. P rov ide  a  v o i d  volume f o r  f l a s h i n g  wa te r  t o  steam. Severa l  

. good p roduc ing  w e l l s  have been abandoned when a f t e r  12 t o  

1 8  mo. o f  o p e r a t i o n  as t h e  steam f l o w  was choked o f f  by t h e  

d e p o s i t i o n  o f  m ine ra l s  f rom t h e  wa te r  as i t  f l a s h e d  t o  steam : 

a t  t h e  we1 1  bore .  The proposed v o i d  volume m i g h t  p r o v i d e  

adequate space t o  make t h e  w e l l  p r o d u c t i v e  f o r  10 t o  20 yea rs .  

It may a l s o  be p o s s i b l e  t o  change a  wet  w e l l  t o  d r y  steam 

p roduc t i on .  

3 .  Prov ide  a  v o i d  and f r a c t u r e d  r e g i o n  t o  pe rm i t '  r e i n j e c t i o n  o f  

t h e  condensed w a t e r  and s a l  t s  produced f r om t h e  f o r m a t i  on. 

I n  many areas ( i  .e., Sal  t o n  Sea), i t  wi  11 be necessary t o  r e t u r n  

a l l  f l u i d s  i n t o  t h e  f o r m a t i o n  f r om wt i ich they  were produced as 

they  c o n t a i n  t o o  much m ine ra l  c o n c e n t r a t i o n  f o r  s u r f a c e  d i sposa l  . 
It i s  b e l i e v e d  t h a t  a  cav i t .y  i n  t h e  p roduc ing  f o r m a t i o n  c o u l d  

f a c i  1 i t a t e  t h i s  underground d i s p o s a l .  R e i n j e c t i o n  c o u l d  a l s o  

o f f e r  t h e  advantage o f  p r o v i d i n g  c o n t i n u i n g  underground wa te r  

rep len ishment  i n  areas where wa te r  i n f l o w  i s  l i m i t e d .  

The p r i n c i p a l  problems r a i s e d  i n  P lowshare S t i m u l a t i o n  which r e q u i r e  

a n a l y s i s  a re :  t h e  f a t e  o f  t h e  r a d i o a c t i v i t y  i n  t he  geothermal w a t e r  and 

whether  t h i s  cou ld  p resen t  any hazard, and whether  a  n u c l e a r  e x p l o s i o n  would 

be l i k e l y  t o  des t roy  t he  n a t u r a l  system by s h i f t i n g  a  key f a u l t  o r  some 

. o t h e r  such mechanism. 

There are'  g e n e r a l l y  accepted t heo r i es '  on t he  o r i g i n  o f  geothermal. sys terns. 

A source o f  hea t  l i e s  r e l a t i v e l y  near  t h e  s u r f a c e  o f  t he '  e a r t h ,  r e s u l t i n g  

f r om a  r e c e n t  i n t r u s i o n  o f  magva t i c  r o c k .  These .areas a r e  o f t e n ,  b u t  n o t  - 
e x c l u s i v e l y ,  found i n  region-s o f  young v o l c a n i c  a c t i v i t y .  A permeable r o c k  

. f i l l e d  b y  me teo r i c  w a t e r  a t  d r i l l a b l e  depth i s  heated by  t h e  deeper h e a t  

source  through conduc t ion .  



The permeable r o c k  must be o v e r l a i d  w i t h  some i.mpervious m a t e r i a l ,  

u s u a l l y  sedimentary  m a t e r i a l .  Th i s  l a y e r  serves t o  cap t h e  f o rma t i on  and 

r e t a i n s  t h e  steam and/or  h o t  wa te r .  There i s  ev idence t h a t  some systems 

a r e  s e l  f - s e a l  i n g ;  t h e  cap r o c k  was formed by  t h e  d e p o s i t i o n  o f  m ine ra l s ,  

n o t a b l y  s i l i c a ,  f r om l e a k s  o f  f l u i d s  escaping f r om t h e  h o t  a q u i f e r .  

Geothermal areas a r e  o f t e n  assoc ia ted  w i t h  grabens , geol o g i  c a l  

depressions between ma jo r  f a u l  t s  . ~eochemi  c a l  , . g r a v i t y  , magnet ic ,  thermal 

c o n d u c t i v i t y  , hea t  f l o w  and mi c rose ismi  c techniques have been used w i t h  

v a r y i n g  success t o  . l oca te  these  areas.  However, many companies be1 i eve 

d r i l l i n g  t o  be t h e  o n l y  s u i t a b l e  e x p l ' o r a t i o n  method. 

The temperatures o f  these  systems may be as h i a h  as 380°C,' and they  

f o l l o w  t h e  Boi 1 i n g  P o i n t  w i t h  Depth Curve when p roduc ing  d r y  steam. Once 

t h e  p roduc ing  f o r m a t i o n  i s  tapped w i t h  a bo re  ho le ,  d r y  steam, steam and 

h o t  w a t e r  o r  h o t  w a t e r  w i l l  be produced. Shut o f f  pressures range . t o  

400-500 p s i g .  The we1 1s a re  general1.y produced a t  100 t o  150 p s i g  t o  

a1 low maximum f l o w  f o r  optimum power p roduc t i on .  These steam f l ows  

average 100,000 l b s / h r  (=45,500 Kg/hr)  t o  as h i g h  as 660,000 1b /h r  

(=300' m e t r i c  t o n s l h r ) .  

. S ince  t h e  meet ing i n  September 1970, f u r t h e r  d iscuss ions  have been 

h e l d  w i t h  t h e  u t i  li t i e s ,  and we now expec t  t h e i r  p a r t i c i p a t i o n  i n  t h e  'program 

by  t h e i r  sponsorsh ip  o f  t h e  f o l l  ow-on Plowshare S t i m u l a t i o n  s tudy  . 

. Resource compani es a r e  beg i  n n i  ng exp l  o r a  ti on programs and o u r  t a l k s  

w i t h  them o f f e r  hope f o r  t h e  l o c a t i o n  o f  a s i t e  s u i t a b l e  for an e x p e ' r i ~ o r r ~ t a l  

program. These exper iments  w i  1 1 determine t h e  economics and t echn i  c a l  

f e a s i b i l i t y  o f  t h e  use o f  Plowshare i n  geothermal steam p roduc t i on .  

I t  i s  hoped the  Plowshare Geothermal program w i l l  l e a d  t o  an 

unders tand ing  o f  how t o  e x t r a c t  t h e  energy we need, on t h e  s u r f a c e  o f  t h e  e a r t h  

f r om t h e  i n e x h a u s t i b l e  energy source t h a t  l i e s  20 t o  50 'Km. beneath o u r  f ee t .  




