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Roland A .  P e t t i t t  

Los Alamos Scientific Laboratory 
Los Alamos, NM 87545 

ABSTRACT 

The Los Alamos Scientific Laboratory (LASL)  
Hot Dry Rock Geothermal Energy Project is  the  f i r s t  
U .  S. f ie ld  t e s t  of this  huge geothermal resource 
base. In the concept developed by LASL, a man-made 
geothermal reservoir i s  formed by d r i l l i ng  a deep 
hole into re la t ive ly  impermeable hot rock, creating 
a large surface area for heat t ransfer  by fractur- 
i n g  the rock w i t h  hydraulic pressure, then dr i l l ing  
a second hole t o  intersect the f rac ture  to  complete 
the circulation loop. Such a demonstration system 
has been completed a t  Fenton Hill i n  north-central 
New Mexico, a t  a depth of 3050 m (10 000 f t )  and  a 
bottomhole temperature of 205OC (402OF). The sys- 
tem has been successfully circulated for approxi- 
mately 2800 h t o  d e t e ~ i n e  t ~ p e r a t u r e  drawdown, 
permeation water loss and flow characterist ics of 
the pressurized reservoir,  t o  examine chemistry 
changes i n  the circulating f lu id ,  and to monitor fo r  
induced seismic e f fec ts .  As a r e su l t  of these suc- 
cessful experiments, a national program for  develop- 
ment of the hot dry rock potential i s  now being con- 
ducted by LASL. Additional s i t e s  a r e  being evalu- 
ated i n  the U. S .  for  prospective demonstration 
plants. Two of t he  most promising eastern locations 
a t  t:his time appear t o  be northcentral New York Sta te  
and the eastern shore of Maryland and Virginia. Hot 
dry rock s i t e s  i n  the east  will probably closely 
follow the technology developed i n  Mew Mexico--at 
l e a s t  for the f i r s t  several projects. Several areas 
i n  the eas t  have geothermal gradients tha t  are h i g h  
enough to  be considered for e lec t r ica l  power genera- 
t ion,  a s  well a s  nonelectrical uses. 

INTRODUCTION 

A t  suf f ic ien t  depths, rock hot enough to  be a 
potentially useful energy source ex is t s  everywhere. 
Formerly, i t  was thought t h a t  only the western th i rd  
o f  the  United States possessed a significant poten- 
t i a l  for the near-term u t i l i za t ion  of manmade hot 
dry rock (HDR) geothermal reservoirs. Regional heat 
flow data indicate tha t  about 95 000 square miles 
i n  the west i s  underlain by hot dry rock a t  temper- 
atures above 290°C (554OF) a t  a depth of 5 km 
(16 400 f t ) .  Recently, several regions of the east- 
ern 0. S .  have a l so  been identified for possible 
development of HDR r e s e r p i r s  of moderate depth. 
A1 though probably of somewhat 1 ower temperatures than 
the western s i t e s ,  these eastern HDR reservoirs can 
a l so  be used to  produce e l ec t r i c i ty  or  for  direct  
heat uti1 ization. 

The to ta l  amount of potentially useful energy 
stored i n  the hot dry rock beneath the  continental 
"lower" United States--at depths l e s s  t h a n  10 km 
(32 000 f t )  and temperatures greater than 150°C 
(302OF)--is estimated t o  be 13 million quads assum- 
i n g  an average gradient o f  22'C/km. 
the current energy usage by the United States is  
about 75 quads per year from a l l  sources. O f  these 
75 quads, approximately 28 quads are used for  low 
temperature (less than 3OOOC) , none1 ec t r ica l  uses; 
the remainder being used for high-grade e lec t r ica l  
generation, primary metals reduction, and  the trans- 
portation sector.  Figure 1 depicts the energy use 
spectra of the low temperature nonelectrical portion 
of our to ta l  energy consumption. I t  is w i t h  this 
portion of 0. S .  consumption tha t  HDR energy systems 
will have the biggest impact. 

By contrast ,  

Fig. 1 The shaded area under the curve depicts the 
integrated energy use spectra o f  the to ta l  
U .S.  energy consumption below 3OO0C, amount- 
i n  t o  approximately 28 quads (1 quad = 
1075 BTU). 
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LOS ALAMOS !iDR PROJECT FENTON HILL SITE 

The LASL HDR Geothermal P r o j e c t  a t  Fenton H i l l ,  
New Mexico, i s  t h e  f i r s t  a t tempt  t o  demonstrate t h e  
techn ica l  and economic f e a s i b i l i t y  o f  e x t r a c t i n g  
heat from ho t  d r y  rock .  I n  t h e  Los Alamos concept, 
a manmade geothermal r e s e r v o i r  i s  formed by d r i l l -  
i n g  a borehole i n t o  ho t  impermeable rock,  c r e a t i n g  
a l a r g e  v e r t i c a l  f rac tu re  a t  t h e  bottom, than i n t e r -  
sec t i ng  t h e  f r a c t u r e d  area w i t h  a second borehole.  
The f r a c t u r e  i s  formed by 1 arge-scal e hydraul i c -  
f r a c t u r i n g  techniques developed by t h e  o i l  and gas 
i ndus t r y ,  and provides a ve ry  l a r g e  sur face  area 
fo r  heat t r a n s f e r .  The heat contained i n  t h e  rock  
i s  brought t o  t h e  sur face  by c i r c u l a t i o n  o f  water 
through t h e  system. 
f l u i d  w i t h i n  t h e  v e r t i c a l  f r a c t u r e  a s s i s t s  i n  pump- 
i n g  t h e  f l u i d  th rough t h e  loop. The water i n  the  
l o o p  i s  p ressur ized  t o  avo id  b o i l i n g ,  thereby i n -  
c reas ing  t h e  r a t e  o f  heat t r a n s p o r t  up t h e  withdraw- 
a l  holes compared t o  t h a t  poss ib le  w i t h  steam. 

Buoyant c i r c u l a t i o n  o f  t h e  

Pre l  im ina ry  experiments and analyses i n d i c a t e  
t h a t  thermal s t resses  c rea ted  by c o o l i n g  o f  t h e  ho t  
d r y  rock  i n  such a manmade r e s e r v o i r  may g r a d u a l l y  
enlarge t h e  f r a c t u r e  system so t h a t  i t s  use fu l  l i f e -  
t ime  may be extended t o  30 t o  40 years - - fa r  beyond 
t h e  p o t e n t i a l  o f  t h e  o r i g i n a l  r e s e r v o i r .  I f  these 
thermal s t ress  cracks grow p r e f e r e n t i a l l y  downward 
and outward i n t o  h o t t e r ,  uncooled rock,  as seems 
probable, t h e  q u a l i t y  o f  t h e  geothermal source may 
a c t u a l l y  improve as energy i s  withdrawn from i t  
(F ig .  2) .  
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Fig .  2 Thermal s t ress  c rack ing  may occur i n  t h e  h o t  
d r y  rock  system as t h e  f r a c t u r e d  zone i s  
cooled by c i r c u l a t i n g  water. 
mena would permi t  water t o  remove t h e  heat 
from a l a r g e r v o l u m e  o f  rock,  thereby g r e a t l y  
extending t h e  l i f e  and s i z e  o f  t h e  geother- 
mal r e s e r v o i r .  

Th is  pheno- 

To t e s t  t h e  concept, a l o c a t i o n  i n  nor thern  
New Mexico a t  Fenton H i l l  (now i d e n t i f i e d  as HDR 
S i t e  No. 1)  was se lec ted  as being g e o l o g i c a l l y  ap- 
p r o p r i a t e  f o r  t he  development o f  t h e  f i r s t  HDR ex- 
per iment.  
west o f  Los Alamos. 
Caldera was formed when a huge volcano erupted and 
then subsided i n t o  i t s  own empty magma chamber. As 
a r e s u l t  o f  t h i s  r e l a t i v e l y  recent  volcanism, a 
l a r g e  amount o f  heat i s  s t i l l  r e t a i n e d  i n  t h e  un- 
d e r l y i n g  rock  w i t h i n  a few k i lometers  o f  t h e  sur-  
face .  

The area i s  l oca ted  about 20 a i r  m i l es  
A m i l l i o n  years  ago, t h e  Va l les  

The f i r s t  deep exp lo ra to ry  ho le  (GT-2) was 
begun a t  Fenton H i l l  i n  February 1974. It was com- 
p l e t e d  a t  a depth o f  2929 m (9610 ft), w i t h  a d i a -  
meter o f  24.4 cm (9-5/8 i n )  and a bottomhole tem- 
pe ra tu re  o f  197OC (387OF). A nea r -ve r t i ca l ,  122 m 
rad ius  (400 ft) f r a c t u r e  was thought t o  have been 
c rea ted  near the  bottom o f  t h e  hole.  Although the  
Precambrian g r a n i t i c  rock  seemed t o  be broken by 
ex tens i ve  na tu ra l  f rac tu res  a t  var ious  depths i n  
t h e  hole, t h e  water l e a k o f f  was s l i g h t .  

The second ho le  (EE-1) was loca ted  72 m (252 
ft) nor theas t  o f  t h e  f i r s t .  
May 1975 and was completed a t  a depth o f  3064 m 
(10 053 ft), w i t h  a bottomhole temperature o f  205°C 
(402OF). D i rec t i ona l  d r i l l i n g  techniques were used 
t o  ang le  EE-1 toward t h e  f r a c t u r e  a t  t he  bottom o f  
GT-2. The ho le  was d r i l l e d  through a 205' s p i r a l ,  
t u r n i n g  counterclockwise from an i n i t i a l  northwest 
heading t o  a nor theas t  heading, i n  t h e  at tempt t o  
i n t e r s e c t  t h e  f r a c t u r e .  On October 14, 1975, f l o w  
between t h e  two boreholes was es tab l i shed,  c rea t i ng  
f o r  t h e  f i r s t  t ime a manmade connect ion i n  hot, 
n e a r l y  impermeable basement rock .  

D r i l l i n g  began i n  

However, because o f  inaccurac ies  i n  l o c a t i n g  
t h e  f r a c t u r e  when the  i n t e r s e c t i o n  was attempted, 
EE-1 missed the  f r a c t u r e  by about 8 m (27 f t ) .  A t  
t h a t  t ime, instruments d i d  no t  e x i s t  which cou ld  
l o c a t e  t h e  boreholes w i t h  respec t  t o  each o the r  a t  
t h e  extreme cond i t i ons  o f  temperature and pressure 
i n  t h e  bottom o f  t he  holes.  I n  A p r i l  1977, GT-2 
was d i r e c t i o n a l l y  r e d r i l l e d  t o  i n t e r c e p t  a f r a c t u r e  
system produced from EE-1, and a connect ion w i t h  a 
r e l a t i v e l y  low impedance was achieved (F ig .  3) .  

The predominant Precambrian rock  i n  both holes 
i s  banded g r a n i t i c  gneiss.  A r e l a t i v e l y  ex tens ive  
and homogeneous b i o t i  t e -g ranod io r i  t e  body was en- 
countered a t  depth. Fractures were u s u a l l y  we l l  
healed o r  sealed, as determined by c o r i n g  and geo- 
phys i ca l  logg ing .  Near ly  a l l  d r i l l i n g  i n  the  c rys-  
t a l  1 i n e  basement was done w i t h  f u l l  - face  t r i c o n e  
r o c k  b i t s ,  except f o r  co r ing .  For standard d r i l l -  
ing ,  pene t ra t i on  r a t e s  ranged from 0.9 m/h (2.8 f t / h )  
t o  a maximum o f  11.6 m/h (38 f t / h ) .  The maximum 
standard d r i l l i n g  i n t e r v a l  f o r  a s i n g l e  b i t  was 
205 m (672 f t)  i n  75 h. 
t h e  b u l k  o f  e x i s t i n g  U. S. d r i l l i n g  exper ience i n  
h o t  g r a n i t i c  rock  us ing  convent ional  o i l - f i e l d  
equipment. 

These holes now c o n s t i t g t e  
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PROJECTED DEVELOPMENT 

Fig .  3 Conceptual diagram of an  experimental hot 
dry rock geothermal system, similar t o  HDR 
S i te  No. 1 a t  Fenton Hil l .  

CIRCULATION EXPERIMENTS 

On June 3, 1977, during a 20 h pumping exper- 

In January 1978, and cont inui~g  into 

iment, cold water pumped down EE-1 a t  6.9 MPa (1000 
psi)  was returned t o  the surface in GT-2 a t  130°C 
(266OF). 
April, a prolonged circulation and heat extraction 
experiment was begun to determine the mechanical, 
physical, and chemical properties of the reservoir 
and the heat exchanger system. 
days) of  continuous circulat ion,  the resul ts  from 
this t e s t  have been very encouraging. Water losses 
have been low (average less  than 5 gpm), while the 
reservoir flow impedance decreased from 15 psi/gpm 
t o  less  t h a n  3 psilgpm with a n  increase i n  the s ize  
of and the degree of  mixing within the fractured 
system. 
being wasted to  the atmosphere. 
down could be modeled u s i n g  an 8000 m2 (86 000 f t 2 )  
fracture surface area. Several aspects of the flow 
and chemical behavior indicate t h a t  thermal contrac- 
t ion and pore f luid pressurization may have enlarged 
the volume of rock accessible for heat extraction 
d u r i n g  the circulation t e s t .  

After 1800 h (75 

Power production was 5 MW ( t ) ,  w i t h  heat 
The thermal draw- 

With a total  of more t h a n  2800 h of operation 
in the energy extraction mode, the HQR circulation 
t e s t s  have experienced no particular problems. 
Water chemistry has remained quite manageable, and  
no induced seismicity has been detected by the sur- 
rounding seismic network. In April 1979, dr i l l ing  
will begin again a t  Fenton Hil l ,  t o  expand the sys- 
tem t o  depths of 4262 m (14 000 f t ) ,  where temper- 
a ture  of 275OC (528OF) a re  expected. Such a system 
m i g h t  be able t o  produce e l ec t r i c i ty  for 10 000 
customers and would provide valuable information 
for the design and construction of a small scale  
e lectr ical  generating p l a n t  t h a t  uses this new 
energy source. 

If success continues a t  Fenton Hill ,  then the 
f i r s t  demonstrations. of the use of HDR geothermal 
energy, both for  generating e l ec t r i c i ty  and for 
nonelectrical purposes, could be i n  progress by 
1985. The f i rs t  systems will probably be small, 
each producing about 50-100 MW (thermal) or 10 MW 
( e l ec t r i ca l )  b u t  they will conform to the new idea 
of decentralization of energy production using 
"neighborhood" power plants.  

FEDERAL HDR GEOTHERPlAL ENERGY DEVELOPMENT PROGRAM 

On a national basis,  LASL has been designated 
by O O ~ / D G E  t o  be the lead agency i n  developing the 
nation's HDR resource. Investigations a re  present- 
l y  underway i n  both eastern and western s ta tes ,  
some near large load centers,  to  identify a d d i -  
tional HDR s i t e s  with different  geologic conditions 
as  the next experimental energy extraction loca- 
t ions ,  Y i t h i n  the next several months, two 100- 
square-mile areas in the United States  will be 
chosen as  prospective s i t e s  for prototype develop- 
ment. Choice of the s i t e s  will be made by LASL 
working w i t h  the  Federal HDR Program Development 
Council. Industrial firms, under contract t o  DOE 
and  LASL, will investigate the s i t e s  for technical 
feas ib i l i ty ,  and one or more areas will be pin-  
pointed for a deep d r i l l i ng  t e s t  and possibly a 
subsequent demonstration plant. D r i l l i n g  a t  other 
s i t e s  i n  following years may proceed af te r  addi- 
tional f ie ld  studies.  The Federal Program will 
determine the potential of HDR geothermal energy 
as a s ignif icant  energy source and provide a basis 
for i t s  timely commercial development. 
for the program i s  Dr. Gregory Nunz of the Los 
A1 amos Sc i ent i f i c  Laboratory . 

The manager 

EASTERN HDR PARAMETERS 

The f i r s t  one of several eastern HDR s i tes  
will probably closely follow the technology suc- 
cessfully developed a t  Fenton Hill i n  New Mexico: 
two wells will be d r i l l ed ,  and a hydraulic fracture 
created i n  low permeability c rys ta l l ine  basement 
rock. 
ton 
knowledge of the HDR resource base. bfe would hope 
t o  f i n d  a n d  explore a more widely distributed type 

the west--mantle upwarp, crustal t h i n n i n g ,  radio- 
genic decay, or tectonic areas. Also, a different 

However,. a different  heat source from Fen- Replumbing of the surface circulation equip- 
ment to  allow greater flow ra tes  occurred during the 
summer o f  1978, and pumping began again i n  September 
t o  further characterize reservoir behavior. After 

ted due to  excessive water losses from fa i lure  of 
the cement behind the casing i n  EELl. 

he sought, i n  Order to broaden Our 

c i rculat ing for 950 h ,  the experiments were termina- Of heat Source t h a n  the young s i l i c i c  volcanoes of 
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t ype  o f  r e s e r v o i r  rock, o ther  than g r a n i t i c ,  would 
make f o r  a l o g i c a l ,  b u t  no t  t o o  fa r -ou t ,  extens ion 
o f  our  present  experience. 

E i t h e r  e l e c t r i c  o r  n o n e l e c t r i c  s i t e s  would be 
s a t i s f a c t o r y .  A s i t e  w i t h  temperatures h i  h enough 
fo r  e !ec t r i ca l  power generat ion (2000C) w o u l ~  be pre- 
fe r red ,  b u t  a s i t e  w i t h  a basement temperature more 
than 100°C would be s u i t a b l e  f o r  space heating, food 
processing, e tc .  From the  s tandpo in t  o f  s t r i c t  eco- 
nomics (d is regard ing  t h e  wor th o f  techno log ica l  ad- 
vancement), the  n o n e l e c t r i c  r e s e r v o i r  rock  would pro- 
bably  have t o  be w i t h i n  3 t o  3.5 km (9800 t o  11 500 
f t )  o f  t h e  sur face t o  o f f s e t  d r i l l i n g  costs .  Rock 
temperatures s u i t a b l e  f o r  power generat ion could 
probably  be as deep as 4 t o  5 km (13 000 t o  16 000 
ft) t o  be economical ly f e a s i b l e .  I n  a d d i t i o n ,  t h e  
power generat ion s i t e  could be l o c a t e d  almost any- 
where and s t i l l  t i e  i n t o  t h e  l o c a l  power l i n e  g r i d ,  
for  d j s t r ~ b u t j o n  t o  t h e  r e g i o n a l  network, The non- 
e l e c t r i c  s i t e  however, would have t o  be loca ted  
w i t h i n  15 km (9  m i l e s )  o f  p o t e n t i a l  users t o  make 
t h e  heat- t ransmiss ion p i p e l i n e s  economical ly fea- 
s i b l e .  

EASTERN HDR EXPLORATION 

Without t h e  sur face  man i fes ta t ions  o f  h o t  
spr ings  (and occas iona l l y  geysers and fumaroles) 
t h a t  a r e  t h e  western i n d i c a t o r s  o f  subterranean 
heat, exp lgrc t ion methods f o r  HDR heat  sources i n  
t h e  east  have t o  be more soph is t i ca ted .  
t h a t  even s l i g h t l y  warm spr ings and chemical geo- 
thermometers a r e  good i n i t i a l  s t a r t i n g  p o i n t s  f o r  
e x p l o r a t i o n  f o r  geothermal p o t e n t i a l ,  b u t  we're 
l e a r n i n g  i n  the  west how t o  app ly  t h e  geophysical 
prospect ing ~ e t h o d s  t h a t  have been developed by 
t h e  mining, petroleum, and hydrothermal i n d u s t r i e s .  
These methods a r e  now being a p p l i e d  w i t h  promis ing 
r e s u l t s  i n  t h e  east .  

I t ' s  t r u e  

An o u t l i n e  f o r  HDR e x p l o r a t i o n  i n  t h e  east 
f o l l o w s  t h e  same r a t i o n a l e  as i n  t h e  west: 

(1 ) C o l l e c t i o n  o f  a v a i l a b l e  water temperature, 
geothermal g r a d i e n t  and heat  f l o w  data 
from e x i s t i n g  spr ings and we l ls .  

(2)  Determinat ion o f  promis ing r e s e r v o i r  heat 
sources by examination o f  chemical geo- 
thermometry data from those waters. 

(3)  Use o f  geophysical p rospec t ing  surveys t o  
determine geologic  s t r u c t u r e ,  r o c k  d e n s i t y  
anomalies, and i n d i c a t o r s  o f  h i g h  temper- 
atures: 

a Seismic r e f l e c t i o n  and r e f r a c t i o n  
b. G r a v i t y  
c ,  Magnetic 
d. E l e c t r i c a l  
e. ~ a g n e t o t e l l u r i c  

(4 )  D r i l l  sha l low holes t o  determine heat 
f lows i n  areas o f  i n t e r e s t .  

(5)  Conduct d e t a i l e d  comprehensive geo log ica l  
and geophysical e x p l o r a t i o n s  i n  a l i m i t e d  
100-square-mile area. 

(6 )  D r i l l  a deep ho le  t o  conf i rm grad ien t ,  
heat f low,  and ex is tence o f  s u i t a b l e  base- 
ment rock.  

I n  general,  t h e  work i n d i c a t e d  i n  s teps 1 and 
2 i s  a l ready  w e l l  along, having been i n i t i a t e d  by . 
i n d i v i d u a l  S ta te  Geological Surveys o r  u n i v e r s i t i e s ,  
a l though some s t a t e s  are  j u s t  g e t t i n g  s t a r t e d .  Work 
through s t e p  4 has been i n  progress f o r  n e a r l y  f o u r  
years a long the  A t l a n t i c  Coastal P l a i n  and Piedmont 
by John Costa in  and h i s  group a t  V i r g i n i a  Polytech- 
n i c  I n s t i t u t e .  As a r e s u l t  o f  t h e  V P I  work, a deep 
h o l e  i s  scheduled t o  s t a r t  t h i s  s p r i n g  a t  C r i s f i e l d ,  
Maryland, as t h e  f i r s t  t e s t  i n  the A t l a n t i c  Coastal 
P l a i n .  Under t h e  Nat ional  HDR Program, LASL w i l l  
p rov ide  fund ing  t o  d r i l l  t h e  bottom 700 f t  t o  in-  
v e s t i g a t e  t h e  ho t  d r y  rock r e s e r v o i r  p o t e n t i a l .  

NEAR-TERM EASTERN POSSIBILITIES 

Geothermal gradients  i n  t h e  east  normal ly  range 
from 10°C/km t o  40°C/km. 
a t  Fenton H i l l  is 60°C/km and throughout much o f  
t h e  west i t  averages more than 30°C/km. 

State,  g rad ien ts  have been estimated a t  36OC/krn, 
which would produce a bottomhole temperature o f  
about 125OC a t  3 kin (10 000 ft). Th is  area i s  being 
considered by t h e  HDR Program Development Counci l  
as a s i t e  f o r  d e t a i l e d  e x p l o r a t i o n  as l i s t e d  i n  
s tep  5 above. 

By cont ras t ,  t h e  g r a d i e n t  

I n  t h e  Buf fa lo-Syracruse area o f  New York 

A t  Stumpy Point, NC, and WaUops I s land,  

Th is  area i s  
VA, geothermal g rad ien ts  o f  47OC/km and 35OC/km 
r e s p e c t i v e l y ,  have been estimated. 
a l s o  a s t rong candidate for one o f  t h e  nex t  HDR 
geothermal demonstrat ion p r o j e c t s .  Wi th  cont inued 
i n t e r e s t  and exp lo ra t ion ,  new promising areas a r e  
being discovered. There may be hundreds o f  p lu tons,  
c o n t a i n i n g  r e l a t i v e l y  h igh  amounts o f  r a d i o a c t i v e  
elements, a long t h e  A t l a n t i c  Coastal P la in ,  h i d i n g  
under t h i c k  sediments. 

The New England Conway g r a n i t e  i s  t h e  most 
r e c e n t  known p l u t o n  i n  the east, and conta ins  heat- 
genera t ing  uranium, thorium, and potassium. I n  
l o c a l  areas where a1 l u v i a l  b lankets  have prevented 
t h i s  rad iogen ic  heat  from escaping i n t o  t h e  atmos- 
phere, g rad ien ts  may be h i g h  enough t o  warrant  HDR 
cons idera t ion .  

OTHER tiDR SYSTEMS 

The p i c t u r e  o f  HDR energy systems t h a t  c o n t i -  
nues t o  appear t h e  most f e a s i b l e  a t  t h i s  t ime i s  one 
o f  a t  l e a s t  two deep, l a r g e  diameter d r i l l e d  holes 
through which cool  water i s  in t roduced i n t o  a 
n a t u r a l  thermal r e s e r v o i r  and h o t  water i s  recovered. 
V a r i a t i o n s  on t h i s  general theme are  p o s s i b l e  how- 
ever, i n  t h e  nature o f  t h e  n a t u r a l  thermal r e s e r v o i r ,  
how i t  i s  developed and s t imulated,  and how f l o w  
through i t  i s  handled i n  t h e  opera t ing  mode. 
low m a t r i x  p e r m e a b i l i t y  o f  t h e  r e s e r v o i r  r o c k  i s  
cons idered t o  be a c r i t i c a l  f a c t o r ,  a l though i n -  
stances can be envisioned where f l o w  between p a r a l l e l  
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f rac tu res ,  through t h i n  permeable layers,  o r  even 
t h i c k  permeable formations could be successfu l ly  
c o n t r o l l e d  even though the  m a t r i x  permeab i l i t y  was 
s i g n i f i c a n t l y  h igher ,  A number o f  these poss ib i -  Laboratory r e p o r t  LA-6653-MS. 
l i t i e s  have been described i n  a recent  paper by 
M. C. Smith o f  LASL. 

West, F. G., and Shankland, T. J., 1977, Explora- 
t i o n  Methods f o r  HDR; Report o f  the Panel 
Held June 22, 1976: Los Alamos S c i e n t i f i c  

CONCLUSIONS 

With t h e  successful implementation o f  t h e  
f i r s t  HDR Energy Demonstration Pro jec t  (HDR S i t e  
No. 1 ) a t  Fenton H i l l  $ the  Federal Program i s  now 
underway, a c t i v e l y  i n v e s t i g a t i n g  new prospect ive 
s i t e s .  A l a r g e  number o f  areas o f  promising geo- 
thermal i n t e r e s t  have a1 ready been i d e n t i  f i  ed across 
t h e  United States, i n c l u d i n g  several i n  t h e  east. 
These s i t e s  represent  a v a r i e t y  o f  geologic environ- 
ments and w i l l  permi t  a slow, but  ever increas ing 
extension o f  our  know1 edge o f  e x t r a c t i n g  energy 
from t h e  hot d r y  rocks o f  t h e  ear th ,  The more we 
look  f o r  p r ~ i s i n g  a d d i t i o n a l  s i t e s ,  the  more we 
seem t o  f i n d .  The r e l a t i v e  engineering s i m p l i c i t y  
o f  t h i s  type o f  energy system and t h e  sheer abun- 
dance o f  the p o t e n t i a l  resource make i t  i n e v i t a b l e  
t h a t  i t  w i l l  be economical ly developed i n  many 
par ts  o f  the world. 
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