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ABSTRACT 

Hydraul ic f r a c t u r i n g  has been used t o  create and ' 

subsequently t o  enlarge the f i r s t  hot d ry  rock 
heat-extract ion loop a t  Fenton Hi1 1, New Mexico. 
Encouraging r e s u l t s  prompted the DOE t o  expand t h i s  
p ro jec t  i n t o  a program o f  nat ional  scope. The elements o f  
t h a t  Program and t h e i r  present status are discussed. 

Emphasis i s  given the  ongoing Fenton H i l l  Pro ject  
where techniques and informat ion developed i n  the e x i s t i n g  
research system w i l l  soon be used t o  produce a 
mu1 ti ply- f ractured engineering system i n  ho t te r  rock a t  
t h e  same s i te .  
operat ion and progress i n  construct ing the engineering 
system are reported. 

i nd i ca te  t h a t  the p r i  ry hydraul ic f ractures are 
e s s e n t i a l l y  v e r t i c a l ,  e l  a t i v e l y  low f r ac tu r i ng  pres 
and absence o f  a shar reakdown suggest t ha  
H i l l  f r a c t u r e  i n i t i a t i o n  occurs by reopening 

Recent r e s u l t s  from research loop 

Although acoustic mapping and system geo 

a tu ra l  f rac tu res  rather  than by i n i t i a t i o n  
1 ow patterns and temperature behavior ggest opening of 
d d i t i o n a l  o l d  f rac tu res  as t h e  lo'op perated. Except 

em t o  enter the where the  hot f l u i d  leaves the crack 
production well ,  flow impedances are very low without 
e i t h e r  a r t i f i c i a l  propping or i n f l a t i o n  by 
pressur i  zation. 

I NTRODUCTI ON 

(LAX) demonstrated the successful ' es tab l  i s  
I n  September 1977, researchers a t  the Los Alam d e n t i  fi c Laboratory 

nt of the f i r s t  hot dry rock 

*Work performed under the auspices o f  t he  U.S. Dept. o f  Energy, D iv i s ion  
o f  Geothermal Energy. 
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(HDR) geothermal energy-extraction loop a t  t h e i r  Fenton H i l l  t e s t  s i t e  i n  
northern New Mexico. Results o f  t e s t i n g  t h i s  system over the ensuing year 
were extremely encouraging and motivated the DOE D i v i s i o n  o f  Geothermal Energy 
(DOE/DGE) t o  expand the Fenton H i l l  HDR Project  i n t o  a program o f  nat ional  
scope - the "Hot Dry Rock Geothermal Energy Development Program" (HDR 
Program"). 
various elements o f  the HDR Program, w i th  emphasis on the cont inuing Fenton 
H i l l  Project. 

L; 

This paper presents the current status and recent r e s u l t s  o f  t h e  

ENERGY-EXTRACTION CONCEPT 

I n  i t s  broadest sense, hot "dry" rock i s  c rus ta l  rock containing heat 
energy a t  temperatures o f  commercial i n t e r e s t  but which w i l l  not spontaneously 
produce indigenous f l u i d  a t  a r a t e  adequate f o r  economic energy extract ion.  
The basic HDR concept i s  therefore t o  '?nine" the heat energy from such rock by 
a r t i f i c i a l l y  in t roducing the heat t ranspor t  f l u i d  from the surface and, when 
required, a r t i f i c i a l l y  creat ing or  increasing the e f f e c t i v e  permeabi l i ty  o f  
the rock t o  provide the required subterranean heat-exchange area. 
o f  engineering implementations i s  thus possible. 
spec i f ic  approach t o  energy ex t rac t i on  w i l l  depend upon the temperature and 
nature o f  the formation, i $ s  permeabi l i ty  and porosity, i t s  c a p a b i l i t y  ( 
any) t o  self-produce, l o c a l  a v a i l a b i l i t y  o f  water, and other factors. 

A spectrum 
For any given s i t e ,  t he  

OBJECTIVE AND SCOPE OF THE' PROGRAM 
i 

The ove ra l l  ob ject ive o f  DOE's HDR Program i s  t o  demonstrate the 
commercial f e a s i b i l i t y  o f  geothermal energy derived from hot dry  rock 
resources. It i s  DOE's i n t e n t  t o  a t t a i n  t h i s  ob jec t i ve  w i t h i n  the 1980 
decade subject, o f  course, t o  meeting the ant ic ipated r a t e  o f  technolog 
progress and t o  the appropr iat ion o f  r e q u i s i t e  funds. The program i s  
field-managed by the  LASL, i n  conjunction w i t h  DOE's Albuquerque Operat 
O f f i c e  as associate program manager, under the aegis of the DOEJDGE. 

S 
c a l  

ons 
\I 

The scope o f  t he  program present ly encompasses app l i ca t i on  o f  the concept 
on l y  t o  formations o f  very low permeabi l i ty  (i.e. a few microdarcies, o r  
less).  The approach f o r  t h i s  appl icat ion,  as i l l u s t r a t e d  conceptual ly i n  
Figure 1, consists of: 
production wel l  - through the sedimentary cover i n t o  the  r e l a t i v e l y  
impermeable formation o f  i n te res t ;  (b) connecting these wel ls  through a 
man-made f r a c t u r e  system o f  appropriate size, created by hydraul i c ,  pneumatic, 
o r  other means; and (c) forming a closed c i r c u l a t i o n  loop by con 
t w o  wel ls  a t  t he  surface through a su i tab le  heat exchanger and c 
system. 

PROGRAM STRUCTURE AND PLAN 

(a)  d r i l l i n g  two w e l l s  - an i n j e c t i o n  well  and a 

The HDR Program consists o f  f ou r  major elements which der ive l o g i c a l l y  
from the  Program's object ive:  

. Resource Eva1 uat ion . Technology Development 
I n s t i t u t i o n a l  Issues Analyses . Commercial F e a s i b i l i t y  Assessment 

c, 
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The resource evaluat ion element i s  aimed a t  b e t t e r  i d e n t i f y i n g  the 
accessible US resource base and est imat ing the f r a c t i o n  thereof  t h a t  
cons t i t u tes  an economic resource. The dominant element, both i n  p r i o r i t y  and 
i n  a l located funding, i s  technology development which includes the  
establ  ishment of HDR systems a t  two reservoir-demonstration sites. Analysis 
o f  i n s t i t u t i o n a l  issues which bear upon the economics, o r  const ra in  t h e  
development, o f  HDR systems - e i t h e r  na t i ona l l y  o r  reg iona l l y  - forms an 
important support ive element. 
f o u r t h  where economical ly -or iented studies, culminat ing i n  a de ta i l ed  
commercial f e a s i b i l i t y  analysis, w i l l  u l t i m a t e l y  assess the  commercial 
po ten t i a l  o f  HDR-derived e l e c t r i c i t y  and space/process heat. 

with a f i n a l  resource evaluat ion completed as wel l  as the t e s t i n g  o f  the two 
demonstration reservoirs,  adequate data w i l l  be avai lab le t o  complete t h e  
commercial f e a s i b i l i t y  analysis. The r e s u l t s  w i l l  enable the DOE t o  make a 
f i n a l  dec is ion on whether o r  not t o  proceed with a commercialization program 
f o r  t h i s  technology. 

discussed i n  the  fo l l ow ing  sections- 

RESOURCE EVALUATION 

These three elements then i n t e r a c t  i n  the 

The current  program schedule i s  given i n  Figure 2. By f i s c a l  year 1987, 

The status and r e s u l t s  t o  date i n  each o f  the program's elements are 

The ob jec t i ve  o f  t h i s  element, as noted previously, i s  t o  obtain a 
r e a l i s t i c  est imate o f  the economic HDR resource o f  t h e  United States. The 
work i s  a coordinated e f f o r t ' w i t h  the U.S. Geological Survey (USGS) which has 
the primary char ter  t o  assess t h e  resources o f  the country. - The program i s  
compil ing and analyzing data relevant t o  HDR obtained l a r g e l y  from the USGS, 
state, and other  sources. Limited supplementary geophysical measurements are 
being sponsored by the  program i n  regions o f  s p e c i f i c  i n t e r e s t  f o r  HDR. 
data are being provided t o  t h e  USGS as well. 
ser ies o f  j o i n t l y  publ ished geophysical maps: geothermal gradient, regional  
rock propert ies, depth t o  basement, etc. A p re l  iminary geothermal gradient 
map, shown i n  Figure 3 ,  was publ ished i n  FY1980 and w i l l  be updated 
p e r i o d i c a l l y  as addi t ional  data become avai lable. 

promising s i t e s  throughout t h e  US which may have s i g n i f i c a n t  po ten t i a l  f o r  
fu ture development. One such s i t e  w i l l  be selected as the HDR Program's 
second demonstration s i t e  i n  the f i r s t  par t  o f  f i s c a l  year 1982. A number of 
candidates are present ly being studied, as shown i n  Figure 4, and several ' 
others w i l l  be invest igated before S i t e  2 i s  selected. 
s i t e s  w i l l  be documented i n  a compendium t o  be published a t  the end o f  f i s c a l  
year 1985. Each s i t e  w i l l  be characterized w i th  respect t o  geophysical 
character is t ics ,  proximate market potent ia l  and loca l  i n s t i t u t i o n a l  
constraints.  

These 
The e a r l y  products w i l l  be a 

A d e r i v a t i v e  e f f o r t  w i t h i n  t h i s  element i s  the character izat ion o f  

A host o f  promising 

TECHNOLOGY DEVELOPMENT 

(A) FENTON HILL PROJECT 

A t  present, the only operational HDR energy-extraction system i s  LASL's 
research system a t  the Fenton H i l l ,  NM s i t e  (Figure 5). The downhole po r t i on  

c 

c; 
i 
i 
1 
i 
i 1 
i 
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f HDR SITE UNDER DEVELOPMEN 
e PROSPECT UNDER STUDY 

CANDIDATE PROSPECT 

Fig. 4. Location o f  Selected and Candidate Prospect Areas 
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o f  t h i s  research sy3tem, as o r i g i n a l l y  established, consisted o f  a r e l a t i v e l y  
small 
EE-1, and production well, GT-2, through a ser ies o f  high-angle natural  
j o in t s ,  as shown i n  Figure 6(a). The essent ia ls o f  t h i s  geometry have been 
establ ished through nunerous wel l  logs, downhole in terwel lbore acoustic 
transmission experiments and extended f low tests. The smooth and continuous 
form o f  the pressure h i s to ry  curve generated dur ing f rac tu r ing  indicates tha t  
an o l d  sealed f rac tu re  was probably reopened (and possibly extended) ra ther  
than v i r g i n  rock matr ix  having been fractured. Three operational runs were 
conducted on t h i s  o r i g ina l  research reservoir.  Run Segment 1, a 100-h i n i t i a l  
check-out and f e a s i b i l i t y  demonstration t e s t  was conducted i n  September 1977. 
I n  Run Segment 2 - a 75-day accelerated drawdown tes t  conducted between 
January and Apr i l  1978 - prel iminary answers were obtained, on an accelerated 
t ime scale, t o  questions concerning what would have been long-term e f fec ts  i n  
a commercial-si ze reservoir.  
and very encouraging: 

(c i rca  8000 m ) f rac tu re  complex which connected the i n j e c t i o n  well, L+ 

Those pre l  iminary answers were both en1 igh ten i  ng 

. DRAWDOWN PREDICTABILITY - The somewhat s imp l i f ied  model o f  the 
downhole f rac tu re  system used i n  LASL's computations i s  mathematic- 
a l ly  adequate t o  represent drawdown. 
research system behaved l i k e  a s imply-fractu ed reservo i r  w i th  an 
e f f e c t i v e  heat t rans fer  area o f  about 8000 m as shown by the 
lower curve and data o f  Figure 7. 
pa r t i cu la r  t o  t h i s  system, the resu l ts  ind icate tha t  the modeling 
hethodology should be appl icable t o  both the  next (engineering) 
system a t  Fenton H i l l  and other sites. 

decl ined t o  less than 1-1/2% o f  the c i r c u l a t i o n  r a t e  (under 0.2R/s), 
once the i n i t i a l  pore f i e l d  saturat ion was achieved. This resul t ,  
although obtained s p e c i f i c a l l y  f o r  the Fenton H i l l  formation, i s  
t en ta t i ve l y  extrapolable t o  other s i t es  where matr ix  permeabil i ty 
i s  i n  the units-to-tens o f  microdarcies range and indicates tha t  
makeup water requirement w i l l  not be a major const ra in t  i n  such 
formations. 

. GEOFLUID CHEMISTRY - A near-equil ibr ium composition was achieved 
i n  the  c i r c u l a t i n g  water, which remained a t  less than 2000 ppm 
t o t a l  dissolved sol ids. Except f o r  a s l i g h t l y  high terminal 
f l u o r i d e  concentrat ion ( ' ~ 9  ppm), t h i s  i s  v i r t u a l l y  d r ink ing  
water and scarcely deserves t o  be ca l led  a "brine" compared t o  the 
hydrothermal brines. 
detected i n  the f low loop. Although these compositional data are 
h igh ly  Fenton H i l l  specif ic, they lend credence t o  the  q u a l i t a t i v e  
prognosis tha t  HDR geof lu id  chemistry should general ly be 
manageable. 

. OPERATIONAL CONSTRAINTS - A number o f  s top/s tar t  t rans ients  were 
imposed on the system, many o f  them inadvertent, because o f  b r i e f  
power outages on the loca l  u t i l i ty .  Although no major operational 
const ra in ts  were indicated, some minor f reez ing problems were 
encountered, which pointed t o  the need f o r  carefu l  a t ten t ion  t o  
surface system design a t  HDR s i tes  w i th  s imi l  a r  moderate-to-severe 
winter  c l imate and comparatively pure water geofluid. 

Speci f ica l ly ,  the o r ig ina l  

!! 
Whereas the numbers are 

2 

. MAKEUP WATER REQUIREMENTS - Water loss t o  permeation qu ick ly  

No evidence o f  corrosion or  sca l ing was 

LJ 
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ENVIRONMENTAL EFFECTS - Perhaps most encouraging, no detr imental 
environmental e f  fec ere observed. I n  pa r t i cu la r ,  under extremely 
careful  monitoring, 

and there was no detectable induced seismicity. 

A f te r  some minor modif icat ions t o  the surface plumbing t o  

r e  was absolutely no evidence o f  a f f e c t i n g  
' t h e  composition o f  l o c a l  aqui fers o r  other hydrologic 

f l o w  rates, Run Segment 3 was conducted during the period September t o  October 
1978. I n  t h i s  segment, comprising about 786 operating hours, three d i s t i n c t  
f l o w  experiments were conducted back-to-back. The f i r s t  o f  these was a ser ies 
o f  t rans ien t  f l  ow-dependent impedance measurements ; the second consisted o f  
i n t e r w e l l  bore acoust ic at tenuat ion surveys under shut- in condit ions; and the 
t h i r d  (and longest)  wa f low experiment under high back pressure. 
This run segment was t t u r e l y  because o f  the development o f  a 
major (%3.5R/s) leak behind the casing i n  the i n j e c t i o n  well. 
high-back-pressure operation i t  was observed t h a t  reservo i r  f low impedance 
decl ined s i g n i f i c a n t l y ,  froin over 200 kPa-s/g t o  about 55 kPa-s/R. 

I n  the  

The leak observed a t  the end o f  Run Segment 3 was due t o  f i n a l  
degradation o f  already degenerate cement i n  the annul 
casing o f  the i n j e c t i o n  we l l .  Recementing was ss 
access t o  t h e  v e r t i c a l  f r a c  r e  emanating from EE 
meters was shut o f f .  A ne nd much la rge r  f rac tu re  
a lso a reopening o f  an old, sealed f rac tu re )  f u r t h e r  do 
extended upward u n t i l  it too communicated w i th  the GT-2 
system o f  natura l  

extended heat-extract ion runs have been made. Run Segment 4 was conducted 
dur ing October and November o f  1979 f o r  a t o t a l  operating durat ion o f  551 
hours. The thermal drawd - indicated t h a t  
t he  e f f e c t i v e  heat t r a n s f  'not less than a f a c t o r  
o f  6. The second test ,  R end o f  February 1980, i s  
present ly i n  progress, an out 15 December 1980. 
<The enlargement o f  the reservo i r  i s  confirmed by gradual thermal 

e e f f e c t i v e  heat 

nts, as seen i n  F i  

ement of the research reservo i r  was effected, two Since the en1 

be o f  the order o f  

extracted from the Fenton H i l l  resea 
2.3 t o  5.0 MWt, as shown i n  Figure 8. - l i n e  e l e c t r i c  

gment 5. The generating 
kage using R-1 

d i s  connected 
r a c t i o n  o f  t he  

. 
construct ion o f  an e 
research system demo 
provided encouraging 
establishment o f  a reservo i r  o f  more near ly commercial s ize and (even more 
important) longevi ty  remains t o  be demonstrated i n  the engineering system. 

l i t y  of the concept and 
s o f  concern, the 
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A schematic comparison of the enlarged research system w i th  the 
engineering system i s  given i n  Figure 9. 
two near ly v e r t i c a l  wel ls  connected by a 50,000 m f r a c t u r e  system i n  200°C 
rock a t  about 3 km depth. The new engineering system w i l l  be both l a r g e r  and 
hotter,  cons is t ing o f  two deeper wel ls -- EE-2, the i n j e c t i o n  well, and EE-3, 
t h e  production we l l  -- t o  a depth o f  about 4.5 km w i t h  t h e i r  working sections 
i n c l i n e d  a t  35" t o  the ve r t i ca l .  These wel ls w i l l  be connected by a m u l t i p l e  
f r a c t u r e  sy tem i n  the 300°C rock w i th  a nominal e f f e c t i v e  area o f  
1.5 x l o 6  d .  This engineering system, when completed, w i l l  be capable o f  
producing 20-50 thermal megawatts with not more than 20% therhal  drawdown i n  
10 years, and could be su i tab le  f o r  possible commercial use when the 
DOE-sponsored demonstration o f  the reservo i r  i s  complete. 

As note$, the former now consists o f  

The i n j e c t i o n  w e l l ,  EE-2, i s  now complete t o  a depth o f  4450 m wi th a 
bottomhole temperature o f  320°C and the production well ,  EE-3, i s  being 
d r i l l e d .  Establishment o f  the f rac tu re  system i s  scheduled t o  begin i n  1981. 

( B )  PLANS FOR SITE 2 PROJECT 

A key program a c t i v i t y  i s  the se lect ion o f  a second experimental HDR , 

s i te .  (a) t h a t  the 
rese rvo i r  techniques u t i l i z e d  a t  Fenton H i l l  o r  modif icat ions thereof, are 
appl icable i n  a d i f f e r e n t  formation; and (b) an expanded data base f o r  
assessing the commercial f e a s i b i l i t y  o f  HDR energy. 
data continued through 1978, culminat ing i n  the nomination o f  a number o f  
candidate prospect areas throughout the US. 
promising prospect areas were selected f o r  d e t a i l e d  geophysical invest igat ion.  
Conduct o f  t h i s  f i e l d  work i s  now i n  progress. 
s u f f i c i e n t l y  p o s i t i v e  character izat ion t o  permit se lect ion o f  a s p e c i f i c  s i t e  
e a r l y  i n  1982. 

(C)  INSTRUMENTATION AND EQUIPMENT DEVELOPMENT 

experimental operations a t  Fenton H i l l  (and w i l l ,  subsequently, a t  S i t e  2) , i s  
d i rec ted  toward prov id ing the special ized instrumentation and downhole 
equipment needs o f  the HDR Program, which are commercially unavailable. 
Whenever possible, development i s  accompl ished through subcontracts with 
industry,  thereby e f f e c t i n g  imnediate technology t rans fe r  as well. I n  
addi t ion,  these developnents are coordinated w i t h  those o f  Sandia' s Geothermal 
Instrument Development and D r i l l i n g  Technology programs, as wel l  as the needs 
of USGS, t o  avoid dup l i ca t i on  o f  e f f o r t .  

t u r b o d r i l l ,  a high-temperature downhole d r i l l i n g  motor, sponsored j o i n t l y  by 
DOE/DGE and the DOE/Division o f  Foss i l  Energy Ext ract ion (DFEE). 
successful ly f i e l d  tested i n  the d r i l l i n g  o f  wel l  EE-2 and i s  now being used 
i n  the  d r i l l i n g  o f  EE-3 a t  Fenton H i l l .  LASL a l so  sponsored improvements i n  
open-hole packer and shock-sub temperature capabil i ty. 
u n i t s  are being t r i e d  i n  the same d r i l l i n g  program. 

instrument cable. 
specimens from several sources. 

Development o f  such a s i t e  i s  necessary t o  establ ish:  

Survey o f  the e x i s t i n g  

From t h i s  l i s t i n g ,  the most 

The ant ic ipated outcome i s  

Another major area o f  technology development, which d i r e c t l y  supports 

During 1978-79, Maurer Engin i n g  proceeded w i th  development o f  the 

It was 

These high-temperature 

Development work a1 so continues on a high-temperature mu1 t iconductor 
Testing i s  cu r ren t l y  i n  progress o f  1000-foot evaluat ion 



185 



186 

TABLE I 

HIGH-TEMPERATURE INSTRUMENTS AND EQUIPMENT 
DEVELOPED TO DATE 

Major LASL-internal developments are l i s t e d  i n  Table I. With t h e  
except ion o f  t he  f i r s t  i tem l i s t e d ,  a l l  o f  these instruments have a 
temperature c a p a b i l i t y  o f  a t  l e a s t  275OC. Those r e c e n t l y  completed 
improved downhol e temperature- and vel ocity-measuring u n i t s  and a temperature 
hardened 3-independent-arm ca l  i p e r  t o o l  f o r  borehole gaging. Subcontracted 
work on fracture-mapping instruments includes: f e a s i b i l i t y  s tud ies  and 
p re l im ina ry  design f o r  a radar-based f a r - f i e l d  mapping t o o l  and i n  s i t u  stres's 
measurement device; f a b r i c a t i o n  o f  a prototype downhol e acoust ic  t ransce iver  
u n i t  u t i l i z i n g  a magnetos t r i c t i ve  d r i v e r ;  and a phased program t o  develop a - 
high-temperature downhol e video system which w i l l  produce rea l - t ime  monochrome 
images under v i s i b l e  and u l t r a v i o l e t  i l l u m i n a t i o n .  

I tem 
Temp./Pressure Probe (26OOC) 
We1 1 bore F1 u i  d Sampl e r  
3-Axis F l u i d  Sampler 
Mechanical Acoustic Source 
Mul t ide tonator  Acoustic Source 
F l u i d  Sample Downhole I n j e c t o r  
S e l f  Po ten t i a l  Probe 
Temp. /Conduct i v i  ty Probe (275 O C  ) 
3-Indep.-Arm Cal iper/Contour Probe 
Wellbore F l u i d  Ve loc i ty  Meter 
Radiot racer  In jec to r /Mon i to r  Tool 

Devel oper/Vendor( s )  
LASL/Bell & Howell 
LASL/Gl obe 
LASL /Mark Products 
LASL/Gl obe 
LASL/Reynol ds/Vacuum B a r r i e r  
LASL/Gl obe 
LASL 
LASL 
LASL/Dal e E l  ec t ron i cs  
Worthwel T-LASL 
Worthwell 

INSTITUTIONAL ISSUES ANALYSES 

There are a number o f  quasi technica l  and non-technical issues t h a t  w i l l  ' 
affect t h e  s u i t a b i l i t y  o f  HDR as an a l t e r n a t i v e  energy source. 
convenience, they are categor ized as I n s t i t u t i o n a l  Issues. They inc lude:  
(1) l e g a l  aspects o f  HDR development; (2) regu la to ry  issues; (3) 
environmental e f f e c t s  o f  i n t e n s i v e  development; ( 4 )  w a t e r  a v a i l a b i l i t y ;  and 
(5) p u b l i c  awareness. The program i s  examining the  extent  t o  which these 
issues may impact HDR development. 

For 

I n s t i t u t i o n a l  aspects o f  HDR development t y p i c a l l y  d i f f e r  from one loca  
t o  another and depend on sub jec t i ve  fac to rs  as wel l  as ob jec t i ve  
considerations. For instance, t h e  lega l  d e f i n i t i o n  o f  "geothermal resource'' 
var ies  w ide ly  among t h e  States. The variance i n  t h i s  case i s  due l a r g e l y  t o  
d i f f e rences  i n  the  pub1 i c '  s percept ion o f  geothermal resources r a t h e r  than a 
r e a l  phys ica l  d i f f e r e n c e  among resources. 

e 

S i m i l a r l y ,  r egu la to ry  c o n t r o l s  are subject  t o  d i f f e r i n g  degrees o f  
i n t e r p r e t a t i o n  and enforcement. 
va r ies  from one place t o  another, so w i l l  the  extent  to .which HDR development 
i s  accepted. 

As t h e  percept ion o f  HDR and i t s  technology 



187 

Activities i n v o l v i n g  inst ional issues includ environmental studies, 
legallregulatory studies, and publ  ic relations. Envi nmental studies, are 
directed a t  obtaining more definitive information about the effects o f  
commercial-scale HDR development. A1 t hough  much experience from hydro 
projects i s  directly applicable because the effects are similar t o  those 
expected from H D R ,  other environmental aspects of HDR are unique t o  i t s  
a p p l  ication. Careful and continuous environmental monitoring is being done i n  
conjunction with the program's demonstration projects.. This operational 
experience will c l a r i fy  the environmental issues and help t o  place them i 
perspective for  the regulatory authorities. A detailed Environmenta? 
Report and an Environmental Impact Assessm have been published for 
Fenton Hill Site. 

Studies of laws and regulations a t  b o t h  the Federal and State levels are 
identifying potential barriers t o  HDR development. Where possible, 
developmental routes t o  avoid or eliminate barriers will be suggested. A 
preliminary legal study was published in 1979 discussing the differences from 
state-to-state i n  the definition of the "resourcei' under which the ownership 
question would be adjudicated. 
generi s def i n i  t i  on. 

community, and regulatory agencies, i s  being kept informed o f  the. program's 
progress and findings. This information is being disseminated through 
discussions and presentations, press releases, a quarterly newsletter, 
educational materials, brochures ,* technical *reports, and annual conferences. 

COMMERCIAL FEASIBILITY ASSESSMENT 

. 

The study proposed a more consistent sui 

The interested publ ic, including the geothermal industry, financial 

Commercial feasibility can best be proven by demonstration combined w i t h  

grogram's goal. 
element. Economic analysis, which involves a synthesis of all critical 
factors affecting the cost of HDR systems, i s  conducted in this Program 
el emen t . 

Economical ly-oriented studies have been an ongoing activity in the 
Program since i t s  inception. 
with the University of New Mexico and ( a t  this stage of development) subject 
t o  a great many'assumptions, have shown t h a t  HDR-derived energy costs can be 
o f  the right order o f  magnitude t o  be competitive w i t h  other energy sources i n  
the post-1990 time frame. 

the modeling o f  reservoir establ ishment and management strategies. The 
overall study will examine drilling costs, conversion costs and so for th .  
Sensitivity analyses will  identify cost-sensitive factors and t h r o u g h  a 
feedback mechanism, technology improvements which reduce costs will be - 
pursued. The study will include institutional and other factors t h a t  
influence development costs. 
will be updated. 

technology compete with t h a t  from other energy production technologies in the 

propriate economic analyses; b o t h  are deemed essential t o  reaching the 
Demonstration is  implicit in the Technology Development 

Preliminary studies, done by LASL in concert 

A more comprehensive economic systems study i s  now underway, focusing on 

As more field da ta  become available, the study 

The ultimate question t o  be answered is: Can energy produced through HDR hi 



188 

p r i v a t e  marketplace? The answer w i l l  come from a f i n a l  commercial f e a s i b i l i t y  L; 
analysis t h a t  accounts not only f o r  technology costs and benef i ts,  but  f o r  t he  
a i t y  o f  resources, market needs, and regulatory requirements. 

SUMMARY 

he HDR Program i s  a mul t i faceted long-range program o f  nat ional  scope 
I t  i s  a combined aimed a t  estab l ish ing an energy-producing industry. 

development and demonstration program whose e l  ements include: 
t h e  :resource; ca ta l  og i  ng promi s ing s i tes;  devel op i  ng the rese rvo i r  technology, 
and required t o o l s  and instruments; a t tack ing the i n s t i t u t i o n a l  problems and 
assessing t h e  commercial f e a s i b i l i t y  o f  t he  concept i n  the  near future. 

character iz ing 




