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r i  HOT DRY ROCK GEUTHERMAL ENERGY DEVELOPMENT PROGRAM 
c 

P. R. Franke 
Los Alamos Scient i f ic  Laboratory 
Los Alamos, New Mexico 87545, U.S.A. 

The overal l  objective of the Hot hy Rock (HDR) Geothermal Energy Develop- 
ment Program 19 to determine the technical and economic f e a s i b i l i t y  of HDR as a 
s igni f icant  energy source and to provide a basis fo r  its timely commercial 
development, if warranted. 
potential of the geothermal resource. Most a l l  of t h i s  energy ex i s t s  as heat 
i n  "dry" rock. If 2% of t h i s  resource could be economically recoverable, it 
would be suf f ic ien t  to provide the en t i r e  nontransportation energy requirements 
of the United States f o r  over 2000 years at the present rate of consumption. 

Program motivation is derived fran the enormous 

Principal operational tasks are those a c t i v i t i e s  required to enable a 
decision to be made by FY86 on the ultimate c m e r c i a l i z a t i o n  of HDR. These 
include development and analysis  of a 20- t o  5044 Phase I1 HDR reservoir at  
Site 1 (Fenton Hil l )  w i t h  the potent ia l  construction of a p i l o t  electric gener- 
a t ing s ta t ion ,  Phase 111; se lec t ion  of  a second site With subsequent reservoir 
development and possible construction of a direct heat u t i l i za t ion  p i l o t  plant  
of at least 30 MW thermal thereon; the determination of the overall  danestic 
HDR energy potential; and the evaluation of 10 or  more target prospect areas 
for f i t u r e  HDR plant development by commerical developers. 

Supporting technology and inst i tut ional .  tasks will involve design and 
t e s t i n g  of advanced downhole Instruments, equipment, and rraterials; d r i l l i ng  
techniques; f racture  s tud ies ;  reservoir evaluation; engineering s tudies;  regu- 
l a to ry  s tudies  to ident i fy  those factors  necessary fo r  Widespread indus t r ia l  
u t i l i za t ion ;  and aggressive transfer of technology and information to  industry,  
academic, and governmental organizations, 

Progress to date includes the completion of Phase I of the Los Alamos 
Sc ien t i f i c  Laboratory's Fenton Hill  project. Phase I evaluated .a small subter- 
ranean system cmprised of two boreholes connected at a depth of 3 km by hy- 
draulic fkacturing. A closed-loop surface system has been constructed and 
tests involving round-the-clock operation have yielded promising data on heat 
extraction, geofluid chemistry, flow impedance, and loss of water through the 
underground reservoir between the two holes, leading to cautious optimism f o r  
the  f i t u r e  prospects of p r i v a t e s e c t o r  HDR power plants. 



I. INT R0DUC.T ION 

The natural heat avai lable  fiom the accessible part of the earth's c rus t  
is recognized as one of the major po ten t ia l  sources cjln energy i n  the United 
States. This heat is transferred to re la t ive ly  shallow depths by conduction o r  
by circulat ion of f lu ids ,  where it can be developed through various geothermal 
systems. 

Hydrothermal systems can often be developed by dr i l l ing to  re la t ive ly  shallow 
depths and, at present, are the object of most commercial geothermal deve lop  
ments. They are, however, limited i n  size and dist r ibut ion.  Geopressured 
reservoirs  are generally much deeper, kut are potent ia l  sources of methane, as 
well as heat. 
c i en t  ground-water c i rculat ion,  the heat contained in  the hot rock can be ex- 
tracted only by a r t i f i c i a l l y  creating reservoir systems and introducing a geo- 
f lu id .  This principal concept, with its various subconcepts, is the basis fo r  
the Hot Dry Rock (HDR) Geothermal IWergy Development Program.1 

Geothermal systems my be hydrothermal, geopressured, or  hot dry rock. 

Elsewhere, due to the low permeability of rock uni ts  or  insuf f i -  

Information on geologic environments in which the HDR techniques m i g h t  be 
used to extract thermal energy is provided by an assessment of geothermal 
resources in the United States by the U.S. Geological Survey (USGS). Within 
conduction-related thermal regimes, the heat (at temperatures above the mean 
annual surface temperature) stored in tie outer  10 km of the earth beneath the 
United States is about 33 - + 4 x 106 EJ. 

A temperature of 150OC is generally considered to be the minimum required 
for econanically canpetit ive e l e c t r i c i t y  generation, while temperatures as low 
as 100°C have been commercially exploited for space heating, agr icu l tura l  or 
process heat, and air conditioning. Since much of the potent ia l  geothermal 
heat cited in USGS Circulars 726 and 790 is contained at depths that are not 
econanically attainable w i t h  present o r  near-future dr i l l ing technology, new 
design and testing of equipment and materials capablg*of long-term operations 
i n  gvessures of 107 to 108 pascals w i l l  be required. 
measured against the present domestic energy consumption of about 75 EJ annu- 
ally, even the *action of the resource base extractable with present technol- 
ogy represents a major source of energy. This is the ju s t i f i ca t ion  for a 
federal program to invest igate  the extent of and the f e a s i b i l i t y  of recovering 
the heat contained in hot dry rock. 

khwever, when 

The high-grade component of the hot dry rock resource base occurs i n  
localized areas of high heat flow. These might be ut i l ized  either f o r  local 
production of e l e c t r i c i t y  for adjacent load centers or fo r  nonelectric applica- 
tions. In many cases, however, these high-grade resources are dis tan t  fran 
population and industry centers or are located i n  areas of environmental con- 
cern, which might preclude their widespread-exploitation.- The-lower grade HDR 
resource base is widely dispersed throughout the country and, with the develop- 
ment of appropriate technology, could be developed to serve many exis t ing popu- 
l a t i o n  and load centers. 

Within the Western United States there are large areas of regionally high . 
heat flow associated with c rus t a l  thinning, major crustal "basement" s t ruc-  
tures, o r  converging c rus t a l  plate boundaries. Within - both the Western 

3 EJ (exajoule) = 10185 = I quad = 334 megawatt-centuries. 

**Pa (pascal) = 1.45 x 10-4 psi .  



,. 
and Eastern United States there are thermal anomalies that result from radio- 
genic heat sources buried under a blanket of insulating sediments. These wide- 
spread regions are potent ia l  t a rge t s  fo r  development by the HDR techniques. 

The Department of Energy, Division of Geothermal Energy (DOEDGE), working 
with the Las Alamos Scient i f ic  Laboratory (LASL), has been investigating t h i s  
resource base and developing HDR technology for  several  years. I n i t i a l  experi- 
ments have resulted i n  proof of the heat-extraction concept at  the Fenton H i l l  
site near Los Alamos, New Mexico.- For the first time, an artificial, manmade,- 
geothermal system JGIS -created -by drill-ing -a borehole. into hot basement rock, 
creating a fracture  systen i n  the rock near the bottan of the hole, d r i l l i n g  a 
second borehole to in te rsec t  the top of the fracture system, and c i rcu la t ing  a 
f l u i d  (water) to extract heat and bring it to the surface as shown in fig.  1.2 
The success of these experiments created a need'for a comprehensive federal 
program to fW.ly investigate HDR systems and to determine t h e i r  po ten t ia l  Im- 
pact on the nation's energy supply. Consequently, the HDR Geothermal Energy 
Development Program ms formally const i tuted by the Department of Ehergy i n  
October 1978. 

*.- 

. 

- -  - - - _ _  - -  - .. 

Fig. 1. Hot Dry Rock Geothermal Concept 



* 11. Program Objectives 

Program has dictated the following principal objective. 
The successful rea l iza t ion  of the HDR Geothermal Ehergy Development 

Determine the poten t ia l  of hot dry rock geothermal 
energy as a s igni f icant  a l te rna te  energy source and 
t o  provide for its timely development, if mrranted. 

Consistent with t h i s  s a l i e n t  objective, the following specific sequential  
subobjectives are established for the program. 

(1) Near-Term (ear ly  19801s) 

Determine the poten t ia l  of the HDR resource beneath 
the United States i n  cooperation with the USGS, 
emphasizing the f rac t ion  available at  shallow depths 
and near load centers. Provide a preliminary assessment 
that a l l  requis i te  technologies either already e x i s t  in a 
comnercial sense or are within reach of engineering 
development ; that is, that no technologi'cal "breakthroughs" 
are needed. 

(2) Mid-Term (mid-1980's) 

Provide a more detailed evaluation of the HDR resource potent ia l ,  
including a descr ipt ive catalog of prospective sites fo r  commercial 
development and demonstrate all requisite technologies. 

(3) Long-Term (late 1980's and beyond) 

Define and conduct program a c t i v i t i e s  and projects--technical 
and/or institutional--necessary to promote the establishment 
of*= HDR energy industry. 

111. Scope 

The HDR Geothermal Energy Development Program includes the Site 1 HDR 
Geothermal Ehergy Development Project (Fenton H i l l  Project) ,  and w i l l  subse- 
quently include another HDR -demonstration- progect ( SI- elsewhere--in the- nation.- -. 
The program is intended to embrace a l l  of the a c t i v i t i e s  necessary to create an  
indus t r i a l  s t ructure  that can and w i l l  proceed expeditiously with commercial- 
izat ion of the HDR resource. Major Federal involvement i n  a succesful HDR pro- 
gram would continue through FY 1990, then diminish to a l ia i son ,  coordination, 
and technical-support role by FY 2000. 

The program W i l l  camprise two main ,  parallel streams of effort-one, a 
system-development sequence leading fran f ie ld  experiments through evaluative 
systems and prmotion of camnercial pilot plants  or Wl-scale systems; t h e  
second, a continuing group of supporting actPrities including laboratory work, 
reservoir  Itlodeling, instrument and equipment development, and environmental, 
legal ,  and i n s t i t u t iona l  support. 

Ideally,  the program w i l l  be limited only by technology, time, and 
resources. It is expected that a great deal of management expertise and tech- 
n ica l  imagination and innovation wi l l  be required to exercise the DOE d i r ec t ive  
su f f i c i en t ly  to realize eventual commercialization of HDR technology. 



Cost-sharing with industry is an integral  part of the national HDR 
program. 
program is successful, to decline quickly thereafter as commercial in t e re s t s  
provide a rapidly increasing par t  of the t o t a l  funds required fo r  continued 
development of HDR systems. 

Federal expenditure is expected to peak in the mid-1980's and, if the  

IV. MAJOR PROGRAM ELEMENTS 

The-long-range program plarishorjn in Fig. 2 lists -the tnajor program 
elements and the i r  schedule. 

A. Determination of Resource Potential  

To ensure that geothermal energy can be a subs tan t ia l  a l te rna t ive  energy 
source, HDR poten t ia l  m u s t  be shown to have a wide d is t r ibu t ion  in a variety of 
geographic and geologic settings. It is also fmportant that HDR resource esti- 
mates iden t i f i  the f rac t ion  of the resource that ex i s t s  at depths su f f i c i en t ly  
shallow and at locations suf f ic ien t ly  close to m j o r  energy consumers to be 
econanically a t t r a c t i v e  to potential investors interested i n  developing HDR 
systems. Only when th i s  has been shown is industry l i k e l y  to move in to  the 
f i e ld  of HDR energy development. 

t 

EVALUATION OF . 
PROSPECTIVE SITES 
OEVELOPMEWT OF HDR SIJES. 

ANALYTICAL AND - -  
LABORATORY SUPPORT 
MATERIALS, EQUIPMENT 
& INSTRUMENT DEVELOPMENT 

INDUSTRIAUZATIQN & ECONOMICS 
PROGRAM frlANAGEMENT I 

0 MAJOR SYSTEM OR FACILITY OPERATIONAL v MAJOR DECISION POINT 

Fig. 2. Hot Dry Rock Geothemal Energy Development Program Long-Range Plan 
- 



It is thus lmperative that reliable estimates of the magnitude, nature, 
location, and depth of the hot dry rock be obtained as rapidly as possible. 
The staff of the HDR program is dedicated t o  achieving this goal, u t i l i z ing  the 
expertise of the USGS supplemented by that of LASL, and relying on data fran a 
va r i e ty  of additional sources, including other DOE/DGE-funded geothermal pro- 
grags? In part icular ,  data generated by the states, industry-coupled, and pre- 
commercial DOE programs w i l l  ti& of mat benefit-to this resource evaluation-.-- 
Valuable data w i l l  also undoubtedly be contributed by the regional hydro- 
thermal-resource assessments now being made under DOE sponsorship. Principal 
responsibi l i ty  f o r  t h i s  assessment rests w i t h  the Department of Inter ior ,  USGS. 
Primary at tent ion of the USGS is necessarily focused on the broad regional and 
national energy picture rather than on ident i f ica t ion  and evaluation of loca l  
geological si tuations.  Accordingly and in part as contribution to the USGS 
resource assessment, LASL has for some years been engaged in a low-level 
exploration e f fo r t  fo r  areas that appear par t icu lar ly  praising for  HDR 
development, and t h i s  ac t iv i ty  has now been absorbed into and broadened by the 
expanded HDR program. 

Evaluation of the mgnitude and nature of hot dry rock lnust be considered 
as consisting of two major ac t iv i t i e s .  The first e n t a i l s  generation of accw- 
ate, detailed, geothermal-gradient mps  of the e n t i r e  United States. Such maps 
are c lear ly  necessary to estimate rock temperatures exis t ing at any d r i l l i n g  
depth determined to be potent ia l ly  economic at a par t icu lar  time. This activ- 
i t y  must be given i n q t i d l  consideration because the occurrence of su f f i c i en t ly  
high heat content in the rocks is Mdamental fo r  any useful geothermal re- 
source. The second ac t iv i ty  is an evaluation of the permeability and f l u i d  
content of the potent ia l  reservoir rock. This evaluation may well be i n  the 
most difficult  part of the task and the par t  most subject to error.  

B. Evaluation of Prospective Sites 

Another m j o r  objective of the HDR Program is to define and implement 
dr i l l ing and other f i e ld  a c t i v i t i e s  -leading to the ea r ly  selection and develop- 
ment of a second HDR site (and the cataloguing of addi t ional  sites) at loca- 
tions other than at Fenton H i l l .  This second site will be developed to demon- 
strate that: (a) the HDR resource is not limited to the geologic environment 
typified by Fenton H i l l  and (b) the techniques, equipment, and instrumentation 
developed at  FenXori Hila;- or  modifications-of thztt-techno3ogy,--oan-be -9uccess-- -- 
f h l l y  and econanically applied in other natural  environments. 

Field measurements indicate that the HDR resource is large and widespread, 
and 'the program objective, therefore, is to provide usable energy to a large 
part of the US. To do this w must encourage indus t r i a l  investment in and use 
of HDR technology. To give industry the confidence to use th i s  technology, it 
is necessary for the DOE to prove that HDR geothermal energy can be extracted 
econanically i n  a variety of geologic environments w i t h  a wide geographic dis- 
t r i bu t ion  and f o r  a variety of uses (both beneficial h q t  and electrical 
generation) 

are: 
The =in reasons for  development of addi t ional  HDR demonstration sites 

(1) to  i n s t i l l  confidence within the developer and user of the 
potent ia l  of HDR by refining, developing, and testing the 
extraction concept i n  a var ie ty  of geologic environments, 

(2) to evaluate the resource base throughout the U.S., 
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(3) t o  develop and evaluate HDR exploration rat ionales  and 
techniques, 

(4)  t o  demonstrate v e r s a t i l i t y  of HDR by locating separate sites 
f o r  process heat and electrical power generation, 

(5). t o  establish economics undm.-real-world conditiuns, -and 

(6) to provide an a l t e rna te  site if  Fenton H i l l  proves unsuccessful 
during redrill. 

Our objective is bo evaluate adequately mall sections of the -country 
individually and col lec t  site-specific data so that d r i l l i n g  decisions can be 
made. A Site Selection ConireLttee comprised of representatives from industPy, 
univers i t ies ,  and federal agencies has been established to  help i n  the selec- 
t i o n  process. 
target prospect areas located in the eastern and western parts of the country 
were awarded in the last quarter of FY 79; LASL w i l l  evaluate addi t ional  pros- 
pects during FY.80. Conclusions regarding the des i r ab i l i t y  of dr i l l ing explor- 
a tory  holes fo r  proposed Site 2 are expected by mid- t o  late FY 80. In  addi- 
tion to the geological aspects of the prospect areas, consideration w i l l  be 
given to land use constraints,  proximity to mrkets, geographic and p o l i t i c a l  
dispersion, and overall  v i s i b i l i t y  before selection of the Site 2 location is 
made. The plan calls fo r  the consideration of perhaps t e n  sites each year, 
w i t h  one o r  two target prospects evaluated each year through 1986. These addi- 
t i ona l  sites w i l l  be f b l l y  characterized and muld be considered ready for 
exploratory development after 198 6 . 

Contracts for i n i t i a l  evaluation of two 260 km2 (100 mi2) 

Additional HDR sites may be developed, at minimal cost, by using exis t ing 
geothermal wells that were d r i l l e d  for development of hydrothermal systems, but 
have turned aut  to have Umited permeability. This approach may expand pro- 
duction i n  hydrothermal fields by u t i l i z i n g  hot but "dry' sections of those 
fields or  by going - below present steam producing horizons. 

C. Development of HDR Sites 

To ensure that HDR geothermal energy can be a substant ia l  a l te rna t ive  
energy source, several prototype- -syst-ems representing props-ed combinations of 
geological s i tuat ions,  heat extract ion methods, and energy conversionht i l iza-  
t i o n  schemes w i l l  be constructed and operated to investigate and develop the 
technologies required to produce geothermal energy whenever it is needed and in 
suf f ic ien t  quant i t ies  and qual i ty  to satisfy the specific needs of its poten- 
t ial  users. 

The first such system at Fenton Hill  has progressed from a research and 
development e f fo r t  to an engineering effort. Fenton H i l l  is located about 55 
km west of Ins Alamos, New Mexico. The site is on the =stern rim of the 
Valles Ca ldxa ,  a young silicic volcano, which was active as recently as f i f t y  
thousand years ago. This site has successfully dmonstrsted the use of hydro- 
fracturing as a technique to create a connecting circulat ion systan through hot  
g ran i t i c  rock and the extract ion of heat at rates up to about 5 MW (thermal) . 

. 

Fenton H i l l  is unusual, vis-a-vis future sites, i n  several  respects. 
F i r s t ,  u n t i l  the present it has been the only energy extraction experiment in 
the United States carried as a project i n i t i a l l y  by the Atomic Fhergy 
Commission, then the Ehergy Research and Development Administration, and cur- 
rent ly  by DOE. As such , . i t s  r o l e  has gradually evolved. Second, it has been 



and w i l l  continue to be a multiple-function site, serving not only as an HDR 
concept demonstration, but also as a research arena f o r  reservoir technique 
development and fo r  the development and test of mterials, d r i l l i n g  related 
equipment, and downhole instrumentation. Finally,  it is staffed and operated 
d i r e c t l y  by LASL personnel and, therefore, partakes of the characteristics of a 
laboratory technical area. 

* 

With the expansion in FX 79 of the HDR effort to a federal program of 
national scope, the Fenton H i l l  Project has become one among several such pro- 
jects h i c h  will eventually be conducted within that program. However, by vir- 
tue of the foregoing unusual aspects, the Fenton H i l l -  site presents some unique 
opportunities to the program, which w i l l  be exploited in its fiture 
development. 

1. Fenton H i l l  Phase I. The Phase I reservoir  presently being evaluated 
at Fenton H i l l  resulted fran early d r i l l i n g  and f ractur ing experiments followed 
by a workover operation. It consists of two wlls, referred t o  as GT-2 and 
E l ;  both of which are dril led to a depth of about 3 km (10,000 ft) where the 
rock temperature 3s 200°C. The manmade fracture system intersected by these 
two ' w e l l s  is current ly  believed to  consist  of a large, near-vertical fracture 
and a mber of inclined connective jo in ts ,  the whole system having a total 
ef fec t ive  surface area of about 8000 $. This r e l a t ive ly  mall reservoir m s  
established, i n  its present configuration, in M 77 and the associated experi- 
mental program is presently ongoing. To date, this small system has been used 
to:  (a) demonstrate i n i t i a l  technical f e a s i b i l i t y  (9641 Segment 1 test); (b) 
provide short-term information on predic tab i l i ty  of drawdown, time variat ion of 
impedance, water loss rate, geofluid chemistry, and s t o p h t a r t  t rans ien ts  
(1700-h Segment 2 test); and (c) serve as a test bed fo r  evaluation of reser- 
voir  enhancement techniques, such as operation under high back pressure (800-h 
Segment 3) test.3 A hiatus  of several  months w s  engendered by the need to 
recement the lower casing in the EE-1 well and then to attempt the expe rhen ta l  
workover techniques. T h i s  work has been accomplished and evaluative testing 
(Run Segment 4) began i n  August 1979. Among the items being evaluated in t h i s  
fourth run segment are: (a) the r e s u l t s  of attempted deflagrative pneumatic 
f rac ture  in i t i a t ion ;  (b) massive hydraulic fracturing in virgin rock; and (c) 
operation of modified cement-inflated casing packers. 

In the near future, t h i s  reservoir w i l l  continue to provide an expendable 
system fo r  evaluating high-risk/high-payoff reservoir  extension workover tech- 
niques and fo r  conducting a small preliminary electric generation experiment. 

2. Fenton H i l l  Phase 11. 
effort -as -descr-i-bed;i;l?l -the-precediag- seotdm,- -planning anb-initiation-of -a - 
Phase I1 system has been proceeding. The primary objective of t h i s  e f f o r t  is 
to demonstrate reservoir scale-up and longevity by creating a p i lo t  plant sized 
system (30 t o  50 M W t )  with a projected l i fe  in excess of 10 years. A third 
well, EE-2, is being dril led at the site to a bottom-hole temperature of 250° 
t o  275OC and w i l l  serve as the  inject ion ell for the Phase I1 system. D r i l l -  
ing of EE-2 began in April 1979 during preparations for the Segment 4 test of 
the Phase I system. Before the rig is released, it w i l l  be skidded to  a loca- 
t ion  about 300 m east of EE-2 to d r i l l  a fourth well, EE-3, which w i l l  serve as 
the Phase I1 production well. It is ant ic ipated that the d r i l l i n g  of EE-3 will 
begin in the first quarter of FY 80. A nine-month period, devoted to compls 
t i o n  of a subterranean system and a comprehensive set of communication tests, 
w i l l  follow. A ccmparison of the  Phase I and Phase I1 system is shorn i n  

In parallel with the completion of the Phase I 

Fig. 3. 
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PHASE 1 SYSTEM (PRESENT) .: PHASE 2 SYSTEM (CONSTRUCTION BEGUN) 
DEEP-WEUBORE EOUIPUEWT 20-50 UWI 

Fig. 3. Comparison of Fenton H i l l  Phase I and Phase I1 Systems 
- -- -- 

3. Fenton H i l l  Possible Phase 111: Commercial Electric Power Plant. 
Fenton H i l l  is an excellent candidate site, and because of time constraints  can 
probably be the only candidate HDR site, for the construction and operation of 
an electric generation p i l o t  plant by the mid-1980's (by which time the 
commercial v iab i l i ty  of the HDR energy source must be judged). It nay be asked 
whether there is a need f o r  the government to promote the establishment of an 
electric generation p i l o t  plant f o r  HDR derived power anywhere. The answer 
appe-w to be unequivocally "yes, at. least once." Whereas the DOE is not 
committed to the design and construction of such a p i l o t  power plant ,  nor 
enfranchised to operate one, it is appropriate within the objectives of the HDR 
program for the DOE to prepare the my for ,  and to promote, subsequent 
comercial development of HDR reservoirs  whose capacity and l i f e t h e  have been 
demonstrated within the program. 

Under mandate from the Rural Elec t r i f ica t ion  Association (REA) to allocate 
a fract ion of incremental generation capacity between now and 1985 to a l t e r n a t e  
energy sources, Plains Electric Generation and Transmission Cooperative in nor- 
thern New Mexico is ser iously interested e s t a b l i s h e n t  of a power plant on a 
proven HDR reservoir,  given a favorable economic analysis. 
appropriate to plan for an electric pilot  plant at Fenton Hill. In the e a r l y  
part of FY 80, formal l i a i son  W i l l  be established among the cognizant parties 
i n  DOE/DGE, DOE/Research Applications, the HDR Program Office, the u t i l i t y / i e s  

It is therefore 



+ involved, the REA, and the U.S. Forest Service (USFS) to determine the nature 
of required agreements, s tudies ,  and documentation. The first key decision 
milestone occurs in mid-FY 81 (DOE and utility/REA), that is, whether o r  not to 
proceed with power-plant design. As more and more posit ive data are obtained 
on the reservoir,  design e f f o r t  will become more intensive and long-lead pro- 
curements (for  example, turboalternator,  pumps, condenser) and permit acquisi- 
t i o n  will proceed. The next najor milescone is the decision (utility/REA) to 
proceed or not w i t h  plant construction and th i s  should occur in  FY 83. Plant 
construction hould begin immediately thereafter and be completed by the end of 
the first quarter of FY 86. The plant would then be checked out and on-line i n  
mid-FY 86. 

I 

D. 

also a research site. One najor research area is development of downhole 
instruments and equipment for geothermal wells, specif ical ly  those e i ther  pecu- 
liar t o  HDR needs or for which the need arises earliest in the HDR program. 
These developments are, of course, coordinated w i t h  developments and needs i n  
the other DOE geothermal programs to produce hardware of greatest  transprogram- 
matic u t i l i t y  and obviate duplication. 

Materials, Equipment, and Instrument Development 

In addition to demonstrating the HDR u t i l i z a t i o n  scheme, Fenton H i l l  is 

The creation and subsequent study of HDR geothermal reservoirs . requires  
sophisticated tools and instruments that can m c t i o n  for re la t ive ly  long 
periods in the hos t i l e  downhole environment. 
sions and orientation i n  the geothermal reservoir  is important for  successfbl 
completion of an HDR energy extraction system. To ensure downhole instrumenta- 
t i on  capable of characterizing the hydraulically fractured system, its develop- 
ment must emphasize the r e l i a b i l i t y  of sensors and electromechanical components 
i n  f’unctioning properly at borehole temperatures greater than 275OC and pres- 
sures up to  69 M P a  (10,000 ps i ) .  

A long recognized need i n  the instrument and equipment development area is 
for a captive and dedicated wellbore w i t h  su i tab le  data acquisit ion and surface 
handling equipment wherein controlled i n  s i t u  tests of such prototypical hard- 
ware can be conducted. It is therefore planned, when experiments w i t h  the 
Phase I system have been completed, to deepen and straighten e l l b o r e  GT-2, to  
a GT-2C configuration with a bottom-hole temperature of 2 7 5 O  t o  3OOOC. This  
wellbore w i l l  then beccme the heart of a dedicated national test f a c i l i t y ,  Deep 
Wellbore Equipment Testing Stat ion (DWETS) . 

Determination of fracture dimen- 

E. * Analytic’ and Laboratory Support . 

Experience at Fenton Hill has demonstrated the need for s ignif icant  
improvements i n  technologies involved in creat ing HDR energy systems. Such 
technology advances not only require mterials, equipment, and instrumentation 
development, but also depend upon ana ly t ica l  and laboratory support. Key areas 
i n  which the HDR Program mst mintain support capabi l i t ies  are: 

(1) reservoir def ini t ion,  
(2) rock mechanics, f l u id  mechanics, and heat t ransfer ,  
(3) geochemistry, 
(4) geology, geophysics, and hydrology, and 
(5) analysis and modeling. 



. 
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a The HDR Program wi l l  use the instruments, equipment, techniques, and 
analyses developed elsewhere by indus t r ia l  organizations, universit ies,  and 
research inst i tutes .  Other available sources of expertise to be u t i l i zed  are 
DObsponsored programs such as the Geothermal Drilling and Instrumentation 
Programs at Sandia Laboratories and the Reservoir m i n e e r i n g  Program at 
Lawrence Berkeley Laboratory. However, where special  needs or schedule 
requirements of the HDR Program exis t ,  developments wi l l  be undertaken either 
at LASL or through subcontracts or cooperative arrangements-to meet the needs.- 
The resu l t s  and products wi l l ,  of course, i n  mny cases be di rec t ly  useful to 
other geothermal programs and to  the industry. 

New techniques will be needed to deal with the novel types of problems 
already experienced and anticipated in the development and operation of manmade 
geothermal systems. Among these are direct ional  d r i l l i ng  in harder rock and at 
higher temperatures than have previously been encountered, and w i t h  an accuracy 
that has not heretofore been.required. Improved sidetracking methods are also 
needed for holes in very hard rock. Hydraulic and explosive fracturing methods 
require much additional investigation and development, together with other 
potent ia l  means of increasing formation permeability such as pressure cycling, 
se lec t ive  chemical attack (leaching) and introduction of special proppants into 
exis t ing fractures. Highly accurate techniques of borehole and fracture 
mapping are presently needed, and must be adapted for use i n  a s ingle  hole. 
Again, several of these developments w i l l  require re la t ive ly  large efforts, 
which must likewise be careful ly  coordinated with the similar needs of other 
programs. 

The capabili ty to predict system characteristics and performance, 
i n i t i a l l y  and as a function of t h e ,  is necessary t o  direct the course of 
fu ture  developmental s tudies  as well as to provide industry with a reliable 
basis fo r  assessing the value of investment i n  HDR systems. A typical  economic 
analysis may cover a project l ife up to 25 years, and the reservoir behavior in 
terms of u s e m  energy output, thermal drawdown, and pumping requirements must 
be accurately predictable throughout t h i s  period. 

Continuing analysis of experimental data is the basis fo r  understanding 
system performance, planning fbture  experiments, and developing useful predic- 
t i v e  models. 
surface components such as flow control devices, and to develop optimum strat- 
egy for reservoir management. 
of downhole energy extract ion system and of power cycle at the surface, the 
des i rab i l i ty  of r ed r i l l i ng  or  refracturing on a periodic basis, and the annual- 
ized power output, m u s t  al l  be investigated analytically.  

and exploitation technology development required for commercialization of HDR 
geothermal energy systems, the in s t i t u t iona l  and environmental aspects of t h e i r  
development are those portions which are charac te r i s t ica l ly  variable from one 
area to another and are based more on soc ia l  perceptions and po l i t i ca l  cmprom- 
ises than on science and engineering. Variable social perception i s  exempli- 
fied by the differences in the l eg i s l a t ive  def ini t ions of "geothermal resource" 
promulgated by Congress and several  states, wherein some relate t h i s  thermal 
resource to water and others to  mineral. Variabil i ty also exists in the 
requirements for assessing the wide range of impacts among the mny federal and 
state agencies involved in the s i t i n g  of any energy resource production or con- 
version f ac i l i t y ,  including geothermal. Additionally, ju r i sd ic t iona l  overlap 
and regulatory control pract ices  and procedures vary among the state and feder- 
a l  agencies, resul t ing in confusion and misunderstanding of requirements and 
timing of action by both government and industry. 

Advanced modeling techniques are also required for design of sub- 

Complex issues  such as the preferred type 

F. Ins t i tu t iona l  and Environmental Activit ies.  Unlike the exploration 

. 
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8 1. Legal Requirements. During the ear ly  regional resource 
exploration, no permit or l icensing ac t iv i ty  w i l l  be required. 
expected tha t  the time period between regional and more localized area 
evaluations w i l l  be qu i te  short. Therefore, the i n i t i a l  ac t iv i ty  w i l l  be t o  
assemble the available state land s t a tus  m p s  for those states of the nation 
presently thought to contain the more promising HDR areas. These include 
Arizona ; Idaho ,> Nebraska, Nevada, New Mexico, -New York ,- -North Carolina, Oregon, 
South Carolina, and Washington. (Other states i n  the eastern and western 
regions of the nation are also under consideration by DOE and the 
This ear ly  information is required pr ior  to any detailed exploration, to assess 
the type of mership and to ident i fy  the governmental mnagement agencies 
involved in the selected local target areas. 
public lands <federal or state) are available to exploration for or development 
of the  HDR resource because of existing leases, agency withdrawals, wildl i fe  
refuges, mili tary reservations, wilderness areas, wild and scenic r ivers ,  parks 
and monuments, etc. Other federal and state public lands, although available 
for lease, are operationally res t r ic ted ,  as for example are Known Geothermal 
Resource Areas (KGRAs) and some areas classified as being valuable 
prospectively for geothermal steam and associated geothermal resources, but 
which are actively being considered for change t o  KGRA, national forests, or 
grazing lands. These areas must be identified.  

However, it is 

Notable is the fact that not a l l  

Activities involving available state lands are subject to requirements 
which, i n  some instances, are similar t o  those of the Federal government and i n  
others are quite different .  
National hvironmental Policy Act (NEPA) ; others have l imi t ed  l eg i s l a t ive  
authority, but have developed administrative procedures and regulations that 
include most of NFPA's provisions; still others act under a series of legis- 
l a t ive  s ta tu tes  and attendant regulations, w i t h  some including requirements 
more stringent than those of NEPA. 

ities involving available government lands may require Environmental Assessment 
Reports (EAR) and/or Ehvironmental Impact Statements (EIS) as part of the 
administrative permit or lease decision process. 

Some states have leg is la t ion  similar +a the 

2. Environmental Considerations. h p l o r a t i o n  or development activ- 

NEPA, together with the relevant court decisions and agency regulations 
and procedures, prescribe the various federal requirements. 
issuance of an exploration permit-covering national-forest lands wherein-ahal- 
low temperature gradient holes are to be dr i l led ,  requires that an application 
be made to  the USFS. 

Environmental effects beyond those tha t  are presently embodied i n  existing 
regulations, but which in some quarters are considered as being adverse (aes- 
thetics, noise, etc.) , require investigation and mitigating s t ra tegy  develop  
ment. Recent DOE Environmental Development Plans (EDP) have described environ- 
mental issues thought to be constraining to  the point of requiring either new 
control technology development or, as a minimum, the description of ex is t ing  
control technology which, before the fact, can reduce the potent ia l  for adverse 
impact. Those EDP-defined issues  relevant t o  HDR w i l l  be incorporated i n  the 
environmental effects ac t iv i ty ,  as w i l l  any other known investigations helpfhl 
t o  adverse environmental impact mitigation, including those of the EPA and its 
state counterparts. 

For example, the 

. 



b 3. Industr ia l izat ion and Econmics. Th i s  program element is designed 
to  reach t h e  major objective of "providing for the timely development of the 
HDR resource." Its strategy is that of "market pull" i n  terms of user indus- 
tries and the public wanting the technology based on demonstrated des i rab i l i ty ,  
as compared to a "technology push" wherein the developed technology is "pushed" 
to users. 
introducing a major new product to the lnarket. 

Its approach is similar to that successfully used by industry i n  

Requirements include the needs to ident i fy  commercial markets near realis- 
t i c  HDR energy sources; the need for indus t r ia l  capi ta l izat ion and the avail- 
a b i l i t y  of money for such purposes; the need to coordinate technical and opera- 
t i ona l  a c t i v i t i e s  on an intra- and internat ional  basis; and the necessity for 
public acceptance of HDR techniques as important m e a n s  for converting geother- 
mal energy in to  a power-on-line commercial source of energy to  meet public and 
pr ivate  consumption needs i n  the immediate fbture. 

nearby process heat users (by company) and the local space heating potential ,  
and on the needs of e l e c t r i c i t y  generating u t i l i t i e s  should a suf f ic ien t  HDR 
resource be more remotely located. This will reveal those industr ies  most 
amenable to establishment and/or conversion to an alternative resource. 

Ehphasis w i l l  be placed on matching the lower grade HDR resources with 

An additional ac t iv i ty ,  state targeting, concerns the agency perspective 
or a t t i t ude  of the selected states toward a change in resource base. The 
information sought would include the favorabi l i ty  of state agencies toward 
indus t r ia l  development, the perspective and agressiveness of consumer and 
environmental groups, and the projected changes in population and industry. 
This infoltnatim w i l l  reveal those states having a more favorable a t t i t u d e  
toward HDR development and a reduced potent ia l  for adverse or delayed action. 

All ac t iv i ty  to t h i s  point const i tutes  the first phase of a focused market 
p u l l  development whose purpose is to raise industry and government agency 
interest to  the point of acquiring detailed information which would support a 
change to HDR. I n  those states with su i tab le  HDR resources and the highest 
potent ia l  for oi l ,  gas, and/or e l e c t r i c i t y  shortage i n  the near term, the 
indus t r ies  having the greatest need and highest potent ia l  interest will be 
targeted. These industries, plus the state and local government agencies 
involved, will become the primary ta rge ts  for publication, seminars, media 
ed i tor ia l s ,  and local conference presentations spec i f ica l ly  designed to develop 
i n t e r e s t  . 

The rmjor purpose of the economics study effort is to describe quanti- 
t a t ive ly  those conditions under which HDR geothermal energy systems can be made 
commercially feasible.  Therefore, the i n i t i a l  th rus t  w i l l  be to conduct 
s tudies  and analysis  by and for the pr ivate  sector that addresses such factors 
as resource size, u t i l i za t ion ,  development costs, p ro f i t ab i l i t y ,  r i sks ,  and 
other potential  problems. Obviously, the absence of credible information i n  
these areas would rnarkedly constrain the program's rmjor goal of providing fo r  
the timely development 'of an HDR industry. 

These economic analyses, which include exploration, exploitation, resource 
management, end uses, and al l  portions of the  HDR geothermal system, when com- 
pared to al ternat ive energy resource system analyses, will provide the data 
necessary for sens i t i v i ty  analyses, which i n  turn become valuable input to  
l eg i s l a t ive  bodies, industry, and the public, for establishing the priorities 
necessary for implementive decisions. Such sens i t i v i ty  analyses will point out 



those areas requiring Wther research and development to reduce costs or to 
expand end-use production in order to increase economic efficiency. An analy- 
ses comparing the HDR subsys tk  components to a l te rna t ive  energy resource sys- 
tan components w i l l  also provide the input necessary to establish more appro- 
priate address to  capi ta l  investment problems presently faced by u t i l i t i e s  and 
the f inancial  coxnunity. 

I V .  SUMMARY 

Major achievements and decision points of the program are projected as 
follows: 

FY 1979: Completion of Phase 1 (nominal 5 MWt) operation of the Fenton 
H i l l  energy extraction system; i n i t i a t e  construction of the 
Phase 2 (20 t o  50 MWt) loop at Fenton H i l l ;  begin detailed 
investigations of prospect areas for Site 2. 

Complete detailed investigations of prospective sites i n  
Eastern and Western United States and i n i t i a t e  development 
of experimental energy extraction system at one of them. 

FY 1980: 

FY 1981 : Complete i n i t i a l  technology, economic, and in s t i t u t iona l  
assessment. Preliminary evaluation of U.S. hot dry rock 
resource potential. 

FY 1982: I n i t i a l  operation of Phase 2 loop a t  Fenton H i l l .  Complete 
evaluation for possible p i lo t  plant Site 1. 

FY 1983: Decision concerning construction of electrical generation p i lo t  
plant at Fenton H i l l .  
a t  Site 2. 

Possible detailed investigation of additional future  sites. 
Compendium of site data completed. Evaluate p i l o t  plant 
potent ia l  of Site 2. 

I n i t i a l  operation of experimental loops 
Begin evaluative loop operative at Site 2. 

FY 1984: 

FY 1985: Final evaluation of resource potential .  Final decision on 
possible pilot  plant at Site 2. 

FY 1986: Major decision concerning probable technical and economic 
v i ab i l i t y  of hot dry rock energy systems and, if posit ive,  the 
appropriate federal role i n  encouraging their fbrther development 
by industry. 

VI. CONCLUSION 

Under the cognizance of DOE/DGE program direct ion,  HDR geothermal tech- 
nology has now moved fran the research stage i n t o  a phase of "preconnner- 
cialization" engineering development. The technical and economic issues 
facing it should be resolved within the next seven years. Therefore, with 
posi t ive program results, it will be possible to  begin delivering commer- 
cial HDR-derived power-on-line i n  the final.decade of th i s  century; t h i s  
then const i tutes  the goal of the formalized program. 
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