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northern New Mexico. This hole V 11 a 
reached a final depth of 2,929 m, 
where the bottom-hole temperature 
is 196°C. Fracturing experiments at UNIVERSITY OF UTAH 
1,981 m were successful and large RESEARCH INSTITUTr 
volumes of water were injected into . K; 

and recovered from the hot basement EARTH SCIENCE LAB. 
rocks. The preliminary results from 
this experiment are encouraging for 
the development of a new method 
for extracting geothermal energy. 

Although natural geothermal-ener
gy systems have been used as energy 
sources since the early 1900s, they 
have not contributed significantly to 
total wo rl d-energy production largely 
because they are small and scarce; 
If geothermal energy is to become 
important in the future, it appears 
necessary to develop new means of 
extracting it. On e such method, the 
dry-hot-ro;:k, has been in vestigated 
for about 3 years by the Los Alamos 
Lab, unde r the auspices of the u.s. 
Atomic Energy Commiss ion. As pro
posed, ap plica tio n of this method re
quires 3 basic co nditions : 

1. A geoth ermal gradie nt high enough 
to ensu re adeq ua te te mperatures 
(higher tha n 200" C) w ithi n reason
ab !e driiii ng depths (6 km). 

2. The ab ility to produce, con trol and 
keep open a fracture or frac tures of 
known geome try with e no ugh surface 
area to heat the injected fluid for a 
reasonable length of time. 
3. Essentialfy impermeable rock to 
prevent loss of the injected fluid . 
In most regions these requirements 
are met only in holes drilled into Pre
cambrian basement crystalline rocks. 

According to this method, once a 
suitable area has been selected, large
lyon the basis of heat-flow measure
ments and detailed geologic map
ping, a deep hole is drilled into the 
hot, dry impermeable rock. Hydraulic 
fracturing is then used to generate 
one or more fractures, which serve 

. as heat-exchange surfaces. A nearby 
sha llower hole is drilled directionally 
to intersect the fracture ·and establish 
subsurface circulation. Cold water in
jected down the deeper hole is heat
ed by the exposed hot rock surfaces, 
rises and returns to the surface as a 
pressurized liquid via the shallower 
hole. After surface energy extraction, 
the pressurized water can be returned 
down the deeper well, producing es
sentially a closed system. Make-up 
water may be added as necessary to 
replenish loss by leakage. 

The drilling of GT-2, the second of 
the Los Alamos Lab's deep test holes, 
began in February 1974. The drilling 
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This Calvert-Western rig drilled in the Jemez Mountain, of New Mexico. 



, ._ i ~ in Sandoval County, New Mexi- We made 9 successful temperature 
~ _ - 0n the western flank of the Valles measurements in deeper parts of the 

3,000 gallons of water were injected. 
We obtained almost complete recov-

C .. . ' E ' , There the.-heat-fl.o-ws-heJe..-+Rese--meawr-e ' 
~!" ; ..... "' :neasure at etween 4 and 5 the bottom of the hole befor~ coring~ .-that the~rock at this depth~was in-

..:";,.,-~. _~_-.~. _~~_._-::~.:"--. -,-;-:.e·w-un itS-+l~EaI0riesJE~/ see---o r-dril'l ing-trrellexr-i nt€waT,-inlltcate--Oeeai mpermea e. 

'. 

t \ . The site is about 32 km west an undisturbed rock bottom-hole 
.: - _ o ~ Alamos, near New Mexico temperature of 196°C and a geother-

Environmental concern dictated 
that the hydraulic fracturing be care
fully monitored for seismic signals. 
Seismic arrays surrounding the site 
were established by two lASl re
search groups. In addition, sensitive 
tiltmeters were set up around the 
hole. No significant sei'smic signals 
or surface tilt were recorded by these 
instruments . 
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~ ~":.} \' 126. mal gradient increasing with depth 
T.'.' Valles 'Caldera' is a late .C:~no- "from 50°C/km to 60°Clkm . 

I - ~ • I. ~ 

~ _' l .~ ) lIapse . a,t-ljre. wi,th.· a:diilmeter Because hydraulic fracturing is a 
.' i.' :0 24 km. Su rface rocks at the critical part of our project, the frac-
.:c ·.'·e part "of the Bandelier Tuff, turing experiments made at 1,981 m 
... ";cc, lVas ejected from the caldera will be repeated at the bottom of the 
. : te l .4 million years ago. Beneath hole. In our earlier uphole experi-
",' ;;,.' ndelier in descending order ments two fractures were created in 
.!~e t"e Cenozoic Paliza Canyon For- an open part of the hole extending 
.-:.;\ ,: '1 and Abiquiu Tuff (Cenozoic), from 1,981 to 2,042 m. This rock 
\0 0 =ormation (Permian), Madera fractured under a pressure of about 

Li nlt Sco ne and Sandia Formation 2,000 pounds per square inch above 
:'C'n:" .. lva nian), and Precambrian hydrostatic and about 36,000 gallons 
:l.be;,:,en t rocks. Precambrian rocks of water were injected into the re-
.Iere !:1tersected at a depth of 730 m. suiting fractures. A third fracture was 
:'et ro~ra phic analysis or sa mples from made at a depth of 1,951 m by per-
core' -' ecovered during the drilling of forating the steel liner over a 10-ft 
CT. 2 :ndicates th at the Precambrian inte rval. This fracture required a pres-
:OC KS a re predomin antly monzo- sure of about 2,500 pounds per square 
~rJn i t i c and bioti te granodior itic inch above hydrostatic and about 
~ne i;5. lVi th lesser amounts of horn
:l ierst-biotite schis t and pegmatites. 

\\ C, i; e ' drilling GT·2, we made 26 
' I, .:' ~ ,uns using bo:h a convention-

. ,: C- '[s tensen diamond bit and a 
'-" 1(; : -:d deep-sea. d ~iili ng co;e bit. 
' (1'--2 ':. ~1 S recovered rrom 24 ot these 
,::t:;':: :S wi th reco .... e ries ranging ,'rom 
~;; :~a n 10% to 100% and a total 

" ,.'( (, . ~ .. \' of about 3.:; ;l'i or core. Pe tro
;· .. !f·· : phys ical property, chem cal, 
.:""' (: . ~ :op:c stL!dies h~ive been start
··d ( '~ these cores and the resul ts 
:. :!l ::2 :eported late r . 
D ~.- . ;lg drilling. a comple te geo

: :1" c2 :-loggin g program was follow
. :}. ;-c 'ucling caliper log ; induction, 
··.,ii-;: :; ,ential and resistivity electrical 
' ; ; ce nsity (scattered gamma) log; 
', re,, -C;: Ill ensiona I sonic-vel oci ty log; 
~2~11 :;'" log (natural gamma activity); 
~ ! p ;n~ :er survey; n'eutron-activation 
' )~ : 2-.(i temperature log. 

Re' ,t; of these logging operations 
, 'e ['i: .1;; examined to determine the 
.: .!;tic ;) ro perties of the rocks, their 
~" n; i~ . . tempe rature, porosity, litho-
'gie cnMacter, induration, the strike 

"d dip of bedding planes and frac
:~:e5 2nd the existence of water 
-o'.ern E- nt. The elastic properties of 
" e rc· e',.s and their density and po
");It\ c-e also being determined in
:~;Jen(:r: ntly as a check on logging 
't;ults 2nd for calibration purposes . 
. In add ition to the logs mentioned 
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lASl's future plans for this site in
clude final fracturing experiments in 
GT-2 and the drilling of a second 
hole to complete the system. Core 
studies will continue and will be ex- . 
panded because of the unique nature 
of this hole. 

A. William Laughlin 
Los Alamos Scientific Laboratory 
University of California 
Los Alamos, N.M., 87544 
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VERTICAlLY ORIENTED 
CRACK PRODUCED BY 
HYDRAULIC FRACTURING 

THERMAL 
REGION, ca. 300'C 

::)Q\·e. J Bi rdwell seisviewer and the 
.- S. CerJlogical Survey borehole tele
. eWer fi ne-grained sonic-type logs) 
~2\ e bten used to locate fractures in 
:·'e roc~ penetrated. These results are 
~:e;en tll' being compared with frac
·H e data obtained from the cores 
,'d irorn other logging methods. How the Los Ala~os Lab proposes to extract geothermal energ}<. 
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