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H i  story 

The Los Alamos Hot Dry Rock Geothermal Energy project is located on 
the Jemez plateau, In northern New Mexico, about two miles (3.2 km) west 
of the r i n g  f a u l t  which bounds the Valles Caldera. Two wells, GT-2 and 
EE-1, were originally drilled to  a depth of 96'00 f t  (2.93 km) and 10,000 
f t  (3.05 km) , respectively, and, a f t e r  some d i f f i cu l t i e s ,  including re- 
d r i l l i n g  of the bottom portion of GT-2, a good fracture connection was 
made between EE-1 and GT-2B, as the modified GT-2 was called. Water 
entered this fracture from EE-1 a t  a depth of 9020 f t  (2.75 km) and 
emerged from several exits i n  GT-2B. The main exit was located a t  8760 
f t  (2.67 km). 

T h i s  circulation system was studied extensively for  the purpose of 
establishing a number o f  fracture properties. Techniques were developed 
t o  determine orientation, geometry, heat exchange area, volume, flow 
impedance and impedance distribution. 

A much larger fracture system was then created from a depth of 9620 
f t  (2.93 km) i n  EE-1. Similar studies are  underway or have been com- 
pleted on this system. Figure 1 shows schematically the system as  i t  
apljears today. T h e  techniques used and results obtained i n  the study of 
the new and old fracture systems are discussed below. 

Fracture Creation 

A11 fractures created i n  EE-1 and GT-2 by hydraulically pressurizing 
the wellbore appear to  have been weakly cemented natural fractures,  as 
no breakdown-pressure peak has been seen. The fractures may not be 
oriented a t  r i g h t  angles t o  the l eas t  principal horizontal earth stress. 
They appear t o  stay par t ia l ly  open a f t e r  their formation, possibly because 
of a shear component i n  the earth stress acting on the fracture,  w i t h  a 
resulting displacement of the faces re la t ive to  one another. 

When the gradient i n  earth stress is considered, normal hydraulic 
f racture  equations usually do not apply. Quasi 3-D machine calculations 
by A. Vollan and T. Wacker of Dornier System GmbH, West Germany' show that  
w i t h  a fracturing f l u i d  such as  water, fractures will generally assume an 
elongated pear 'shape, eventually running  away i n  the upward direction. 
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Pumping a t  h igh f l o w  ra tes  reduces t h i s  e f fec t ,  vaximizes shear displace- 
ment o f  the f rac tu re  faces, and opens up the maximum number o f  j o i n t s  o f  
various or ientat ions.  

Fracture Or ientat ion 

Seismic s ignals accompanying f rac tu re  growth del ineate regions of 
h igh pressure. The signals are observed w i t h  a downhole seismometer 
having three sets o f  four seismometers or iented a t  r i g h t  angles. Signal 
d i r e c t i o n  can be determined, w i t h  180' ambiguity, from the f i r s t  P-wave 
cycle, wh i l e  distance i s  deduced from the time d i f ference between P- and 
S-wave a r r i v a l s .  A pressure sensor a t  a d i f f e r e n t  p o i n t  i n  the wellbore 
can remove the d i r e c t i o n a l  ambiguity. 

Geome tr v 

Information about j o i n t  systems can be derived i n  a s ing le  w e l l  by 
borehole televiewer and dipmeter logs. Corre la t ion o f  logs i n  nearby 
wellbores i s  a l so  informative. Spinner and temperature logs taken under 

. f l o w i n g  condi t ions i d e n t i f y  the major entrance and e x i t  points.  The top 
o f  the f r a c t u r e  can be located by passing sound waves between wellbores, 
if the f r a c t u r e  l i e s  between them. Since temperature recovery i n  r a d i a l  
geometry i s  f a s t e r  than i n  plane geometry, the bottom o f  the f rac tu re  can 
be located a f t e r  a few weeks o f  no flow, i f  i t  i s  close enough t o  one 
we1 1 bore. 

Heat Exchange Area 

Figure 2 shows the fit obtained between ca lcu lat ions and observations 
of temperature drawdown i n  the o l d  f r a c t u r e  system dur ing the 75-day t e s t .  
The new fracture i s  now undergoing a f l ow  tes t .  The heat exchange area 
1s one of the most r e l i a b l e  numbers obtained dur ing a f l o w  tes t .  

Vo 1 ume 

Fracture volume i s  obtained by i n j e c t i n g  a s lug o f  concentrated dye 
i n t o  the reservo i r .  Figure 3 shows r e s u l t s  f o r  both the o l d  and new f rac -  
tures. The new volume i s  ~32,000 gallons (122 m3), i f  the volume a t  the 
peak o f  the re tu rn ing  dye concentrat ion i s  used. This i s  about ten times 

\ --- the volume of the o l d  f racture.  

F1 ow Impedance and D i s t r i b u t i o n  

e x i t  and entrance points  o f  a flowing wel l -pair ,  d iv ided by the f low rate.  
The ove ra l l  impedance requires a correct ion f o r  the d i f ference i n  pres- 
sure o f  water i n  the ho t  and co ld  legs o f  the reservo i r .  An entrance 

when the wel ls  are shut i n .  

* -- 

Flow impedance i s  def ined as the d i f ference i n  pressure between the 

? 
and e x i t  impedance may be derived from the prompt change i n  pressure 
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Fig .  1. Present configura- 
t ion of reservoir 
(schematic). 
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F i g .  2. Calculated and observed tempera- 
ture drawdown curves. 
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F ig .  3. Dye tracer recovery curves. 


