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Hyd rau l i c  f r a c t u r i n g  o f  rock  cannot be seen i n  s i t u ,  and the  end 
r e s u l t  must mos t l y  be judged on bas is  o f  roundabout evidence. As t he re  
i s  no ques t ion  about t h e  d e s i r a b i l i t y  o f  v i s u a l  observat ions and d i r e c t  
measurements, t h e  o n l y  way o u t  o f  the  dilemma seems t o  l i e  i n  exper imental  
models. Th i s  p a r t  o f  t he  work c a r r i e d  o u t  a t  Northwestern U n i v e r s i t y  i s  
t he re fo re  d i r e c t e d  toward t he  development o f  s u i t a b l e  exper imental  
techniques and t ransparent  l abo ra to r y  models t h a t  cou ld  be used t o  s imu la te  
t he  var ious  problems assoc ia ted w i t h  d r i l l i n g  i n t o  hard impermeable rock  
and f r a c t u r i n g  i t  f o r  energy e x t r a c t i o n .  

The m a t e r i a l  se lec ted  f o r  t he  t ransparen t  models i s  epoxy r e s i n  
(Epon 828 r e s i n  w i t h  p h t h a l i c  anhydrate hardener).  Th i s  m a t e r i a l  i s  
commonly used for three-dimensional  p h o t o e l a s t i c  experiments which employ 
t h e  s t r e s s  f r e e z i n g  technique. The p r i n c i p a l  reason f o r  us ing  t h i s  m a t e r i a l ,  
a t  l e a s t  f o r  t h e  present ,  i n  s tud ies  o f  h y d r a u l i c  f r a c t u r e  i s  t h a t  i t  can 
be cas t  i n t o  l a r g e  b locks w i t h  r e l a t i v e  ease i n  t he  labora to ry .  The o n l y  
equipment needed f o r  t h i s  purpose i s  a c u r i n g  oven w i t h  accura te  temperature 
c o n t r o l .  

The model cons i s t s  o f  a b l o c k  o f  t he  t ransparen t  epoxy r e s i n .  A 
h o l e  i s  d r i l l e d  i n t o  t h e  b lock ,  and s t a i n l e s s  s t e e l  tub ing  i s  cemented 
i n t o  t h e  ho le .  The tube terminates a t  about t w o  diameters from the  bottom 
o f  t he  ho le .  The s t a i n l e s s  s t e e l  t ub ing  used i s  0.063 i n .  OD, 0.018 i n .  
w a l l  a n d  i s  capable o f  w i t hs tand ing  pressures up t o  36000 p s i .  The h o l e  
i s  d r i l l e d  and reamed so t h a t  t h e r e  i s  about 0.002 i n .  r a d i a l  c learance 
between the  b l o c k  m a t e r i a l  and the  tube. The d r i l l i n g  o f  accurate ho les 
i n  t he  epoxy r e s i n  i s  a ted ious ope ra t i on  because o f  t he  l a r g e  length,  say 
4 in . ,  i n  comparison t o  the  diameter.  

A spec ia l  technique had t o  be developed for  cementing t h e  s t a i n l e s s  
s t e e l  t ub ing  i n t o  t h e  model b l ock .  F i r s t  a pool  o f  the  cement i s  placed 
on t he  sur face  o f  t he  b l ock  around t he  tube. Then a f i x t u r e  i n  the form 
o f  a cup i s  a t tached t o  the sur face  o f  t he  b lock .  The f i x t u r e  seals  
aga ins t  su r face  o f  t he  b lock ,  b u t  connects t he  end c f  the tube t o  the  
atmosphere. Next the  space between t h e  sur face  o f  the  b l ock  and t he  cup- 
l i k e  f i x t u r e  i s  p ressur ized  t o  about 40 p s i .  Th i s  d r i ves  t h e  cement from 
t h e  pool i n t o  t h e  c learance between t he  h o l e  and t he  tube. The f low i s  
r a t h e r  slow because o f  t he  h i gh  v i s c o s i t y  o f  the  cement and t he  small 
c learance, and i t  can be observed v i s u a l l y  from the  change i n  con t ras t .  
F i n a l l y ,  t he  pressure i s  removed be fo re  the  cement has a chance t o  f l o w  
i n t o  the  tube and p lug  it. 

I n  ci jse the  i n i t i a l  o r i e n t a t i o n  o f  t h e  h y d r a u l i c  f r a c t u r e  must be 
c o n t r o l l e d ,  as i n  experiments intended t o  study t h e  i n t e r a c t i o n  between 
t w o  h y d r a u l i c  f r a c t u r e s ,  a small penny-shape c rack  i s  in t roduced a t  the  
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bottom o f  t he  h o l e  be fo re  cementing the  t ub ing  i n t o  the ho le ,  The best  
means o f  p r e f r a c t u r i n g  was found t o  be p ress ing  a rod that  f i t s  i n t o  t he  
h o l e  and i s  sharpened t o  a wedge aga ins t  the  bottom o f  t he  hole.  

The f l u i d  used i n  t h e  f r a c t u r e  experiments i s  mercury. There a r e  
two reasons f o r  choosing mercury: F i r s t ,  i t s  h i gh  b u l k  modulus minimizes 
t he  energy s to red  behind t h e  f r a c t u r e  as i t  i s  i n i t i a t e d ,  and thus avoids 
ca tas t roph i c  growth i n  the  i n i t i a l  stages. Second. the  f r a c t u r e s  f i l l e d  
w i t h  mercury a r e  p e r f e c t l y  v i s i b l e .  

Several experiments have been done on t he  i n t e r a c t i o n  and j o i n i n g  of 
two h y d r a u l i c a l l y  induced f r a c t u r e s .  The observed i n t e r a c t i o n  and the  
subsequent behavior o f  such cracks a f t e r  j o i n i n g  i s  q u i t e  f a s c i n a t i n g .  For 
ins tance,  the  i n t e r a c t i o n  was seen t o  be very  s t r ong  f o r  cracks i n  p a r a l l e  
planes. Such cracks were observed t o  have the  tendency t o  j o i n  and curve 
sharp ly  toward each o the r .  The growth a f t e r  j o i n i n g  led  to  very i n t r i c a t e  
three- dimensional  shapes. I t  was a l s o  seen t h a t ,  if one c rack  i s  kept a t  
constant  volume and the  second made t o  expand, t he  shape o f  t he  f i r s t  c rack 
changes as t he  second f r a c t u r e  approaches i t .  I n  f a c t ,  i t  was observed 
t h a t  under these circumstances t he  f i r s t  f r a c t u r e  may even c lose  over  p a r t  
o f  i t s  ex ten t .  
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