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ABSTRACT 

Two w e l l s  i n  t h e  Baft  River geothermal r e s e r v o i r ,  
Idaho,  were h y d r a u l i c a l l y  f r ac tu red  i n  an a t t e m p t  t o  
inc rease  p r o d u c t i v i t y .  The U . S .  Geological Survey made geo- 
phys ica l  l o g s  o f  t hese  we l l s  both be fo re  and a f t e r  f r a c t u r -  
i n g .  A h i g h  temperature  vers ion  of  t h e  a c o u s t i c  t e l e v i e q e r  
was t h e  most u se fu l  t o o l  f o r  ob ta in ing  d a t a  on t h e  l o c a t i o n ,  
o r i e n t a t i o n ,  and c h a r a c t e r  of the  f r a c t u r e s  produced. 

In R R - 4  (Raft R i v e r  well 41, a hydrau l i c  f r a c t u r e  was 
logged with the  t e l ev iewer  from a depth  of  4,682.5 t o  
4,873.9 f e e t ,  a t o t a l  o f  191.4 f e e t .  T h i s  f r a c t u r e  was 
l a r g e l y  due t o  t h e  propping and p o s s i b l e  extending of a pre-  
v i o u s l y  logged f r a c t u r e  which is thought t o  have been 
a c c i d e n t a l l y  induced d u r i n g  d r i l l i n s  o r  t e s t i n g .  The f r ac -  
t u r e  i s  e s s e n t i a l l y  v e r t i c a l ,  s t r i k e s  an average of  14. 72 
degrees  E., and has an average apparent  maximum w i d t h  o f  0.4 
inch.  The f r a c t u r e  i s  complex, branching,  o r  e n  echelon,  
and i n  one p lace  curves  t o  p a r a l l e l  a n a t u r a l  f r a c t u r e .  

I n  RR-5 ( R a f t  River well  5 ) ,  a new hydrau l i c  f r a c t u r e  
was logged from a depth o f  4 ,562  f e e t  t o  approximately 4,705 
f e e t ,  a v e r t i c a l  ex ten t  o f  approximately 1 4 3  f e e t .  There is 
no evidence t h a t  c h i s  f r a c t u r e  fo l lows  a p re -ex i s t ing  break 
except  f o r  i n t e r v a l s  where t h e  o r i e n t a t i o n  is a f f e c t e d  by 
n a t u r a l  f r a c t u r e s .  T h e  hydrau l i c  f r a c t u r e  is nea r ly  ve r t i -  
c a l ,  s t r i k e s  an average o f  N.  29 degrees  E . ,  and has an 
average apparent  maximura w i d t h  o f  0 .6  inch.  T h e  c h a r a c t e r  
o f  t h i s  f r a c t u r e  is appa ren t ly  a f f e c t e d  by a change i n  
l i t h o l o g y .  
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The in f luence  of  n a t u r a l  f r a c t u r e s  and l i t h o l o g y  on 
these  two h y d r a u l i c a l l y  induced f r a c t u r e s  s u g g e s t s  t h a t  pro- 
pagat ion away from a well  may be s i g n i f i c a n t l y  a f f e c t e d  by 
these two parameters.  Considerat ion should be given t o  s u c h  
e f fec ts  i n  f u t u r e  f r a c t u r i n g .  Recommendations a r e  p r e s e n t e d  
t o  improve t h e  logging program f o r  f u t u r e  hydraul ic  well  
s t i m u l a t i o n  e f f o r t s .  
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The U.S.  G e o l o g i c a l  S u r v e y  h a s  a r e sea rch  p r o g r a n  on  
b o r e h o l e  g e o p h y s i c s  a s  a p p l i e d  t o  g e o h y d r o l o g y .  One of t h e  
ma in  t h r u s t s  o f  t h i s  p r o g r a m  fo r  t h e  p a s t  9 yea r s  h a s  b e e n  
t h e  d e v e l o p m e n t  o f  l o g g i n g  e q t l i p m e n t ,  and  l o g  i n t e r p r e t a t i o n  
t e c h n i q g e s  f o r  g e o t h e r m a l  wel l s .  The S u r v e y  h a s  b e e n  
i n v o l v e d  i n  s t u d i e s  o f  t h e  h y d r o l o g y ,  g e o l o g y ,  and geophy-  
s i c s  of t h e  Ra f t  River g e o t h e r m a l  r e s e r v o i r  s i n c e  t h e  f i r s t  
s h a l l o w  t e s t  h o l e s  were d r i l l e d  i n  1974.  E x p e r i m e n t a l  GOO- 
p h y s i c a l  wel l  l o g g i n g  h a s  b e e n  c a r r i e d  out, b y  t h e  S u r v e y  i n  
many of  t h e  t e s t  h o l e s  and wells ( K e y s ,  1 9 7 9 1 ,  and t h e  log-  
g i n g  d e s c r i b e d  i n  t h i s  r e p o r t  is a c o n t i n u a t i o n  of t h a t  
e f f o r t .  I t  is a l s o  a l o g i c a l  e x t e n s i o n  of  s t a t e  o f  s t ress  
s t u d i e s  where  h y d r a u l i c  f r a c t u r i n g  was c a r r i e d  o u t  b y  t h e  
S u r v e y  ( W o l f f  and  o t h e r ,  1974;  a n d  Keys  and o t h e r s ,  1 9 7 9 ) .  
The l o g s  u s e d  i n  t h i s  s t u d y  were made b y  h i g h - t e m p e r a t u r e  
l o g g i n g  e q u i p m e n t  d e v e l o p e d  a s  p a r t  o f  t h 2  r e s e a r c h  p r o g r a m  
on b o r e h o l e  g e o p h y s i c s .  F o u r  of these p r o b e s  h a v e  b e e n  
t e s t e d  and o p e r a t e d  i n  wel l s  a t  t e m p e r a t u r e s  o f  250 d e g r e e s  
t o  250 d e g e r e z s  C . ,  and o t h e r s  a t  t e m p e r a t u r e s  of  200 
d e g r e e s  C .  

The  h y d r a u l i c  f r a c t u r i n g  of R R - 4  and  RR-5 ( R a f t  R i v e r  
wel l s  4 a n d  5) was c a r r i e d  o u t  b y  R e p u b l i c  G e o t h e r m a l ,  I n c . ,  
u n d e r  c o n t r a c t  t o  D.O.E. ( T h e  D e p a r t m e n t  o f  E n e r g y ) .  T h e  
wells were s e l e c t e d  for  s t i m u l a t i o n  b e c a u s e  of t h e i r  i n a d e -  
q u a t e  y i e l d .  Deve lopmen t  o f  t h e  Ra f t  R i v e r  g e o t h e r m a l  f i e l d  
is i m p l e m e n t e d  b y  EG&G,  I d a h o ,  I n c . ,  u n d e r  t h e  s u p e r v i s i o n  
o f  t h e  I d a h o  N a t i o n a l  E n g i n e e r i n g  L a b o r a t o r y  o f  D.O.E. ( F i g .  
1 ) .  
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The p u r p o s e  of this r e p o r t  i s  t o  d e s c r i b e  t h e  u s e  of 
g e o p h y s i c a l  l o g s  t o  o b t a i n  pre  and p o s t  h y d r a u l i c  f r a c t u r e  
d a t a  i n  g e o t h e r m a l  wel l s .  The  a c o u s t i c  televiewer is  t h e  
most u s e f u l  d e v i c e  foy o b t a i n i n g  t h e s e  d a t a  and i i np rovemen t s  
were made t o  b o t h  e q u i p m e n t  and i n t e r p r e t a t i v e  t e c h n i q u e s  i n  
o r d e r  t o  b e t t e r  c h a r a c t e r i z e  t h e  f r a c t u r e s .  

Two p a p e r s  p r e s e n t e d  a t  t h e  G e o t h e r m a l  R e s e r v o i r  S t i m u -  
l a t i o n  Symposium p r o v i d e  b a c k g r o u n d  i n f o r m a t i o n  e s s e n t i a l  t o  
t h i s  r e p o r t .  R .  V .  V e r i t y  o f  R e p u b l i c  G e o t h e r m a l  d e s c r i b e d  
t h e  p l a n n i n g  and e x e c u t i o n  of h y d r a u l i c  s t i m u l a t i o n  i n  R R - 4  
and  R R - 5  ( 1 9 3 0 ) .  C. W .  Morris o f  R e p u b l i c  G e o t h e r m a l  p ro -  
v i d e d  an  e v a l u a t i o n  of  t h e  resu l t s  o f  t r e a t m e n t  . ( 1 9 8 0 > .  

- 1 .  F r a c t u r e  C h a r a c t e r i z a t i o n  Using Acoustic Televiewer Logs 

The  acous t i c  televiewer was i n v e n t e d  and p a t e n t e d  b y  
Mobi l  O i l  Co. (Zemanek and  o t h e r s ,  1 9 6 9 ) .  A 1 . 3  m e g a h e r t z  
t r a n s d u c e r  is  r o t a t e d  a t  t h r e e  r e v o l u t i o n s  p e r  s e c o n d .  The  
s w e e p  on an o s c i l l o s c o p e  i s  t r i g g e r e d  on m a g n e t i c  n o r t h  and 
t h e  a m p l i t u d e  of t h e  s i g n a l  r e f l e c t e d  from t h e  w a l l  of t h e  
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borehole  is  used t o  i n t e n s i t y  modulate t h e  t r a c e .  /The 
r e s u l t i n g  log  shows f r a c t u r e s  a s  dark t r a c e s  o f  low r e f l e c -  
t i v i t y ,  whose o r i e n t a t i o n  can be c a l c u l a t e d .  The U.S. Geo- 
l o g i c a l  S u r v e y  and Simplec Manufacturing, Inc . ,  have 
cooperated t o  develop t h e  f i r s t  h i g h  temperature  vers ion  o f  
t h i s  u s e f u l  probe. I t  has been used a t  borehole  tempera- 
t u r e s  o f  261 degrees  C .  A s y s t e m  f o r  recording t h e  
televiewer s i g n a l  on magnetic tape  was p u t  i n t o  use f o r  t h e  
f i r s t  t ime on RR-5. Playback of  t hese  d a t a  provided t h e  
oppor tun i ty  t o  improve t h e  q u a l i t y  o f  t h e  te lev iewer  l o g s  
(Fig.2)  . 

I t  would appear t h a t  t h e  w i d t h  of  a hydrau l i c  f r a c t u r e  
may be measured d i r e c t l y  from an a c o u s t i c  te lev iewer  l o g ,  
b u t  r e l a t i v e  w i d t h  may only  be inferred w i t h  s i g n i f i c a n t  
q u a l i f i c a t i o n s .  Therefore ,  t h e  maximum apparent  w i d t h s  
l i s t e d  i n  t a b l e s  1 and 2 should be used w i t h  c a u t i o n .  The 
televiewer log  only d e t e c t s  changes i n  a c o u s t i c  r e f l e c t i v i t y  
a t  t h e  f ace  of  t h e  borehole .  If t h e  edge o r  angle  of i n t e r -  
s e c t i o n  of  f r a c t u r e  and borehole wall  i s  broken out  t h i s  
s u r f a c e  w i l l  not  r e f l e c t  high frequency energy back t o  t h e  
t r a n s d u c e r ,  and t h e  apparent  w i d t h  of  t h e  f r a c t u r e  w i l l  
i nc rease .  T h e  most a c c u r a t e  measurement o f  f r a c t u r e  w i d t h  
can therefore  be  made where t h e  angle  of i n t e r s e c t i o n  w i t h  
t h e  borehole  is approximately 90 degrees .  

T h i s  on ly  occur s  w h e r e  a v e r t i c a l  f r a c t u r e  passes  
through t h e  c e n t e r  o f  t h e  borehole .  As t h e  f r a c t u r e  
approaches a t a n g e n t i a l  r e l a t i o n s k i p  w i t h  t h e  borehole  t h e  
a n g l e s  o f  i n t e r s e c t i o n  become more obtuse and a c u t e ,  and t h e  
l i k e l i h o o d  o f  t h e  acu te  edge b r e a k i n g  o f f  is  increased ( F i g .  
3 )  . Furthermore,  t h e r e  is a n  apparent  geometric w i d e n i n g  
a n d  t h e  o b t u s e  a n g l e  does n o t  p r o v i d e  a s h a r p  c o n t a c t  on  the 
log. Figure  3 shows an i n t e r v a l  of  RR-5 from 4,635 t o  4 , 6 4 0  
f ee t  t h a t  c l e a r l y  demonstrates  t h i s  problem. The drawings 
i n  f i g u r e  3 shows how t h i s  po r t ion  of  t h e  f r a c t u r e  might 
look i n  v e r t i c a l  v i e w .  Therefore ,  f o r  t h e  reasons  descr ibed  
above, t h e  f r a c t u r e s  a r e  l i k e l y  t o  be narrower t h a n  measure- 
ments made from a c o u s t i c  t e l ev iewer  l o g s .  T h e  w i d t h  meas- 
urements l i s t e d  i n  t a b l e s  1 and 2 were made w i t h  an o p t i c a l  
micrometer and co r rec t ed  f o r  s c a l e .  

The output  from an a c o u s t i c  te lev iewer  probe can a l s o  
be u s e d  t o  record a c o u s t i c  c a l i p e r  l o g s .  The t r a n s i t  time 
o f  t h e  a c o u s t i c  p u l s e  is  recorded ra ther  than amplitude of 
r e f l e c t e d  s i g n a l .  T h i s  approach should provide an extremely 
high r e s o l u t i o n  log  of ho le  diameter .  Furthermore,  t h e  s i g -  
n a l  can be sampled i n  four  d i r e c t i o n s ,  NESW, t o  produce four  
o r i e n t e d  c a l i p e r  logs .  Recordng t h e  probe output  on mag- 
n e t i c  t ape  permits a c o u s t i c  c a l i p e r  l o g s  t o  be p l o t t e d  a f t e r  
r e t u r n i n g  t o  t h e  o f f i c e .  Examples o f  these l o g s  a r e  shown 
i n  t h e  s e c t i o n  on RR-5. 

A l l  o r i e n t a t i o n s  a r e  w i t h  r e s p e c t  t o  magnetic no r th  and 



w 
w a l l  d e p t h s  a r e  m e a s u r e d  a l o n g  t h e  i n c l i n e d  borehole  from 

g r o u n d  leve l .  Correc t ions  o f  s t r i k e  and d i p  f o r  t r u e  n o r t h ,  
ho le  i n c l i n a t i o n ,  and  m a g n e t i c  d e c l i n a t i o n  r e m a i n  t o  be d o n e  
i n  t h e  c o m p u t e r  f o r  t h e  h u n d r e d s  o f  n a t u r a l  f r a c t u r e s  logged 
w i t h  t h e  t e l e v i e w e r  a t  R a f t  River. These c o r r e c t i o n s  w i l l  
t h e n  y i e l d  t h e  t rue  v e r t i c a l  and h o r i z o n t a l  p o s i t i o n s ,  and 
o r i e n t a t i o n s  so t h a t  a t h r e e  d i m e n s i o n a l  f r a c t u r e  model of  
t h e  r e s e r v o i r  c a n  be c o n s t r u c t e d .  

U 

- 2. S e l e c t i o n  of I n t e r v a l s  -- t o  be F r a c t u r e d  

Once .it is  broken t h e  f r a c t u r e  w i l l  c o n t i n u e  t o  

@ Data from U.S. G e o l o g i c a l  S u r v e y  l o g s  were made a v a i l -  
a b l e  t o  D.O.E. and EG&G f o r  t h e  s e l e c t i o n  o f  i n t e r v a l s  t o  be 
f r a c t u r e d  i n  RR-4 a n d  R R - 5 .  G e o p h y s i c a l  well  l o g s  were 
u t i l i z e d  t o  a degree i n  t h e  s e l ec t ion  of t h e  d e p t h  i n t e r v a l s  
t o  be i s o l a t e d  f o r  p r e s s u r i z a t i o n .  Gamma, n e u t r o n ,  and 
r e s i s t i v i t y  l o g s  d i s t i n g u i s h  P r e c a m b r i a n  s c h i s t  and  q u a r t -  

0 z i t e  from o v e r l y i n g  T e r t i a r y  s e d i m e n t s  and u n d e r l y i n g  P r e -  
Cambr ian  q u a r t z  m o n z o n i t e  (Keys ,  1 9 7 9 ) .  The d e p t h  i n t e r v a l s  
t o  be f r a c t u r e d  were se l ec t ed  i n  t h e  m e t a m o r p h i c  rock 
s e q u e n c e  a b o v e  t h e  q u a r t z  m o n z o n i t e  f o r  severa l  r e a s o n s .  
S t e e p  n a t u r a l  f r a c t u r e s  t h a t  p r o d u c e  s i g n i f i c a n t  q u a n t i t i e s  
of h o t  water o c c u r  w i t h i n  t h i s  i n t e r v a l  i n  o t h e r  wel ls .  

A c o u s t i c  t e l e v i e w e r  l o g s  i n d i c a t e  t h a t  fewer o p e n  f rac-  
t u r e s  a r e  p r e s e n t  i n  t h e  q u a r t z  m o n z o n i t e .  P r o d u c t i o n  water 

' of  h i g h e s t  p o s s i b l e  t e m p e r a t u r e  was d e s i r e d ,  which  s u g g e s t e d  
d e e p ,  r a t h e r  t h a n  s h a l l o w ,  f r a c t u r i n g .  Logs i n d i c a t e d  t h e  
p r e s e n c e  of o p e n  f r a c t u r e s  w i t h i n  t h e  i n t e r v a l s  se lec ted ;  

0 h o w e v e r ,  t h e  low s p e c i f i c  y i e l d s  s u g g e s t e d  t h a t  these frac- 
tures were e i t h e r  n o t  i n t e r c o n n e c t e d  or  t h e y  !?ad somehow 
been p l u g g e d .  I t  was d e f i n i t e l y  i m p o r t a n t ,  however, t o  s e t  
t h e  l i n e r  below t h e  l a r g e  o p e n  f r a c t u r e  r e c o g n i z e d  on  t h e  
t e l e v i e w e r  log  a t  a d e p t h  of  4 ,540  t o  4,550 f e e t  i n  R R - 5 .  
N u c l e a r  and  r e s i s t i v i t y  l o g s  i n d i c a t e d  t h e  presence of b o t h  
q u a r t z i t e  and s c h i s t  i n  t h e  i n t e r v a l s  t o  be  f r a c t u r e d .  T h i s  
p r o v i d e d  t h e  o p p o r t u n i t y  t o  s t u d y  t h e  b e h a v i o r  of h y d r a u l i c  
f r a c t u r e s  i n  b o t h  rock t y p e s .  

W i t h  t h e  a d v e n t  of t h e  acous t i c  t e l e v i e w e r  it became 
p o s s i b l e  t o  d e t e c t  h y d r a u l i c  f r a c t u r e s  a c c i d e n t a l l y  i n d u c e d  

Y b y  o v e r p r e s s u r e  d u r i n g  d r i l l i n g  (Zemanek and  o t h e r s ,  1 9 6 9 ) .  
I t  h a s  a l s o  b e e n  s h o w  t h a t  f r a c t u r i n g  is p o s s i b l e  a t  well- 
bore-face pressures c o n s i d e r a b l y  l e s s  t h a n  t h e  o v e r b u r d e n  
p r e s s u r e  which can be assumed t o  be 1.0 l b / i n * * 2 / f t  of d e p t h  
(Wolff a n d  o t h e r s ,  1 9 7 5 ) .  Some m e a s u r e m e n t s  o f  l e a s t  p r i n -  
c i p a l  stress were a p p r o x i m a t e l y  o n e - h a l f  t h e  assumed over- 
b u r d e n  p r e s s u r e .  A column of water w i l l  p r o d u c e  approx i -  
m a t e l y  0.5 l b / i n * * 2 / f t  o f  d e p t h  so a co lumn of  h e a v y  d r i l -  
l i n g  mud, c e m e n t ,  o r  pumping or  i n j e c t i o n  p r e s s u r e s  may be 
s u f f i c i e n t  t o  b reak  t h e  rock.  
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p r o p a g a t e  a t  somewhat lower p r e s s u r e s .  T e l e v i e w e r  l o g s  
i n d i c a t e  t h a t  a c c i d e n t a l l y  i n d u c e d  h y d r a u l i c  f r a c t u r e s  may 
be more common i n  o i l  we l l s  t h a n  p r e v i o u s l y  s u p p o s e d  
(Zemanek and  o t h e r s ,  1 9 7 0 ) .  D r i l l i n g  i n d u c e d  h y d r a u l i c  
f r a c t u r e s  h a v e  t h e  same charac te r  on televiewer l o g s  a s  
those  p r o d u c e d  b y  i n t e n t i o n a l  o v e r p r e s s u r e .  The most d i a g -  
n o s t i c  c h a r a c t e r i s t i c s  of  h y d r a u l i c  f r a c t u r e s  a r e :  v e r t i c a l  
or  fo l low well bore f o r  many f e e t ,  i r r e g u l a r  o r  b r a n c h i n g  
t r a c e  and v a r i a b l e  w i d t h .  

I n f o r m a t i o n  from a c o u s t i c  televiewer l o g s  s u g g e s t e d  
t h a t  a n  a c c i d e n t a l l y  i n d u c e d  h y d r a u l i c  f r a c t u r e  m i g h t  
a l r e a d y  be  p r e s e n t  i n  t h e  i n t e r v a l  se lec ted  i n  R R - 4 .  P o s s i -  
b l y  ihese  d a t a  s h o u l d  h a v e  r e c e i v e d  more  c o n s i d e r a t i o n  i n  
t h e  s e l ec t ion  of an i n t e r v a l  t o  b e  f r a c t u r e d .  A n e w l y  
i n d u c e d  h y d r a u l i c  f r a c t u r e  i n  a d i f f e r e n t  i n t e r v a l  would 
p r o b a b l y  h a v e  had t h e  same o r i e n t a t i o n ,  however .  I t  would 
be i n t e r e s t i n g  t o  e x a m i n e  records  of  o p e r a t i o n s  i n  R R - 4  t o  
d e t e r m i n e  how t h i s  f r a c t u r e  m i g h t  h a v e  been p r o d u c e d .  

1. Raf t  R i v e r  Well 4 

I n  wr i t ten  c o m m u n i c a t i o n s  t o  t h e  D e p a r t m e n t  o f  E n e r g y ,  
d a t e d  J u n e  1 ,  1 9 7 9 ,  t h e  a u t h o r  noted t h e  presence of complex  
v e r t i c a l  f r a c t u r e s  t h a t  appeared  t o  be h y d r a u l i c a l l y  i n d u c e d  
i n  RR-4. These f r a c t u r e s  appear o n  t h e  U.S. Geological  Sur -  
v e y  t e l e v i e w e r  log  made i n  March 1979.  It  i s  n o t  known a t  
w h a t  s t a g e  d u r i n g  d r i l l i n g ,  reaming,  and t e s t i n g  t h a t  o v e r -  
p r e s s u r e  may h a v e  o c c u r r e d ,  b u t  s i m i l a r  f r a c t u r e s  t h a t  
a p p e a r  t o  be h y d r a u l i c a l l y  i n d u c e d  h a v e  been s e e n  on 
t e l e v i e w e r  l o g s  of o t h e r  g e o t h e r m a l  wel l s  a t  Ra f t  R i v e r ,  
I d a h o ,  and Roosevelt Hot S p r i n g s ,  Utah ( K e y s ,  1 9 7 9 ) .  

The a c o u s t i c  c a l i p e r  l o g  i n d i c a t e s  t h a t  t h e  RR-4 w e l l  
bore is n o t  r o u n d  i n  much of  t h e  i n t e r v a l  i s o l a t e d  fo r  
h y d r a u l i c  f r a c t u r i n g .  Combined w i t h  t h e  d e v i a t e d  ho le ,  t h i s  
a c c o u n t s  fo r  t h e  poor q u a l i t y  o f  t h e  t e l e v i e w e r  l o g ,  b e c a u s e  
t h e  probe m u s t  b e  aentered  fo r  best r e s u l t s .  This p r o b l e m  
i s  p a r t i c u l a r l y  severe from t h e  bottom of t h e  l i n e r  t o  a 
d e p t h  of  4 , 7 4 3 . 5  f e e t ,  and  a c c o u n t s  fo r  some of t h e  d i f f i -  
c u l t y  i n  l o c a t i n g  t h e  f r a c t u r e  on  both  s i d e s  of  t h e  hole .  

A c o u s t i c  t e l e v i e w e r ,  a c o u s t i c  c a l i p e r ,  and  m e c h a n i c a l  
c a l i p e r  loss of  RR-4 made p r i o r  t o  h y d r a u l i c  f r a c t u r i n g  sub- 
s t a n t i a t e  t h e  p r e s e n c e  of t h c  v e r t i c a l  f r a c t u r e s  t o  t h e  west 
( F i g .  41, and  i n d i c a t e  t h a t  these  f r a c t u r e s  h a v e  a d e p t h  o f  
s e v e r a l  i n c h e s .  A l t h o u g h  i t  i s  p o s s i b l e  t h a t  these p r e -  
e x i s t i n g  f r a c t u r e s  a r e  n a t u r a l  i n  o r i g i n ,  t h e  i r r e g u l a r i t y  
of b r a n c h i n g  and r e l a t i v e l y  c o n s i s t e n t  s t r i k e  o v e r  s u c h  a 
g r e a t  d e p t h  i n t e r v a l  s u g g e s t  t h e y  a r e  h y d r a u l i c a l l y  i n d u c e d  . 

The p r e - e x i s t i n g  h y d r a u l i c  f r a c t u r e  s y s t e m  c a n  be 
t r aced  from t h e  bottom of t h e  l i n e r  a t  4 , 6 8 2 . 5  t o  4 , 8 7 3 . 9  
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f e e t .  The  e a r l i e r  f r a c t u r e  is  o n l y  v i s i b l e  on t h e  March 
t e l e v i e w e r  l o g s  i n  t h e  west q u a d r a n t  o f  t h e  h o l e ,  b u t  t h i s  
may be d u e  t o  b e t t e r  acous t i c  r e f l e c t i o n  i n  t h a t  d i r e c t i o n .  
The  p o s t f r a c t u r i n g  l o g s  made i n  Augus t  i n h i c a t e  w i d e n i n g  or  
p r o p p i n g  of t h e  f r a c t u r e  t o  t h e  west, and a d e t e c t a b l e  f rac-  
t u r e  i n  most i n t e r v a l s  t o  t h e  e a s t .  F r a c t u r e s  a r e  propped 
o p e n  by t h e  i n j e c t i o n  of l a r g e  q o a n t i t i e s  o f  sand  a f t e r  t h e  
rock i s  b r o k e n  h y d r a u l i c a l l y .  The p r o p p e d  f r a c t u r e  fol lows 
branches o r  e n  e c h e l o n  t r a c e s  o f  t h e  p r e v i o u s  f r a c t u r e ,  p a r -  
t i c u l a r l y  wel l  d e m o n s t r a t e d  i n  t h e  i n t e r v a l  4,769 t o  4,780 
f ee t  ( F i g .  5). The h y d r a u l i c a l l y  w i d e n e d  and propped f rac-  
t u r e  is d e t e c t a b l e  on t h e  A u g u s t  1979 a c o u s t i c  t e l e v i e w e r  
l o g  from t h e  bottom of t h e  l i n e r  a t  4,652.5 f e e t  t o  t h e  t o p  
of  s a n d  f i l l  u p  i n  t h e  h o l e  a t  4,873.9 f ee t .  The p r e s e n c e  
of  v e r t i c a l  f r a c t u r e s  t o  a d e p t h  of  a p p r o x i m a t e l y  4,980 feet  
o n  t h e  March t e l e v i e w e r  log  s u g g e s t s  t h a t  t h e  widened f rac-  
t u r e  may e x t e n d  t o  a t  l e a s t  t h e  s a n d  l e v e l  t h a t  e x i s t e d  
p r i o r  t o  p r e s s u r i z a t i o n .  T h u s ,  t h e  f r a c t u r e  t h a t  was 
e x p a n d e d  and p r o b a b l y  e x t e n d e d  d u r i n g  i n t e n t i o n a l  h y d r a u l i c  
f r a c t u r i n g ,  i s  s e m i c o n t i n u o u s  f o r  a t  l e a s t  191.4 f ee t  a l o n g  
t h e  a x i s  of t h e  well .  The  well d e v i a t e s  10.5 degrees from 
t h e  v e r t i c a l  i n  t h e  d i r e c t i o n  N. 80 d e g r e e s  E. (Miller and  
P r e s t w i c h ,  1979). 

The h y d r a u l i c  f r a c t u r e  l o g g e d  i n  March a p p e a r s  t o  
e x t e n d  a b o v e  t h e  bottom of t h e  l i n e r  t o  a d e p t h  o f  a p p r o x i -  
m a t e l y  4,664 f e e t .  T h i s  is j u s t  below a major open f r a c t u r e  
i n  t h e  s c h i s t  which  h a s  a low a n g l e  d i p  t o  t h e  s o u t h e a s t .  
T h u s ,  i t  a p p e a r s  t h a t  t h e  most s i g n i f i c a n t  p a r t  o f  t h e  
h y d r a u l i c a l l y - i n d u c e d  f r a c t u r e  may h a v e  b e e n  l i m i t e d  i n  
upward e x t e n t  b y  a n a t u r a l  f r a c t u r e .  Tab le  1 i s  a cornpila- 
t i o n  of d a t a  and d e s c r i p t i o n s  of  t h e  p ropped  h y d r a u l i c  f rac-  
ture i n  RR-4. 

The a v e r a g e  s t r i k e  of t h e  n e a r l y  v e r t i c a l  h y d r a u l i c  
f r a c t u r e  is N. 72 degrees  E. w h i c h  h a s  b e e n  corrected t o  
t r u e  n o r t h  and is shown a s  a l i n e  t h r o u g h  RR-4 i n  F i g u r e  1. 
Most of t h e  n a t u r a l  f r a c t u r e s  i n  wel l  RR-4 d i p  from 12 
d e g r e e s  t o  50 d e g r e e s  t o  t h e  s o u t h w e s t  and s t r i k e  a v e r a g e s  
N. 45 d e g r e e s  i?. A t  l e a s t  one f r a c t u r e  i n  t h e  p r e s s u r i z e d  
z o n e  i s  t h o u g h t  t o  be n a t u r a l ;  a t  4,820 t o  r1,822 f e e t  a 
f r a c t u r e  d i p s  75 d e g r e e s  t o  t h e  n o r t h  and s t r i k e s  N. 60 
degrees E. ( F i g .  6). 

I t  is p o s s i b l e  t h a t  same of t h e  o ther  p r e d e x i s t i n g  
v e r t i c a l  f r a c t u r e s  i n  t h e  pressur ized  i n t e r v a l  a r e  n a t u r a l ,  
b u t  t h a t  seems u n l i k e l y  b e c a u s e  t h e y  fo l low t h e  well fo r  
such a g r e a t  d i s t a n c e ,  h a v e  t h e  i r r e g u l a r  c h a r a c t e r  of  
h y d r a u l i c  f r a c t u r e s ,  and  a r e  s u b p a r a l l e l  and s i m i l a r  t o  t h e  
i n t e n t i o n a l l y  p r o d u c e d  h y d r a u l i c  f r a c t u r e  i n  well RR-5. 
F u r t h e r m o r e ,  t h e r e  a r e  v e r t i c a l  f r a c t u r e s  i n  well RR-2 below 
5,000 f e e t  t h a t  s t r i k e  n o r t h e a s t ,  and h a v e  a n  a p p e a r a n c e  
s i m i l a r  t o  unpropped  h y d r o f r a c t u r e s .  
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I n  a r e a s  and  a t  d e p t h s  where t h e  l e a s t  p r i n c i p a l  stress 
is  l e s s  t h a n  o v e r b u r d e n  stress,  h y d r a u l i c a l l y  i n d u c e d  frac- 
t u r e s  c a n  be e x p e c t e d  t o  be v e r t i c a l .  I n  a r e a s  o f  low t o p o -  
g r a p h i c  r e l i e f  and  a t  s u f f i c i e n t  d e p t h ,  t h e  maximum compres -  
s i v e  s t ress  i s  v e r t i c a l  and t h e  l e a s t  and i n t e r m e d i a t e  
s tresses a r e  i n  t h e  h o r i z o n t a l  p l a n e ,  The  d e p t h  i n t e r v a l s  
o f  t h e  we l l s  i n t e n t i o n a l l y  f r a c t u r e d  a t  R a f t  River a r e  10.5 
d e g r e e s  and  5 degrees from v e r t i c a l  and t h i s  f a c t ,  a l o n g  
w i t h  i n t e r r u p t i o n  o f  f r a c t u r e  p r o p a g a t i o n  b y  n a t u r a l  f r ac -  
tu res  and  l i t h o l o g y  c h a n g e s ,  may e n c o u r a g e  t h e  p r o d u c t i o n  of 
complex  r a t h e r  t h a n  s i m p l e  p l a n a r  f r a c t u r e s .  
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w Most h y d r a u l i c  f r a c t u r e s  l o g g e d  by t h e  U.S. G e o l o g i c a l  
S u r v e y  t e n d  t o  b r a n c h ,  c u r v e ,  and  s p l i t ,  r a t h e r  t h a n  p ro -  
p a g a t e  a s  s i m p l e  p l a n a r  f e a t u r e s  g e o l o g i s t s  a r e  u s e d  t o  see- 
i n g  i n  o u t c r o p  o r  i n  core .  A c t u a l l y ,  t h e s e  complex charac- 
t e r i s t i c s  a r e  t y p i c a l  o f  some h y d r a u l i c  f r a c t u r e s ,  p r o d u c e d  
b y  p r e s s u r i z i n g  d r i l l  h o l e s ,  t h a t  h a v e  b e e n  e x p o s e d  b y  tnin- 
i n g  a t  t h e  Nevada Test S i t e  ( N o r t h r u p  and o t h e r s ,  1 9 7 8 ) .  

T h e  u n i q u e  o p p o r t u n i t y  t o  e x a m i n e  t h e s e  f r a c t u r e s  h a s  
p r o v e n  h e l p f u l  i n  t h e  i n t e r p r e t a t i o n  of televiewer logs .  
F i g u r e  7 i s  a p h o t o g r a p h  of  a n e a t - c e m e n t - f i l l e d  h y d r a u l i c  
f r a c t u r e  e x h i b i t i n g  some of t h e  c u r v i n g  and b r a n c h i n g  
c h a r a c t e r i s t i c s  of  t h e  f r a c t u r e s  i n d u c e d  a t  R a f t  R i v e r .  The  
w i d t h  of t h i s  v e r t i c a l  f r a c t u r e  a v e r a g e s  0.1 i n c h  i n  t h e  
s a m p l e  o f  t u f f  i l l u s t r a t e d ,  t h e  same order  of m a g n i t u d e  of 
t h e  h y d r a u l i c  f r a c t u r e s  i n  R R - 4  and  R R - 5 .  

Y 

4 .  Ra f t  R i v e r  Well 5 - - -- a3 
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A new f r a c t u r e  was  i n t e n t i o n s l l y  p r o d u c e d  b y  p r e s s u r i -  
z a t i o n  and p r o p p i n g  w i t h  s a n d  i n  RR-5. A 200-foot stirnula- 
t i o n  i n t e r v a l  was i s o l a t e d  b y  a p a c k e r  s e t  i n  a c e m e n t e d  
l i n e r  and  s a n d - f i l l e d  h o l e .  T h e  f r a c t u r e  is  c l e a r l y  d e f i n e d  
o n  t e l e v i e w e r  l o g s  from t h e  bottom of t h e  l i n e r  a t  4 , 5 5 2  
f ee t  t o  a m a j o r  n a t u r a l  f r a c t u r e  s y s t e m  a t  a d e p t h  of 
a p p r o x i m a t e l y  4 , 6 9 0  f e e t  ( F i g .  8). A r e l a t i v e l y  t i g h t  
e x t e n s i o n  of t h e  h y d r a u l i c  f r a c t u r e  i s  p o o r l y  d e f i n e d  below 
t h e  n a t u r a l  f r a c t u r e s  t o  a d e p t h  of a p p r o x i m a t e l y  4 , 7 0 5  
f e e t ,  which  g i v e s  a v e r t i c a l  l e n g t h  o f  1 4 3  f ee t .  The 
h y d r a u l i c  f r a c t u r e  is a p p r o x i m a t e l y  p a r a l l e l  t o  l e g  B o f  
R R - 5  w h i c h  is d e v i a t e d  5 d e g r e e s  t o  5 1 / 4  degrees  from v e r t -  
i c a l  i n  a d i r e c t i o n  N .  56 d e g r e e s  t o  59 d e g r e e s  S. (Miller 
and  P r e s t w i c h ,  1979).  Therefore ,  i t  i s  n e a r l y  v e r t i c a l .  
The  a v e r a g e  s t r i k e  i s  N. 29 d e g r e e s  E . ,  b u t  t h e  f r a c t u r e  
c u r v e s  c o n s i d e r a b l y .  

Y F i g u r e  9 i s  a t r a c i n g  of t h e  f r a c t u r e s  d e s c r i b e d  from a 
t a p e d  t e l e v i e w e r  l o g ,  p l a y e d  back a t  a c o m p r e s s e d  s c a l e .  
The  sca le  r a t i o  t e n d s  t o  e x a g g e r a t e  c u r v a t u r e ,  b a t  i t  does 
show t h e  c o m p l e x i t y  o f  t h e  h y d r a u l i c  f r a c t u r e .  The a p p a r e n t  
maximum f r a c t u r e  w i d t h  from t h e  acous t i c  t e l e v i e w e r  log  
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a v e r a g e d  3 . 6  i n a h .  The a b s o l u t e  v a l u e  o f  t h e  w i d t h  is  n o t  
so  m e a n i n g f u l  a s  t h e  r e l a t i v e  w i d t h s  as  a f u n c t i o n  o f  d e p t h  
( T a b l e  2 ) .  F u r t h e r m o r e ,  i t  i s  l i k e l y  t h a t  t h e  f r a c t u r e  i n  
RR-5 i s  wider  t h a n  t h e  f r a c t u r e  i n  RR-4. 

If t h e  l i t h o l o g y  i s  s imla r ,  wh ich  a p p e a r s  l i k e l y ,  t h e n  
t h e  d i f fe rence  i n  w i d t h  may b e  r e l a t e d  t o  f r a c t u r i n g  o r  
p r o p p i n g  p r o c e d u r e s .  Test d a t a  show t h a t  more t h a n  f o u r  
times a s  much sand was u s e d  i n  p ropp ing  RR-5 t h a n  was u s e d  
i n  RR-4, which  a p p a r e n t l y  produced a w i d e r  f r a c t u r e .  F u r t h -  
e r n o r e ,  pumping tes ts  a r e  n o t  c o m p l e t e ,  b u t  i t  a p p e a r s  t h a t  
p r o d u c t i o n  n a y  b e  g r e a t e r  from RR-5. 

F i g u r e  10 shows an a c o u s t i c  c a l i p e r  l o g  o f  t h e  d e p t h  
i n t e r v a l  of  RR-5 from 4 , 5 5 5  t o  4 , 5 9 0  f e e t  compared w i t h  an 
a c o u s t i c  televiewer l o g .  T h e  c a l i p e r  was c a l i b r a t e d  a s  
shown w i t h  a 2 - inch  change  i n  well d i a m e t e r  e q u a l  t o  a 1- 
i n c h  change  on  t h e  r a d i u s  from t h e  t r a n s d u c e r .  Note the I 

c o r r e s p o n d e n c e  between t h e  o r i e n t e d  c a l i p e r  t r a c e s  and t h e  
t e l e v i e w e r  l o g  a t  t h e  same az imuth .  T h e  c a l i p e r  t r a c e s  
would s u g g e s t  f r a c t u r e  d e p t h s  g r e a t e r  t h a n  one  i n c h ;  how- 
e v e r ,  t h i s  may be m i s l e a d i n g  because of t h e  unknown a c o u s t i c  
r e f l e c t i v i t y  o f  t h e  epoxy sand  used f o r  p r o p p i n g .  

I 

I 

%d F i g u r e  11 shows a n o t h e r  t y p e  of a c o u s t i c  c a l i p e r  
p r e s e n t a t i o n  for t h e  d e p t h  i n t e r v a l  4 , 6 6 5  t o  4 , 6 7 0  f e e t .  
The X a x i s  s t i l l  represents  a s i n g l e - t r a n s d u c e r  sweep around 
t h e  ho le ,  b u t  t h e  Y a x i s  represents  c h a n g e s  i n  h o l e  d i a m e t e r  
o r  t r a n s i t  time. The e c c e n t r i c i t y  o f  t h e  probe o r  well c a n  
be s e e n  a l o n g  w i t h  t h e  two f r a c t u r e  t r a c e s .  T h i s  c a l i p e r  
p r e s e n t a t i o n  s u g g e s t s  t h a t  f r ac tu re  w i d t h s  measured from t h e  
t e l e v i e w e r  l o g  may be  t o o  g r e a t .  

The h y d r a u l i c  f r a c t u r e  i n  RR-5 d o e s  n o t  a lways  p a s s  
t h r o u g h  t h e  center o f  t h e  well  b o r e .  F u r t h e r ,  i t  h a s  a v e r y  
i r r e g u l a r  t r a c e  w h i c h  i n d i c a t e s  a v a r y i n g  s t r i k e .  From a 

0 d e p t h  of  4 , 5 6 3  t o  4,570 feet;the h y d r a u l i c  f r a c t u r e  is  
n e a r l y  p a r a l l e l  to a p r e - e x i s t i n g  v e r t i c a l  f r a c t u r e  which is  
p r o b a b l y  n a t u r a l .  T h e r e  is  no s t r o n g  evidence of a pre-  
e x i s t i n g  h y d r a u l i c  f r a c t u r e  i n  RR-5 a s  was found i n  RR-4. 

0 

v 

Y 

4 4  
. 

There i s  a s i g n i f i c a n t  change  i n  t h e  a p p a r e n t  c h a r a c t e r  
of  t h e  f r a c t u r e  anJ  d i r e c t i o n  o f  s t r i k e  a t  a d e p t h  of  
4 ,652 .6  f e e t  ( F i g .  12). T h i s  may b e  p r i m a r i l y  d u e  t o  a 
change  i n  l i t h o l o g y . 0  Al though t h e  i n t e r v a l  f r a c t u r e d  h a s  
been d e s c r i b e d  on  t h e  b a s i s  of c u t t i n g s  a s  a l l  q u a r t z i t e  
w i t h  minor  amounts  o f  f e l d s p a r  and muscovite, g e o p h y s i c a l  
l o g s  s u g g e s t  more s i g n i f i c a n t  c h a n g e s  i n  l i t h o l o g y .  The 
n a t u r a l  gamma l o g  i n d i c a t e s  t h a t  t h e  q u a r t z i t e  may c o n t a i n  
l a y e r s  of s c h i s t ,  p o s s i b l y  b i o t i t e .  A change  i n  l i t h o l o g y  
is i n d i c a t e d  by  s e v e r a l  l o g s  a t  a p p r o x i m a t e l y  4 ,650  f e e t ,  
which i s  c lose  t o  t h e  d e p t h  where h o l e  d i a m e t e r  and c h a r a c -  
t e r  of t h e  p o s t f r a c t u r i n g  televiewer l o g  changes .  A 
d e c r e a s e  i n  r a d i o a c t i v i t y  'below t h i s  d e p t h  s u g g e s t s  an 
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i n c r e a s e  i n  t h e  pe rcen tage  of q u a r t z i t e .  If t h i s  i n t e r p r e -  
t a t i o n  i s  co r rec t ,  t h e n  t h e  h y d r a u l i c  f r a c t u r e  a s  s e e n  i n  
F i g u r e  12, is  be t t e r  d e v e l o p e d  i n  q u a r t z i t e  t h a n  i n  s c h i s t .  

If m e a s u r e m e n t s  of h o l e  d e v i a t i o n  a r e  cor rec t ,  t h e n  a 
n o r t h e a s t - s t r i k i n g ,  v e r t i c a l ,  h y d r a u l i c  f r a c t u r e  s h o u l d  have  
i n t e r s e c t e d  l e g  A o f  R R - 5  i n  t h e  v i c i n i t y  o f  a p r o d u c t i o n  
zone which  was r epor t ed  t o  h a v e  y i e l d e d  1,003 g a l l m i n  
(Mil ler  and  P r e s t w i c h ,  1979) . U n f o r t u n a t e l y ,  t h i s  f r a c t u r e  
was a p p a r e n t l y  cemen ted  u p  so t h e  h y d r a u l i c  f r a c t u r e  may 
h a v e  i n t e r s e c t e d  cemen t  r a t h e r  t h a n  a p r o d u c i n g  z o n e .  
Cement may h a v e  a l s o  l i m i t e d  t h e  l a t e r a l  p r o p a g a t i o n  of t h e  
f r ac tu re .  The h y d r a u l i c  f r a c t u r e  was a l s o  p r o b a b l y  l i m i t e d  
i n  v e r t i c a l  p r o p a g a t i o n  b e t w e e n  n a t u r a l  f r a c t u r e s  a t  4,535 
t o  4 , 5 4 3  f e e t  and 4,630 f e e t .  T h e s e  m a j o r  n a t u r a l  f r a c t u r e s  
a r e  e s s e n t i a l l y  p a r a l l e l  w i t h  a d i p  o f  8 3  degrees  w i t h  
r e spec t  t o  t h e  h o l e  and a s t r i k e  of N. 20 degrees  W. t o  N. 
40 d e g r e e s  E. The shallower of  these two f r a c t u r e s  a p p e a r e d  
o n  gamma-gamma, a c o u s t i c  v e l o c i t y ,  n e u t r o n ,  c a l i p e r ,  and  
a c o u s t i c  t e l e v i e w e r  l o g s  a s  a m a j o r  open f r a c t u r e  z o n e  w h i c h  
s h o u l d  h a v e  p r o d u c e d  s i g n i f i c a n t  amoun t s  of  water .  Produc-  
t i o n  was m i n i m a l ,  and  may h a v e  been d r a s t i c a l l y  r e d u c e d  b y  
c e m e n t  i n v a s i o n .  

The  average s t r i k e  of  t h e  h y d r a u l i c  f r a c t u r e  i n  RR-5 
corrected t o  t r u e  n o r t h  is  shown b y  a l i n e  t h r o u g h  t h e  well 
on F i g u r e  1. The a v e r a g e  s t r i k e  of N. 29  degrees E. a p p e a r s  
t o  be  s i g n i f i c a n t l y  d i f f e r e n t  t h a n  t h e  N. 72 d e g r e e s  E. 
a v e r a g e  s t r i k e  i n  RR-4. T h e  a v e r a g i n g  t e c h n i q u e  fo r  s u c h  a 
complex  s u r f a c e  may p r o d u c e  a n  e r r o r ;  h o w e v e r ,  i t  is  impor- 
t a n t  t o  n o t e  t h a t  t h e  h y d r a u l i c  f r a c t u r e s  a r e  s u b p a r a l l e l s  
t o  major f a u l t s  p o s t u l a t e d  i n  t h e  a rea  (Wil l iams  and o t h e r s ,  
1976) .  RR-5 is  c l o s e r  t o  t h e  B r i d g e  f a u l t  which t r e n d s  
s l i g h t l y  e a s t  of  n o r t h ,  and  RR-4 is c l o s e r  t o  t h e  Narrows 
s t r u c t u r e  w h i c h  t r e n d s  e a s t - n o r t h e a s t .  I n  many a r e a s ,  
h y d r a u l i c  f r a c t u r e s  h a v e  been found  t o  p a r a l l e l  m a j o r  s t r u c -  
t u r e s  (Wolff and  o t h e r s ,  1 9 7 4 ) .  If t h i s  i s  t h e  c a s e  a t  Raft  
R i v e r ,  t h e n  h y d r a u l i c  f r a c t u r e s  may p a r a l l e l  r a t h e r  t h a n  
i n t e r s e c t  major s t r u c t u r e s  t h a t  a r e  p r o b a b l y  c o n d u i t s  f o r  
t h e  movement o f  h o t  w a t e r .  

- 5, Recommenda t ions  

As a r e s u l t  o f  t h i s  s t u d y ,  a number o f  s u g g e s t i o n s  c a n  
be made t o  i m p r o v e  t h e  cos t  b e n e f i t  r a t i o  f o r  u t i l i z i n g  
borehole  g e o p h y s i c s  i n  h y d r a u l i c  f r a c t u r i n g  programs. Well 

, l o g g i n g  c a n  be more b e n e f i c i a l  t o  p l a n n i n g  a h y d r o f r a c t u r e  
a n d  u n d e r s t a n d i n g  t h e  resu l t s .  

Better results from l o g g i n g  and f r a c t u r i n g  i n  g e n e r a l  
migh t  be o b t a i n e d  i f  t h e  i n t e r v a l  of t h e  well  se lected was 
n e a r  v e r t i c a l  r a t h e r  t h a n  d e v i a t e d .  The t e l e v i e w e r  c a n  be  
be t t e r  c e n t e r e d  i n  a v e r t i c a l  ho le ,  b u t  e v e n  more i m p o r t a n t ,  



'u 186 

w 
W 

3 

t h e  h o l e  is  more l i k e l y  t o  b e  p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  
of  l e a s t  p r i n c i p a l  s tress.  T h i s  n a y  t e n d  t o  produce a f rac-  
t u r e  w i t h  a more u n i f o r m  t r a c e  t h a t  does  n o t  c h a n g e  d i rec-  
t i o n  away from t h e  wel l .  Under  t hese  c o n d i t i o n s  m e a s u r e -  
m e n t s  o f  f r a c t u r e  o r i e n t a t i o n  i n  t h e  well  a r e  more l i k e l y  t o  
be r e l a t e d  t o  a v e r a g e  o r i e n t a t i o n .  The p r e f r a c t u r e  l o g s  
s h o u l d  b e  c o n s i d e r e d  c a r e f u l l y  from t h e  s t a n d p o i n t  o f  ex is t -  
i n g  f r a c t u r e s  o r  l i t h o l o g i c  c o n t a c t s  t h a t  may a f f e c t  t h e  
e x t e n t  and d i r e c t i o n  of  p r o p a g a t i o n  of a h y d r a u l i c  f r a c t u r e .  
F u r t h e r ,  f a v o r e d  d i r e c t i o n s  o f  n a t u r a l  f r a c t u r e s  may b e  fo l -  
lowed b y  i n d u c e d  f r a c t u r e s ;  t h a t  i s ,  t h e  s t ress  f i e l d  may, 
h a v e  t h e  same o r i e n t a t i o n  a t  t h e  t ime of h y d r a u l i c  f r a c t u r -  
i n g  a s  it d i d  when n a t u r a l  f r a c t u r e s  were p r o d u c e d .  T h e s e  
f a c t o r s  may t e n d  t o  i n f l u e n c e  f r a c t u r e  p r o p a g a t i o n  p a r a l l e l  
t o  a p r o d u c i n g  s t r u c t u r e  r a t h e r  t h a n  t o w a r d s  i t .  

I 

After t h e  d e p t h  i n t e r v a l  t o  be f r a c t u r e d  h a s  b e e n  
se lec ted ,  b u t  before  p r e s s u r i z i n g ,  a complete s u i t e  of 
p o r o s i t y  s e n s i n g  l o g s  s h o u l d  be r u n  on a h i g h  r e s o l u t i o n  
s ca l e .  These c a n  t h e n  be compared t o  t h e  same k i n d  D f  post-  
f r a c t u r e  l o g s  i n  a n  a t t e m p t  t o  d e t e c t  c h a n g e s  i n  p o r o s i t y .  
R e s i s t i v i t y  d e v i c e s ,  s u c h  as micro g u a r d  and d i p m e t e r ,  m i g h t  
be p a r t i c u l a r l y  u s e f u l  . Before and a f t e r  a c o u s t i c  waveform 
l o g s  would i m p r o v e  t h e  u n d e r s t a n d i n g  of t h e  r e s p o n s e  of 
these l o g s  t o  v e r t i c a l  f r a c t u r e s .  A p r e f r a c t u r e  r e r u n  w i t h  
t h e  televiewer s h o u l d  b e  made w i t h  maximum a t t e n t i o n  t o  log 
r e s o l u t i o n .  

, 

'r3 

P o s t f r a c t u r e  l o g g i n g  would be  g r e a t l y  e n h a n c e d  by  
a s s u r i n g  t h a t  t h e  well i s  c l e a n  and f r ee  of  s a n d  t o  t h e  bot-  
tom. S u c c e s s i v e  d e p t h  m e a s u r e m e n t s  may b e  n e c e s s a r y  t o  
d e t e r m i n e  t h a t  n o  p r o p p i n g  a g e n t  o r  o the r  m a t e r i a l  is e n t e r -  
i n g  t o  fill t h e  w e l l .  Under  t h e s e  conditions, i t  should b e  
p o s s i b l e  t o  d e t e r m i n e  t h e  lower l i m i t  of  c r ack  p r o p a g a t i o n .  
I t  would be e x t r e m e l y  u s e f u l  i f  t h e  well c o u l d  be made 
a v a i l a b l e  for  t e m p e r a t u r e  and flowmeter logs d u r i n g  pos t -  
f r a c t u r e  t e s t i n g .  I t  i s  v e r y  i m p o r t a n t  t o  d e t e r m i n e  which  
p a r t  o f  a f r a c t u r e  is p r o d u c i n g  and p o s s i b l y  why. An 
a t t e m p t  s h o u l d  b e  made t o  d e t e r m i n e  i f  t h e  a p p a r e n t  f r a c t u r e  
w i d t h  o n  a t e lev iewer  log  is  r e l a t e d  t o  p r o d u c t i v i t y  a s  o u r  
p r e l i m i n a r y  d a t a  s u g g e s t .  

w I t  h a s  b e e n  r epor t ed  t h a t  R R - 5  i s  c o n t i n u i n g  t o  p r o d u c e  
p r o p p i n g  saqd ,  If t h e  pump is  p u l l e d  t o  c l e a n  o u t  t h e  h o l e  
t h e n  a t h i r d  t e l e v i e w e r  log  s h o u l d  b e  r u n  i n  order  t o  deter-  
m i n e  i f  i n t e r v a l s  o f  s a n d  loss c a n  be detec ted  and what 
e f f e c t  t h i s  h s s  o n  a p p a r e n t  f r a c t u r e  w i d t h .  

W 
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Figure 2 -- Comparison of f i e l d  log and tape playback log 
@ of hydraulic fracture i n  RR-5. 
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Figure 4 -- Preexisting and propped hydraulic 
in RR-4. 
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Figure 5 -0 Complex preexisting and propped hydraulic 
fracture in  RR-4. 
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Figure 7 -- Cement-filled hydraulic fracture in  tuff 
from Nevada T e s t  S i t e .  
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Figure 8 -- Natural fracture system in RR-5 which 
terminates open interval of hydraulic 
fracture. 
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Figure 9 -- Drawing of hydraulic fracture in RR-5 
traced from televiewer log. 
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Figure 10 -- Acoustic caliper and acoustic televiewer logs, RR-5. 
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Figure 11 -- Oscilloscope display of acoustic caliper traces 
compared with televiewer log of same depth interval 
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Raft River Well 4 

Hydraulic Fracture 
DEPTH STRIKE APPARENT MAXIMUbf CHARACTER OF THE VERTICAL HYDRAULIC FRACTURE 
(feet) (Mag. N) WIDTH (inches) 

<uncorrected for 
hole deviation) 

4682.5-4688 -------- unknown Poorly defined from bottom of liner at 4682.5 ft 

4688-4703 N70 to 75E unknown Fracture better defined. Parallel to preexisting 

4703-4715 N60E to N80E .7 to 1.1 Still better defined, curving, off-canter, best 

4715-4743.5 N65E to N75W unknown Poorly defined but present. Irregulaq well badly 

4743.5-4750 N50E to E-W .3 to 1.1 Better defined. Well rounder. Curving preexisting 

to 4688 ft. 

hydraulic fracture to the west. 

defined to the east. 

out of round. Follows preexisting fracture. 

fracture to west widened. 
Well defined, best to west. Preexisting fracture 
widened. 

spots. Follows older fracture. 

poorly defined or not present. 

U 

4750-4 769 N65 to 70E . 3  to 1.4 
Av. .7 

4769-4800 N80E .1 Branching or en echelon, complex, broken out in 

N70E .1 to . 3  Well defined, broken out in spots. Older fracture 4800-4820 

48 20-48 2 2 Natural Fracture 
Dips 75"N 
N6 OE 

4822-4831 
4831-4846 . 

N65E 
N65E to E-W 

------- Hydraulic fracture curves out of well approx. 1 ft 
above and parallel to natural fracture, returns 
below. 

.1 Complex, relatively tight and poorly defined. 

. 3  to 1.4 Preexisting vertical fracture widened by propping 
agent . 

4846-4861.5 N80E to E-W .1 to .7 May follow indistinct preexisting fracture, wider 
to west. 

4861.5-4873.9 N70 to 80E .1 to .7 Preexisting en echelon vertical fractures widened. 
Continues to level of sand fill-up in bottom of 
well. 

p\) 
0 
P 



c 
Q Table 2 c 

Raft River Well 4 
Hydraulic Fracture 

DEPTH STRIKE APPARENT MAX1MiJ-M CHARACTER OF THE VERTICAL HYDRAULIC FRACTURE 
(feet) (Mag- N) WIDTH (inches) 

(uncorrected for 
hole deviation) 

4566 N13E 1.4 Not through center of hole. 
4571.5 N45E 

4575-4578 unknown 
.7  Change in strike between natural fractures. 
.6 Fracture splits - en echelon. 

4582 N13E 1.4 Not through center of hole. 
4586-4589 N42E to E-W 1.4 to 2.1 Fracture curves, well defined and apparently wider. 
4592 / N58E .3 Well defined but narrow. 
4593.5-4600 ----_----- --------- Poorly defined, irregular and branching. 
4606 N15E .6 to 1.4 Apparently wider to south. 
4615.5 N7E --------- Poorly defined and irregular. 
4623 N-S .3+ Apparently wider and more irregular to south. 
4626-4632 ---------- 
4633-4645 N5W to NlOE --------- Considerably off-center, giving false impression 

4652.6 ---------- --------- Apparent change in fracture character and direction 

--------- Complex and splits. 

of widening,strike changes. 

due to change in hole diameter and lithology. 
4655 N25E .3 More broken out to southwest, nearly centered, well 

defined, irregular. 
4662-4665 N67E to N50E .3 to .7 Nearly centered, very well defined, curved. 
4666.5-4669 ---------- --------- Branching, poorly defined due to natural fracture 
4669-4684.5 . N50E to NlOE .l to . 3  Well defined, irregular, broken out. 
4684.5-4687 

4694-4705 ? 

N-S 

N35E ? 

Indistinct, curves t o  parallel natural fracture 
set 
Very poorly defined, tight, curving due to natural 
fracture. 


