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LILUNLSE  (GB) 

(54)  Earth  drilling  apparatus  and  method. 

0   Apparatus  for  forming  a  bore  hole  in  an  underground  for- 
mation  including  a  guide  pipe  (30,  32)  with  a  fluid  seal  and  a 
tube  (34)  sealed  with the seal  and terminating  in  a  drillhead  (36) 
with  at least one fluid  exit port.  The  tube  moves  out  the  exit  end 
of  the  guide  pipe  into  the  formation  under  hydraulic  pressure 
applied  against  the  drillhead.  Preferably,  the  bottom  of  the 
guide  tube  includes  a  whipstock  (30a,  32a)  to  turn  the  drill- 
head,  preferably  from  a  vertical  to  a  horizontal  direction,  to 
form  a  radial.  The  whipstock  may  be  stationary  or  may  be  ex- 
tendible. 



The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   p r i m a r i l y   to  a  s y s t e m  

for   the  f o r m a t i o n   of  a  bore  hole   for   use  in  t h e  

r ecove ry   or  enhancement   of  r e cove ry   of  o i l   f r an   a n  

o i l - b e a r i n g   f o r m a t i o n ,   or  for   the  r e cove ry   of  m i n e r a l  

d e p o s i t s   or  the  l i k e ,   or  for   d r i l l i n g   th rough   a n  

underground  fo rma t ion   for   some  o t h e r   pu rpose .   The 

system  i n c l u d e s   an  assembly  wi th   p i s t o n   means  in  a  

guide  means.  The  p i s t o n   means  c o n s i s t s   of  a  body  

formed  by  a  d r i l l i n g   tube  which  is  open  at   i t s   r e a r w a r d  

end  and  i n c l u d e s   a  d r i l l h e a d   of  the  h y d r a u l i c   j e t   t y p e  

at   i t s   forward  end,  the  d r i l l h e a d   be ing   p rov ided   w i t h  

m u l t i p l e   f l u i d   e x i t   p o r t s .   The  guide  means  is  a  t u b e  

or  pipe  in  f l u i d   communicat ion  with  the  i n t e r i o r   of  t h e  

d r i l l i n g   p ipe .   There  is   s e a l i n g   means  between  t h e  

d r i l l i n g   tube  and  guide  pipe  so  t h a t   p r e s s u r i z e d   f l u i d  

f lowing   th rough  the  guide  tube  and  d r i l l i n g   t u b e  

a p p l i e s   fo rce   to  cause  the  p i s t o n   means  to  move  in  a  

f o r w a r d   d i r e c t i o n   th rough  tube  bending  means  and  i n t o  

the  underground  f o r m a t i o n .  

In  a  p r e f e r r e d   embodiment,  tube  bending  means  r e f e r r e d   t o  

as  a  w h i p s t o c k ,   is  a t t a c h e d   to  the  guide  p ipe   to  c a u s e  
the  p i s t o n   body  or  d r i l l i n g   tube  to  t u rn   f r an   t h e  



v e r t i c a l   to  the  g e n e r a l l y   h o r i z o n t a l   d i r e c t i o n   in  a  s h o r t  

r a d i u s   of  the  o rder   of  6  to  12  inches   for   s t e e l   d r i l l i n g  

tubes   t h a t   may,  for   example,  be  of  the  o rder   of  1¼  to  1½ 

inches   OD,  wi th   a  wal l   t h i c k n e s s   of  from  0 . 0 8 0 - 0 . 1 2 5  

inches .   Such  a  normal ly   r i g i d   meta l   p i s t o n   body,  due  t o  

the  hoop  s t r e s s   caused  by  i n t e r n a l   high  p r e s s u r e   d r i l l i n g  

f l u i d   and  the  bending  s t r e s s   dur ing   movement  th rough  t h e  

whips tock ,   causes   p l a s t i c   d e f o r m a t i o n   in  the  metal   d u r i n g  

the  t u r n   w i t h o u t   c o l l a p s e   or  b r e a k i n g   of  the  t u b e .  

T h e r e a f t e r   s t r a i g h t e n i n g   means  causes   the  tube  t o  

reassume  a  s u b s t a n t i a l l y   s t r a i g h t   c o n d i t i o n .  

The  wh ips tock   may  be  s t a t i o n a r y   or  r e t r a c t i b l e .   A 

r e t r a c t i b l e   wh ips tock   c o n s i s t s   of  two  connec ted   assem-  ' 

b l i e s   which  when  ex tended   from  a  r e t r a c t e d   p o s i t i o n  

w i t h i n   the  s t r u c t u r e ,   form  an  a r c u a t e   tube  b e n d i n g  

guideway.  When  h y d r a u l i c   p r e s s u r e   is  a p p l i e d   to  t h e  

guide  p ipe ,   i t   a p p l i e s   fo rce   to  the  d r i l l i n g   tube  t o  

p r o p e l   i t   downwardly  th rough   the  guide  pipe  and  t h r o u g h  

the  guideway,  t he r eby   c aus ing   the  tube  to  be  bent   t o  

p r o j e c t   the  d r i l l i n g   head  l a t e r a l l y   a g a i n s t   t h e  

f o r m a t i o n .   Each  of  the  a s s e m b l i e s   of  the  whips tock   has  a  

s e r i e s   of  r o l l e r s   or  sheaves   r o t a t a b l y   c a r r i e d   by  t h e  

same  to  form  a  segment  of  the  a r c u a t e   guideway.  The 

bending  means  a l so   i n c l u d e s   means  for  s t r a i g h t e n i n g   t h e  

t u b i n g   as  i t   e x i t s   from  the  gu ideway .  

Two  or  more  such  a s s e m b l i e s   may  be  p rov ided   in  a  wel l   t o  

p rov ide   two  or  more  l a t e r a l l y   e x t e n d i n g   bores   for  t h e  

i n j e c t i o n   of  a  hot  f l u i d ,   such  as  steam,  to  hea t   o i l   i n  

the  f o r m a t i o n   and  cause  i t   to  flow  to  a  nearby  p r o d u c t i o n  

wel l   or  to  a  p r o d u c t i o n   pump  in  the  same  wel l   c a s i n g .  

Ob jec t s   of  the  i n v e n t i o n   i nc lude   the  p r o v i d i n g   of  a  

system  and  method  t h a t   is  capab le   of  forming  r a d i a l l y  



e x t e n d i n g   bores   ( r a d i a l s )   in  a  r e l a t i v e l y   s h o r t   r a d i u s  

t u rn ,   and  which  is  e f f i c i e n t   and  economica l   compared  t o  

p r i o r   systems  and  m e t h o d s .  

I t   is  a  p a r t i c u l a r   o b j e c t   to  form  m u l t i p l e   r a d i a l s   in  a  

s i n g l e   p r e - e x i s t i n g   wel l   c a s i n g .  

I t   is  a  f u r t h e r   o b j e c t   to  p rov ide   a  m u l t i p l e   r a d i a l  

system  in  a  combined  i n j e c t i o n   p r o d u c t i o n   w e l l .  

I t   is  a  f u r t h e r   o b j e c t   to  p rov ide   a  system  of  t h e  

f o r e g o i n g   type  capab le   of  d r i l l i n g   i n to   u n c o n s o l i d a t e d  

fo rma t ion   w i t h o u t   the  n e c e s s i t y   of  u s ing   a  r o t a t i n g  
d r i l l h e a d .  

F u r t h e r   o b j e c t s   and  f e a t u r e s   of  the  i n v e n t i o n   w i l l   b e  

a p p a r e n t   from  the  f o l l o w i n g   d e s c r i p t i o n   taken   i n  

c o n j u n c t i o n   wi th   the  appendant   d r a w i n g s .  

F igure   1  is  a  s ide   e l e v a t i o n a l   view,  p a r t i a l l y   i n  

s e c t i o n ,   i l l u s t r a t i n g   a  d r i l l   s t r i n g   assembly  w i t h  

c o n v e n t i o n a l   s u r f a c e   a p p a r a t u s ,   and  an  e x p a n d e d ,  

p a r t i a l l y   broken  away  wel l   c a s ing   and  r a d i a l s   formed  i n  

accordance   wi th   the  i n v e n t i o n .  

F igure   2  is  a  schemat ic   view,  p a r t i a l l y   in  s e c t i o n ,   o f  

the  assembly  of  the  p r e s e n t   i n v e n t i o n   mov ing  

h o r i z o n t a l l y   th rough   a  wh ips tock   and  t u r n i n g   to  a  
v e r t i c a l   d i r e c t i o n .  

F igu re s   3  and  4  are  s ide  and  end  views,   r e s p e c t i v e l y ,  
of  a  d r i l l h e a d   and  p i s t o n   b o d y .  



Figure   5  is  a  s e c t i o n a l   view  i l l u s t r a t i n g   the  d r i l l h e a d  

and  a  s i n g l e   opening,   whi le   F igure   6  is  a  c r o s s - s e c t i o n a l  

view  taken   along  the  l i ne   6-6  of  the  same  opening  as  i n  

F igure   5,  i l l u s t r a t i n g   the  o b l i q u e - o b l i q u e   o r i e n t a t i o n   o f  

one  of  a  number  of  m u l t i p l e   p o r t s   in  a  d r i l l h e a d  

embodiment .  

F igure   7  is  a  c r o s s - s e c t i o n a l   view  of  a  c a s ing   i n c l u d i n g  

four  r a d i a l s   and  c o r r e s p o n d i n g   w h i p s t o c k s ,   t o g e t h e r   w i t h  

a  c e n t r a l   p r o d u c t i o n   s t r i n g .  

F igure   8  is  a  c r o s s - s e c t i o n a l   view  of  the  system  o f  

F i g u r e  7   taken  along  the  l i n e   8 - 8 .  

F igure   9  is  a  d e t a i l   in  s ide  e l e v a t i o n   showing  a n o t h e r  

embodiment  of  tube  bending  means .  

F igure   10  is  a  view  looking   toward  the  e x i t   end  of  t h e  

guide  way  of  the  bending  and  s t r a i g h t e n i n g   means  o f  

F igure   9 .  

F igure   11  is  a  d e t a i l   in  s ide  e l e v a t i o n   showing  a n o t h e r  

embodiment  of  tube  bending   and  s t r a i g h t e n i n g   means .  

F igure   12  is  a  d e t a i l   looking   toward  the  e x i t   end  of  t h e  

guide  way  of  F igure   11 .  

F i g u r e   13  is  a  d e t a i l   in  s ide   e l e v a t i o n   and  in  s e c t i o n  

showing  means  for   e s t a b l i s h i n g  a   s ea led   c o n n e c t i o n   f o r  

i n t r o d u c i n g   steam  in to   the  d r i l l i n g   t u b e .  

F igure   14  is  l i ke   F igure   13  but  shows  a  c o n n e c t i o n   a f t e r  

i t   is  e s t a b l i s h e d   for   i n t r o d u c i n g   s t e a m .  



Figure   15  is  a  schemat ic   view  in  s ide   e l e v a t i o n ,  

i l l u s t r a t i n g   the  a p p a r a t u s   d i s p o s e d   w i t h i n   an  e a r t h   w e l l ,  

wi th   the  d r i l l i n g   tube  ex tended   in  a  l a t e r a l   b o r e .  

F igure   16  is  a  d e t a i l   in  s ide  e l e v a t i o n ,   i l l u s t r a t i n g   t h e  

tube  bending  means  of  F igure   14  and  i t s   m o u n t i n g .  

F igure   17  is  a  d e t a i l   in  s e c t i o n   e l e v a t i o n ,   i l l u s t r a t i n g  

the  bending  means  in  s ide  e l e v a t i o n   and  e x t e n d e d .  

F igure   18  is  a  view  looking   toward  the  r i g h t   hand  s ide   o f  

F igure   17 .  

F igure   19  is  a  d e t a i l   in  s e c t i o n   showing  a n o t h e r  

embodiment  of  the  i n v e n t i o n   in  s ide   e l e v a t i o n .  

F igure   20  is  a  view  looking   toward  the  r i g h t   hand  s ide   o f  

F igure   19 .  

F igure   21  is  a  d e t a i l   in  s e c t i o n   showing  s e a l i n g   means 

between  the  wel l   p ip ing   and  the  d r i l l i n g   t u b e .  

F igure   22  is  a  s ide   e l e v a t i o n ,   p a r t l y   in  s e c t i o n ,   s h a d i n g  

ano the r   embodiment  in  which  the  guide  means  is  in  t h r e e  

s e c t i o n s .  

F igure   23  is  an  e l e v a t i o n   look ing   toward  the  r i g h t   h a n d  

side  of  F igure   2 1 .  

F igure   24  is  a  s ide   e l e v a t i o n   l i k e   F igure   22,  but   showing  

the  bending  means  e x t e n d e d .  

F igure   25  is  an  e n l a r g e d   d e t a i l   in  s e c t i o n   showing  

a d j u s t a b l e   means  for   s t r a i g h t e n i n g   the  d r i l l i n g   t u b e .  



In  one  major  use  of  the  p r e s e n t   i n v e n t i o n ,   a  system  i s  

p rov ided   for   forming  one  or  more  r a d i a l   p ipes   or  t u b e s  

in  r a d i a l   bores   e x t e n d i n g   from  a  p r e - e x i s t i n g   c a s e d  

wel l .   A  major  use  for   such  a  r a d i a l   pipe  is  to  i n j e c t  

a  hot   f l u i d   such  as  steam  or  s o l v e n t s   i n to   t h e  

s u r r o u n d i n g   f o rma t ion   to  r ende r   h i g h - v i s c o s i t y   o i l   i n  

the  underground  f o r m a t i o n   more  f l owab le .   An  i m p o r t a n t  

a p p l i c a t i o n   is  to  hea t   o i l   l e f t   in  the  ground  by  a  

p r o d u c t i o n   wel l   system  which  has  ceased  p r o d u c i n g  

e c o n o m i c a l l y .  

R e f e r r i n g   to  F igure   1,  the  ground  l e v e l   20  above  t h e  

underground   m i n e r a l   b e a r i n g   fo rma t ion   22  is  i l l u s t r a t e d  

on  which  a  p r o d u c t i o n   r ig   is  d i sposed   to  the  r i g h t   a n d  

c o i l e d   t ub ing   r i g   26  is  d i s p o s e d   to  the  l e f t .   The 

f u n c t i o n   of  a  p r o d u c t i o n   r i g   24  is  to  screw  t o g e t h e r  

s e c t i o n s   of  one  or  more  guide  tubes   or  p ipes   30  and  32 

at   the  s i t e   in  a  c o n v e n t i o n a l   manner.  P i s t o n   body  o r  

d r i l l i n g   tube  34  is  formed  of  a  metal   tube  of  the  s o l i d  

wall   type  which  may  for  example  have  an  o u t e r   d i a m e t e r  

(OD)  of  a p p r o x i m a t e l y   1.25  i n . ,   and  is  c o i l e d   on  s p o o l  
26  and  passed   downwardly  in to   the  guide  tube.   When  a  
s u f f i c i e n t   l eng th   of  the  p i s t o n   body  or  d r i l l i n g   t u b e  

34  is  in  the  guide  p ipe   to  reach  the  d e s i r e d   u l t i m a t e  

r a d i a l   l e n g t h ,   the  d r i l l i n g   tube  is  severed   and  l o w e r e d  

down  the  guide  p i p e .  

The  lower  p o r t i o n   of  the  drawing  i l l u s t r a t e s   a  

p r e - e x i s t i n g   cemen ted - in   wel l   c a s ing   28  in  which  a r e  

c o n t a i n e d   two  d i f f e r e n t   a x i a l l y   d i sposed   guide  p i p e  

means,  i n c l u d i n g   a x i a l l y   d i s p o s e d   guide  tubes  or  p i p e s  



30  and  32,  t e r m i n a t i n g   in  wh ips tocks   30a  and  3 2 a ,  

r e s p e c t i v e l y ,   each  wh ips tock   having  curved  b a r r e l s   o r  

guideways.   P i s t o n   means  are  d i s p o s e d   in  each  g u i d e  

p ipe ,   each  p i s t o n   means  i n c l u d i n g   an  e l o n g a t e   p i s t o n  

body  in  the  form  of  a  d r i l l i n g   tube,   the  t u b e  

t e r m i n a t i n g   in  d r i l l h e a d   means.  The  p i s t o n   body  i s  

formed  of  a  r e l a t i v e l y   r i g i d   meta l   m a t e r i a l   such  a s  

s t e e l ,   and  so  has  t h e   advan tage   of  moving  in  a  

s u b s t a n t i a l l y   s t r a i g h t   path  th rough  the  f o r m a t i o n .   As 

i l l u s t r a t e d ,   only  p i s t o n   body  or  d r i l l i n g   tube  3 4 ,  

t r a v e l i n g   in  guide  pipe  30,  is  v i s i b l e   wi th   d r i l l h e a d  

means  36  at   the  forward  end  t h e r e o f .   A  s u i t a b l e   g u i d e  

pipe  is  about   2  in.  OD  in  about   30  f t .   s e c t i o n s .  

The  p i s t o n   body  or  d r i l l i n g   tube  34  can  be  t u rned   b y  

bending  and,  upon  t u r n i n g   th rough  wh ips tock   30a  a n d  

d r i l l i n g   in to   the  f o r m a t i o n ,   b eca r e s   a  r a d i a l   or  l a t e r a l  

tube  or  duct   s u i t a b l e   for   the  i n j e c t i o n   of  a  hot   f l u i d  

such  as  steam  in to   the  f o rma t ion   to  hea t   up  the  v i s c o u s  

o i l   for   removal .   In  the  a l t e r n a t i v e ,   hea t   from  the  h o t  

f l u i d   causes   the  o i l   to  flow  back  towards  a  c a s i n g  

c o n t a i n i n g   a  p r o d u c t i o n   pump  as  wel l   as  the  r a d i a l ,   a s  

b e t t e r   i l l u s t r a t e d   in  F igu re s   7  and  8  d e s c r i b e d   b e l o w .  

In  the  i l l u s t r a t e d   embodiment,  a  f l u i d   downcomer  38 

(e.g.   1.25  in.  OD)  p r o j e c t s   c e n t r a l l y   of  guide  tubes   30 

and  32  and  is  s u i t a b l e   for   the  i n j e c t i o n   of  a  foamed  o r  
foamable  f l u i d   or  high  v i s c o s i t y   f l u i d   to  a s s i s t   t h e  

l i f t i n g   of  c u t t i n g s   formed  du f ing   o p e r a t i o n   of  t h e  

d r i l l h e a d   36,  or  dur ing   subsequen t   d e p o s i t i o n   of  c e m e n t .  

Such  c u t t i n g s   flow  back  along  the  tube  34  and  are  l i f t e d  

by  foam  to  flow  upwardly  th rough  a x i a l   spaces   w i t h i n   t h e  

wel l   c a s i n g   28.  Tube  38  may  a l so   be  used  to  conduct   a n d  



d e p o s i t   cement  in to   chamber  40  to  f ix   the  p o s i t i o n   of  t h e  

r a d i a l s   and  wh ips tocks   upon  cample t i on   of  v e r t i c a l   b o r e  

hole   d r i l l i n g .  

In  a  t y p i c a l   o p e r a t i o n ,   wel l   c a s ing   28  may be   p r e s e n t  

from  a  p r e - e s t a b l i s h e d   i n j e c t i o n   we l l .   A  t y p i c a l   s i z e  

in  some  a reas   of  the  Uni ted  S t a t e s   for   such  ca s ing   i s  

5-1/2  in.   in  o u t e r   d i a m e t e r ,   a l t hough   l a r g e r   c a s i n g s  

may  be  used.  Normal ly ,   the  cas ing   has  been  m i l l e d   a n d  

the  fo rma t ion   underreamed  in  a  c o n v e n t i o n a l   manner  t o  

form  a  c a v i t y   40  w i t h i n   which  the  whips tock   30a  i s  

d i s p o s e d .   In  one  a l t e r n a t i v e ,   an  a b r a s i v e   such  a s  

s i l i c a   may  be  added  to  the  d r i l l i n g   f l u i d   s u p p l i e d   t o  

d r i l l h e a d   36  or  a  s e p a r a t e   d r i l l i n g   dev ice ,   and  d i r e c t e d  

a g a i n s t   an  e x i s t i n g   wel l   cas ing   w a l l  o r   cement  f o r m a t i o n  

to  bore  an  opening  th rough  the  ca s ing   or  fo rma t ion   s o  

t h a t   the  d r i l l i n g   tube  34  and  head  36  can  move  t h r o u g h  

the  wal l   or  f o rma t ion   to  form  a  r a d i a l .  

The  g e n e r a l   p r i n c i p l e   of  forming  a  r a d i a l   a cco rd ing   t o  

the  i n v e n t i o n   is  now  d i s c l o s e d ,   a l though   the  d e t a i l e d  

s t r u c t u r e   of  the  p a r t s   w i l l   be  d e s c r i b e d   more  f u l l y  

below  in  c o n j u n c t i o n   wi th   the  drawings .   B r i e f l y ,   t h e  

p i s t o n   body  or  tube  34  is  adapted   to  move  w i th in   t h e  

guide  pipe  and  p r o v i d e s   an  i n t e r i o r   f l u i d   p a s s a g e w a y  
with   an  outward,   open  r ea rward   end  and  d r i l l h e a d   means 

at  i t s   forward  end.  S ing le   or  n u l t i p l e   f l u i d   e x i t   p o r t s  

are  p rov ided   in  the  d r i l l h e a d   means  for  the  passage   o f  

d r i l l i n g   f l u i d   from  the  p i s t o n   body  f l u i d   passageway  i n t o  

the  a d j a c e n t   f o r m a t i o n .   The  i n t e r i o r   of  the  guide  p i p e  

means  is  in  f l u i d   communicat ion  with  the  rearward   end  o f  

the  p i s t o n   body  i n t e r i o r   passageway.   Sea l i ng   means 

p r o v i d e s   a  sea l   between  the  p i s t o n   means  and  the  g u i d e  



tube.   High  p r e s s u r e   f l u i d   f lowing  th rough  the  p i s t o n  

body  f l u i d   passageway  a p p l i e s   p r e s s u r e   a g a i n s t   the  b a c k  

of  the  d r i l l h e a d   means  to  cause  the  p i s t o n   to  move  in  a  

forward  d i r e c t i o n .   When  the  p i s t o n   body  or  tube  r e a c h e s  

the  w h i p s t o c k ,   combined  s t r e s s e s ,   i n c l u d i n g   the  hoop  

s t r e s s   (or  r a d i a l   s t r e s s )   caused  by  the  high  p r e s s u r e  

f l u i d   w i t h i n   the  p i s t o n   body,  t o g e t h e r   wi th   the  b e n d i n g  

s t r e s s   in  t h e  w h i p s t o c k ,   causes   the  p i s t o n   body  or  t u b e ,  

which  is  a  normal ly   r i g i d   me ta l ,   to  be  s t r e s s e d   a n d  

deformed  p l a s t i c a l l y   in  a  p h y s i c a l   m e t a l l u r g i c a l   s e n s e  

and  to  bend  and  t u rn   i n to   a  r a d i a l ,   p r e f e r a b l y  

h o r i z o n t a l ,   d i r e c t i o n   so  as  to  be  movable  in to   t h e  

fo rma t ion .   The  high  p r e s s u r e   l i q u i d   i s s u i n g   from  t h e  

d r i l l h e a d   p e n e t r a t e s   the  f o rma t ion   and  forms  c u t t i n g s ,  

which  are  s l u r r i f i e d   and  passed   backwardly   a long  t h e  

o u t s i d e   p e r i p h e r y   of  the  p i s t o n   body  in to   c a v i t y   4 0 ,  

where in   foam  or  o t h e r   l i f t i n g   f l u i d ,   which  is  p a s s e d  

downwardly  th rough  downcomer  38,  may  be  added  to  l i f t   t h e  

s l u r r y   up  to  the  s u r f a c e   of  the  fo rma t ion   th rough   t h e  

a x i a l   space  w i t h i n   the  ca s ing   not  o t h e r w i s e   occup ied   b y  

the  guide  tubes .   In  an  a l t e r n a t i v e ,   not  shown,  no  f l u i d  

downcomer  is  r e q u i r e d   and  the  f l u i d   is  d i r e c t e d   in to   t h e  

s u r r o u n d i n g   fo rma t ion   under  such  force   t h a t   the  f o r m a t i o n  

f r a c s   or  f r a c t u r e s ,   c aus ing   f i s s u r e s   i n to   which  t h e  

formed  s l u r r y   can  flow,  whereby  l i t t l e ,   i f   any,  c u t t i n g s  

are  moved  r e a r w a r d l y   along  the  r a d i a l   and  so  l i f t i n g   o f  

such  c u t t i n g s   is  not  r e q u i r e d .  

A  s i g n i f i c a n t   advantage   of  t h i s :   system  is  t h a t   i t   i s  

capab le   of  d r i l l i n g   r a d i a l   bores   wi th   a  n o n - r o t a t i n g  

d r i l l h e a d ,   and  t h a t   the  bore  hole   is  cased  w h i l e  

d r i l l i n g .  



R e f e r r i n g   to  F igure   2,  a  system  is  i l l u s t r a t e d   f o r  

v e r t i c a l   h y d r a u l i c   j e t   d r i l l i n g .   I t   u t i l i z e s   t h e  

p i s t o n - g u i d e   p ipe   assembly  of  F igu re   1,  in  which  t h e  

p i s t o n   tube  t u rn s   from  a  h o r i z o n t a l   d i r e c t i o n   on  t h e  

s u r f a c e   to  a  v e r t i c a l   d i r e c t i o n   by  passage   th rough  a  

wh ips tock   on  the  s u r f a c e .   This  pe rmi t s   the  guide  pipe  t o  

ex tend  a long  the  ground  r a t h e r   than  be ing   s u p p o r t e d  

v e r t i c a l l y .   The  underground   fo rma t ion   42  i n c l u d e s   a n  

upper  c a v i t y   44  to  f a c i l i t a t e   d r i l l i n g .   Guide  tube  o r  

pipe  46  is  s u p p o r t e d   at  ground  l e v e l   by  c o n v e n t i o n a l  

means.  The  r ea rward   end  of  guide  pipe  46  is  i l l u s t r a t e d  

as  p r o j e c t i n g   i n to   a  hous ing   48,  which  i n c l u d e s   a  s o u r c e  

of  high  p r e s s u r e   d r i l l i n g   f l u i d ,   not  shown,  and  a l s o  

means  for   i n t r o d u c i n g   the  p i s t o n   means  compr i s ing   p i s t o n  

or  d r i l l i n g   tube  50  t e r m i n a t i n g   in  d r i l l h e a d   52.  A 

d r i l l i n g   f l u i d   sea l   54  is  p rov ided   which  may  be  o f  

chevron  type  as  i l l u s t r a t e d .   The  forward  end  of  g u i d e  

pipe  46  is  formed  i n to   a  curved  wh ips tock   46d  a t t a c h e d   b y  

c o u p l i n g   46c  to  the  main  body  of  the  guide  p i p e .  

Whipstock  46d  i n c l u d e s   a  curved  b a r r e l   adapted   to  bend  o r  

t u rn   the  p i s t o n   body  90°  from  a  g e n e r a l l y   h o r i z o n t a l   to  a  

g e n e r a l l y   v e r t i c a l   d i r e c t i o n .  

In  o p e r a t i o n ,   p i s t o n   or  d r i l l i n g   tube  50  is  u r g e d  

f o r w a r d l y   away  from  the  high  p r e s s u r e   pump  in  h o u s i n g  

48  to  the  l e f t   as  shown  in  the  drawing,   p a s t   sea l   5 4 ,  

by  the  d r i l l i n g   f l u i d   p r e s s u r e   a p p l y i n g   fo rce   a g a i n s t  

the  f l u i d   p r e s s u r e   a rea   of  the  r ea rward   s ide   of  t h e  

d r i l l h e a d .   When  the  p i s t o n   tube  is  fo rced   through  t h e  

wh ips tock   46d,  bending  fo r ce s   are  a p p l i e d   to  cause  t h e  

tube  to  conform  g e n e r a l l y   to  the  curve  of  the  w h i p -  

s tock ,   whereby  the  tube  is  caused  to  t u rn   downwardly  i n t o  

the  f o r m a t i o n .   A  s t r a i g h t e n e r   p o r t i o n   46e  is  p rov ided   a t  



the  forward  end  of  w h i p s t o c k  4 6 d .   I t   is  i n c l i n e d   t o w a r d s  

the  v e r t i c a l   (e .g .   at  5  to  10  degrees)   in  the  same 

genera l   d i r e c t i o n   as  the  forward  movement  of  the  t u b e .  

In  t h i s   manner,  the  c o n t a c t   of  the  tube  wi th   the  p i p e  

s t r a i g h t e n e r   at   p o i n t   A  causes   the  pipe  to  s t r a i g h t e n  

in to   a  g e n e r a l l y   v e r t i c a l   d i r e c t i o n ,   r a t h e r   than  t o  

con t inue   i t s   curve  and  cu r l   backward ly   in to   a  s p i r a l  

path.   D r i l l i n g   f l u i d   is  d i r e c t e d   ou tward ly   th rough   o n e  

or  more  p o r t s   52a  of  the  d r i l l h e a d   52  i n to   the  f o r m a t i o n  

to  p rov ide   a  s l u r r y   th rough  which  the  d r i l l h e a d   r e a d i l y  

moves  under  the  fo rce   a p p l i e d   by  the  p r e s s u r i z e d   f l u i d .  

The  p i s t o n   body  or  tube  may  be  formed  of  s t e e l   or  o t h e r  

metal  of  s u f f i c i e n t   r i g i d i t y   to  t r a v e l   in  a  s t r a i g h t   l i n e  

th rough  the  f o r m a t i o n ,   but   is  capab le   of  the  a b o v e  

p l a s t i c   d e f o r m a t i o n .   For  example,   a  s u i t a b l e   w a l l  

t h i c k n e s s   for   t h i s   purpose   is  0 . 0 8 0  -   0.125  in.   o f  

36 ,000-70 ,000   ps i   or  more  y i e l d   s t e e l   for  tubes   r a n g i n g  

from  1¼  to  1½  inches   OD. 

The  p r i n c i p l e   of  o p e r a t i o n   of  the  guide   p i p e - p i s t o n  

assembly  is  more  c l e a r l y   i l l u s t r a t e d   in  the  embodiment  o f  

F igure   2.  That  i s ,   a  f l u i d   sea l   54  between  t h e  

s t a t i o n a r y   guide  pipe  and   movable  p i s t o n   means  i s  

p rov ided   so  t h a t   the  high  p r e s s u r e   f l u i d   emerging  f r a n  

housing  48  (e .g.   a t   1,000  to  10,000  ps i   or  h i g h e r )  

a p p l i e s   a  high  p r e s s u r e   fo rce   a g a i n s t   d r i l l h e a d   52  t o  

cause  i t   to  move  fo rward ly   at   a  r e l a t i v e l y   high  s p e e d .  

The  p r e s s u r i z e d   d r i l l i n g   f l u i d   p r e s s e s   a g a i n s t   sea l   54 

and  the  p o r t i o n   of  the  guide  pipe  ups t ream  from  t h a t  

sea l   which  is  in  f l u i d   communicat ion  wi th   the  e n t i r e  

l eng th   of  the  tube  50,  to  a s su r e   t h a t   the  major  fo rce   i s  

d i r e c t e d   a g a i n s t   the  r ea rward   s ide  of  the  d r i l l h e a d   t o  



cause  i t   to  p r o j e c t   f o rward ly .   Al though  a  minor  p o r t i o n  

of  the  p r e s s u r e   is  l o s t   due  to  the  d r i l l i n g   f l u i d  

emerging  through  p o r t   or  p o r t s   52,  the  major  p o r t i o n   o f  

t h a t   fo rce   c a r r i e s   the  d r i l l h e a d   and  d r i l l i n g   t u b e  

f o r w a r d l y .  

Downstream  of  s ea l   54,  s i g n i f i c a n t   i n t e r n a l   r a d i a l  

p r e s s u r e   (hoop  p r e s s u r e )   causes   the  normal ly   r i g i d  

p i s t o n   body  tube  (e .g.   formed  of  0 . 8 0  -   0.125  in.  w a l l  

t h i c k n e s s   for   s t e e l   t ub ing   r ang ing   f r an   1¼  to  1½  i n c h  

OD)  to  be  h i g h l y   s t r e s s e d .   This  s t r e s s ,   t o g e t h e r   w i t h  

the  bending  s t r e s s e s   c r e a t e d   when  the  p i s t o n   tube  = 

pas ses   th rough   the  w h i p s t o c k ,   causes   the  tube  to  b e  

p l a s t i c a l l y   deformed  and  t u rned   or  bent   in  a  r e l a t i v e l y  

s h o r t   r a d i u s   from  a  h o r i z o n t a l   to  a  v e r t i c a l   d i r e c t i o n .  

With  the  system  of  F igu re   2  v e r t i c a l   d r i l l i n g   i s  

c r e a t e d   w i t h o u t   r a d i a l s   be ing   formed.  Since  the  p r e s s u r e  
behind   the  s ea l   54  must  be  m a i n t a i n e d   for   the  a b o v e -  

d e s c r i b e d   mode  of  p r o p u l s i o n   and  s i m u l t a n e o u s l y   j e t  

c u t t i n g   ( h e r e i n a f t e r   the  p i s t o n   e f f e c t ) ,   i t   is  a p p a r e n t  

t h a t   the  l e n g t h   of  the  p i s t o n   body  downstream  of  the  s e a l  

can  be  no  g r e a t e r   than  the  i n i t i a l   l eng th   of  the  g u i d e  

pipe  ups t ream  of  the  s ea l .   One  of  the  major  a d v a n t a g e s  

of  the  i l l u s t r a t e d   system  is  t h a t   no  p r e - e x i s t i n g   c a s i n g  

is  r e q u i r e d ,   and  i t   is  u n n e c e s s a r y   to  d r i l l   a  

p r e - e x i s t i n g   hole   for   the  guide  t u b e .  

R e f e r r i n g   to  F i g u r e s   3  and  4,  o n e   embodiment  of  t h e  

d r i l l h e a d   of  the  p r e s e n t   i n v e n t i o n   is  i l l u s t r a t e d .  

D r i l l h e a d   56  is  mounted  to  the  forward  end  of  t h e  

p i s t o n   body  tube  58,  s u i t a b l y   by  weld ing .   As  i l l u s -  

t r a t e d ,   the  forward  end  of  the  d r i l l h e a d   is  g e n e r a l l y  



rounded,   h e m i s p h e r i c a l   in  shape.  Spaced  g e n e r a l l y  

forward  d i r e c t e d   po r t s   56a  are  i l l u s t r a t e d .   In  a d d i t i o n ,  

e l l i p t i c a l   p o r t s   56b  may  be  p rov ided   for   d i r e c t i n g  

d r i l l i n g   f l u i d   in  a  g e n e r a l l y   r ea rward   d i r e c t i o n   t o  

a s s i s t   the  f l u i d i z i n g   of  c u t t i n g s   s u r r o u n d i n g   the  p i s t o n  

body  as  i t   passes   th rough  the  f o r m a t i o n ,   to  l u b r i c a t e   t h e  

c u t t i n g s   and  p r e v e n t   b ind ing   with  the  fo rma t ion   and  t o  

a s s i s t   movement  of  the  formed  c u t t i n g s   in  a  r e a r w a r d  

d i r e c t i o n .   A l t e r n a t i v e l y ,   a l l   p o r t s   or  a  s i n g l e   po r t   may 
be  d i r e c t e d   forward  to  maximize  c u t t i n g .  

R e f e r r i n g   to  F igu re s   5  and  6,  the  nose  of  the  d r i l l h e a d  

of  F igu re s   3  and  4  is  i l l u s t r a t e d   in  which  one  or  more  o f  

p o r t s   56a  are  i l l u s t r a t e d   in  an  o b l i q u e - o b l i q u e   d i r e c -  

t i o n .   That  i s ,   such  p o r t   is  d i s p o s e d   in  a  d i r e c t i o n  

which  is  ob l i que   in  two  d i f f e r e n t   p l anes   to  the  axis   o f  

t h e  d r i l l h e a d .   In  t h i s   manner,  the  j e t s   cut   the  ker f   o r  

s l o t   wa l l s   which  would  o t h e r w i s e   by  formed  forward  of  t h e  

d r i l l h e a d   by  p o r t s   ob l i que   in  one  d i r e c t i o n   only  a n d  

cause  p o s s i b l e   d r i l l h e a d   r e s i s t a n c e .   By  d i s p o s i n g   t h e  

po r t s   o b l i q u e l y   at   l e a s t   10-30°  o f f   the  ax is   in  a t  l e a s t  

two  d i f f e r e n t   d i r e c t i o n s ,   the  f l u i d   j e t   shears   the  f o r n a -  

t ion-   in  such  a  manner  t h a t   the  d r i l l h e a d   f u n c t i o n s  

p r o g r e s s i v e l y   to  shear   of f   the  k e r f s   in  the  cut   f o r m a t i o n  

as  the  d r i l l h e a d   p a s s e s .  

R e f e r r i n g   to  F i g u r e s  7   and  8,  a  combina t ion   i n j e c t i o n  

wel l   and  p r o d u c t i o n   wel l   is  i l l u s t r a t e d .   There,   a  

p r e - e x i s t i n g   wel l   c a s ing   90  is  p r o v i d e d ,   and  four   g u i d e  

tubes   92,  94,  96  and  98  ending  in  wh ips tocks   92a,  9 4 a ,  

96a  and  98a,  r e s p e c t i v e l y ,   are  p l aced   c i r c u m f e r e n t i a l l y  

w i t h i n   the  guide  tube.   Whipstocks   92a  and  96a  p r o j e c t  

p a r a l l e l   to  each  o t h e r   in  o p p o s i t e   d i r e c t i o n s .  



S i m i l a r l y ,   wh ips tocks   94a  and  98a  p r o j e c t   p a r a l l e l   t o  

each  o t h e r   in  o p p o s i t e   d i r e c t i o n s   and  p e r p e n d i c u l a r   t o  

the  d i r e c t i o n s   of  wh ips tocks   92a  and  96a.  P i s t o n   b o d i e s  

100,  102,  104  and  106  are  d i r e c t e d   downwardly  t h r o u g h  

guide  tubes   92,  94,  96  and  98,  r e s p e c t i v e l y ,   and  t u r n  

th rough   t h e i r   r e s p e c t i v e   wh ips tocks   to  form  h o r i z o n t a l   o r  

r a d i a l   p o r t i o n   100a,  102a,  104a  and  106a,  r e s p e c t i v e l y .  

Thus  r a d i a l s   p r o j e c t   every  90  degrees   in  a  h o r i z o n t a l  

d i r e c t i o n   in to   the  f o r m a t i o n .  

C e n t r a l l y   of  the  wel l   c a s ing   90  is  a  p r o d u c t i o n   tub ing   o r  

pipe  110  of  a  c o n v e n t i o n a l   s ize   and  shape,  i n c l u d i n g   a  

c o n v e n t i o n a l   sucker   rod pump  assembly  wi th   a  sucker   r o d  

112  and  a  p i s t o n   va lve   s c h e m a t i c a l l y   i l l u s t r a t e d   at   114 

in  F igure   8.  At  the  bot tom  of  the  tub ing   110  is  a  

c o n v e n t i o n a l   s l o t t e d   c y l i n d r i c a l   p o r t i o n   110a,  which  i s  

permeable   to  o i l   flow  but  which  f i l t e r s   out  p a r t i c u l a t e  

m a t t e r ,   much  as  a  w i re -wrapped   sc reen   sand  f i l t e r .  

In  e s s e n c e ,   the  embodiment  of  F igures   7  and  8  comprises   a  

combina t ion   i n j e c t i o n   p r o d u c t i o n   system.  That  i s ,   a f t e r  

the  r a d i a l s   (100a,  102a,  104a,  106a)  are  in  p lace   and  t h e  

bot tom  of  p r o d u c t i o n   t ub ing   110  is  in  p lace   in  a  sump  a t  

the  bot tom  of  c a s i n g   90,  a  hot  f l u i d   such  as  steam  may  b e  

flowed  th rough  the  r a d i a l s   and  out  the  d r i l l h e a d   to  h e a t  

the  a d j a c e n t   o i l   b e a r i n g   fo rma t ion   to  a l low  the  o i l   t o  

flow  downwardly  and  l a t e r a l l y   and  in to   the  sump,  g e n e r a l -  

ly  d e s i g n a t e d   by  the  number  116.  There,   the  o i l   i s  

pumped  to  the  s u r f a c e   in  a  c o n v e n t i o n a l   manner  by  a  

sucker   rod  pump  assembly.   Heat  energy  is  used  e f f e c -  

t i v e l y   s ince   some  of  the  hea t   from  the  downwardly  f l o w i n g  

steam  is  u t i l i z e d   to  m a i n t a i n   the  upwardly  f lowing  o i l   a t  

a  t e m p e r a t u r e   such  t h a t   the  o i l   is  m a i n t a i n e d   f l u i d   a s  

d e l i v e r e d   to  the  top  of  the  w e l l .  



R e f e r r i n g   again   to  F igure   8,  the  system  may  be  used  f o r  

"steam  soaking"   in  the  f o l l o w i n g   manner.  Af t e r   f o r m a t i o n  

of  the  r a d i a l s   102a,  104a,  and  106a,  they  may  be  cut   f r a n  

t h e i r   c o r r e s p o n d i n g   w h i p s t o c k s ,   and  the  w h i p s t o c k s  

wi thdrawn  to  the  su r f ace   for  p o s s i b l e   r euse .   Then  s t e a m  

is  passed   down  wel l   c a s ing   90  to  permeate   i n to   t h e  

f o r m a t i o n .   A  pump  is  p l aced   in  the  sunp  as  i l l u s t r a t e d ,  

and  the  o i l ,   which  has  been  hea ted   by  the  steam  to  f l o w  

in to   the  sump,  i s  pumped  to  the  s u r f a c e .  

I t   is  p o s s i b l e   t h a t   the  fo rce   a p p l i e d   to  the  d r i l l h e a d  

is  s u f f i c i e n t   to  cause  the  p i s t o n   body  to  move  at   a  

r a t e   f a s t e r   than  the  j e t s   can  e f f e c t i v e l y   f l u i d i z e   t h e  

fo rma t ion   which  the  d r i l l h e a d   c o n t a c t s .   Means  may  b e  

p rov ided   in  the  form  of  a  r e s t r a i n t   l i n e   for   c o n t r o l l i n g  

the  maximum  r a t e   of  movement  of  the  p i s t o n   body.  Such  a  
l ine   may  a l so   serve  to  moni to r   the  speed  wi th   which  t h e  

d r i l l h e a d   p r o g r e s s e s   i n to   the  f o r m a t i o n .  

A  system  of  the  f o r e g o i n g   type  may  be  u t i l i z e d   for   t h e  

i n j e c t i o n   of  a  hot   f l u i d   or  steam  th rough  the  r a d i a l s  

which  are  formed  in  the  system  for  h e a t i n g   the  u n d e r -  

ground  fo rma t ion   for  p r o d u c t i o n   at  e i t h e r   the  same  c a s i n g  

as  the  one  from  which  the  r a d i a l s   p r o j e c t ,   or  at   a  r e m o t e  

c a s i n g .  

When  d r i l l i n g   is  comple te ,   the  system  is  s e a l e d   a s  

i l l u s t r a t e d   in  F igu re s   13  and  14  h e r e i n a f t e r   or  by  some 
o the r   means.  For  example,  the  system  may  be  s ea l ed   b y  

p a s s i n g   cement  i n to   the  area   s u r r o u n d i n g   the  p i s t o n   body  

through  the  f l u i d s   downcomer  or  guide  tube .   If   t h e  

openings   in  the  d r i l l h e a d   are  of  i n s u f f i c i e n t   s i ze   t o  

pass  the  n e c e s s a r y   volumes  of  steam  or  o t h e r   f l u i d ,   a n  



a b r a s i v e   may  be  i n c l u d e d   in  the  d r i l l i n g   f l u i d   to  e r o d e  

out  the  openings   to  the  d e s i r e d   s i ze   for   f l u i d   i n j e c t i o n ,  

or  the  openings   may  be  e n l a r g e d   by  the  a c t i o n   of  a  

s u i t a b l e   s o l v e n t .   The  d r i l l h e a d   may  be  c o m p l e t e l y  

s eve red   us ing   an  e x p l o s i v e   c h a r g e .  

Two  a d d i t i o n a l   embodiments  of  tube  bending  means  a r e  

i l l u s t r a t e d   in  F igu re s   9-12.  In  both  i n s t a n c e s   t h e  

d imens ions   and  c o n f i g u r a t i o n s   are  such  t h a t   the  wel l   m u s t  

be  of  s u f f i c i e n t   d i ame te r   to  pe rmi t   t h e i r   i n t r o d u c t i o n .  

In  F igure   9  a  hous ing   151  e n c l o s e s   a  p o r t i o n   of  t u b e  

bending   means  152.  The  bending  means  c o n s i s t s   of  a  body  

which  is  r i g i d ,   and  is  formed  by  the  spaced  s ide   p l a t e s  

154  t h a t   are  s ecured   t o g e t h e r   by  c o n n e c t i n g   w a l l s .   Two 

s e r i e s   of  sheaves   156  and  157  are  j o u r n a l e d   between  t h e  

s ide   w a l l s   154,  and  are  p o s i t i o n e d   to  form  the  c u r v e d  

guide  way  158.  This  guide  way  is  d imensioned  to  b e  

c o m p a t i b l e   wi th   movement  of  the  d r i l l i n g   tube  th rough  t h e  

same,  the  a r r angement   be ing   such  t h a t   when  the  d r i l l i n g  

head  and  tube  are  fo rced   th rough  the  guide  way  b y  

h y d r a u l i c   p r e s s u r e ,   the  tube  is  at   a l l   t imes  in  c o n t a c t  

wi th   a  p l u r a l i t y   of  sheaves ,   and  is  bent   to  the  d e s i r e d  

r a d i u s .   Tube  s t r a i g h t e n i n g   means  159  is  d i s p o s e d   at  t h e  

e x i t   end  of  the  guide  way,  and  c o n s i s t s   of  a  c r u c i f o r m -  

l i ke   body  161,  which  is  a t t a c h e d   to  the  s ide   p l a t e s   154 .  

The  body  c a r r i e s   four   sheaves ,   namely  the  upper  and  l o w e r  

sheaves   162,  and  the  opposed  s ide   sheaves  163.  T h e s e  

sheaves   are  so  formed  t h a t   t h e i r   p e r i p h e r a l   s u r f a c e s  

embrace  s u b s t a n t i a l l y   the  e n t i r e   c i r c u m f e r e n c e   of  t h e  

d r i l l i n g   t u b e .  

I t   may  be  e x p l a i n e d   t h a t   when  the  d r i l l i n g   tube  i s  

caused  to  pass  th rough   the  guide  way  158  the  bending  i s  



accompanied  by  sane  change  in  i t s   c r o s s - s e c t i o n a l   c o n -  

f i g u r a t i o n .   More  s p e c i f i c a l l y   as  the  tube  r eaches   t h e  

end  of  the  guide  way  i t   has  a  c r o s s - s e c t i o n   c o n f i g u r a t i o n  

which  is  oval   r a t h e r   than  c i r c u l a r .   I t   has  been  f o u n d  

t h a t   s t r a i g h t e n i n g   of  such  a  tube  is  sometimes  more  

e f f e c t i v e   i f   i t   i n c l u d e s   some  r e fo rming   of  the  tube  t o  

c i r c u l a r   c o n f i g u r a t i o n .   To  accompl i sh   t h i s   the  s h e a v e s  

163  are  so  formed  t h a t   they  apply  fo rce   to  the  e x i t i n g  

d r i l l i n g   tube  to  somewhat  reform  the  same  to  c i r c u l a r  

c o n f i g u r a t i o n   whi le   s i m u l t a n e o u s l y   app ly ing   u n b e n d i n g  

fo rce .   In  c o n n e c t i o n   with  the  s t r a i g h t e n i n g   a c t i o n   t h e  

sheaves  162  and  163  a l so   c o o p e r a t e   with  the  a d j a c e n t   o n e s  

of  sheaves   156  and  157.  

In  ano the r   embodiment  the  c r u c i f o r m   type  of  s t r a i g h t e n i n g  

means  shown  in  F igu re s   9  and  10  are  not   used.   Thus  a s  

shown  in  F igures   11  and  12  the  s t r a i g h t e n i n g   means  i n  

such  event   can  employ  only  the  two  upper  and  l o w e r  

sheaves   162.  

F igu re s   13  and  14  i l l u s t r a t e   means  for   i n t r o d u c i n g  

d r i l l i n g   f l u i d s   such  as  steam  in to   the  d r i l l i n g   h e a d  

a f t e r   f o rma t ion   of  the  bore  ho le .   This  may  be  n e c e s s a r y  
i f   the  s l i d i n g   sea l   s u i t a b l e   for   the  d r i v i n g   p i s t o n  

e f f e c t   is  not  s u f f i c i e n t l y   t i g h t   to  f u l l y   c o n t a i n   s t e a m  

i n j e c t i o n   i n to   the  p i s t o n   body  for   h e a t i n g   t h e  

underground   f o rma t ion .   This  is  the  purpose   of  the  s t e a m  

sea l   now  d e s c r i b e d .   The  f i g u r e s   show  a  guide  pipe  166 

t o g e t h e r   with  a  t h r e a d e d   c o u p l i n g  1 6 7   between  s e c t i o n s   o f  

the  guide  p ipe .   The  d r i l l i n g   tube  168  is  shown  p a s s i n g  

through  the  sea l   164.  The  upper  end  of  the  d r i l l i n g   t u b e  

168  is  p rov ided   with  the  t h r e a d e d   p o r t i o n   171.  The  l o w e r  

end  of  the  upper  s e c t i o n   of  the  guide  pipe  166,  is  a l s o  



prov ided   wi th   the  i n t e r n a l l y   t h r e a d e d   p o r t i o n   172.  The 

t h r e a d s   of  the  coup l i ng   167  are  made  the  same  as  t h e  

t h r e a d s   of  the  c o l l a r   171  and  p o r t i o n   172.  More 

s p e c i f i c a l l y   the  t h r e a d s   for  coup l ing   the  two  s e c t i o n s   o f  

the  guide  pipe  may  be  l e f t - h a n d e d ,   and  the  t h r e a d s   of  171 

and  172  are  a l so   made  l e f t - h a n d e d .   Assuming  t h a t  

h y d r a u l i c   p r e s s u r e   has  been  a p p l i e d   to  the  guide  pipe  t o  

fo rce   the  d r i l l i n g   tube  168  and  i t s   a t t a c h e d   d r i l l i n g  

head  l a t e r a l l y   i n to   the  m ine ra l   b e a r i n g   fo rma t ion   and  i t  

is  now  d e s i r e d   to  i n t r o d u c e   steam  or  o t h e r   t r e a t m e n t  

f l u i d   i n to   the  d r i l l i n g   tube ,   the  coup l i ng   167  i s  

d i s engaged   by  c lockwise   t u r n i n g   the  upper  p a r t   of  t h e  

guide  p ipe   166,  a f t e r   which  i t   is  l i f t e d   and  t u r n e d  

c o u n t e r c l o c k w i s e   to  engage  the  t h r e a d e d   p o r t i o n s   171  a n d  

172.  This  p r o v i d e s   a  s ea led   meta l   to  metal   c o u p l i n g .  

The  p a r t s   are  then  in  the  c o n d i t i o n   shown  in  F igure   14.  

Steam  or  o t h e r   t r e a t m e n t   f l u i d   can  now  be  i n t r o d u c e d  

th rough   the  guide  p ipe   and  th rough  the  d r i l l i n g   tube  168 ,  

and  from  thence   i n to   the  mine ra l   b e a r i n g   f o r m a t i o n .  

F igu re s   13  and  14  a l so   show  an  annu la r   p o r t i o n   173  at   t h e  

i n l e t   to  the  p o r t i o n   171,  which  is  formed  to  p rov ide   a  

downwardly  c o n v e r g e n t   e n t r a n t   opening.   This  improves  t h e  

flow  c h a r a c t e r i s t i c s   of  the   a r r angement   in  t h a t   i t  

p r o v i d e s   a  t r a n s i t i o n   from  the  l a r g e r   i n t e r n a l   d i a m e t e r  

of  p ipe   166  to  the  s m a l l e r   i n t e r n a l   d i ame te r   of  tube  168.  

P o r t i o n   173  is  d imens ioned   to  form  a  s top  when  t h e  

t h r e a d e d   p o r t i o n s   171  and  172  are  e n g a g e d .  

F igure   15  s c h e m a t i c a l l y   shows  an  e a r t h   wel l   210  w h i c h  

ex tends   down  to  the  m i n e r a l   b e a r i n g   fo rmat ion   211.  I n  

t h i s   i n s t a n c e   the  wel l   is  shown  p rov ided   wi th   a  c a s i n g  

212,  which  may  extend  down  to  a  c a v i t y   213  t h a t   i s  



a d j a c e n t   the  fo rma t ion   211.  The  p i p i n g   e x t e n d i n g   i n t o  

the  wel l   c o n s i s t s   in  t h i s   i n s t a n c e   of  a  pipe  s t r i n g   214 

w i t h i n   which  a  d r i l l i n g   tube  215  is  normal ly   d i s p o s e d .  

As  shown  in  F igure   21,  a  sea l   216  is  mounted  w i t h i n   t h e  

pipe  s t r i n g   214,  and  forms  a  sea l   between  the  pipe  s t r i n g  

and  the  d r i l l i n g   tube  215.  The  upper  open  end  of  t h e  

d r i l l   pipe  215  is  above  the  sea l   216,  when  the  d r i l l i n g  

tube  is  f u l l y   ex tended   as  shown  in  F igure   15.  Before   t h e  

d r i l l i n g   tube  is  ex tended   i t   is  w i t h i n   the  pipe  s t r i n g  

214,  wi th   i t s   d r i l l i n g   head  217  l o c a t e d   below  the  s e a l  

216.  The  s t r u c t u r e   221  se rves   to  c a r r y   the  pipe  b e n d i n g  

means  222.  While  the  sea l   216  may  be  i n c o r p o r a t e d   in  a  

coup l i ng   between  s e c t i o n s   of  the  pipe  s t r i n g   214,  i t   i s  

p r e f e r a b l y   i n c o r p o r a t e d   in  the  c o u p l i n g   a d j a c e n t   t h e  

upper  end  of  the  bending  means  222.  Pipe  249  is  a  f l u i d  

downcomer. 

F igure   15  a l so   s c h e m a t i c a l l y   shows  a  p r o d u c t i o n   r i g   224 

of  the  mobile  type ,   and  a  r e e l   c a r r y i n g   t r u c k   225  w h i c h  

may  c a r r y   a  supply  of  the  d r i l l i n g   t ub ing   215 .  

One  embodiment  of  an  e x t e n s i b l e   wh ips tock   or  b e n d i n g  

means  is  shown  in  F igu re s   16-18.  I t   c o n s i s t s   of  t h e  

s t r u c t u r e   221,  which  c a r r i e s   the  bending  a s s e m b l i e s   226 

and  227.  S t r u c t u r e   221  can  be  in  the  form  of  a  p i p e  

s e c t i o n   having  one  s ide   cut   away  as  i n d i c a t e d   at  2 2 8 .  

Assembly  226  c o n s i s t s   of  a  r i g i d   mounting  made  of  r i g i d  

s ide  p l a t e s   229  a t t a c h e d   to  a  back  p l a t e   (not  shown),  a n d  

a  top  p l a t e   231.  This  assembly  is  s ecured   to  t h e  

s t r u c t u r e   221  as  i n d i c a t e d   at   232.  The  assembly  227 

s i m i l a r l y   i n c l u d e s   a  r i g i d   mounting  formed  by  t h e  

connec ted   s ide   p l a t e s   233,  which  have  a  p i v o t a l   c o n -  

n e c t i o n   234  with  the  lower  end  of  the  assembly  226.  The 



upper   assembly  226  c a r r i e s   two  s e r i e s   of  r o l l e r s   o r  

sheaves  236  and  237.  They  are  d i sposed   to  form  a  g u i d e -  

way  238,  d imens ioned   to  r e c e i v e   the  d r i l l i n g   tube  215.  

The  lower  assembly  227  is  s i m i l a r l y   p rov ided   wi th   two 

s e r i e s   of  r o l l e r s   or  sheaves   239  and  240.  They  a r e  

p o s i t i o n e d   to  form  the  guideway  242 .  

The  bending  means  d e s c r i b e d   above  is  ex tended   to  t h e  

p o s i t i o n   shown  in  F igure   17,  by  swinging  the  l o w e r  

assembly  ou tward ly   and  upwardly.   The  guideway  formed  b y  

each  assembly  becomes  a  segment  of  the  e n t i r e   gu ideway  

formed  when  the  lower  assembly  is  swung  to  the  p o s i t i o n  

in  F igure   17 .  

S u i t a b l e   power  means  is  p rov ided   for   moving  the  l o w e r  

assembly  227  to  the  ex tended   p o s i t i o n   shown  in  F i g u r e  

17.  This  may  c o n s i s t   of  a  h y d r a u l i c   a c t u a t o r   244  of  t h e  

c y l i n d e r - p i s t o n   type ,   having  i t s   o p e r a t i n g   rod  p i v o t a l l y  

connec t ed   at   246  wi th   the  s ide   wa l l s   233  of  the  a s s e m b l y  

227.  When  h y d r a u l i c   l i q u i d   under  p r e s s u r e   is  a p p l i e d   t o  

the  o p e r a t o r   244,  i t   moves  the  lower  assembly  227  f rom 

the  p o s i t i o n   shown  in  F igure   15,  to  t h a t  s h o w n  i n   F i g u r e  

16.  Cont inued   a p p l i c a t i o n   of  h y d r a u l i c   p r e s s u r e   to  t h e  

a c t u a t o r   244,  or  h y d r a u l i c   l o a d i n g ,   se rves   to  r e t a i n   t h e  

assembly  in  the  p o s i t i o n   shown  in  F igure   17,  d u r i n g  

passage   of  a  d r i l l i n g   tube  th rough   the  same,  and  d u r i n g  

subsequen t   d r i l l i n g   o p e r a t i o n s .   Assuming  t h a t   t h e  

o p e r a t o r   is  of  the  s i n g l e   a c t i n g   type ,   the  c o n t r o l   v a l v e  

for   a d m i t t i n g   or  v e n t i n g   h y d r a u l i c   f l u i d   may  be  c l o s e d  

a f t e r   a c t u a t i o n   to  lock  the  assembly  226  in  e x t e n d e d  

p o s i t i o n .   F igure   14  shows  a  tube  247  e x t e n d i n g   to  t h e  

top  of  the  wel l   for   the  h y d r a u l i c   o p e r a t i o n   of  t h e  

o p e r a t o r   244 .  



When  i t   is  d e s i r e d   to  sa lvage   the  bending  means,  f o l l o w -  

ing  a p p l i c a t i o n   of  steam  or  o the r   t r e a t m e n t   f l u i d   t h r o u g h  

the  r a d i a l l y   e x t e n d i n g   d r i l l i n g   tube ,   the  p ipe   s t r i n g  

214,  t o g e t h e r   wi th   the  hous ing  221,  can  be  p u l l e d   u p -  

wardly  to  force   r e t r a c t i o n   of  assembly  227  and  c r u s h i n g  

and  b r e a k i n g   of f   of  the  ex tended   p o s i t i o n   of  the  d r i l l  

tube .   In  the  event   the  o p e r a t o r   244  is  of  the  d o u b l e  

a c t i n g   type ,   i t   can  be  used  as  power  means  to  r e t r a c t  

assembly  227  wi th   c r u s h i n g   or  b u c k l i n g   of  the  d r i l l i n g  

tube.   Tubing  215  may  be  severed   e x p l o s i v e l y   or  o t h e r w i s e  

p r i o r   to  wh ips tock   c o l l a p s e .  

As  shown  in  F igure   17  the  s e r i e s   of  r o l l e r s   or  s h e a v e s  

c a r r i e d   by  the  a s s e m b l i e s   226  and  227  p rov ide   a  c o n t i n -  

uous  curved  guideway  th rough  which  the  d r i l l i n g   tube  i s  

caused  to  pass ,   to  apply  the  d e s i r e d   bend.  The  s h e a v e s  

of  each  assembly  may  engage  e i t h e r   the  i nne r   or  o u t e r  

wa l l s   of  the  bent   tube.   I t   is  assumed  t h a t   the  tube  b e n d  

u s u a l l y   w i l l   be  th rough  90°,  a l t hough   t h i s   may  v a r y  
depending  upon  p a r t i c u l a r   r e q u i r e m e n t s .   By  way  o f  

example  the  p r e s e n t   i n v e n t i o n   makes  i t   p o s s i b l e   to  employ 

bending  r a d i i   of  the  o rder   of  6  to  12  i n c h e s ,   for  s t e e l  

pipe  ranging   f r an   1¼  to  1½  i nches ,   and  a  wal l   t h i c k n e s s  

of  the  o rder   of  0.080  to  0.125  inches .   The  meta l   of  t h e  

tub ing   may,  for  example,  have  a  y i e l d   p o i n t   r ang ing   f r a n  

36,000  to  70,000  pounds  or  more  per  square   i n c h .  

One  would  normal ly   expect   the  tub ing   to  buckle   or  b r e a k  

upon  bending  to  such  r e l a t i v e l y   sho r t   r a d i i .   However,  t h e  

f a c t   t h a t   the  tub ing   does  not  buckle   or  break  i s  

a t t r i b u t e d   in  p a r t   to  the  p r e sence   of  a  l i q u i d   a t  

r e l a t i v e l y   high  p r e s s u r e   w i t h i n   the  tube,   whi le   t h e  

tube  is  in  t r a n s i t   th rough  the  bending  means.  T h i s  

imposes  hoop  s t r e s s   in  the  meta l   wa l l s   in  c o n j u n c t i o n  
wi th   s t r e s s e s   a p p l i e d   du r ing   b e n d i n g .  



Again  r e f e r r i n g   to  F igure   17,  i t   w i l l   be  noted  t h a t   t h e  

sheaves   239a,  239b,  239c  and  239d,  and  the  o p p o s e d  

sheaves   240a,  240b  and  240d,  are  a r r anged   to  form  a  

s t r a i g h t   guideway.  The  purpose   of  these   sheaves  is  t o  

form  s t r a i g h t e n i n g   means  whereby  the  d r i l l i n g   t u b e  

l e a v i n g   t hese   sheaves   is  r e l a t i v e l y   s t r a i g h t .   The 

sheaves   239d  and  240d  are  l a rge   in  d i ame te r   and  h a v e  

p e r i p h e r a l   grooves   such  t h a t   they  embrace  s u b s t a n t i a l l y  

the  e n t i r e   c i r c u m f e r e n c e   of  the  tube.   Thus  t h i s  

a r r angemen t   s e rves   to  apply  s t r a i g h t e n i n g   fo rces   to  t h e  

t ub ing   as  i t   e x i t s   f r an   the  guideway.  In  a d d i t i o n   t o  

s t r a i g h t e n i n g   the  tube  by  app ly ing   u n b e n d i n g   f o r c e s ,   ' 

sheaves   239d  and  240d  may  have  r e fo rming   f o r c e s   t o  

reform  the  tube  from  oval   to  more  c i r c u l a r   c o n f i g u r a -  

t i o n .  

For  the  purpose   of  s t r e n g t h e n i n g   the  s t r u c t u r e   221 

a g a i n s t   s ide  t h r u s t ,   i t s   upper  end  is  shown  a t t a c h e d   t o  

the  t e m p l a t e   e x t e n s i o n   221a,  which  may  be  a  p i p e  

s e c t i o n   which  ex tends   for   a  s u b s t a n t i a l   d i s t a n c e   i n t o  

the  wel l   c a s ing   212 .  

The  manner  in  which  the  e x t e n d i b l e   whips tock   is  used  i n  

p r a c t i c e ,   is  as  f o l l ows .   Assuming  t h a t   the  wel l   has  b e e n  

d r i l l e d   by  c o n v e n t i o n a l   means,  and  t h a t   a  c a v i t y   213  h a s  

been  formed  a d j a c e n t   to  the  m i n e r a l   b e a r i n g   f o r m a t i o n  

211,  s e c t i o n s   of  the  d r i l l   s t r i n g   214  are  assembled  w i t h  

the  lowermost   c o u p l i n g   a t t a c h e d   to  the  member  251  of  t h e  

tube  bending  means.  An  a d e q u a t e  l e n g t h   of  the  d r i l l i n g  

tube  is  p r o v i d e d   with  the  h y d r a u l i c   j e t - t y p e   d r i l l i n g  

head  217  a t t a c h e d   to  i t s   one  end.  This  may  then  b e  

assembled  w i t h i n   the  d r i l l   s t r i n g   with  the  d r i l l h e a d   a t  

or  s l i g h t l y   below  the  sea l   216.  An  adequa te   l eng th   o f  



d r i l l i n g   tube  is  one  which  has  a  l eng th   s u f f i c i e n t   t o  

extend  l a t e r a l l y   for   the  r e q u i r e d   d i s t a n c e ,   p lus   a  

f u r t h e r   l eng th   s u f f i c i e n t   to  ensure   t h a t   the  upper  o p e n  

end  of  the  tube  is  wel l   above  the  s ea l   216,  when  the  t u b e  

is  ex tended   as  shown  in  F igure   15.  The  assembly  of  t h e  

d r i l l   s t r i n g   214,  t o g e t h e r   wi th   the  a t t a c h e d   hous ing   221 

and  bending  means  222,  is  now  lowered  in to   the  we l l ,   a t  

which  time  the  bending  means  is  in  r e t r a c t e d   c o n d i t i o n .  

When  the  bending  means  has  reached   a  l e v e l   c o r r e s p o n d i n g  

to  the  m i n e r a l   b e a r i n g   f o r m a t i o n ,   the  upper  end  of  t h e  

pipe  214  is  connec ted   to  a  source   of  h y d r a u l i c   l i q u i d  

( i . e . ,   water)   at   a  r e l a t i v e l y   high  a v a i l a b l e   p r e s s u r e ,  
which  may  range ,   for  exanp le ,   from  1,000  to  10,000  ps i   o r  

more.  In  an  a l t e r n a t i v e   and  p r e f e r r e d   method,  the  d r i l l  

s t r i n g ,   i n c l u d i n g   the  wh ips tock   but  not  the  d r i l l h e a d   a n d  

d r i l l   tube,   is  f i r s t   lowered  to  the  d e s i r e d   f i n a l   l o c a -  

t i o n .   Then  the  d r i l l h e a d   and  d r i l l   tube  are  l o w e r e d .  

Assuming  now  t h a t   one  d e s i r e s   to  make  a  l a t e r a l   bore  i n t o  

the  m ine ra l   b e a r i n g   f o r m a t i o n ,   bending   means  222  i s  

ex tended   as  shown  in  F igure   15,  by  app ly ing   h y d r a u l i c  

p r e s s u r e   to  the  o p e r a t o r   244,  and  then  high  p r e s s u r e  

h y d r a u l i c   l i q u i d   is  i n t r o d u c e d   in to   the  upper  end  of  t h e  

p ipe   s t r i n g   214.  The  h y d r a u l i c   l i q u i d   flows  in to   a n d  

th rough   the  d r i l l i n g   tube  215,  and  by  v i r t u e   of  the  f l u i d  

p r e s s u r e   a r eas   a f f o r d e d   by  the  d r i l l i n g   tube  t o g e t h e r  
with  the  d r i l l h e a d   217,  the  tube  is  d r iven   downward ly  

through  the  sea l   216,  the  bending  means  222,  and  t h e n  

l a t e r a l l y   a g a i n s t   the  f o rma t ion   in  accordance   wi th   t h e  

p r i n c i p l e s   se t   out  above.  T h e :  j e t   d r i l l i n g   head  217 

p e n e t r a t e s   the  fo rma t ion   to  form  a  l a t e r a l l y   e x t e n d i n g  

bore  as  shown,  for  exanp le ,   in  F igure   15.  At  t h e  

c o n c l u s i o n   of  t h i s   o p e r a t i o n ,   and  assuming  t h a t   t h e  

m i n e r a l   b e a r i n g   fo rma t ion   is  to  be  t r e a t e d   wi th   steam  o r  



o t h e r   f l u i d s ,   a p p l i c a t i o n   of  h y d r a u l i c   p r e s s u r e   to  p i p e  

s t r i n g   214  is  d i s c o n t i n u e d ,   a  steam  sea l   is  formed,  a n d  

t h i s   s t r i n g   connec ted   at   the  s u r f a c e   of  the  wel l   with  a  

source   of  the  t r e a t i n g   f l u i d .   Thus  the  a p p a r a t u s   may 
then  se rve   over  an  ex tended   p e r i o d   of  time  as  means  f o r  

i n t r o d u c i n g   t r e a t i n g   f l u i d   wel l   in to   the  m ine ra l   b e a r i n g  

f o r m a t i o n .  

The  embodiment  i l l u s t r a t e d   in  F igu re s   19  and  20  h a s  

a n o t h e r   form  of  tube  s t r a i g h t e n i n g   means.  In  p lace   o f  

the  tube  s t r a i g h t e n i n g   r o l l e r s   or  sheaves  239d  and  240d 

t h e r e   is  a  c r u c i f o r m - t y p e   of  s t r a i g h t e n i n g   means  251 .  

I t   c o n s i s t s   of  a  body  252  which  se rves   to  mount  t h e  

opposed  sheaves   253  and  254,  t o g e t h e r   wi th   the  l a t e r -  

a l l y   d i s p o s e d   sheaves   256  and  257.  The  grooves  in  t h e  

p e r i p h e r i e s   of  t he se   sheaves   are  p r o p o r t i o n a l   whereby  

they  embrace  s u b s t a n t i a l l y   the  e n t i r e   c i r c u m f e r e n c e   o f  

the  tube .   I t   has  been  found  t h a t   a l t hough   the  d r i l l i n g  

tube  is  not   c o l l a p s e d   du r ing   bend ing ,   t h e r e   is  a  p l a s t i c  

d e f o r m a t i o n   of  the  metal   w a l l s ,   whereby  when  the  t u b e  

e x i t s   from  the  guideway,  i t s   c o n f i g u r a t i o n   in  c r o s s -  

s e c t i o n   is  s l i g h t l y   ova l ,   r a t h e r   than  c i r c u l a r .   The 

r o l l e r s   256  and  257  may  be  se t   whereby  when  the  t u b e  

pa s se s   between  them,  s ide   p r e s s u r e   is  a p p l i e d   to  the  t u b e  

s ide   w a l l s   to  sanewhat   reform  the  c r o s s - s e c t i o n a l   c o n -  

f i g u r a t i o n   to  near   c i r c u l a r .   I t   has  been  found  t h a t   t h i s  

a ides   s t r a i g h t e n i n g   of  the  tube ,   whereby,  t o g e t h e r   w i t h  

the  a c t i o n   of  sheaves   239a-239c  and  240a,  240b,  t h a t  

p o r t i o n   of  the  tube  e x t e n d i n g   f r o m   the  s t r a i g h t e n i n g  

means  to  the  f o r m a t i o n ,   is  s u f f i c i e n t l y   s t r a i g h t   t o  

t r a n s m i t   the  d e s i r e d   t h r u s t   of  the  d r i l l i n g   head  in to   t h e  

f o r m a t i o n ,   w i t h o u t   f u r t h e r   s t r a i g h t e n i n g .  



The  embodiment  of  F igu re s   22-25  is  a l so   p rov ided   with  a  

p l u r a l i t y   of  sheaves  t h a t   form  the  a r c u a t e   guideway  o f  

the  bending  means.  However  the  bending  means  is  f o rmed  

by  t h r e e   a s s e m b l i e s ,   i n s t e a d   of  the  two  a s s e m b l i e s   o f  

F igu re s   16  and  17.  Also  an  a d j u s t a b l e   s t r a i g h t e n i n g  

means  is  p rov ided .   The  hous ing   261  may  be  s i m i l a r   to  t h e  

hous ing   221  of  F igure   16.  The  tube  bending  means  c o n -  

s i s t s   of  the  t h r e e   a s s e m b l i e s   262,  263  and  264,  each  o f  

which  forms  a  segment  of  the  a r c u a t e   guideway.  Assembly  

262  c o n s i s t s   of  the  r i g i d   s ide  wa l l s   266  t h a t   are  r i g i d l y  

secured   t o g e t h e r   in  spaced  r e l a t i o n s h i p ,   and  are  f ixed   t o  

the  upper  p o r t i o n   of  hous ing   261.  The  edges  of  t h e  

s i d e w a l l s   are  shown  connec ted   by  c l o s u r e   or  cover   p l a t e s  

266a  and  266b.  Assembly  263  l i k e w i s e   c o n s i s t s   of  s p a c e d  

connec ted   wa l l s   267,  the  upper  ends  of  which  have  p i v o t a l  

c o n n e c t i o n   268  wi th   the  s ide   wa l l s   266  of  assembly  262 .  

Walls  267  are  a l so   shown  connec ted   by  c l o s u r e   or  c o v e r  

p l a t e s   267a  and  267b.  Assembly  264  a l so   c o n s i s t s   o f  

spaced  connec ted   wa l l s   269  t h a t   have  p i v o t a l   c o n n e c t i o n  

271  wi th   the  lower  ends  of  the  wa l l s   267,  and  which  h a v e  

c l o s u r e   or  cover  p l a t e s   269a  and  269b.  

F igu re s   22  and  23  show  the  a s s e m b l i e s   263  and  264  r e t r a c -  

ted  w i t h i n   the  hous ing   s t r u c t u r e   261.  The  power  means  

for  e x t e n d i n g   the  a s s e m b l i e s   to  the  p o s i t i o n   shown  i n  

F igure   22  may  c o n s i s t   of  a  h y d r a u l i c   o p e r a t o r   272  t h a t   i s  

p i v o t a l l y   anchored  at  273  to  the  hous ing   261  and  has  i t s  

o p e r a t i n g   rod  274  p i v o t a l l y   connec ted   at   276  to  the  s i d e  

wal l s   of  assembly  264.  The  s i d e w a l l s   of  a s s e m b l i e s   262 

and  263  have  t h e i r   a d j a c e n t   ends  276  and  277  fo rmed  

whereby  they  care   in to   a b u t t i n g   engagement  when  t h e  

bending  means  is  f u l l y   ex tended .   The  opposed  ends  278 

and  279  of  the  s ide  wa l l s   of  a s s e m b l i e s   263  and  264  a r e  

s i m i l a r l y   formed.  In  p lace   of  the  power  o p e r a t o r ,  



assembly  264  may  be  connec ted   to  a  p u l l   cab le   e x t e n d i n g  

to  the  top  of  the  w e l l .  

When  o p e r a t o r   272  is  a c t u a t e d   by  h y d r a u l i c   p r e s s u r e ,   t h e  

a s s e m b l i e s   262,  263  and  264  are  ex tended   to  the  l i m i t i n g  

p o s i t i o n   shown  in  F igure   22,  with  the  ends  276  and  2 7 7 ,  

and  278  and  279  in  a b u t t i n g   e n g a g e m e n t .  

Each  of  the  a s s e m b l i e s   262,  263  and  264  have  a  p l u r a l i t y  

of  r o t a t a b l e   sheaves  t h a t   are  d i sposed   in  such  a  manner  

as  to  form,  when  the  a s s e m b l i e s   are  ex tended ,   a  c o n t i n -  

uous  tube  bending  guideway  which  p r o g r e s s i v e l y   bends  t h e  

d r i l l i n g   tube  as  the  tube  is  d r i ven   through  the  same.  

The  comple te   guideway  is  a r c u a t e ,   wi th   the  a s s e m b l i e s  

262,  263  and  264  forming  segments  of  the  a rc .   The 

sheaves  for   assembly  262  are  d e s i g n a t e d   281  and  282,  f o r  

assembly  263  they  are  d e s i g n a t e d   283  and  284,  a n d  

d e s i g n a t e d   286  and  287  for   assembly  264.  The  s h e a v e s  

286a,  286b,  286c,  286d  and  286e,  and  287a,  287c  and  287e  

c o o p e r a t e   to  s t r a i g h t e n   the  d r i l l   tube  b e f o r e   i t   e x i t s  

from  the  assembly  264.  P r e f e r a b l y   sheave  287c  i s  

a d j u s t a b l e   to  a d j u s t   the  s t r a i g h t e n i n g   fo rce   t h a t   i t  

a p p l i e s .   Thus,  in  F igure   25,  i t   is  shown  r o t a t a b l y  

c a r r i e d   by  the  s t r u c t u r e   288,  which  in  t u rn   is  p i v o t a l l y  

connec ted   to  the  pin  or  s h a f t   289  t h a t   is  c a r r i e d   by  t h e  

s ide   wa l l s   of  assembly  264.  The  p o s i t i o n i n g   of  s h e a v e  

287c  can  be  a d j u s t e d   r e l a t i v e   to  sheaves  286b,  286c  a n d  

286d  by  a d j u s t m e n t   of  the  screw  291.  To  enhance  t h e  

s t r a i g h t e n i n g   a c t i o n ,   the  sheaves  286b,  286c  and  286d  a r e  

shown  d i s p o s e d   wi th   t h e i r   l i ne   of  c e n t e r s   arched  u p w a r d l y  

(F igures   23  and  24).  The  sheave  287e  is  not  e s s e n t i a l  

for  s t r a i g h t e n i n g   a c t i o n   and  may  be  omi t t ed .   The 

a d j u s t m e n t   f e a t u r e   of  sheave  287c  is  a l so   a p p l i c a b l e   t o  

the  embodiments  of  F igu re s   9,  11,  and  16 .  



As  in  F igu re s   16  and  17  the  sheaves  286e  and  287e  are  o f  

such  s ize   and  with  grooves  such  t h a t   they  s u b s t a n t i a l l y  

embrace  the  c i r c u m f e r e n c e   of  the  d r i l l i n g   tube .   They  may 
somewhat  reform  the  tube  to  more  n e a r l y   c i r c u l a r   f o rm.  

The  embodiment  of  F igure   22-25  when  ex tended   f u n c t i o n s   i n  

s u b s t a n t i a l l y   the  same  manner  as  the  embodiments  o f  

F igu re s   16-20.  However,  when  r e t r a c t e d ,   i t   is  more  

compact  s ince   the  a s s e m b l i e s   262,  263  and  264  have  a  

s t r a i g h t   c o n f i g u r a t i o n .   Also  when  o p e r a t o r   272  i s  

e n e r g i z e d   to  ex tend   the  a s s e m b l i e s ,   assembly  264  i s  

f i r s t   to  be  swung  ou tward ly   because   of  the  l o c a t i o n s   o f  

the  p i v o t a l   c o n n e c t i o n s   271  and  272,  and  is  fo l lowed   b y  

the  assembly  263 .  

When  the  d r i l l i n g   tube  is  be ing   d r i v e n   th rough   t h e  

bending  means  and  in to   the  a d j a c e n t   f o r m a t i o n ,   i t   i s  

d e s i r a b l e   to  i n t r o d u c e   wate r   in to   the  a s s e m b l i e s   2 6 2 ,  

263  and  264.  Thus  a  small   duct   293  is  i n d i c a t e d   i n  

F igure   24  which  d i v e r t s   sore  water   from  above  the  s e a l  

292  to  the  assembly  262.  I t   may  d i s c h a r g e   i n to   a s s e m b l y  

262  or  i t   may  connec t   with  duc ts   294,  295  and  296  in  t h e  

s ide  wa l l s   of  the  a s s e m b l i e s .   The  l a t t e r   duc ts   are  s o  

l o c a t e d   t h a t   they  are  in  c a n m m i c a t i o n   when  t h e  

a s s e m b l i e s   are  ex tended .   Duct  296  may  d i s c h a r g e   s p r a y s  
of  water   through  the  nozz l e s   297.  I n t r o d u c t i o n   of  w a t e r  

tends   to  f l u s h   out  and  p r even t   c logg ing   of  the  g u i d e w a y  

or  jamming  of  the  sheaves  due  to  e n t r a n c e   of  f o r e i g n  

m a t e r i a l   (e .g.   sand  or  small   r o c k s ) .  

The  c l o s u r e s   or  cover  p l a t e s   for  the  a s s e m b l i e s   262 ,  

263  and  264  may  be  used  to  keep  out  rocks   or  o t h e r  

d e b r i s .   In  some  i n s t a n c e s   they  may  be  p e r f o r a t e d .  



1.  An  a p p a r a t u s   for   forming  a  bore  hole  in  an  u n d e r -  

ground  f o r m a t i o n ,   a  guide  pipe  having  a  f l u i d   s e a l  

t h e r e i n   and  adap ted   to  be  coupled   at   one  end  t h e r e o f   t o  

a  source   of  f l u i d   under  p r e s s u r e ;   a  tube  in  the  g u i d e  

pipe  in  s e a l i n g   engagement  with  sa id   s e a l ,   s a id   t u b e  

being  movable  th rough   the  guide  pipe  and  o u t w a r d l y  

t h e r e o f   th rough   the  o p p o s i t e   end  of  the  guide  p ipe ,   o n e  

end  of  the  tube  being  open  and  in  f l u i d   c o m m u n i c a t i o n  

with  the  guide  p ipe;   and  means  on  the  o p p o s i t e   end  o f  

the  tube  for   forming  a  s u r f a c e   a g a i n s t   which  f l u i d  

under   p r e s s u r e   can  be  d i r e c t e d   to  cause  a  f l u i d   f o r c e  

to  be  e x e r t e d   on  the  tube  to  move  i t   r e l a t i v e   to  t h e  

guide  p ipe   and  th rough   sa id   s e a l .  

2.  An  a p p a r a t u s   as  se t   f o r t h   in  Claim  1  where in   s a i d  

s u r f a c e   forming  means  compr ises   a  d r i l l h e a d   having  a t  

l e a s t   one  f l u i d   e x i t   p o r t   t h e r e t h r o u g h .  

3.  The  a p p a r a t u s   of  Claim  1  in  which  sa id   d r i l l h e a d  

is  f r ee   of  means  to  impar t   r o t a t i o n a l   movement  to  i t .  

4.  The  a p p a r a t u s   of  Claim  2  in  which  at   l e a s t   t h e  

d r i l l h e a d   and  the  forward  p o r t i o n   of  sa id   d r i l l i n g   t u b e  

p r o j e c t s   from  sa id   guide  p ipe   in to   sa id   u n d e r g r o u n d  

f o r m a t i o n   so  t h a t   s a id   forward  p o r t i o n   is  sur rounded   b y  

the  underground   f o r m a t i o n .  

5.  The  a p p a r a t u s   of  Claim  1  t o g e t h e r   with  means  f o r  

s u p p l y i n g   p r e s s u r i z e d   d r i l l i n g   f l u i d   to  sa id   f l u i d  

passageway  of  sa id   d r i l l i n g   t u b e .  



6.  The  a p p a r a t u s   of  Claim  1,  the  s e a l i n g   means  b e i n g  

mounted  to  the  i n t e r i o r   s u r f a c e   of  sa id   guide  pipe  a n d  

having  f l u i d   s e a l i n g   engagement  wi th   sa id   d r i l l i n g  

t u b e .  

7.  The  a p p a r a t u s   of  Claim  1  t o g e t h e r   wi th   means  

capable   of  forming  a  communicat ing  c o n n e c t i o n   b e t w e e n  

sa id   guide  pipe  and  sa id   t u b e .  

8.  The  a p p a r a t u s   of  Claim  1  in  which  sa id   one  a s s e m b l y  

is  d i s p o s e d   w i t h i n   a  wel l   c a s ing   which  p r o j e c t s   i n t o  

the  r eg ion   of  the  underground  f o r m a t i o n .  

9.  The  a p p a r a t u s   of  Claim  8  t o g e t h e r   wi th   a  downcomer 

pipe  a l i g n e d   with  sa id   one  assembly  and  mounted  in  s a i d  

wel l   c a s i n g .  

10.  The  a p p a r a t u s   of  Claim  1  t o g e t h e r   wi th   r e s t r a i n t  

means  o p e r a t i v e l y   a s s o c i a t e d   wi th   sa id   p i s t o n   means  f o r  

c o n t r o l l i n g   the  maximum  r a t e   of  movement  t h e r e o f  

r e l a t i v e   to  the  guide  n e a n s .  

11.  The  a p p a r a t u s   of  Claim  2  in  which  at   l e a s t   one  o f  

the  p o r t s   of  sa id   d r i l l h e a d   ex tends   in  a  d i r e c t i o n  

which  is  ob l ique   in  two  d i f f e r e n t   p l anes   to  the  axis   o f  

the  p i s t o n   means .  

12.  The  a p p a r a t u s   of  Claim  2  t o g e t h e r   with  r e a r w a r d l y  
d i r e c t e d   p o r t s   in  sa id   d r i l l h e a d .  

13.  The  a p p a r a t u s   of  Claim  1  t o g e t h e r   wi th   w h i p s t o c k  

means  a d j a c e n t   the  forward  end  of  sa id   guide  pipe  t o  

cause  sa id   d r i l l i n g   tube  to  t u rn   at  a  s u b s t a n t i a l   a n g l e  

to  the  ax is   of  sa id   guide  pipe  when  sa id   d r i l l i n g   t u b e  

is  moved  through  the  same.  



14.  The  a p p a r a t u s   of  Claim  13  in  which  sa id   tube  i s  

formed  wi th   r i g i d   meta l   wa l l s   capab le   of  p l a s t i c  

d e f o r m a t i o n .  

15.  The  a p p a r a t u s   of  Claim  13  in  which  sa id   w h i p s t o c k  

means  compr i ses   a  p l u r a l i t y   of  connec ted   a s s e m b l i e s  

which  when  ex tended   from  a  r e t r a c t e d   p o s i t i o n   w i t h i n  

the  s t r u c t u r e   form  an  a r c u a t e   tube  bending  g u i d e w a y ,  

the  a r r angemen t   being  such  t h a t   when  h y d r a u l i c   p r e s s u r e  
is  a p p l i e d   to  the  guide  p ipe ,   the  tube  is  p r o p e l l e d  

downwardly  th rough   the  guide  p ipe   and  through.   t h e  

guideway,  t h e r e b y   caus ing   the  tube  to  be  ben t   t o  

p r o j e c t   the  d r i l l i n g   head  l a t e r a l l y   toward  the  f o r m a -  

t i o n ,   each  of  s a id   a s s e m b l i e s   having  a  s e r i e s   o f  

sheaves   r o t a t a b l y   c a r r i e d   by  the  same  to  form  a  s egmen t  

of  the  a r c u a t e   guideway  when  e x t e n d e d .  

16.  Appara tus   as  in  Claim  13  in  which  the  s e r i e s   o f  

sheaves  c a r r i e d   by  each  assembly  are  d i s p o s e d   to  e n g a g e  
the  w a l l s   of  the  tube  on  the  ou t e r   s ides   of  the  t u b e  

bend  to  e f f e c t   c o n t i n u a l   i n c r e m e n t a l   bending  of  t h e  

t u b e .  

17.  Appara tus   as  in  Claim  13  in  which  the  f i r s t   u p p e r  

assembly  of  the  bending  means  is  secured   to  t h e  

s t r u c t u r e   and  i t s   lower  end  is  p i v o t a l l y   connec ted   t o  

one  end  of  the  next   lower  assembly,   and  power  means  

for   moving  the  next   lower  assembly  f r an   a  r e t r a c t e d  

p o s i t i o n   w i t h i n   the  s t r u c t u r e   to  an  ex tended   p o s i t i o n  

in  which  i t   forms  the  a r c u a t e   guideway  in  c o n j u n c t i o n  

with  the  f i r s t   a s s e m b l y .  

18.  Appara tus   as  in  Claim  13,  t o g e t h e r   wi th   t u b e  

s t r a i g h t e n i n g   means  c a r r i e d   by  the  e x i t   end  of  t h e  

lowermost  a s s e m b l y .  



19.  Appara tus   as  in  Claim  18,  in  which  the  t u b e  

s t r a i g h t e n i n g   means  i n c l u d e s   sheaves  d i sposed   to  a p p l y  

opposed  bending  fo rces   to  the  upper  and  lower  s ides   o f  

the  tube  to  s t r a i g h t e n   the  same,  sa id   sheaves  b e i n g  

c a r r i e d   by  the  lowermost  a s s e m b l y .  

20.  Appara tus   as  in  Claim  18,  in  which  the  t u b e  

s t r a i g h t e n i n g   means  i n c l u d e s   opposed  sheaves  d i s p o s e d  

to  engage  and  p r e s s   a g a i n s t   the  s ide  wa l l s   of  t h e  

e x i t i n g   tube  to  reform  the  c r o s s - s e c t i o n a l   c o n f i g u r a t i o n  

of  the  same  from  oval  to  more  n e a r l y   c i r c u l a r   f o rm.  

21.  Appara tus   as  in  Claim  19,  in  which  the  t u b e  

s t r a i g h t e n i n g   means  c o n s i s t s   of  a  c r u c i f o r m - l i k e  

assembly  t h a t   i n c l u d e s   upper  and  lower  r o l l e r s   t h a t   a r e  

d i sposed   to  engage  the  upper  and  lower  s ides   of  t h e  

tube  and  s ide   r o l l e r s   t h a t   engage  and  p re s s   a g a i n s t  

the  s ide  wa l l s   of  the  t u b e .  

22.  Appara tus   as  in  Claim  20  in  which  the  two  s i d e  

r o l l e r s   are  spaced  a p a r t   a  d i s t a n c e   such  t h a t   the  t u b e  

in  p a s s i n g   between  the  same  is  re formed  from  oval  t o  

s u b s t a n t i a l l y   c i r c u l a r   form  as  viewed  in  s e c t i o n .  

23.  Appara tus   as  in  Claim  13  in  which  t h r e e   c o n n e c t e d  

a s s e m b l i e s   are  employed  (termed  f i r s t ,   second  and  t h i r d  

a s s e m b l i e s ) ,   the  f i r s t   be ing   p i v o t a l l y   connec ted   at   i t s  

lower  end  to  the  second  and  the  second  being  p i v o t a l l y  

connec ted   at  i t s   e n d   to  the  t h i r d   assembly,   t h e  

f i r s t   assembly  being  f ixed   to  the  s t r u c t u r e ,   and  power  

means  connec ted   to  the  t h i r d   assembly  for  e x t e n d i n g   t h e  

second  and  t h i r d   a s s e m b l i e s   r e l a t i v e   to  the  f i r s t  

assembly  to  form  the  a r c u a t e   g u i d e w a y .  



24.  Appara tus   as  in  Claim  18  in  which  the  t u b e  

s t r a i g h t e n i n g   means  i n c l u d e s   a  sheave  a d a p t e d  t o   a p p l y  

force   to  the  tube  on  the  o u t e r   s ide  of  the  tube  b e n d ,  

and  a d j u s t a b l e   means  for  r o t a t a b l y   mounting  the  s h e a v e  

whereby  i t   may  be  advanced  or  r e t r a c t f d   r e l a t i v e   to  t h e  

t u b e .  

25.  Appara tus   as  in  Claim  13  t o g e t h e r   with  means  f o r  

i n t r o d u c i n g   water   in to   the  bending  means  d u r i n g  

a p p l i c a t i o n   of  h y d r a u l i c   l i q u i d   under  p r e s s u r e   to  t h e  

p i p i n g .  

26.  Appara tus   as  in  Claim  13  in  which  the  w h i p s t o c k  

means  compr ises   means  forming  a  curved  guide  way 

through  which  the  tube  is  fo rced   when  p r e s s u r i z e d  

h y d r a u l i c   f l u i d   is  a p p l i e d   to  the  guide  tube ,   s a i d  

wh ips tock   guide  way  i n c l u d i n g   r o t a t a b l e   r o l l e r s   o r  

sheaves   d i s p o s e d   to  engage  and  apply  f o r ce s   to  t h e  

d r i l l i n g   tube  to  bend  the  same.  

27.  I n j e c t i o n   a p p a r a t u s   for   i n j e c t i n g   a  t r e a t i n g   f l u i d  

from  a  downwardly  d i r e c t e d   bore  hole  r a d i a l l y   in to   a n  

underground  f o r m a t i o n ,   sa id   i n j e c t i o n   appa ra tu s   b e i n g  

in  p lace   in  the  underground  fo rma t ion   and  i n c l u d i n g   a n  

assembly  compr i s ing   an  e l o n g a t e   downwardly  d i r e c t e d  

guide  pipe  having  a  s e a l i n g   means  mounted  t h e r e i n   a n d  

t e r m i n a t i n g   at   i t s   forward  end  in  a  wh ips tock ,   a  t u b e  

having  a  head  at   i t s   forward  end  and  being  open  at  i t s  

r ea rward   end,  the  head  having  at   l e a s t   one  f l u i d   e x i t  

p o r t ,   the  r ea rward   p o r t i o n   of  sa id   tube  be ing   r e t a i n e d  

in  f l u i d   s e a l i n g   engagement  wi th   sa id   s e a l i n g   means 
w i t h i n   sa id   guide  pipe  to  d e f i n e   a  f l u i d   p a s s a g e w a y  
e x t e n d i n g   from  the  r ea rward   end  of  sa id   guide  p i p e  



through  sa id   tube  to  sa id   head,  sa id   tube  i n c l u d i n g   a  

forward  p o r t i o n   p r o j e c t i n g   r a d i a l l y   from  sa id   w h i p s t o c k  

in to   sa id   fo rma t ion ,   whereby  t r e a t i n g   f l u i d   s u p p l i e d   t o  

the  r ea rward   end  of  sa id   guide  pipe  flows  through  s a i d  

head  p o r t   in to   sa id   f o r m a t i o n .  

28.  The  a p p a r a t u s   of  Claim  27  t o g e t h e r   with  at  l e a s t   a  
second  assembly  d i sposed   w i t h i n   sa id   wel l   c a s ing ,   t h e  

guide  pipe  of  sa id   second  assembly  being  a l i g n e d   w i t h  

sa id   one  assembly  and  at   one  s ide   t h e r e o f ,   and  t h e  

whips tocks   of  the  two  a s s e m b l i e s   being  in  p r o x i m i t y  

with  each  o t h e r .  

29.  A  method  for  forming  a  bore  hole  in  an  u n d e r g r o u n d  

mine ra l   b e a r i n g   f o r m a t i o n ,   us ing   a  d r i l l i n g   s y s t e m  

compr i s ing   guide  pipe  means  and  a  d r i l l i n g   tube  w i t h i n  

the  guide  p ipe ,   sa id   d r i l l i n g   tube  having  a  d r i l l h e a d  

of  the  h y d r a u l i c   j e t   type  of  at   l e a s t   one  po r t   at  i t s  

forward  end  and  having  i t s   o the r   end  open;  sa id   me thod  

compr i s ing   the  s teps   o f :  

(a)  d i s p o s i n g   sa id   d r i l l i n g   tube  w i t h i n   t h e  

guide  pipe  with  the  rearward   open  end  of  the  d r i l l i n g  

tube  in  communicat ion  with  the  guide  p ipe ,   wi th   a  s e a l  

between  the  d r i l l i n g   tube  and  the  guide  p i p e ;  

(b)  d i r e c t i n g   a  h y d r a u l i c   f l u i d   u n d e r  

p r e s s u r e   in to   the  guide  pipe  and  f r an   thence  in to   t h e  

d r i l l i n g   tube  to  cause  sa id   f l u i d   to  apply  f o r c e  

a g a i n s t   the  d r i l l h e a d   to  move  the  d r i l l h e a d   a n d  

d r i l l i n g   tube  in to   the  f o r m a t i o n .  



30.  The  method  of  Claim  29  in  which  sa id   d r i l l h e a d   d o e s  

not   r o t a t e   to  any  s i g n i f i c a n t   e x t e n t   as  sa id   d r i l l i n g  

f l u i d   passes   th rough   sa id   p o r t .  

31.  The  method  of  Claim  30  in  which  d r i l l i n g   f l u i d   i s  

d i r e c t e d   th rough   at   l e a s t   one  po r t   of  the  d r i l l h e a d   i n  

a  d i r e c t i o n   which  is  o b l i q u e   in  two  d i f f e r e n t   p l anes   t o  

the  ax i s   of  the  p i s t o n   means .  

32.  The  method  of  Claim  30  i n c l u d i n g   the  s tep   o f  

bending  the  d r i l l i n g   tube  th rough   a  whips tock   to  d i r e c t  

i t   l a t e r a l l y   toward  the  a d j a c e n t   f o r m a t i o n .  

33.  The  method  of  Claim  32  in  which  sa id   d r i l l i n g   t u b e  

is  formed  with  s o l i d   wa l l s   of  a  normal ly   r i g i d   m e t a l  

which  is  p l a s t i c a l l y   deformed  as  i t   changes  d i r e c t i o n .  

34.  The  method  of  Claim  32  in  which  sa id   guide  pipe  i s  

d i s p o s e d   w i t h i n   a  wel l   c a s i n g ,   t o g e t h e r   with  the  s t e p  

of  d i r e c t i n g   a  p r e s s u r i z e d   a b r a s i v e   f l u i d   out  s a i d  

d r i l l h e a d   as  i t   t u r n s   th rough   s a i d  w h i p s t o c k   to  e r o d e  

an  opening  in  sa id   wel l   c a s i n g .  

35.  The  method  of  Claim  32  in  which  sa id   guide  pipe  i s  

p l aced   in to   an  e x i s t i n g   wel l   c a s ing   p r i o r   to  s tep  ( b ) .  

36.  The  method  of  Claim  32  t o g e t h e r   wi th   the  s t eps   o f  

d i s c o n t i n u i n g   the  flow  of  d r i l l i n g   f l u i d   through  t h e  

d r i l l i n g   tube  a f t e r   c o n p l e t i o n   of  a  d r i l l i n g   o p e r a t i o n ,  

and  then  app ly ing   a  t r e a t i n g   f l u i d   in to   the  f o r m a t i o n  

through  the  t u b e .  

37.  The  method  of  Claim  32  in  which  dur ing   bending   t h e  

tube  is  in  c o n t a c t   wi th   r o t a t a b l e   sheaves ,   and  a f t e r  

b e n d i n g , . t h e   tube  is  s t r a i g h t e n e d .  
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