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@  An  apparatus  and  method  for  drilling  a  pilot  bore  hole  (B) 
along  an  underground  arcuate  path  (P)  between  two  surface 
locations  (0,  E).  The  pilot  bore  hole  (B)  is  drilled  in  one  direction 
with  a  drill  string  (10)  having  a  leading  pipe  section  (10A)  of  a 
reduced  diameter  to  provide  increased  flexibility.  Upon  comple- 
tion  of  the  pilot  bore  hole  (B),  a  reamer  (48)  connected  to  a 
product  conduit  (46)  is  connected  to  the  drill  string  (10).  Drill  string 
(1  0)  pulls  the  reamer  (48)  and  product  conduit  (46)  along  the  pilot 
bore  hole  (B)  in  an  opposite  direction  for  enlarging  the  bore  hole 
(B)  to  receive  the  product  conduit  (46).  A  spud  bit  (34)  has  a  flat  or 
blunt  leading  end  portion  (34A)  with  a  discharge  opening  (34D) 
therein  to  discharge  high  velocity  drilling  fluid  into  the  formation  at 
a  location  offset  from  the  longitudinal  axis  of  the  drill  string  (1  0)  to 
assist  in  guiding  the  drill  string  (10).  An  in-hole  hydraulic  motor 
(70)  is  provided  in  an  embodiment  (Fig.  7)  for  rotating  the  drill  bit 
(78),  and  the  longitudinal  axis  of  a  drive  shaft  (74)  for  the  drill  bit 
(78)  is  offset  from  the  longitudinal  axis  of  the  drill  pipe  string  (1  0)  to 
assist  in  a  deviation  of  the  drill  bit  (78). 
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AJr  rAKAT  U  o  AND  METHOD  FOR  FORMING 
AN  ENLARGED  UNDERGROUND  ARCUATE  BORE  AND 

INSTALLING  A  CONDUIT  THEREIN 

p d c s g r o u n a   or  t n e   i n v e n t i o n  

05  The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   an  a p p a r a t u s   a n d  
m e t h o d   f o r   d r i l l i n g   a  p i l o t   b o r e   h o l e   a l o n g   an  u n d e r g r o u n d  
a r c u a t e   p a t h   b e t w e e n   two  s u r f a c e   l o c a t i o n s ,   and  t h e n  
e n l a r g i n g   t h e   p i l o t   b o r e   h o l e   f o r   i n s t a l l i n g   a  c o n d u i t  
t h e r e i n ,   s u c h   as  p i p e ,   c a s i n g ,   c a b l e ,   or   a  p i p e l i n e .  

*0  H e r e t o f o r e ,   d i r e c t i o n a l   d r i l l i n g   a p p a r a t u s   has   b e e n  
p r o v i d e d   f o r   d r i l l i n g   an  u n d e r g r o u n d   p i l o t   b o r e   h o l e   a l o n g  
an  a r c u a t e   p a t h   b e t w e e n   two  s u r f a c e   l o c a t i o n s ,   and  t h e n  
e n l a r g i n g   t h e   p i l o t   b o r e   h o l e   f o r   r e c e i v i n g   a  p r o d u c t  
c o n d u i t ,   s u c h   as  a  p i p e l i n e   t h e r e i n .   A  common  a p p a r a t u s  

15  and  m e t h o d   has   u t i l i z e d   a  d r i l l   p i p e   s t r i n g   of   a  r e l a -  
t i v e l y   s m a l l   d i a m e t e r   l e s s   t h a n   two  i n c h e s   (2")  w i t h   a  
d r i l l   b i t   t h e r e o n   f o r m i n g   a  r e l a t i v e l y   s m a l l   d i a m e t e r  
p i l o t   b o r e   h o l e ,   w h i c h   i s   f o l l o w e d   by  a  r e l a t i v e l y   l a r g e  
d i a m e t e r   w a s h o v e r   p i p e   s u c h   as  a r o u n d   f i v e   i n c h e s   (5")  i n  

-0  d i a m e t e r   or  m o r e ,   in  c o n c e n t r i c   r e l a t i o n   to   t h e   d r i l l  
s t r i n g   and  h a v i n g   c u t t i n g   b l a d e s   on  t h e   l e a d i n g   e n d  
t h e r e o f   f o r   e n l a r g i n g   t h e   i n i t i a l   p i l o t   b o r e   h o l e .   U p o n  
c o m p l e t i o n   of  t h e   p i l o t   b o r e   h o l e   as  e n l a r g e d   by  t h e  
w a s h o v e r   p i p e ,   t h e   d r i l l   s t r i n g   has   b e e n   r e m o v e d   and  t h e  

!5  w a s h o v e r   s t r i n g   t h e n   c o n n e c t e d   to  a  r e a m e r   a t   t h e   e x i t   e n d  
f o r   p u l l i n g   t h e   r e a m e r   and  c o n n e c t e d   p r o d u c t   c o n d u i t   a l o n g  
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t n e   i n i t i a l   b o r e   h o l e   f o r   r e a m i n g   to   a  d e s i r e d   d i a m e t e r   t o  
r e c e i v e   t he   p r o d u c t   c o n d u i t .  

T h u s ,   t he   m e t h o d   and  a p p a r a t u s   e m p l o y e d   h e r e t o f o r e  
f o r   f o r m i n g   a  p i l o t   b o r e   h o l e   n o r m a l l y   has   i n c l u d e d   t w o  

05  s e p a r a t e   c u t t i n g   or  d r i l l i n g   s t e p s   p r i o r   to  t h e   r e a m i n g  
o p e r a t i o n ,   t h e   f i r s t   c u t t i n g   s t e p   b e i n g   t h e   d r i l l i n g   of  a  
s m a l l   d i a m e t e r   b o r e   h o l e   f rom  a  d r i l l   b i t   w i t h   a  r e l a -  

t i v e l y   s m a l l   d i a m e t e r   l i g h t   w e i g h t   d r i l l   s t r i n g ,   and  t h e  
s e c o n d   c u t t i n g   s t e p   r e s u l t i n g   f rom  an  e n l a r g i n g   of   t h e  

10  b o r e   h o l e   by  t he   w a s h o v e r   s t r i n g   in  c o n c e n t r i c   r e l a t i o n   t o  
t h e   d r i l l   s t r i n g .   T h e r e a f t e r ,   t h e   r e a m i n g   o p e r a t i o n   h a s  
t a k e n   p l a c e   to  e n l a r g e   t h e   p i l o t   b o r e   h o l e   to   r e c e i v e   t h e  

p r o d u c t   c o n d u i t   or  p i p e .  

H e r e t o f o r e ,   a  r e l a t i v e l y   s m a l l   d i a m e t e r   d r i l l   p i p e  
15  s t r i n g   of  a r o u n d   one  and  t h r e e - f o u r t h s   i n c h e s   ( 1 - 3 / 4 " )   i n  

d i a m e t e r   has   b e e n   u t i l i z e d   f o r   s u c h   p i l o t   b o r e   h o l e s   as  i t  
was  f o u n d   d e s i r a b l e   to   have   a  r e l a t i v e l y   l i g h t w e i g h t   d r i l l  

p i p e   or  s t r i n g ,   p a r t i c u l a r l y   when  d r i l l i n g   u n d e r   s t r e a m s  
w h e r e   s a n d   and  c l a y s   a r e   n o r m a l l y   e n c o u n t e r e d   w i t h   w a t e r  

20  a l s o   b e i n g   p r e s e n t   a t   t i m e s .   Unde r   t h e   w e i g h t   of  t h e  
d r i l l   s t r i n g ,   t h e   d r i l l   s t r i n g   c o u l d   s i n k   u n d e r   c e r t a i n  
c o n d i t i o n s   and  i t   was  a c c e p t e d   as  common  p r a c t i c e   in  t h e  

i n d u s t r y   to  e m p l o y   a  r e l a t i v e l y   s m a l l   d i a m e t e r   d r i l l  

s t r i n g   in  o r d e r   to   k e e p   t h e   w e i g h t   of   t h e   e n t i r e   d r i l l  
15  s t r i n g   a t   a  min imum  and  to  p r o v i d e   f l e x i b i l i t y .   Such  a  

s m a l l   d i a m e t e r   d r i l l   p i p e   s t r i n g   t h u s   n e c e s s i t a t e d   t h e   u s e  
of  a  s e p a r a t e   w a s h o v e r   s t r i n g   in   o r d e r   to  p r o v i d e   t h e  

n e c e s s a r y   s t r e n g t h   f o r   t h e   s u b s e q u e n t   r e a m i n g   o p e r a t i o n  
and  p u l l i n g   of   t h e   p r o d u c t i o n   c o n d u i t   t h r o u g h   t h e   e n l a r g e d  

50  b o r e   h o l e .  

The  u t i l i z a t i o n   of  two  s e p a r a t e   c u t t i n g   s t e p s   o r  
p r o c e d u r e s   f o r   f o r m i n g   t h e   p i l o t   b o r e   h o l e   p r i o r   to   t h e  

r e a m i n g   o p e r a t i o n   r e s u l t s   in  a  c o s t l y   o p e r a t i o n .  
O t h e r   d i r e c t i o n a l   d r i l l i n g   a p p a r a t u s   and  m e t h o d s   f o r  

55  u n d e r g r o u n d   a r c u a t e   b o r e s   or  o p e n i n g s   n o t   e m p l o y i n g   a  
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w a s n o v e r   p i p e   r o l   l o w i n g   t h e   d r i l l   s t r i n g   h a v e   u t i l i z e d  
o t h e r   t y p e s   of   r e a m e r s   or  c u t t e r s   w h i c h   e n l a r g e   t h e  
i n i t i a l   p i l o t   b o r e   h o l e   by  a  c u t t e r   or  r e a m e r   m o v i n g   i n  
t h e   same  d i r e c t i o n   as  t h e   i n i t i a l   d r i l l   p i p e   s t r i n g  

05  f o r m i n g   t h e   p i l o t   b o r e   h o l e .  

Summary  of   t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   i s   d i r e c t e d   to  an  a p p a r a t u s   and  m e t h o d  
f o r   d r i l l i n g   in  one  d i r e c t i o n   of   t r a v e l   a  p i l o t   b o r e   h o l e  
a l o n g   an  u n d e r g r o u n d   a r c u a t e   p a t h   b e t w e e n   two  e a r t h  

10  s u r f a c e   l o c a t i o n s ,   and  t h e n   e n l a r g i n g   in  an  o p p o s i t e  
d i r e c t i o n   of   t r a v e l   t h e   i n i t i a l   p i l o t   b o r e   h o l e   f o r  

r e c e i v i n g   a  p r o d u c t   c o n d u i t   t h e r e i n .   The  a p p a r a t u s   a n d  
m e t h o d   u t i l i z e d   to   a c c o m p l i s h   t h i s   c o m p r i s e   two  s e p a r a t e  
c u t t i n g   o p e r a t i o n s ,   t h e   f i r s t   b e i n g   a  p i l o t   b o r e   d r i l l e d  

15  by  a  c o n v e n t i o n a l   d r i l l   p i p e   s t r i n g   b u t   u t i l i z i n g   a t   l e a s t  
f o r   a  m a j o r i t y   of   t h e   d r i l l   p i p e   s e c t i o n   an  i n c r e a s e d  
d i a m e t e r   of   a r o u n d   t h r e e   and  o n e - h a l f   i n c h e s   ( 3 - 1 / 2 " )  
w h i c h   i n c r e a s e s   t h e   s t r e n g t h   of   t h e   p i p e   s t r i n g   as  c o m -  
p a r e d   w i t h   common  i n d u s t r y   p r a c t i c e   h e r e t o f o r e .   T h e  

20  i n c r e a s e d   s t r e n g t h   d r i l l   s t r i n g   t h u s   e l i m i n a t e s   t h e  

n e c e s s i t y   of   h a v i n g   a  s e p a r a t e   w a s h o v e r   s t r i n g   as  t h e  
i n c r e a s e d   d r i l l   s t r i n g   s t r e n g t h   i s   a d e q u a t e   f o r   t h e  
t o r s i o n a l   or  r o t a t i o n a l   s t r e s s e s   d e v e l o p e d   in  t h e   s u b s e -  

q u e n t   r e a m i n g   o p e r a t i o n   and  p u l l i n g   of   t h e   p r o d u c t i o n  
25  c o n d u i t   t h r o u g h   t h e   e n l a r g e d   b o r e   h o l e .  

The  d r i l l   s t r i n g   i s   t h r u s t   a l o n g   a  p r e d e t e r m i n e d  
a r c u a t e   p a t h   to  fo rm  an  i n i t i a l   p i l o t   b o r e   h o l e   of  a  
r e l a t i v e l y   s m a l l   d i a m e t e r ,   s u c h   as  a r o u n d   f i v e   i n c h e s  

( 5 " ) ,   f o r   e x a m p l e .   A f t e r   t h e   d r i l l i n g   of   t h e   i n i t i a l  
50  p i l o t   b o r e   h o l e   and  e x i t   of  t h e   d r i l l i n g   s t r i n g   f rom  t h e  

e x i t   s u r f a c e   o p e n i n g ,   a  r e a m e r   and  c o n n e c t e d   p r o d u c t i o n  
c o n d u i t   a r e   a t t a c h e d   to  t he   d r i l l   s t r i n g ,   and  t h e   d r i l l  

s t r i n g   is   t h e n   p u l l e d   back   t h r o u g h   t h e   p i l o t   b o r e   h o l e   i n  
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an  o p p o s i t e   d i r e c t i o n   of  t r a v e l   w i t h   t h e   r e a m e r   e n l a r g i n g  
t h e   b o r e   h o l e   to  a  d i a m e t e r   s u f f i c i e n t   to  r e c e i v e   t h e  

p r o d u c t i o n   c o n d u i t   t h e r e i n .   The  e n l a r g e d   o p e n i n g   may  b e  
a r o u n d   t h i r t y   i n c h e s   (30")   in  d i a m e t e r   f o r   a  p r o d u c t i o n  

05  c o n d u i t ,   s u c h   as  a  p i p e l i n e ,   a r o u n d   t w e n t y   i n c h e s   (20")   i n  
d i a m e t e r   t h e r e b y   p r o v i d i n g   a  f i v e   i n c h   (5")  a n n u l u s  
b e t w e e n   t h e   p r o d u c t i o n   c o n d u i t   and  t h e   e n l a r g e d   o p e n i n g .  

In  o r d e r   to  p r o v i d e   t h e   d e s i r e d   f l e x i b i l i t y   in  t h e  

l e a d i n g   end  p i p e   s e c t i o n   of  t h e   d r i l l   s t r i n g ,   s u c h   as  i s  
10  d e s i r a b l e   when  r e l a t i v e l y   s o f t   f o r m a t i o n s   a r e   e n c o u n t e r e d ,  

t h e   l e a d i n g   end  p i p e   s e c t i o n   h a v i n g   t h e   d r i l l   b i t   t h e r e o n  

may  be  p r o v i d e d   of  a  d i a m e t e r   s m a l l e r   t h a n   t h e   d i a m e t e r   o f  
t h e   r e g u l a r   d r i l l   s t r i n g   s e c t i o n s ,   or  a  d i f f e r e n t   w a l l  
t h i c k n e s s   or  d i f f e r e n t   t y p e   of  m a t e r i a l   may  be  u t i l i z e d  

15  f o r   t h e   l e a d i n g   p i p e   " s e c t i o n   to   p r o v i d e   t h e   d e s i r e d  

f l e x i b i l i t y .   P r e f e r a b l y ,   t h e   d r i l l   s t r i n g   s e c t i o n s   e x c e p t  
f o r   t h e   l e a d i n g   p i p e   s e c t i o n s   a r e   o v e r   a r o u n d   t h r e e  
i n c h e s   (3")  in  d i a m e t e r   and  s e c t i o n s   of  t h r e e   and  o n e - h a l f  
i n c h e s   ( 3 - 1 / 2 " )   in  d i a m e t e r   h a v e   b e e n   f o u n d   s a t i s f a c t o r y .  

20  The  l e a d i n g   d r i l l   p i p e   s e c t i o n   of   t h i s   i n v e n t i o n   i s  

p r e f e r a b l y   b e l o w   t h r e e   i n c h e s   (3")  in  d i a m e t e r .   T h u s ,   t h e  

l e a d i n g   d r i l l   p i p e   s e c t i o n   or  s e c t i o n s   may  be  p r o v i d e d  
w i t h   an  i n c r e a s e d   f l e x i b i l i t y   and  t h e   l e n g t h   of  t h e  

l e a d i n g   end  s e c t i o n   may  be  v a r i e d .   Any  r e d u c e d   d i a m e t e r  
25  d r i l l   p i p e   s e c t i o n   or  s e c t i o n s   a r e   p r e f e r a b l y   r e m o v e d   a t  

t h e   s u r f a c e   l o c a t i o n   a d j a c e n t   t h e   e x i t   o p e n i n g   p r i o r   t o  
t h e   a t t a c h m e n t   of  t h e   r e a m e r   and  p r o d u c t i o n   c o n d u i t   to  t h e  
d r i l l   s t r i n g .   T h u s ,   a  c o n s t a n t   d i a m e t e r   d r i l l   s t r i n g   m a y  
be  p r o v i d e d   f o r   p u l l i n g   t h e   r e a m e r   and  f o l l o w i n g   p r o d u c t  

30  c o n d u i t   t h r o u g h   t h e   p i l o t   b o r e   h o l e   in  a  r e v e r s e   o r  
o p p o s i t e   d i r e c t i o n   of   t r a v e l .  

Unde r   c e r t a i n   c o n d i t i o n s   i t   may  be  d e s i r a b l e ,   s u c h   a s  
f o r   r e l a t i v e l y   l o n g   a r c u a t e   p a t h s ,   to   p r o v i d e   d r i l l   p i p e  
s e c t i o n s   in  t h e   d r i l l   s t r i n g   of   an  i n c r e a s i n g   s t r e n g t h  

55  f rom  t h e   l e a d i n g   end  t h e r e o f   to   t h e   p o w e r   means   f o r  
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t h r u s t i n g   t h e   d r i l l   b i t   a n d / o r   r o t a t i n g   t h e   d r i l l   s t r i n g  
in  t h e   r e a m i n g   o p e r a t i o n .   The  i n c r e a s e d   s t r e n g t h   p i p e  

s e c t i o n s   c o m p e n s a t e   f o r   t h e   i n c r e a s i n g   f r i c t i o n   of  t h e  

d r i l l   s t r i n g   a l o n g   i t s   l e n g t h .   D r i l l   p i p e   s e c t i o n s   h a v i n g  

05  an  i n c r e a s e d   s t r e n g t h   may  be  p r o v i d e d   i n d e p e n d e n t l y   of   a n y  
i n c r e a s e d   f l e x i b i l i t y ,   i f   d e s i r e d .   In  some  s i t u a t i o n s ,   i t  

may  be  d e s i r a b l e   to  h a v e   l e s s   f l e x i b i l i t y   on  t h e   l e a d i n g  
end  d r i l l   p i p e   s e c t i o n s .  

A n o t h e r   f e a t u r e   of   t h i s   i n v e n t i o n   u t i l i z e s   an  i n - h o l e  
10  h y d r a u l i c   m o t o r   p o s i t i o n e d   w i t h i n   t h e   l e a d i n g   d r i l l   s t r i n g  

s e c t i o n   f o r   r o t a t i n g   t h e   d r i l l   b i t ,   s u c h   as  m i g h t   b e  

d e s i r a b l e   w h e r e   r e l a t i v e l y   h a r d   f o r m a t i o n s   a r e   e n c o u n -  

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

p r o v i d e d   u t i l i z i n g   t h e   i n - h o l e   h y d r a u l i c   m o t o r ,   t h e  

15  l o n g i t u d i n a l   a x i s   of   t h e   d r i v e   s h a f t   f o r   r o t a t i n g   t h e  

d r i l l   b i t   i s   p a r a l l e l   to   b u t   o f f s e t   f rom  t h e   l o n g i t u d i n a l  

a x i s   of  t h e   d r i l l   s t r i n g .   T h i s   o f f s e t   r e s u l t s   in   t h e  

d e v i a t i o n   or  d e f l e c t i o n   of  t h e   d r i l l   b i t   a  p r e d e t e r m i n e d  

a m o u n t   in  t h e   d e s i r e d   d i r e c t i o n   of  t r a v e l   as  t h e   l e a d i n g  
20  p i p e   s e c t i o n   r i d e s   a l o n g   t h e   s u r f a c e   of   t h e   p i l o t   b o r e  

h o l e   f o r m e d   by  t h e   d r i l l   b i t   o p p o s i t e   t h e   d e s i r e d   d i r e c -  

t i o n   of   d e v i a t i o n .  

An  o b j e c t   of   t h i s   i n v e n t i o n   i s   to   p r o v i d e   an  a p p a r a -  
t u s   and  m e t h o d   in  w h i c h   a  c o n v e n t i o n a l   d r i l l   s t r i n g   c o m -  

25  p r i s i n g   a  p l u r a l i t y   of  d r i l l   p i p e   s e c t i o n s   i s   t h r u s t   a l o n g  

an  a r c u a t e   p a t h   to  t h e   d e s i r e d   s u r f a c e   e x i t   o p e n i n g ,   a n d  

t h e n   a  r e a m e r   and  p r o d u c t i o n   c o n d u i t   a r e   p u l l e d ,   u p o n  
c o n n e c t i o n   to  t h e   d r i l l   s t r i n g ,   b a c k   t h r o u g h   t h e   p i l o t  

b o r e   h o l e   in  a  min imum  of   t i m e .  

30  A  f u r t h e r   o b j e c t   i s   to   p r o v i d e   a  d r i l l   s t r i n g   f o r  

d r i l l i n g   t h e   p i l o t   b o r e   h o l e   h a v i n g   a  l e a d i n g   p i p e   s e c t i o n  

w i t h   an  i n c r e a s e d   f l e x i b i l i t y   f o r   d r i l l i n g   t h r o u g h   r e l a -  

t i v e l y   s o f t   f o r m a t i o n s ,   or  f o r   u t i l i z i n g   v a r i o u s   l e n g t h s  

of  l e a d i n g   d r i l l   p i p e   s e c t i o n s   as  may  be  d e s i r e d .  
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A n o t h e r   o b j e c t   is  to  p r o v i d e   a  d r i l l   s t r i n g   f o r  

d r i l l i n g   t he   p i l o t   b o r e   h o l e   h a v i n g   d r i l l   p i p e   s e c t i o n s   o f  

i n c r e a s i n g   s t r e n g t h   to  c o m p e n s a t e   f o r   t h e   i n c r e a s i n g  
f r i c t i o n   of  t he   d r i l l   s t r i n g   a l o n g   t h e   p i l o t   b o r e   h o l e .  

05  An  a d d i t i o n a l   o b j e c t   is   to  p r o v i d e   in  a  d r i l l   s t r i n g  
f o r   d r i l l i n g   t he   p i l o t   b o r e   h o l e   an  i n - h o l e   h y d r a u l i c  

m o t o r   f o r   r o t a t i n g   t h e   d r i l l   b i t   r e l a t i v e   to  t h e   d r i l l  

s t r i n g ,   and  h a v i n g   i t s   r o t a t i o n a l   a x i s   p a r a l l e l   b u t   o f f s e t  

f rom  t h e   l o n g i t u d i n a l   a x i s   of  t h e   d r i l l   s t r i n g   to  p r o v i d e  
10  a  d e s i r e d   d e f l e c t i o n   or  d e v i a t i o n   to   t h e   d r i l l   b i t .  

A n o t h e r   o b j e c t   i s   to  p r o v i d e   a  spud   b i t   f o r   d r i l l i n g  

a  b o r e   h o l e   h a v i n g   a  n o v e l   s h a p e   p a r t i c u l a r l y   a d a p t e d   f o r  

use   w i t h   d i s c h a r g e   n o z z l e s   f o r   a  h i g h   v e l o c i t y   d r i l l i n g  
f l u i d .  

15  O t h e r   o b j e c t s ,   f e a t u r e s ,   and  a d v a n t a g e s   of   t h i s  

i n v e n t i o n   w i l l   become  more  a p p a r e n t   a f t e r   r e f e r r i n g   to  t h e  

f o l l o w i n g   s p e c i f i c a t i o n   and  d r a w i n g s .  

D e s c r i p t i o n   of   t h e   I n v e n t i o n  

FIGURE  1  i s   a  p e r s p e c t i v e   s c h e m a t i c   c r o s s - s e c t i o n   o f  

20  t h e   i n i t i a l   d r i l l i n g   o p e r a t i o n   in  d r i l l i n g   an  i n v e r t e d  

a r c u a t e   p i l o t   h o l e   or  b o r e   f rom  an  e a r t h   e n t r y   o p e n i n g   t o  

an  e a r t h   e x i t   o p e n i n g   and  u t i l i z i n g   t h e   a p p a r a t u s   a n d  

m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n ;  

FIGURE  2  i s   a  p e r s p e c t i v e   s c h e m a t i c   c r o s s - s e c t i o n  

25  s i m i l a r   to  F i g .   1  b u t   s h o w i n g   t h e   e n l a r g i n g   of   t h e   i n i t i a l  

p i l o t   b o r e   h o l e   by  a  r e a m e r   and  t h e   p u l l i n g   of   t h e   p r o d u c -  
t i o n   c o n d u i t   and  r e a m e r   t h e r e t h r o u g h   by  t h e   i n i t i a l   d r i l l  

s t r i n g ;  

FIGURE  3  is   a  s c h e m a t i c   s i d e   e l e v a t i o n ,   p a r t l y   i n  

30  s e c t i o n ,   of  t h e   e n t r a n c e   end  of   t h e   p i l o t   b o r e   h o l e  



- 7 -  
0 2 0 9 2 1 7  

s n o w i n g   t h e   t h r u s t   and  r o t a t i n g   d e v i c e   f o r   t h e   d r i l l  

s t r i n g ;  

FIGURE  4  i s   an  e x p l o d e d   v i e w   of   a  c r o s s o v e r   sub  f o r  

c o n n e c t i n g   a d j a c e n t   d r i l l   s t r i n g   l e n g t h s   or  s e c t i o n s   o f  
05  d i f f e r e n t   d i a m e t e r s ;  

FIGURE  5  i s   a  s c h e m a t i c   s i d e   e l e v a t i o n   of  t h e   l e a d i n g  
end  of  t h e   d r i l l   s t r i n g   s h o w i n g   a  d e f l e c t i n g   spud   b i t   f o r  

f o r m i n g   t h e   i n i t i a l   p i l o t   b o r e   h o l e   shown  in  F i g .   1 ;  

FIGURE  5A  is   an  end  e l e v a t i o n   of   t h e   spud   b i t   s h o w n  
10  in  F i g .   5 ;  

FIGURE  6  i s   a  s c h e m a t i c   s i d e   e l e v a t i o n   of   t h e   end  o f  
t h e   d r i l l   s t r i n g   c o n n e c t e d   to   a  r e a m e r   and  p r o d u c t i o n  
c o n d u i t   a t   t h e   e x i t   o p e n i n g   of   t h e   s m a l l   d i a m e t e r   p i l o t  
b o r e   h o l e   f o r   p u l l i n g   t h e   r e a m e r   and  p r o d u c t i o n   c a s i n g  

15  t h r o u g h   t h e   e n l a r g e d   o p e n i n g   f o r m e d   by  t h e   r e a m e r ;   a n d  

FIGURE  7  i s   a  s c h e m a t i c   c r o s s - s e c t i o n   s h o w i n g   a  
m o d i f i e d   d r i l l   b i t   a r r a n g e m e n t   in  w h i c h   an  i n - h o l e   m o t o r  
d r i v e n   by  d r i l l i n g   f l u i d   i s   u t i l i z e d ,   s u c h   as  may  b e  

r e q u i r e d   f o r   c e r t a i n   t y p e s   of   f o r m a t i o n s   or  b o r e   h o l e  
20  l e n g t h s   . 

R e f e r r i n g   now  to  t h e   d r a w i n g s   f o r   a  b e t t e r   u n d e r -  

s t a n d i n g   of  our   i n v e n t i o n ,   r e f e r e n c e   i s   made  to   F i g .   1  i n  
w h i c h   an  a r c u a t e   p i l o t   b o r e   h o l e   i s   i l l u s t r a t e d   a t   B 

e x t e n d i n g   a l o n g   an  u n d e r g r o u n d   p a t h   shown  a t   P.  P a t h   P 
25  e x t e n d s   f rom  an  e a r t h   s u r f a c e   e n t r a n c e   o p e n i n g   0  to  a n  

e a r t h   s u r f a c e   e x i t   o p e n i n g   E  u n d e r n e a t h   an  o b s t r u c t i o n  
shown  as  a  r i v e r   R .  

W h i l e   e x i t   o p e n i n g   E  i s   shown  as  a  s u r f a c e   e x i t  

o p e n i n g   in  t he   d r a w i n g s ,   t h e   t e r m s   " e x i t   o p e n i n g " ,   " s u r -  

30  f a c e   e x i t   o p e n i n g "   or  " s u r f a c e   l o c a t i o n "   as  u s e d   in  t h e  
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s p e c i f i c a t i o n   ana   c l a i m s   s h a l l   be  i n t e r p r e t e d   as  i n c l u d i n g  
an  o p e n i n g   b e n e a t h   t he   s u r f a c e   a t   w h i c h   a  p r o d u c t   c o n d u i t  
is   c o n n e c t e d   to  t h e   d r i l l   s t r i n g   to  be  p u l l e d   t h r o u g h   t h e  
b o r e   h o l e ,   such   as  an  u n d e r g r o u n d   c a b l e .  

05  A  d r i l l   s t r i n g   i n d i c a t e d   g e n e r a l l y   a t   10  i n c l u d e s   a  
l e a d i n g   end  p i p e   s e c t i o n   10A  of   a  s m a l l   d i a m e t e r ,   a n  
a d j a c e n t   end  s e c t i o n   10B  of  an  i n t e r m e d i a t e   d i a m e t e r ,   a n d  
f o l l o w i n g   p i p e   s e c t i o n s   10C  of   u n i f o r m   d i a m e t e r .   D r i l l  
s t r i n g   10  i s   u t i l i z e d   to  d r i l l   s m a l l   d i a m e t e r   p i l o t   b o r e  

10  h o l e   B  a l o n g   p a t h   P.  A  p l u r a l i t y   of   l e n g t h s   or  s e c t i o n s  
of  p i p e   s t r i n g   10  a r e   n o r m a l l y   p o s i t i o n e d   a d j a c e n t   e n -  
t r a n c e   o p e n i n g   0  s u c h   as  shown  a t   10C  in  b r o k e n   l i n e s   i n  
F i g .   1 .  

As  p o i n t e d   o u t   a b o v e ,   d r i l l   s t r i n g   p i p e   s e c t i o n s  
15  u t i l i z e d   h e r e t o f o r e   in  a s s o c i a t i o n   w i t h   a  s e p a r a t e   w a s h -  

o v e r   p i p e   s t r i n g   h a v e   b e e n   of   a  d i a m e t e r   a r o u n d   one  a n d  
t h r e e -   f o u r t h s   i n c h e s   ( 1 - 3 / 4 " )   s i n c e   t h e   w a s h o v e r   s t r i n g  
was  r e l i e d   upon  f o r   r o t a t i o n   of   t h e   r e a m e r   and  p u l l i n g   o f  
t h e   p r o d u c t i o n   c o n d u i t .   H o w e v e r ,   t h e   p r e s e n t   i n v e n t i o n  

-0  e l i m i n a t e s   t h e   w a s h o v e r   p i p e   and  i n s t e a d ,   p r o v i d e s   a  
h i g h e r   s t r e n g t h   d r i l l   p i p e   s t r i n g   h a v i n g   a  d i a m e t e r   o f  
t h r e e   and  o n e - h a l f   i n c h e s   ( 3 - 1 / 2 " )   .  Such  an  i n c r e a s e d  
d i a m e t e r   p r o v i d e s   a  s t i f f e r   p i p e   s t r i n g   t h a n   u s e d   h e r e t o -  
f o r e   . 

-5  U n d e r   c e r t a i n   t y p e s   of   c o n d i t i o n s   e n c o u n t e r e d   s u c h   a s  
r e l a t i v e l y   s o f t   f o r m a t i o n s ,   i t   i s   d e s i r a b l e   to  have   a  
s m a l l e r ,   more  f l e x i b l e   l e a d i n g   end  s e c t i o n   on  d r i l l  
s t r i n g   10  in  o r d e r   to   a c h i e v e   e a s i l y   t h e   n e c e s s a r y   o r  
d e s i r e d   d e f l e c t i o n .   As  shown  in  F i g .   1,  s e c t i o n s   10C  a r e  

iO  of  t h e   n o r m a l   or  r e g u l a r   d i a m e t e r   of   t h r e e   and  o n e - h a l f  
i n c h e s   ( 3 - 1 / 2 " )   .  H o w e v e r ,   l e a d i n g   s e c t i o n   10A  is   f o r m e d  
of  a  s m a l l e r   d i a m e t e r   p i p e   and  i s   a r o u n d   two  and  t h r e e -  
q u a r t e r s   i n c h e s   ( 2 - 3 / 4 " )   in  d i a m e t e r ,   w h i l e   p i p e   s e c -  
t i o n   10B  is   of  an  i n t e r m e d i a t e   d i a m e t e r   of   two  and  s e v e n -  

>5  e i g h t h s   i n c h e s   ( 2 - 7 / 8 " )   .  By  u s i n g   a  d r i l l   s t r i n g   w i t h   t w o  
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or  more   g r a d u a t e d   d i a m e t e r s ,   d i f f e r e n t   l e n g t h   p i p e   s e c -  
t i o n s   may  be  e a s i l y   u t i l i z e d   as  m i g h t   be  d e s i r a b l e   u n d e r  
c e r t a i n   c o n d i t i o n s ,   and  t h i s   has   b e e n   f o u n d   to   be  p a r t i c u -  
l a r l y   u s e f u l   w h e r e   r e l a t i v e l y   s o f t   g r o u n d   c o n d i t i o n s   a r e  

05  e n c o u n t e r e d   w h e r e   a  s m a l l e r ,   more   f l e x i b l e   l e a d i n g   e n d  
p i p e   s e c t i o n   is   d e s i r a b l e   f o r   o b t a i n i n g   t h e   d e s i r e d  
d e f l e c t i o n   n e c e s s a r y   to  f o l l o w   a r c u a t e   p a t h   P .  

W h i l e   i n c r e a s e d   f l e x i b i l i t y   is   o b t a i n e d   by  h a v i n g  
p i p e   s e c t i o n s   10A  and  10B  of  a  s m a l l e r   d i a m e t e r   t h a n  

10  s e c t i o n s   10C,  i t   i s   to  be  u n d e r s t o o d   t h a t   s e c t i o n s   10A 
and  10B  c o u l d ,   i f   d e s i r e d ,   p r o v i d e   i n c r e a s e d   f l e x i b i l i t y  
by  o t h e r   m e a n s ,   s u c h   as  by  b e i n g   made  of   a  more   f l e x i b l e  
h i g h   s t r e n g t h   m a t e r i a l   w i t h o u t   b e i n g   of   a  r e d u c e d   d i a m e -  
t e r ,   or  by  h a v i n g   a  d i f f e r e n t   w a l l   t h i c k n e s s   w i t h o u t   a n y  

15  c h a n g e   in  e x t e r n a l   d i a m e t e r .  

I t   i s   a l s o   d e s i r a b l e   f o r   a  r e l a t i v e l y   l o n g   a r c u a t e  
p a t h   P  to  have   t r a i l i n g   p i p e   s e c t i o n s   of   t h e   d r i l l   s t r i n g  
of   a  s t r e n g t h   g r e a t e r   t h a n   t h e   l e a d i n g   p i p e   s e c t i o n s .  

D u r i n g   a  t h r u s t   a c t i o n ,   t h e   d r i l l   s t r i n g   i s   p u s h e d   f r o m  
20  t h e   e n t r a n c e   o p e n i n g   0  a l o n g   t h e   b o r e   h o l e   B,  and  p o r t i o n s  

of  t h e   l e n g t h   of  t h e   d r i l l   s t r i n g   a r e   in  c o n t a c t   w i t h   t h e  
s u r f a c e   of  t h e   b o r e   h o l e   B  d u r i n g   t h e   p u s h i n g   a c t i o n  

t h e r e b y   to   g e n e r a t e   s l i d i n g   f r i c t i o n a l   r e s i s t a n c e   w h i c h  
has   to  be  o v e r c o m e .   The  g r e a t e r   t h e   l e n g t h   of   t h e   d r i l l  

15  s t r i n g ,   t h e   g r e a t e r   t h e   a m o u n t   of  s l i d i n g   f r i c t i o n .  
L i k e w i s e ,   upon  r o t a t i o n   of  t h e   d r i l l   s t r i n g   d u r i n g   a  
r e a m i n g   a c t i o n ,   t h e   t o r s i o n a l   or  r o t a t i o n a l   s t r e s s e s   i n  
t h e   d r i l l   s t r i n g   a r e   h i g h e r   a t   t h e   p o w e r   s o u r c e   p r o v i d i n g  
r o t a t i o n .   T h u s ,   i t   i s   d e s i r a b l e   to  h a v e   d r i l l   p i p e  

50  s e c t i o n s   a d j a c e n t   t h e   p o w e r   s o u r c e   of   an  i n c r e a s e d  

s t r e n g t h .   I t   may  be  d e s i r e d   to  have   d r i l l   p i p e   s e c t i o n s  
of  g r a d u a t e d   i n c r e a s i n g   s t r e n g t h   f rom  t h e   d r i l l   b i t   end  t o  
t h e   power   s o u r c e .   F u r t h e r ,   i t   may  n o t   be  d e s i r a b l e   t o  
have   t h e   d i a m e t e r   of  t h e   d r i l l   s t r i n g   g r e a t e r   t h a n   a r o u n d  

55  t h r e e   and  o n e - h a l f   i n c h e s   ( 3 - 1 / 2 " )   ,  or  to   have   t h e   l e a d i n g  
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p i p e   s e c t i o n s   or  an  i n c r e a s e d   f l e x i b i l i t y .   U n d e r   s u c h  
c o n d i t i o n s ,   t he   s t r e n g t h   of   t he   d r i l l   p i p e   s e c t i o n s ,  
p a r t i c u l a r l y   t h o s e   s e c t i o n s   a d j a c e n t   t h e   power   means   f o r  
t h r u s t i n g   t h e   d r i l l   b i t   a l o n g   a  r e l a t i v e l y   l o n g   a r c u a t e  

05  p a t h   P,  s u c h   as  o v e r   f i v e   h u n d r e d   f e e t   (500*)   in  l e n g t h ,  
a r e   p r e f e r a b l y   of  an  i n c r e a s e d   s t r e n g t h .   Such  i n c r e a s e d  
s t r e n g t h   c o u l d   be  p r o v i d e d ,   f o r   e x a m p l e ,   by  m a k i n g   t h e  
p i p e   s e c t i o n s   of  h i g h   s t r e n g t h   m a t e r i a l s   or  i n c r e a s i n g   t h e  
w a l l   t h i c k n e s s   of  s u c h   p i p e   s e c t i o n s .   The  u t i l i z a t i o n   o f  

10  d r i l l   p i p e   s e c t i o n s   w i t h   d i f f e r e n t   s t r e n g t h s   t h e r e b y  
e l i m i n a t e s   t h e   n e c e s s i t y   of  h a v i n g   a  s e p a r a t e   w a s h o v e r  
p i p e   f o l l o w i n g   t h e   d r i l l   s t r i n g   in  c o n c e n t r i c   r e l a t i o n ,   a s  
a  s p e c i f i c   d r i l l   s t r i n g   s e c t i o n   can   be  d e s i g n e d   f o r   t h e  
s p e c i f i c   s t r e n g t h   r e q u i r e d   a t   i t s   l o c a t i o n   in  a  d r i l l  

15  s t r i n g .  

As  shown  in  F i g .   3,  an  i n c l i n e d   ramp  is   shown  a t   12 
and  has   a  h y d r a u l i c   m o t o r   14  m o u n t e d   on  a  c a r r i a g e   16  f o r  
a x i a l   m o v e m e n t   a l o n g   a  s u i t a b l e   g u i d e w a y   on  ramp  12,  s u c h  
as  by  a  s u i t a b l e   p u l l e y   or  cog  w h e e l   18  m o v i n g   a l o n g   a  

10  t a u t   c a b l e   20,  f o r   e x a m p l e .   M o t o r   14  may  be  u s e d ,   s e l e c -  
t i v e l y ,   to  r o t a t e   a  c o n n e c t i n g   s h a f t   22  w h i c h   i s   c o n n e c t e d  
a t   one  end  to  a  j o i n t   24  a t t a c h e d   to  s e c t i o n   10C  of  d r i l l  
s t r i n g   10,  t h e r e b y   to   r o t a t e   d r i l l   s t r i n g   10,  i f   d e s i r e d .  
S h a f t   22  i s   c o n n e c t e d   a t   i t s   o t h e r   end  to   a  s w i v e l   26  

15  w h i c h   is   in  t u r n   c o n n e c t e d   to  a  h o s e   28  t h r o u g h   w h i c h   a  
s u i t a b l e   d r i l l i n g   f l u i d   i s   c i r c u l a t e d .   C a r r i a g e   16 
r e c i p r o c a t e s   back   and  f o r t h   as  d r i l l   p i p e   s e c t i o n s   a r e  
a d d e d   by  m a k i n g   and  b r e a k i n g   j o i n t   2 4 .  

D r i l l i n g   mud  c i r c u l a t e d   t h r o u g h   h o s e   28  i s   s u p p l i e d  
50  to  t h e   d r i l l   p i p e   and  o u t   s u i t a b l e   f l u i d   p a s s a g e w a y s   ( n o t  

shown)  a t   t h e   d r i l l   b i t   f o r   p o s s i b l e   r e t u r n   to  a  s u m p  
shown  a t   30  a d j a c e n t   t h e   end  of  e n t r a n c e   o p e n i n g   O  w h i c h  
r e c e i v e s   t h e   d r i l l i n g   f l u i d   and  c u t t i n g s   f rom  t h e   d r i l l i n g  
o p e r a t i o n .   A  s u i t a b l e   h o s e   shown  a t   32  r e t u r n s   t h e  

>5  d r i l l i n g   f l u i d   or  mud  f o r   r e m o v a l   of   t h e   c u t t i n g s ,   a n d  
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a g a i n   p r o v i d i n g   d r i l l i n g   f l u i d   to  h o s e   28  as  i s   w e l l   k n o w n  
in  t h e   a r t .  

D r i l l   s t r i n g   10  is   s t a n d a r d   and  n o r m a l l y   made  up  of  a  
•  p l u r a l i t y   of  d r i l l   p i p e   s e c t i o n s   w h i c h   a r e   a d d e d   to  t h e  

05  d r i l l   p i p e   s t r i n g   a t   c o n n e c t o r   24.  The  p i p e   s e c t i o n s   a r e  
a d v a n c e d   in  t he   e a r t h   by  a d v a n c i n g   h y d r a u l i c   m o t o r   14 
c o n n e c t e d   to   a  s u i t a b l e   s o u r c e   of   h y d r a u l i c   f l u i d   ( n o t  
shown)  down  ramp  1 2 .  

L e a d i n g   s m a l l   d i a m e t e r   p i p e   s e c t i o n   10A  has   a  s p u d  
10  b i t   34  on  i t s   l e a d i n g   e n d .   Spud  b i t s   of   v a r i o u s   t y p e s   a r e  

w e l l   known  g e n e r a l l y   in   t h e   a r t   f o r   d i r e c t i o n a l   d r i l l i n g  
or  t h e   l i k e .   H o w e v e r ,   spud   b i t   34  as  shown  in  F i g s .   5 
and  5A  is   p a r t i c u l a r l y   a d a p t e d   in  t h e   p r e s e n t   i n v e n t i o n  
f o r   d i s c h a r g i n g   a  h i g h   v e l o c i t y   d r i l l i n g   f l u i d   f rom  i t s  

15  l e a d i n g   end  a t   a  l o c a t i o n   c l o s e l y   a d j a c e n t   t h e   f o r m a t i o n  
t h e r e b y   to  o b t a i n   a  h i g h l y   e f f e c t i v e   e x c a v a t i n g   a c t i o n   t o  
a d v a n c e   t h e   d r i l l   s t r i n g .   I t   i s   i m p o r t a n t   to   n o t e   t h a t  
spud   b i t   34  p r e f e r a b l y   d i s c h a r g e s   f l u i d   in  a  d i r e c t i o n  
p a r a l l e l   to   t h e   a x i s   of   t h e   d r i l l   s t r i n g   as  shown  by  t h e  

20  a r r o w s   in  F i g .   5.  For   t h i s   p u r p o s e ,   s p u d   b i t   34  has   a  
f l a t   or  p l a n a r   f o r w a r d   end  p o r t i o n   34A,  an  i n c l i n e d  
i n t e r m e d i a t e   p l a n a r   end  p o r t i o n   34B  l e a d i n g   f rom  f o r w a r d  
end  p o r t i o n   34A  to   fo rm  a  r a m p ,   and  a  r e a r   p l a n a r   s h o u l -  
d e r   34C.  An  a r c u a t e   s h o e   or  w e a r   p l a t e   35  i s   s e c u r e d   t o  

25  t h e   o u t e r   p e r i p h e r y   of   p i p e   s e c t i o n   10A  a d j a c e n t   r e a r  
s h o u l d e r   34C.  I t   i s   n o t e d   t h a t   b o r e   h o l e   B  has   a  d i a m e t e r  
l a r g e r   t h a n   t h e   maximum  d i a m e t e r   of   any   p o r t i o n   of   t h e  
d r i l l   s t r i n g   m o v i n g   t h r o u g h   t h e   h o l e .  

A  d i s c h a r g e   o p e n i n g   34D  or  d i s c h a r g e   n o z z l e   w h i c h   m a y  
50  be  t h r e a d e d   w i t h i n   end  p o r t i o n   34A  to  fo rm  o p e n i n g   34D  i s  

p r o v i d e d   in  t h e   f a c e   f o r m e d   by  p l a n a r   end  p o r t i o n   3 4 A .  
T h u s ,   o p e n i n g   34D  i s   p o s i t i o n e d   a t   t h e   l e a d i n g   end  of   s p u d  
b i t   34  d i r e c t l y   a d j a c e n t   t h e   f o r m a t i o n   to  be  e x c a v a t e d   f o r  
d i s c h a r g i n g   a  j e t   of  h i g h   v e l o c i t y   d r i l l i n g   f l u i d   t h e r e i n .  

55  The  d r i l l i n g   f l u i d   may  be  p r e s s u r i z e d   f rom  a r o u n d   o n e  
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H u n d r e d   (100)  p s i   to  a r o u n d   two  t h o u s a n d   (2000)   p s i ,   f o r  

e x a m p l e .   The  l o n g i t u d i n a l   or  d i s c h a r g e   a x i s   of   d i s c h a r g e  
n o z z l e   34D  is  p a r a l l e l   t o ,   b u t   o f f s e t   f r o m ,   t h e   l o n g i -  
t u d i n a l   a x i s   of  d r i l l   s t r i n g   10  to  a i d   in  d e f l e c t i n g   e n d  

05  s e c t i o n   10A  in  t h e   d i r e c t i o n   of  t h e   o f f s e t .   D i s c h a r g e  
o p e n i n g   34D  is   of  s u f f i c i e n t   d e p t h   s u c h   t h a t   p r e s s u r i z e d  
f l u i d   i s   p r e f e r a b l y   d i s c h a r g e d   t h e r e f r o m   in  a  d i r e c t i o n  

p a r a l l e l   to  t h e   l o n g i t u d i n a l   a x i s   of  d r i l l   s t r i n g   10  t o  
e r o d e   a n d / o r   e x c a v a t e   t h e   f o r m a t i o n .   I t   i s   a p p a r e n t   t h a t  

10  end  s e c t i o n   10A  may  be  g u i d e d   a l s o   by  r o t a t i o n   of   t h e  
d r i l l   s t r i n g   t h r o u g h   a  d e f i n e d   a n g l e .   To  p r o v i d e   a n  
e f f e c t i v e   g u i d i n g   a c t i o n ,   t h e   o f f s e t   of   n o z z l e   or  o p e n -  
i ng   34D,  or  t h e   o f f s e t   of   t h e   c e n t e r   of   t h e   v o l u m e   o f  
f l u i d   b e i n g   d i s c h a r g e d   in  t h e   e v e n t   more   t h a n   one  d i s -  

15  c h a r g e   o p e n i n g   i s   u t i l i z e d ,   s h o u l d   be  a t   l e a s t   g r e a t e r  
t h a n   a r o u n d   t h r e e f o u r t h s   i n c h   ( 3 / 4 " )   .  As  an  e x a m p l e ,   w i t h  

a  spud   b i t   h a v i n g   a  d i a m e t e r   of   f i v e   i n c h e s   (5")  as  s h o w n  
in  F i g .   5A,  n o z z l e   34D  is   a r o u n d   t h r e e e i g h t h s   i n c h   ( 3 / 8 " )  
in  d i a m e t e r   and  o f f s e t   one  i n c h   (1")  f rom  t h e   l o n g i t u d i n a l  

20  c e n t e r   l i n e   of   s e c t i o n   1 0 A .  

I t   may  be  d e s i r a b l e   u n d e r   c e r t a i n   c o n d i t i o n s   to  h a v e  

more   t h a n   one  d i s c h a r g e   n o z z l e ,   b u t   in  any  e v e n t ,   t h e  

c e n t e r   of   t h e   c o m b i n e d   j e t s   of  d r i l l i n g   f l u i d   b e i n g   d i s -  

c h a r g e d   i s   p a r a l l e l   to  and  p r e f e r a b l y   o f f s e t   f rom  t h e  
25  l o n g i t u d i n a l   a x i s   of   s e c t i o n   10A  in  t h e   d e s i r e d   t r a v e l  

p a t h .   The  ramp  f o r m e d   by  i n c l i n e d   p l a n a r   end  p o r t i o n   3 4 B ,  
r e a r   s h o u l d e r   34C,  and  shoe   35  r i d e   a l o n g   t h e   s u r f a c e   o f  
b o r e   h o l e   B  o p p o s i t e   t h e   d e s i r e d   d i r e c t i o n   of  d e v i a t i o n  
and  a i d   in  g u i d i n g   p i p e   s e c t i o n   10A  a l o n g   t r a v e l   p a t h   P .  

30  Unde r   c e r t a i n   c o n d i t i o n s   i t   may  be  d e s i r a b l e   to  have   a  

ramp  to  a i d   in  g u i d i n g   p i p e   s e c t i o n   10A,  s u c h   as  ramp  3 4 B ,  
e x t e n d i n g   a c r o s s   t h e   e n t i r e   l e a d i n g   end  of   t h e   spud   b i t  
w i t h o u t   any  s e p a r a t e   p l a n a r   end  p o r t i o n   such   as  s h o w n  
a t   34A.  Spud  b i t   34  t h u s   moves   a l o n g   p a t h   P  in  a  t h r u s t -  

35  i ng   a c t i o n   w i t h o u t   b e i n g   r o t a t e d   e x c e p t   f o r   a  
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p r e d e t e r m i n e d   p a r t i a l   r o t a t i o n   to   o b t a i n   a n g u l a r   o r i e n -  

t a t i o n   to  g u i d e   p i p e   s e c t i o n   10A.  

W h i l e   spud   b i t   34  has   b e e n   d e v e l o p e d   p r i m a r i l y   f o r  

use   in  d r i l l i n g   a  p i l o t   b o r e   h o l e   a l o n g   an  a r c u a t e   p a t h  

05  b e t w e e n   two  s u r f a c e   l o c a t i o n s ,   i t   is   o b v i o u s   t h a t   s p u d  

b i t   34  may  be  u t i l i z e d   f o r   o t h e r   t y p e s   of   d i r e c t i o n a l   o r  
d o w n - h o l e   d r i l l i n g   as  w e l l   known  in  t h e   a r t .  

A r c u a t e   p a t h   P  can   be  c o n t r o l l e d   or  g u i d e d   w i t h o u t  

w i t h d r a w i n g   of  t h e   d r i l l   s t r i n g   f rom  t h e   e a r t h   p r i m a r i l y  

10  by  o r i e n t a t i o n   of   spud   b i t   34  by  a  p a r t i a l   r o t a t i o n   of  t h e  

d r i l l   s t r i n g   t h r o u g h   a  d e f i n e d   a n g l e ,   b u t   s u c h   c o n t r o l   m a y  
a l s o   be  d e p e n d e n t   on  s u c h   f a c t o r s   or  p a r a m e t e r s ,   f o r  

e x a m p l e ,   as  t h e   t h r u s t   on  t h e   d r i l l   s t r i n g   and  t h e   v o l u m e  

of  d r i l l i n g   mud  p a s s e d   to   t h e   d r i l l   s t r i n g ,   as  i s   w e l l  

15  known  in  t h e   a r t .   For   f u r t h e r   d e t a i l s   c o n c e r n i n g   t h e  

d e v i a t i o n   or   d e f l e c t i o n   of   t h e   d r i l l   s t r i n g   f o r   d i r e c -  

t i o n a l   d r i l l i n g   or  t h e   l i k e ,   as  w e l l   known  in  t h e   a r t ,  
r e f e r e n c e   i s   made  to  U . S .   p a t e n t   no.   2 , 6 4 6 , 2 5 4   d a t e d  

J u l y   21,  1953  and  U . S .   p a t e n t   no.   3 , 7 1 3 , 5 0 0   d a t e d   J a n -  

20  u a r y   30,  1973 ,   as  e x a m p l e s .  

For   c o n n e c t i n g   two  p i p e   s e c t i o n s   of   d i f f e r e n t   d i a m -  

e t e r s ,   s u c h   as  shown  in  F i g .   4,  a  c r o s s o v e r   sub  i n d i c a t e d  

g e n e r a l l y   a t   36  i s   i l l u s t r a t e d   h a v i n g   a  t h r e a d e d   m a l e  

end  38  a d a p t e d   to  be  t h r e a d e d   w i t h i n   a  f e m a l e   end  40  o n  

25  p i p e   s e c t i o n   10A,  and  h a v i n g   a  f e m a l e   c o n n e c t i o n   42  on  a n  

o p p o s i t e   end  t h e r e o f   a d a p t e d   to   r e c e i v e   t h e   ma le   t h r e a d e d  

end  44  of  a d j a c e n t   p i p e   s e c t i o n   10B.  A  s i m i l a r   c r o s s o v e r  
sub  42  is   p r o v i d e d   b e t w e e n   s e c t i o n s   10B  and  IOC.  T h e  

d i a m e t e r   of  b o r e   B  i s   s u f f i c i e n t l y   l a r g e r   t h a n   t h e   d i a m -  

30  e t e r   of  p i p e   s t r i n g   10  to  p r o v i d e   an  a n n u l u s   to  p e r m i t   t h e  

d i s c h a r g e   of   t h e   d r i l l i n g   f l u i d   and  c u t t i n g s   f rom  b o r e   B .  

U t i l i z i n g   a  d r i l l   p i p e   s t r i n g   of  a  maximum  d i a m e t e r   a r o u n d  

t h r e e   and  o n e - h a l f   i n c h e s   ( 3 - 1 / 2 " )   ,  b o r e   B  may  be  a r o u n d  

f i v e   i n c h e s   (5")  in  d i a m e t e r   to  p r o v i d e   a d e q u a t e   c l e a r a n c e  

35  f o r   t h e   f l o w   of  c u t t i n g s   and  d r i l l i n g   f l u i d   f rom  b o r e   B .  
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wnen  l e a d i n g   d r i l l   s e c t i o n   10A  r e a c h e s   e x i t   o p e n i n g   E 
and  p i l o t   b o r e   h o l e   B  is   c o m p l e t e d ,   i t   is   now  n e c e s s a r y   t c  
e n l a r g e   t he   p i l o t   b o r e   h o l e   f o r   r e c e i v i n g   t h e   p r o d u c t i o n  
c o n d u i t   shown  in  t h e   d r a w i n g s   as  a  p i p e l i n e   46.  T h e  

05  p r o d u c t i o n   c o n d u i t   may  be  any  of   s e v e r a l   t y p e s   of   c o n t i n u -  
ous  c o n d u i t ,   s u c h   a s ,   f o r   e x a m p l e ,   c a s i n g ,   p i p e ,   c a b l e s ,  
or  t h e   l i k e ,   and  more  t h a n   one  p r o d u c t i o n   c o n d u i t   may  b e  
i n s t a l l e d   in  e n l a r g e d   o p e n i n g   D.  For   t h i s   p u r p o s e ,   a  
r e a m e r   i n d i c a t e d   g e n e r a l l y   a t   48  i s   shown  in  F i g .   6 .  

10  Reamer   48  has   c u t t i n g   t e e t h   50  t h e r e o n   and  i s   c o u p l e d  
a t   52  to  t h e   end  of   t h e   f i r s t   d r i l l   s e c t i o n   10C  of  t h e  
u n i f o r m   d i a m e t e r   of   t h r e e   and  o n e - h a l f   i n c h e s   ( 3 - 1 / 2 " )   f o r  
r o t a t i o n   by  d r i l l   s t r i n g   10  and  m o t o r   14.  The  end  d r i l l  
p i p e   s e c t i o n   10A,  or  a t   l e a s t   t h e   d r i l l   b i t   and  a n y  

15  a s s o c i a t e d   i n s t r u m e n t a t i o n   ( n o t   shown)  ,  i s   r e m o v e d   f o r  
c o n n e c t i o n   of  d r i l l   s t r i n g   10  to  r e a m e r   48.  I t   may  b e  
d e s i r a b l e   to   r e m o v e   b o t h   s e c t i o n s   10A  and  10B  f rom  t h e   e n d  
of  t h e   d r i l l   s t r i n g   10  p r i o r   to  t h e   c o n n e c t i o n   of   r e a m -  
er   48  i f   i t   is   d e s i r e d   t h a t   d r i l l   s t r i n g   10  be  of  a  

20  u n i f o r m   d i a m e t e r   and  s t r e n g t h   f o r   r o t a t i n g   r e a m e r   48  a n d  
p u l l i n g   p r o d u c t i o n   p i p e   46  t h r o u g h   b o r e   h o l e   B .  

D r i l l i n g   mud  c o n t i n u e s   to   be  s u p p l i e d   t h r o u g h   d r i l l  
s t r i n g   10  and  p i p e   s e c t i o n   10C  to  t h e   c u t t i n g   a r e a   a d j a -  
c e n t   r e a m e r   48  w h e r e   i t   is   d i s c h a r g e d   t h r o u g h   s u i t a b l e  

15  p e r f o r a t i o n s   as  i s   w e l l   known.   S h a f t   54  e x t e n d s   f r o m  
r e a m e r   48  and  has   an  e n l a r g e d   d i a m e t e r   end  t h e r e o f   a t   56  
r e c e i v e d   w i t h i n   a  s w i v e l   i n d i c a t e d   g e n e r a l l y   a t   50  so  t h a t  
r e a m e r   48  can   r o t a t e   r e l a t i v e   to  p r o d u c t i o n   p i p e   46.  An 
e q u a l l y   s a t i s f a c t o r y   and  e f f e c t i v e   m e t h o d   and  means   c o u l d  

$0  be  u t i l i z e d   by  a  s e p a r a t e   t h r e a d e d   s l e e v e   c o n n e c t i o n  
b e t w e e n   s h a f t   54  and  r e a m e r   48  as  shown  in  F i g .   3  b y  
c o n n e c t o r   24.  E n l a r g e d   end  56  of  s h a f t   54  i s   m o u n t e d  
w i t h i n   b e a r i n g s   58  on  o p p o s i t e   s i d e s   t h e r e o f   f o r   t r a n s m i t -  
t i n g   t h r u s t   to  s w i v e l   50  and  to  p e r m i t   r e l a t i v e   r o t a t i o n  

55  b e t w e e n   r e a m e r   48  and  p r o d u c t i o n   p i p e   46.  P r e f e r a b l y  
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r^ - r -   v^ i ^c io   u u i e   n o i e   d  w i t n o u t   any  r o t a t i o n   a t   a l l  
a l t h o u g h   in  some  i n s t a n c e s   i t   may  be  d e s i r a b l e   to  r o t a t e   a  
p r o d u c t i o n   c o n d u i t   b e i n g   i n s t a l l e d .   S w i v e l   body   50  has   a  
c l e v i s   d e f i n i n g   two  s p a c e d   arms  60  on  t h e   s i d e   t h e r e o f  

05  o p p o s i t e   s h a f t   54,  and  an  e x t e n s i o n   62  on  a  s l e e v e   66  i s  
p i v o t a l   ly  c o n n e c t e d   to  arms  60  by  p i n   or  b o l t   6 4 .  

S l e e v e   66  i s   shown  in  P i g .   6  t h r e a d e d   o n t o   an  end  o f  
p r o d u c t i o n   p i p e   46  w h i c h   i s   f o r m e d   of   a  p l u r a l i t y   o f  
w e l d e d   s e c t i o n s   as  common  f o r   p i p e l i n e s .   I t   i s   to   b e  

10  u n d e r s t o o d ,   h o w e v e r ,   as  w e l l   known  in  t h e   a r t ,   t h a t  
s l e e v e   66  c o u l d   be  s e c u r e d   by  o t h e r   means   to   a  p r o d u c t i o n  
c o n d u i t ,   s u c h   a s ,   f o r   e x a m p l e ,   by  w e l d i n g ,   b o l t e d   c o n -  
n e c t i o n ,   or  o t h e r   t y p e s   of   t h r e a d e d   c o n n e c t i o n s .   R e a m -  
er   48  i s   of   a  d i a m e t e r   l a r g e r   t h a n   a  d i a m e t e r   of   p r o d u c -  

15  t i o n   c a s i n g   46  so  as  to  fo rm  a  s u i t a b l e   a n n u l u s   68  in  t h e  
e n l a r g e d   d i a m e t e r   o p e n i n g   D.  For   e x a m p l e ,   i f   p r o d u c t i o n  
c a s i n g   or   p i p e   46  i s   of   a  d i a m e t e r   of   t w e n t y   i n c h e s   ( 2 0 " ) ,  
r e a m e r   48  may  be  of   a  t h i r t y   i n c h   (30")   d i a m e t e r   t o  
p r o v i d e   a  f i v e   i n c h   (5")  a n n u l u s   68  a b o u t   t h e   p e r i p h e r y   o f  

!0  p i p e   46.  A n n u l u s   68  may  be  u t i l i z e d   f o r   c e m e n t i n g   o f  
c o n d u i t   46  in  p o s i t i o n .  

A f t e r   p i p e   46  has   b e e n   p u l l e d   t h r o u g h   t h e   e n l a r g e d  
o p e n i n g   D  f rom  s u r f a c e   l o c a t i o n   a t   o p e n i n g   0,  s l e e v e   66  i s  
r e m o v e d   f rom  p r o d u c t i o n   c a s i n g   46  and  p r o d u c t i o n   c a s i n g   46 

5  may  be  c e m e n t e d   or  s e c u r e d   in  p o s i t i o n .  
R e f e r r i n g   to  F i g .   7,  a  m o d i f i e d   fo rm  of   end  s e c t i o n  

is   shown  a t   10D  f o r   an  i n - h o l e   m o t o r   70  w h i c h   i s   u s e d  
w h e r e   r e l a t i v e l y   h a r d   f o r m a t i o n s   may  be  e n c o u n t e r e d .  
I n - h o l e   m o t o r   shown  a t   70  i s   p o s i t i o n e d   w i t h i n   an  e n l a r g e d  

0  d i a m e t e r   end  p o r t i o n   71  of  d r i l l   s t r i n g   s e c t i o n   10D  and  i s  
a  h y d r a u l i c   m o t o r   d r i v e n   by  d r i l l i n g   f l u i d   r e c e i v e d   by  t h e  
d r i l l   s t r i n g .   The  l o n g i t u d i n a l   a x i s   of   t h e   d r i l l   s t r i n g  
is   shown  a l o n g   l i n e   72  w h i l e   t h e   l o n g i t u d i n a l   a x i s   of   t h e  
r o t a t i n g   d r i l l   b i t   s h a f t   74  i s   shown  a t   76.  A  d r i l l  

5  b i t   78  i s   c o n n e c t e d   to  t h e   end  of  s h a f t   74  f o r   r o t a t i o n  
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t n e r e w i t h .   W h i l e   h y d r a u l i c   m o t o r   70  is   shown  s c h e m a t i -  

c a l l y   in  F i g .   7  as  b e i n g   s e p a r a t e   and  l a r g e r   t h a n  
s h a f t   74,  i t   is   to  be  u n d e r s t o o d ,   as  w e l l   known  in  t h e  

a r t ,   t h a t   m o t o r   70  and  s h a f t   74  may  be  c o m b i n e d   and  of  a  
05  s i n g l e   c o n t i n u o u s   d i a m e t e r   s u c h   as  i l l u s t r a t e d   s c h e m a t -  

i c a l l y   by  s h a f t   7 4 .  

I t   is   n o t e d   t h a t   a x i s   76  i s   o f f s e t   f rom  b u t   p a r a l l e l  
to  a x i s   72  to  a i d   in  d e f l e c t i n g   end  s e c t i o n   10D  a  p r e d e -  
t e r m i n e d   a m o u n t   in  t h e   d e s i r e d   d i r e c t i o n   of  t r a v e l .   W h i l e  

10  a x i s   76  is   shown  as  o f f s e t   a b o v e   a x i s   72  in  F i g .   7  t o  
d e f l e c t   end  s e c t i o n   10D  u p w a r d l y ,   i t   may  be  o f f s e t   l a t e r -  

a l l y   or  d o w n w a r d l y   by  l i m i t e d   r o t a t i o n   of  t h e   d r i l l   s t r i n g  
t h r o u g h   a  d e f i n e d   a n g l e   i f   a  d i f f e r e n t   p a t h   of  t r a v e l   i s  
d e s i r e d .   I t   is   n o t e d   t h a t   o t h e r   p a r a m e t e r s   may  be  u t i l -  

15  i z e d   to  a i d   in  t h e   c o n t r o l   of  d i r e c t i o n   of   t h e   d r i l l  

s t r i n g   a l o n g   t h e   d e s i r e d   t r a v e l   p a t h   P  as  i n d i c a t e d   a b o v e  
f o r   t h e   e m b o d i m e n t   shown  in  F i g .   5,  a n d ,   in  a d d i t i o n ,   t h e  

s p e e d   of   r o t a t i o n   of  d r i l l   b i t   78.  E n l a r g e d   d i a m e t e r   e n d  

p o r t i o n   71  has   a  b e v e l e d   l e a d i n g   end  79  w h i c h   r i d e s   a l o n g  
20  t h e   s u r f a c e   80  of   b o r e   B  o p p o s i t e   t h e   d i r e c t i o n   of   t h e  

o f f s e t   and  as  a  r e s u l t   of   t h e   o f f s e t   d i r e c t s   b i t   78  in  t h e  
d i r e c t i o n   of   t h e   o f f s e t .   The  a m o u n t   of   o f f s e t   a l o n g   w i t h  
t h e   o t h e r   p a r a m e t e r s   s e t   f o r t h   f o r   t h e   e m b o d i m e n t   o f  

F i g .   5,  and  t h e   s p e e d   of   r o t a t i o n   of   d r i l l   b i t   78,  d e t e r -  
25  mine   t h e   a m o u n t   of  d e v i a t i o n   or  d e f l e c t i o n .   M o t o r   70,  a s  

w e l l   known  in  t h e   a r t ,   has   a  c o n v e n t i o n a l   s t a t o r   and  r o t o r  
w i t h   d r i v e   s h a f t   74  c o n n e c t e d   to   t h e   r o t o r .   D r i l l i n g  
f l u i d   p a s s e s   t h r o u g h   t h e   r o t o r   and  s t a t o r   to   e f f e c t   a  
r o t a t i o n   of  s h a f t   74  and  d r i l l   b i t   78,  as  w e l l   known  i n  

50  t h e   a r t .  

W h i l e   t h e   b o r e   h o l e   B  f o r m e d   by  d r i l l   b i t   78  i s  
i l l u s t r a t e d   d i a g r a m m a t i c a l   ly  in  F i g .   7  of   a  d i a m e t e r   n o t  

g r e a t e r   t h a n   t h e   d i a m e t e r   of  e n l a r g e d   end  p o r t i o n   71,  i t  
is   to   be  u n d e r s t o o d   t h a t   t h e   d i a m e t e r   of   b o r e   h o l e   B 

55  f o r m e d   by  b i t   78  i s   a l w a y s   of  a  d i a m e t e r   g r e a t e r   t h a n   t h e  
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d i a m e t e r   of  end  p o r t i o n   71  in  o r d e r   to  p r o v i d e   a  s u i t a b l e  

a n n u l u s   f o r   t h e   f l o w   of  d r i l l i n g   f l u i d   and  c u t t i n g s   f r o m  

d r i l l   b i t   7 8 .  

W h i l e   p r e f e r r e d   e m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n  

h a v e   b e e n   i l l u s t r a t e d   in   d e t a i l ,   i t   i s   a p p a r e n t   t h a t  

m o d i f i c a t i o n s   and  a d a p t a t i o n s   of  t h e   p r e f e r r e d   e m b o d i m e n t s  

w i l l   o c c u r   to   t h o s e   s k i l l e d   in  t h e   a r t .   H o w e v e r ,   i t   is   t o  

be  e x p r e s s l y   u n d e r s t o o d   t h a t   s u c h   m o d i f i c a t i o n s   a n d  

a d a p t a t i o n s   a r e   w i t h i n   t h e   s p i r i t   and  s c o p e   of   t h e   p r e s e n t  

i n v e n t i o n   as  s e t   f o r t h   in  t h e   f o l l o w i n g   c l a i m s .  
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WHAT  IS  CLAIMED  I S :  

1.  A p p a r a t u s   f o r   d r i l l i n g   an  a r c u a t e   u n d e r g r o u n d   p i l o t  
b o r e   h o l e   a l o n g   a  p r e d e t e r m i n e d   i n v e r t e d   a r c u a t e   p a t h  
b e t w e e n   two  s p a c e d   e a r t h   s u r f a c e   l o c a t i o n s ;   s a i d   a p p a r a t u s  

05  c o m p r i s i n g :  

a  d r i l l   p i p e   s t r i n g   i n c l u d i n g   a  p l u r a l i t y   of  c o n n e c t -  

ed  p i p e   s e c t i o n s   e x t e n d i n g   f rom  one  s u r f a c e   l o c a t i o n   i n t o  

a  b o r e   e n t r a n c e   o p e n i n g   of  t h e   p i l o t   b o r e   h o l e ;  

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

10  on  s a i d   p i p e   s t r i n g ;  

s a i d   d r i l l   p i p e   s t r i n g   h a v i n g   a  l e a d i n g   p i p e   s e c t i o n  

w i t h   a  d r i l l   b i t   t h e r e o n   and  b e i n g   of  a  f l e x i b i l i t y  

g r e a t e r   t h a n   t h e   o t h e r   p i p e   s e c t i o n s ;   a n d ,  

means   to   c i r c u l a t e   d r i l l i n g   f l u i d   d u r i n g   t h e   d r i l l i n g  

15  o p e r a t i o n .  

2.  A p p a r a t u s   as  s e t   f o r t h   in   c l a i m   1  w h e r e i n   t h e   i n -  

c r e a s e d   f l e x i b i l i t y   of   s a i d   l e a d i n g   p i p e   s e c t i o n   i s  

a c h i e v e d   by  s a i d   l e a d i n g   p i p e   s e c t i o n   b e i n g   of  a  d i a m e t e r  

l e s s   t h a n   t h e   o t h e r   p i p e   s e c t i o n s .  

20  3.  A p p a r a t u s   as  s e t   f o r t h   in  c l a i m   2  w h e r e i n   a  c r o s s o v e r  
sub  c o n n e c t s   t h e   l e a d i n g   p i p e   s e c t i o n   w i t h   t h e   a d j a c e n t  

p i p e   s e c t i o n .  

4.  A p p a r a t u s   as  s e t   f o r t h   in  c l a i m   2  w h e r e i n   b o t h   t h e  

l e a d i n g   p i p e   s e c t i o n   and  t h e   i m m e d i a t e l y   a d j a c e n t   p i p e  

25  s e c t i o n   have   a  d i a m e t e r   l e s s   t h a n   t h e   r e m a i n d e r   of  t h e  

p i p e   s e c t i o n s   t h e r e b y   to  fo rm  a  r e l a t i v e l y   l o n g   l e n g t h  
f l e x i b l e   end  f o r   t h e   d r i l l   s t r i n g .  

5.  A p p a r a t u s   as  s e t   f o r t h   in  c l a i m   2  w h e r e i n   t h e   d i a m e -  

t e r   of  t h e   l e a d i n g   p i p e   s e c t i o n   is   l e s s   t h a n   a r o u n d   t h r e e  
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(3)  i n c h e s   and  t he   d i a m e t e r   of  t h e   r e g u l a r   d r i l l   p i p e  
s e c t i o n s   is   more  t h a n   a r o u n d   t h r e e   (3)  i n c h e s .  

6.  A p p a r a t u s   f o r   d r i l l i n g   an  a r c u a t e   u n d e r g r o u n d   p i l o t  
b o r e   h o l e   a l o n g   a  p r e d e t e r m i n e d   i n v e r t e d   a r c u a t e   p a t h  

05  b e t w e e n   two  s p a c e d   s u r f a c e   l o c a t i o n s   in  one  d i r e c t i o n   o f  

t r a v e l ,   and  t h e n   r e a m i n g   an  e n l a r g e d   o p e n i n g   a l o n g   t h e  

p i l o t   b o r e   h o l e   in  an  o p p o s i t e   d i r e c t i o n   of   t r a v e l   w h i l e  

s i m u l t a n e o u s l y   p l a c i n g   a  p r o d u c t i o n   c o n d u i t   t h e r e i n ;   s a i d  

a p p a r a t u s   c o m p r i s i n g :  
10  a  d r i l l   p i p e   s t r i n g   i n c l u d i n g   a  p l u r a l i t y   of  t h r e a d e d  

c o n n e c t e d   p i p e   s e c t i o n s   e x t e n d i n g   f rom  one  s u r f a c e   l o c a -  
t i o n   i n t o   a  b o r e   e n t r a n c e   o p e n i n g   of   t h e   p i l o t   b o r e   h o l e ,  
s a i d   s t r i n g   i n c l u d i n g   p i p e   s e c t i o n s   of   d i f f e r e n t   s t r e n g t h s  
and  a  l e a d i n g   p i p e   s e c t i o n   w i t h   a  d r i l l   b i t   t h e r e o n ;  

15  means   a t   s a i d   one  s u r f a c e   l o c a t i o n   a p p l y i n g   a  t h r u s t  

on  s a i d   p i p e   s t r i n g   in  s a i d   one  d i r e c t i o n   of   t r a v e l   t o  
f o r c e   s a i d   p i p e   s t r i n g   in  a  t h r u s t   a c t i o n   a l o n g   t h e  

a r c u a t e   p a t h   in  s a i d   one  d i r e c t i o n   of  t r a v e l   to   an  e x i t  

o p e n i n g   a t   t h e   o t h e r   s u r f a c e   l o c a t i o n ;  
20  means   to  c i r c u l a t e   d r i l l i n g   f l u i d   t h r o u g h   s a i d   d r i l l  

s t r i n g   d u r i n g   t h e   d r i l l i n g   o p e r a t i o n ;  

a  r e a m e r   c o n n e c t e d   to   s a i d   d r i l l   s t r i n g   a t   t h e   o t h e r  
s u r f a c e   l o c a t i o n   a f t e r   t h e   p i l o t   b o r e   h o l e   i s   d r i l l e d  
b e t w e e n   s a i d   s p a c e d   s u r f a c e   l o c a t i o n s   to  form  an  e n l a r g e d  

25  o p e n i n g   a l o n g   t h e   p i l o t   b o r e   h o l e ;  

a  p r o d u c t i o n   c o n d u i t   c o n n e c t e d   to   s a i d   r e a m e r   a n d  

f o l l o w i n g   s a i d   r e a m e r   t h r o u g h   " the   e n l a r g e d   o p e n i n g   f o r m e d  

by  t h e   r e a m e r ;  
s a i d   means   a t   s a i d   one  s u r f a c e   l o c a t i o n   i n c l u d i n g  

30  means   f o r   p u l l i n g   s a i d   d r i l l   s t r i n g ,   s a i d   r e a m e r ,   and  s a i d  

p r o d u c t i o n   c o n d u i t   a l o n g   t h e   e n l a r g e d   o p e n i n g   in  a n  

o p p o s i t e   d i r e c t i o n   of  t r a v e l ,   s a i d   p u l l i n g   means   a t   s a i d  

one  s u r f a c e   l o c a t i o n   r o t a t i n g   s a i d   d r i l l   s t r i n g   and  r e a m e r  

s i m u l t a n e o u s l y   w i t h   t h e   p u l l i n g   a c t i o n ;   a n d  
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s a i d   means   to  c i r c u l a t e   d r i l l i n g   f l u i d   p r o v i d i n g  
d r i l l i n g   f l u i d   f o r   s a i d   r e a m e r   d u r i n g   t h e   r e a m i n g   o p e r a -  
t i o n .  

7.  A p p a r a t u s   as  se.t   f o r t h   in  c l a i m   6  w h e r e i n   s a i d   p i p e  

05  s e c t i o n s   a d j a c e n t   s a i d   means   a p p l y i n g   a  t h r u s t   a r e   of  a  
g r e a t e r   s t r e n g t h   t h a n   t h e   p i p e   s e c t i o n   a t   t h e   l e a d i n g   e n d  
of  s a i d   p i p e   s t r i n g .  

8.  A p p a r a t u s   as  s e t   f o r t h   in  c l a i m   6  w h e r e i n   t h e   d r i l l  
b i t   on  s a i d   l e a d i n g   p i p e   s e c t i o n   c o m p r i s e s   a  spud   b i t .  

10  9.  A p p a r a t u s   as  s e t   f o r t h   in  c l a i m   6  w h e r e i n   a  s w i v e l  
c o n n e c t s   s a i d   r e a m e r   and  s a i d   p r o d u c t i o n   c o n d u i t   to  e a c h  
o t h e r   to  p e r m i t   r e l a t i v e   r o t a t i o n   t h e r e b e t w e e n .  

10.  A p p a r a t u s   f o r   d r i l l i n g   an  a r c u a t e   u n d e r g r o u n d   p i l o t  
b o r e   h o l e   a l o n g   a  p r e d e t e r m i n e d   i n v e r t e d   a r c u a t e   p a t h  

15  b e t w e e n   two  s p a c e d   e a r t h   s u r f a c e   l o c a t i o n s ;   s a i d   a p p a r a t u s  
c o m p r i s i n g :  

a  d r i l l   p i p e   s t r i n g   i n c l u d i n g   a  p l u r a l i t y   of  c o n n e c t -  
ed  p i p e   s e c t i o n s   e x t e n d i n g   f rom  one  s u r f a c e   l o c a t i o n   i n t o  

a  b o r e   e n t r a n c e   o p e n i n g   of   t h e   p i l o t   b o r e   h o l e ;  
20  means   a t   s a i d   one  s u r f a c e   l o c a t i o n   to  a p p l y   a  t h r u s t  

on  s a i d   p i p e   s t r i n g ;  

s a i d   d r i l l   p i p e   s t r i n g   h a v i n g   a  l e a d i n g   p i p e   s e c t i o n  
w i t h   a  d r i l l   b i t   t h e r e o n   and  b e i n g   of  a  s t r e n g t h   l e s s   t h a n  
t h e   p i p e   s e c t i o n s   a d j a c e n t   s a i d   means   to  a p p l y   a  t h r u s t ;  

25  a n d  

means   to  c i r c u l a t e   d r i l l i n g   f l u i d   t h r o u g h   s a i d   d r i l l  

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

11.  A p p a r a t u s   as  s e t   f o r t h   in  c l a i m   10  w h e r e i n   s a i d  

l e a d i n g   p i p e   s e c t i o n   i s   of  a  s m a l l e r   d i a m e t e r   t h a n   t h e  
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d i a m e t e r   of  t h e   p i p e   s e c t i o n s   a d j a c e n t   s a i d   means   to  a p p l y  
a  t h r u s t .  

12.  A p p a r a t u s   as  s e t   f o r t h   in  c l a i m   10  w h e r e i n   s a i d  

l e a d i n g   p i p e   s e c t i o n   is   of  t he   same  d i a m e t e r   as  t h e  

05  r e m a i n i n g   p i p e   s e c t i o n s   b u t   has   a  d e c r e a s e d   w a l l   t h i c k -  

n e s s   . 

13.  A p p a r a t u s   as  s e t   f o r t h   in  c l a i m   10  w h e r e i n   s a i d  

l e a d i n g   p i p e   s e c t i o n   i s   of  t he   same  d i a m e t e r   as  t h e  

r e m a i n i n g   p i p e   s e c t i o n s   b u t   f o r m e d   of  a  more  f l e x i b l e   h i g h  
10  s t r e n g t h   m a t e r i a l   t h a n   a t   l e a s t   t h e   m a j o r i t y   of  t h e  

r e m a i n i n g   p i p e   s e c t i o n s .  

14.  A p p a r a t u s   f o r   d r i l l i n g   an  a r c u a t e   u n d e r g r o u n d   p i l o t  
b o r e   h o l e   a l o n g   a  p r e d e t e r m i n e d   i n v e r t e d   a r c u a t e   p a t h  
b e t w e e n   two  s p a c e d   s u r f a c e   l o c a t i o n s   in  one  d i r e c t i o n   o f  

15  t r a v e l ,   and  t h e n   r e a m i n g   an  e n l a r g e d   o p e n i n g   a l o n g   t h e  

p i l o t   b o r e   h o l e   in  an  o p p o s i t e   d i r e c t i o n   of  t r a v e l   w h i l e  

s i m u l t a n e o u s l y   p l a c i n g   a  p r o d u c t i o n   c o n d u i t   t h e r e i n ;   s a i d  

a p p a r a t u s   c o m p r i s i n g :  

a  d r i l l   p i p e   s t r i n g   i n c l u d i n g   a  p l u r a l i t y   of  t h r e a d e d  

20  c o n n e c t e d   p i p e   s e c t i o n s   e x t e n d i n g   f rom  one  s u r f a c e   l o c a -  

t i o n   i n t o   a  b o r e   e n t r a n c e   o p e n i n g   of   t h e   p i l o t   b o r e   h o l e ,  
s a i d   s t r i n g   i n c l u d i n g   p i p e   s e c t i o n s   of   d i f f e r e n t   s t r e n g t h s  
and  a  l e a d i n g   p i p e   s e c t i o n   w i t h   a  d r i l l   b i t   t h e r e o n ;  

a t   l e a s t   some  of   t h e   l e a d i n g   p i p e   s e c t i o n s   b e i n g   of   a  
25  r e d u c e d   s t r e n g t h   r e l a t i v e   to   a t   l e a s t   some  of  t h e   t r a i l i n g  

p i p e   s e c t i o n s ,   and  a t   l e a s t   some  of   t h e   l e a d i n g   p i p e  
s e c t i o n s   b e i n g   of  an  i n c r e a s e d   f l e x i b i l i t y   r e l a t i v e l y   t o  
a t   l e a s t   some  of  t h e   t r a i l i n g   p i p e   s e c t i o n s ;  

means   a t   s a i d   one  s u r f a c e   l o c a t i o n   a p p l y i n g   a  t h r u s t  
30  on  s a i d   p i p e   s t r i n g   in  s a i d   one  d i r e c t i o n   of  t r a v e l   t o  

f o r c e   s a i d   p i p e   s t r i n g   in  a  t h r u s t   a c t i o n   a l o n g   t h e  
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a r c u a t e   p a t h   in  s a i d   one  d i r e c t i o n   of  t r a v e l   to  an  e x i t  

o p e n i n g   a t   t he   o t h e r   s u r f a c e   l o c a t i o n ;  

means   to  c i r c u l a t e   d r i l l i n g   f l u i d   t h r o u g h   s a i d   d r i l l  

s t r i n g   d u r i n g   t h e   d r i l l i n g   o p e r a t i o n ;  
05  a  r e a m e r   c o n n e c t e d   to   s a i d   d r i l l   s t r i n g   a t   t h e   o t h e r  

s u r f a c e   l o c a t i o n   a f t e r   t h e   p i l o t   b o r e   h o l e   is  d r i l l e d  

b e t w e e n   s a i d   s p a c e d   s u r f a c e   l o c a t i o n s   to  fo rm  an  e n l a r g e d  

o p e n i n g   a l o n g   t h e   p i l o t   b o r e   h o l e ;  

a  p r o d u c t i o n   c o n d u i t   c o n n e c t e d   to  s a i d   r e a m e r   a n d  
10  f o l l o w i n g   s a i d   r e a m e r   t h r o u g h   t h e   e n l a r g e d   o p e n i n g   f o r m e d  

by  t h e   r e a m e r ;  
s a i d   means   a t   s a i d   one  s u r f a c e   l o c a t i o n   i n c l u d i n g  

means   f o r   p u l l i n g   s a i d   d r i l l   s t r i n g ,   s a i d   r e a m e r ,   and  s a i d  

p r o d u c t i o n   c o n d u i t   a l o n g   t h e   e n l a r g e d   o p e n i n g   in  a n  
15  o p p o s i t e   d i r e c t i o n   of   t r a v e l ,   s a i d   p u l l i n g   means   a t   s a i d  

one  s u r f a c e   l o c a t i o n   r o t a t i n g   s a i d   d r i l l   s t r i n g   and  r e a m e r  

s i m u l t a n e o u s l y   w i t h   t h e   p u l l i n g   a c t i o n ;   a n d  

means   o p e r a t i v e   ly  c o n n e c t i n g   t h e   p r o d u c t i o n   c o n d u i t  

to  t h e   r e a m e r ;  
20  s a i d   means   to   c i r c u l a t e   d r i l l i n g   f l u i d   p r o v i d i n g  

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

15.  A p p a r a t u s   as  s e t   f o r t h   in  c l a i m   14  w h e r e i n   t h e  

m a j o r i t y   of   t h e   p i p e   s e c t i o n s   in  s a i d   p i p e   s t r i n g   h a v e   a  
25  d i a m e t e r   o v e r   a r o u n d   t h r e e   (3)  i n c h e s .  

16.  A p p a r a t u s   f o r   d r i l l i n g   an  a r c u a t e   u n d e r g r o u n d   p i l o t  
b o r e   h o l e   a l o n g   a  p r e d e t e r m i n e d   i n v e r t e d   a r c u a t e   p a t h  
b e t w e e n   two  s p a c e d   s u r f a c e   l o c a t i o n s   in  one  d i r e c t i o n   o f  

t r a v e l ,   and  t h e n   r e a m i n g   an  e n l a r g e d   o p e n i n g   a l o n g   t h e  
30  p i l o t   b o r e   h o l e   in  an  o p p o s i t e   d i r e c t i o n   of  t r a v e l   w h i l e  

s i m u l t a n e o u s l y   p l a c i n g   a  p r o d u c t i o n   c o n d u i t   t h e r e i n ;   s a i d  

a p p a r a t u s   c o m p r i s i n g :  
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a  d r i l l   p i p e   s t r i n g   i n c l u d i n g   a  p l u r a l i t y   of  t h r e a d e d  
c o n n e c t e d   p i p e   s e c t i o n s   e x t e n d i n g   f rom  one  s u r f a c e   l o c a -  
t i o n   i n t o   a  b o r e   e n t r a n c e   o p e n i n g   of  t h e   p i l o t   b o r e   h o l e ,  
s a i d   s t r i n g   i n c l u d i n g   p i p e   s e c t i o n s   of   d i f f e r e n t   s t r e n g t h s  

05  and  a  l e a d i n g   p i p e   s e c t i o n   w i t h   a  spud   b i t   t h e r e o n ;  
s a i d   spud   b i t   h a v i n g   a  p l a n a r   f o r w a r d   end  p o r t i o n  

f o r m i n g   a  f l a t   f r o n t   f a c e   t h e r e o f ,   s a i d   f l a t   f a c e   h a v i n g   a  
d i s c h a r g e   o p e n i n g   f o r   r e c e i v i n g   and  d i s c h a r g i n g   h i g h  
v e l o c i t y   d r i l l i n g   f l u i d   d i r e c t l y   i n t o   t h e   a d j a c e n t   f o r m a -  

10  t i o n ,   and  an  i n t e r m e d i a t e   p l a n a r   p o r t i o n   s l a n t i n g   r e a r -  
w a r d l y   f rom  s a i d   f r o n t   f a c e   f o r   r i d i n g   a l o n g   t h e   s u r f a c e  
of  t h e   b o r e   h o l e ;  

means   a t   s a i d   one  s u r f a c e   l o c a t i o n   a p p l y i n g   a  t h r u s t  
on  s a i d   p i p e   s t r i n g   in  s a i d   one  d i r e c t i o n   of  t r a v e l   t o  

15  f o r c e   s a i d   p i p e   s t r i n g   in  a  t h r u s t   a c t i o n   a l o n g   t h e  
a r c u a t e   p a t h   in  s a i d   one  d i r e c t i o n   of   t r a v e l   to   an  e x i t  

o p e n i n g   a t   t h e   o t h e r   s u r f a c e   l o c a t i o n ;  

means   to  c i r c u l a t e   d r i l l i n g   f l u i d   t h r o u g h   s a i d   d r i l l  

s t r i n g   d u r i n g   t h e   d r i l l i n g   o p e r a t i o n ;  
20  a  r e a m e r   c o n n e c t e d   to  s a i d   d r i l l   s t r i n g   a t   t h e   o t h e r  

s u r f a c e   l o c a t i o n   a f t e r   t h e   p i l o t   b o r e   h o l e   is   d r i l l e d  
b e t w e e n   s a i d   s p a c e d   s u r f a c e   l o c a t i o n s   to   fo rm  an  e n l a r g e d  
o p e n i n g   a l o n g   t h e   p i l o t   b o r e   h o l e ;   a n d  

a  p r o d u c t i o n   c o n d u i t   c o n n e c t e d   to   s a i d   r e a m e r   a n d  
25  f o l l o w i n g   s a i d   r e a m e r   t h r o u g h   t h e   e n l a r g e d   o p e n i n g   f o r m e d  

by  t h e   r e a m e r ;  
s a i d   means   a t   s a i d   one  s u r f a c e   l o c a t i o n   i n c l u d i n g  

means   f o r   p u l l i n g   s a i d   d r i l l   s t r i n g ,   s a i d   r e a m e r ,   and  s a i d  

p r o d u c t i o n   c o n d u i t   a l o n g   t h e   e n l a r g e d   o p e n i n g   in  a n  
50  o p p o s i t e   d i r e c t i o n   of   t r a v e l ,   s a i d   p u l l i n g   means   a t   s a i d  

one  s u r f a c e   l o c a t i o n   r o t a t i n g   s a i d   d r i l l   s t r i n g   and  r e a m e r  
s i m u l t a n e o u s l y   w i t h   t h e   p u l l i n g   a c t i o n ;  

s a i d   means   to   c i r c u l a t e   d r i l l i n g   f l u i d   p r o v i d i n g  
d r i l l i n g   f l u i d   f o r   s a i d   r e a m e r   d u r i n g   t h e   r e a m i n g   o p e r a -  

55  t i o n .  
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17.  A p p a r a t u s   f o r   d r i l l i n g   a  p i l o t   b o r e   h o l e   as  s e t   f o r t h  

in  c l a i m   16  w h e r e i n   an  a r c u a t e   shoe   is  s e c u r e d   to  t h e  

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

spud   b i t   f o r   r i d i n g   a l o n g   a  s u r f a c e   of  t h e   b o r e   h o l e .  

05  18.  A p p a r a t u s   f o r   d r i l l i n g   a  p i l o t   b o r e   h o l e   as  s e t   f o r t h  

in  c l a i m   17  w h e r e i n   s a i d   spud   b i t   has   a  l o w e r   p l a n a r  

s h o u l d e r   a d j a c e n t   s a i d   a r c u a t e   shoe   f o r   r i d i n g   a l o n g   a  

s u r f a c e   of  t h e   b o r e   h o l e .  

19.  A  m e t h o d   f o r   d r i l l i n g   an  a r c u a t e   u n d e r g r o u n d   p i l o t  

10  b o r e   h o l e   a l o n g   a  p r e d e t e r m i n e d   a r c u a t e   p a t h   in  o n e  

d i r e c t i o n   of  t r a v e l   b e t w e e n   two  s u r f a c e   l o c a t i o n s ,   a n d  

t h e n   e n l a r g i n g   t h e   p i l o t   b o r e   h o l e   in  an  o p p o s i t e   d i r e c -  

t i o n   of  t r a v e l   b e t w e e n   t h e   s u r f a c e   l o c a t i o n s   to  r e c e i v e   a  

p r o d u c t i o n   c o n d u i t   t h e r e i n ,   t h e   b o r e   h o l e   b e i n g   d r i l l e d   b y  

15  a  d r i l l   p i p e "   s t r i n g   of  c o n n e c t e d   p i p e   s e c t i o n s   i n c l u d i n g   a  

l e a d i n g   d r i l l   p i p e   s e c t i o n   of   a  s m a l l e r   d i a m e t e r   t h a n   t h e  

d i a m e t e r   of  a t   l e a s t   t h e   m a j o r i t y   of  t h e   r e m a i n i n g   p i p e  

s e c t i o n s ,   s a i d   m e t h o d   c o m p r i s i n g   t h e   s t e p s   o f :  

a d v a n c i n g   t h e   s m a l l   d i a m e t e r   l e a d i n g   d r i l l   p i p e  

20  s e c t i o n   w i t h   a  d r i l l   b i t   t h e r e o n   in  one  d i r e c t i o n   o f  

t r a v e l   a l o n g   t h e   a r c u a t e   p a t h   f rom  a  s u r f a c e   e n t r y   l o c a -  

t i o n   to  a  s u r f a c e   e x i t   l o c a t i o n ;  

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

s e c t i o n   f rom  t h e   d r i l l   p i p e   s t r i n g   a f t e r   e x i t   f rom  t h e  

25  e x i t   l o c a t i o n ;  

a t t a c h i n g   a  r e a m e r   and  p r o d u c t i o n   c o n d u i t   c o n n e c t e d  

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

s m a l l   d i a m e t e r   l e a d i n g   p i p e   s e c t i o n   has   b e e n   r e m o v e d ;  

p u l l i n g   t h e   d r i l l   s t r i n g ,   r e a m e r ,   and  p r o d u c t i o n  

30  c o n d u i t   a l o n g   t he   p i l o t   b o r e   h o l e   f rom  t h e   e x i t   l o c a t i o n  

to  t h e   e a r t h   e n t r y   l o c a t i o n   in  an  o p p o s i t e   d i r e c t i o n   o f  

t r a v e l   w i t h   t he   r e a m e r   f o r m i n g   an  e n l a r g e d   o p e n i n g   t o  

r e c e i v e   t he   p r o d u c t i o n   c o n d u i t ;  
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r o t a t i n g   s a i d   d r i l l   s t r i n g   and  r e a m e r   d u r i n g   p u l l i n g  
t h e r e o f ;   a n d  

c i r c u l a t i n g   d r i l l i n g   f l u i d   t h r o u g h   s a i d   d r i l l   s t r i n g  
d u r i n g   t he   d r i l l i n g   and  r e a m i n g   o p e r a t i o n s .  

05  20.  A  m e t h o d   f o r   d r i l l i n g   an  a r c u a t e   u n d e r g r o u n d   p i l o t  
b o r e   h o l e   a l o n g   a  p r e d e t e r m i n e d   a r c u a t e   p a t h   in  o n e  
d i r e c t i o n   of   t r a v e l   b e t w e e n   two  s u r f a c e   l o c a t i o n s   d e f i n i n g  
an  e n t r a n c e   and  an  e x i t ,   and  t h e n   e n l a r g i n g   t h e   p i l o t   b o r e  
h o l e   in  an  o p p o s i t e   d i r e c t i o n   of  t r a v e l   b e t w e e n   t h e  

10  s u r f a c e   l o c a t i o n s   to   r e c e i v e   a  p r o d u c t i o n   c o n d u i t   t h e r e i n ,  
t h e   b o r e   h o l e   b e i n g   d r i l l e d   by  a  d r i l l   p i p e   s t r i n g   o f  
c o n n e c t e d   p i p e   s e c t i o n s   i n c l u d i n g   a  l e a d i n g   d r i l l   p i p e  
s e c t i o n   of  a  s t r e n g t h   l e s s   t h a n   t h e   s t r e n g t h   of  a t   l e a s t  
t h e   m a j o r i t y   of   t h e   r e m a i n i n g   p i p e   s e c t i o n s ;   s a i d   m e t h o d  

15  c o m p r i s i n g   t h e   s t e p s   o f :  

p r o v i d i n g   t h r u s t i n g   means   a t   t h e   s u r f a c e   e n t r a n c e  
l o c a t i o n   to   a d v a n c e   t h e   d r i l l   s t r i n g   and  s m a l l   d i a m e t e r  

l e a d i n g   d r i l l   p i p e   s e c t i o n   w i t h   a  d r i l l   b i t   t h e r e o n   in  o n e  
d i r e c t i o n   of   t r a v e l   a l o n g   t h e   a r c u a t e   p a t h ;  

20  c i r c u l a t i n g   d r i l l i n g   f l u i d   t h r o u g h   s a i d   d r i l l   s t r i n g  

d u r i n g   t h e   d r i l l i n g   o p e r a t i o n ;  

r e m o v i n g   t h e   s m a l l   d i a m e t e r   l e a d i n g   d r i l l   p i p e  
s e c t i o n   f rom  t h e   d r i l l   p i p e   s t r i n g   a f t e r   e x i t   f rom  t h e  
e x i t   l o c a t i o n ;  

25  a t t a c h i n g   a  r e a m e r   and  p r o d u c t i o n   c o n d u i t   c o n n e c t e d  
t h e r e t o   to  t h e   d r i l l   s t r i n g   a t   t h e   e x i t   l o c a t i o n   a f t e r   t h e  
s m a l l   d i a m e t e r   l e a d i n g   p i p e   s e c t i o n   has   b e e n   r e m o v e d ;  

p u l l i n g   t h e   d r i l l   s t r i n g ,   r e a m e r ,   and  p r o d u c t i o n  
c o n d u i t   a l o n g   t h e   p i l o t   b o r e   h o l e   f rom  t h e   e x i t   l o c a t i o n  

30  to  t h e   e n t r y   l o c a t i o n   in  an  o p p o s i t e   d i r e c t i o n   of   t r a v e l  
w i t h   t h e   r e a m e r   f o r m i n g   an  e n l a r g e d   o p e n i n g   to  r e c e i v e   t h e  

p r o d u c t i o n   c o n d u i t ;  

r o t a t i n g   s a i d   d r i l l   s t r i n g   and  r e a m e r   d u r i n g   p u l l i n g  
t h e r e o f ;   a n d  
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c i r c u l a t i n g   d r i l l i n g   f l u i d   t h r o u g h   s a i d   d r i l l   s t r i n g  
d u r i n g   t he   r e a m i n g   o p e r a t i o n .  

21.  A  m e t h o d   of   d r i l l i n g   an  a r c u a t e   u n d e r g r o u n d   p i l o t  
b o r e   h o l e   a l o n g   a  p r e d e t e r m i n e d   p a t h   b e t w e e n   two  s p a c e d  

05  s u r f a c e   l o c a t i o n s   u t i l i z i n g   a  spud   b i t   on  a  l e a d i n g   d r i l l  

p i p e   s e c t i o n   of  a  d r i l l   s t r i n g   w i t h   a  d i s c h a r g e   n o z z l e   i n  

a  l e a d i n g   p l a n a r   f r o n t   f a c e   of  t h e   b i t   d i r e c t l y   a d j a c e n t  
t h e   f o r m a t i o n   to  be  e x c a v a t e d   and  e r o d e d ;   s a i d   m e t h o d  

c o m p r i s i n g   t h e   s t e p s   o f :  

10  a d v a n c i n g   t h e   l e a d i n g   d r i l l   p i p e   s e c t i o n   of  t h e   d r i l l  

s t r i n g   h a v i n g   t h e   spud   b i t   t h e r e o n   w i t h   t h e   n o z z l e   in  s a i d  

p l a n a r   f a c e   p o s i t i o n e d   d i r e c t l y   a d j a c e n t   t h e   f o r m a t i o n   t o  
be  e x c a v a t e d   f rom  a  s u r f a c e   e n t r y   l o c a t i o n   to   a  s u r f a c e  
e x i t   l o c a t i o n ;  

15  and  d i s c h a r g i n g   d r i l l i n g   f l u i d   f rom  s a i d   n o z z l e   in  a  
j e t   p a r a l l e l   to  b u t   o f f s e t   f rom  t h e   l o n g i t u d i n a l   a x i s   o f  
s a i d   d r i l l   p i p e   s e c t i o n   to  a i d   in  g u i d i n g   t h e   d r i l l   p i p e  
s e c t i o n   a l o n g   t h e   p r e d e t e r m i n e d   p a t h .  

22.  The  m e t h o d   of  d r i l l i n g   an  a r c u a t e   u n d e r g r o u n d   p i l o t  
20  b o r e   h o l e   as  s e t   f o r t h   in  c l a i m   21  and  f u r t h e r   i n c l u d i n g  

t he   s t e p   of  p r o v i d i n g   a  p r e d e t e r m i n e d   p a r t i a l   r o t a t i o n   o f  
s a i d   l e a d i n g   d r i l l   p i p e   s e c t i o n   and  s a i d   spud   b i t   t h e r e b y  
to  c h a n g e   t h e   d i r e c t i o n   of  o f f s e t   and  t h e   d e v i a t i o n   of  t h e  

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

25  23.  A p p a r a t u s   f o r   d r i l l i n g   a  p i l o t   b o r e   h o l e   a l o n g   a  
p r e d e t e r m i n e d   u n d e r g r o u n d   a r c u a t e   p a t h   b e t w e e n   two  s p a c e d  
s u r f a c e   l o c a t i o n s   c o m p r i s i n g :  

a  d r i l l   p i p e   s t r i n g   i n c l u d i n g   a  p l u r a l i t y   of  c o n n e c t -  
ed  d r i l l   p i p e   s e c t i o n s   e x t e n d i n g   f rom  one  s u r f a c e   l o c a t i o n  

30  i n t o   a  b o r e   e n t r a n c e   o p e n i n g   of  t h e   p i l o t   b o r e   h o l e   a n d  

h a v i n g   a  l e a d i n g   p i p e   s e c t i o n ;  
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means   a t   s a i d   one  s u r f a c e   l o c a t i o n   to   a p p l y   an  a x i a l  
t h r u s t   to  s a i d   p i p e   s t r i n g ;  

means   to  c i r c u l a t e   d r i l l i n g   f l u i d   t h r o u g h   s a i d   d r i l l  
p i p e   s t r i n g   d u r i n g   t h e   d r i l l i n g   o p e r a t i o n ;   a n d  

05  a  spud   b i t   on  t h e   l e a d i n g   p i p e   s e c t i o n   of  s a i d   p i p e  
s t r i n g   h a v i n g   a  l e a d i n g   end  f a c e   t h e r e o n   and  f l u i d   d i s -  
c h a r g e   n o z z l e   means   on  s a i d   end  f a c e   f o r   d i s c h a r g i n g  
d r i l l i n g   f l u i d   in  a  j e t   o f f s e t   f rom  t h e   l o n g i t u d i n a l   a x i s  
of  s a i d   l e a d i n g   p i p e   s e c t i o n   to  a i d   in  g u i d i n g   t h e   p i p e  

10  s t r i n g   a l o n g   t h e   p r e d e t e r m i n e d   a r c u a t e   p a t h ,   s a i d   l e a d i n g  
d r i l l   p i p e   s e c t i o n   and  s a i d   spud   b i t   a d a p t e d   to  be  p a r -  
t i a l l y   r o t a t e d   a  p r e d e t e r m i n e d   a m o u n t   to   c h a n g e   t h e  
d e v i a t i o n   of   o f f s e t   of   s a i d   n o z z l e   means   and  t h e   d e v i a t i o n  
of  t h e   l e a d i n g   d r i l l   p i p e   s e c t i o n .  

15  24.  A p p a r a t u s   f o r   d r i l l i n g   a  p i l o t   b o r e   h o l e   as  s e t   f o r t h  
in  c l a i m   23  w h e r e i n   an  a r c u a t e   s h o e   i s   s e c u r e d   to   t h e  
o u t e r   p e r i p h e r y   of   t h e   l e a d i n g   p i p e   s e c t i o n   a d j a c e n t   s a i d  
spud   b i t   f o r   r i d i n g   a l o n g   t h e   s u r f a c e   of   t h e   b o r e   h o l e  
o p p o s i t e   t h e   d e s i r e d   d i r e c t i o n   of  d e v i a t i o n .  

20  25.  A p p a r a t u s   f o r   d r i l l i n g   a  p i l o t   b o r e   h o l e   as  s e t   f o r t h  
in  c l a i m   23  w h e r e i n   s a i d   spud   b i t   has   a  l o w e r   p l a n a r  
s h o u l d e r   a d j a c e n t   s a i d   a r c u a t e   s h o e   f o r   r i d i n g   a l o n g   t h e  
s u r f a c e   of  t h e   b o r e   h o l e   o p p o s i t e   t h e   d e s i r e d   d i r e c t i o n   o f  
d e v i a t i o n .  

25  26.  A  m e t h o d   of  d r i l l i n g   an  a r c u a t e   u n d e r g r o u n d   p i l o t  
b o r e   h o l e   a l o n g   a  p r e d e t e r m i n e d   p a t h   b e t w e e n   two  s p a c e d  
s u r f a c e   l o c a t i o n s   u t i l i z i n g   a  spud   b i t   on  a  l e a d i n g   d r i l l  
p i p e   s e c t i o n   of  a  d r i l l   s t r i n g   w i t h   d i s c h a r g e   n o z z l e   m e a n s  
in  a  l e a d i n g   f r o n t   f a c e   of   t h e   b i t   d i r e c t l y   a d j a c e n t   t o  

30  t h e   f o r m a t i o n   to  be  e x c a v a t e d   and  e r o d e d ;   s a i d   m e t h o d  
c o m p r i s i n g   t h e   s t e p s   o f :  
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a d v a n c i n g   t h e   l e a d i n g   d r i l l   p i p e   s e c t i o n   of  t h e   d r i l l  

s t r i n g   h a v i n g   t h e   spud   b i t   t h e r e o n   w i t h   s a i d   n o z z l e   m e a n s  
in  s a i d   f r o n t   f a c e   p o s i t i o n e d   d i r e c t l y   a d j a c e n t   t h e  
f o r m a t i o n   to  be  e x c a v a t e d   f rom  a  s u r f a c e   e n t r a n c e   l o c a t i o n  

05  to  a  s u r f a c e   e x i t   l o c a t i o n ;  

d i s c h a r g i n g   d r i l l i n g   f l u i d   f rom  s a i d   n o z z l e   means   i n  

a  j e t   w i t h   t h e   c e n t e r   of  t h e   d r i l l i n g   f l u i d   j e t   b e i n g  
d i s c h a r g e d   o f f s e t   f rom  t h e   l o n g i t u d i n a l   a x i s   of  t h e  

l e a d i n g   p i p e   s e c t i o n   to  a i d   in  g u i d i n g   t h e   p i p e   s t r i n g  
10  a l o n g   t h e   p r e d e t e r m i n e d   a r c u a t e   p a t h ;   a n d  

p r o v i d i n g   a  p r e d e t e r m i n e d   p a r t i a l   r o t a t i o n   of  t h e  

l e a d i n g   d r i l l   p i p e   s e c t i o n   and  t h e   spud   b i t   t h e r e b y   t o  

c h a n g e   t h e   d i r e c t i o n   of  o f f s e t   of  s a i d   n o z z l e   means   a n d  
t h e   d e v i a t i o n   of  t h e   l e a d i n g   p i p e   s e c t i o n .  

15  27.  A p p a r a t u s   f o r   d r i l l i n g   an  a r c u a t e   u n d e r g r o u n d   p i l o t  
b o r e   h o l e   a l o n g   a  p r e d e t e r m i n e d   i n v e r t e d   a r c u a t e   p a t h  
b e t w e e n   two  s p a c e d   s u r f a c e   l o c a t i o n s   in  one  d i r e c t i o n   o f  

t r a v e l ,   and  t h e n   r e a m i n g   an  e n l a r g e d   o p e n i n g   a l o n g   t h e  

p i l o t   b o r e   h o l e   in  an  o p p o s i t e   d i r e c t i o n   of  t r a v e l   f o r  
20  r e c e i v i n g   a  p r o d u c t i o n   c o n d u i t   t h e r e i n ;   s a i d   a p p a r a t u s  

c o m p r i s i n g :  

a  d r i l l   p i p e   s t r i n g   i n c l u d i n g   a  p l u r a l i t y   of   c o n n e c t -  
ed  t h r e a d e d   p i p e   s e c t i o n s   e x t e n d i n g   f rom  one  s u r f a c e  
l o c a t i o n   i n t o   a  b o r e   e n t r a n c e   o p e n i n g   of   t h e   p i l o t   b o r e  

25  h o l e ,   t h e   d r i l l   p i p e   s t r i n g   i n c l u d i n g   a  l e a d i n g   p i p e  
s e c t i o n   h a v i n g   a  spud   b i t   w i t h   a  l e a d i n g   f r o n t   f a c e  

t h e r e o n ;  

f l u i d   d i s c h a r g e   n o z z l e   means   on  s a i d   f r o n t   f a c e   f o r  

d i s c h a r g i n g   d r i l l i n g   f l u i d   in  a  j e t   h a v i n g   i t s   c e n t e r  

30  o f f s e t   f rom  t h e   l o n g i t u d i n a l   a x i s   of  s a i d   l e a d i n g   p i p e  
s e c t i o n   to  a i d   in  g u i d i n g   t h e   p i p e   s t r i n g   a l o n g   t h e  

p r e d e t e r m i n e d   a r c u a t e   p a t h ,   s a i d   l e a d i n g   d r i l l   p i p e  
s e c t i o n   and  s a i d   spud   b i t   a d a p t e d   to  be  p a r t i a l l y   r o t a t e d  
in  a  p r e d e t e r m i n e d   a m o u n t   to  c h a n g e   t h e   d i r e c t i o n a l   o f f s e t  
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or  s a i d   n o z z l e   means   and  t ne   d e v i a t i o n   of   t h e   l e a d i n g  
d r i l l   p i p e   s e c t i o n ;  

means   a t   s a i d   one  s u r f a c e   l o c a t i o n   a p p l y i n g   a  t h r u s t  
on  s a i d   p i p e   s t r i n g   in  s a i d   one  d i r e c t i o n   of  t r a v e l   t o  

05  f o r c e   s a i d   p i p e   s t r i n g   in  a  t h r u s t   a c t i o n   a l o n g   t h e  
a r c u a t e   p a t h   in  s a i d   one  d i r e c t i o n   of  t r a v e l   to  an  e x i t  
o p e n i n g   a t   t h e   o t h e r   s u r f a c e   l o c a t i o n ;  

means   to  c i r c u l a t e   d r i l l i n g   f l u i d   t h r o u g h   s a i d   d r i l l  
s t r i n g   d u r i n g   t h e   d r i l l i n g   o p e r a t i o n ;  

10  a  r e a m e r   c o n n e c t e d   to   s a i d   d r i l l   s t r i n g   a t   t h e   o t h e r  
s u r f a c e   l o c a t i o n   a f t e r   t h e   p i l o t   b o r e   h o l e   i s   d r i l l e d  
b e t w e e n   s a i d   s p a c e d   s u r f a c e   l o c a t i o n s   and  a f t e r   r e m o v a l   o f  
t h e   spud   b i t   f rom  t h e   d r i l l   s t r i n g ;  

s a i d   means   a t   s a i d   one  s u r f a c e   l o c a t i o n   i n c l u d i n g  
15  means   f o r   p u l l i n g   s a i d   d r i l l   s t r i n g   and  s a i d   r e a m e r   a l o n g  

t h e   p i l o t   b o r e   h o l e   in  t h e   o p p o s i t e   d i r e c t i o n   of   t r a v e l   t o  
fo rm  an  e n l a r g e d   o p e n i n g   f o r   r e c e i v i n g   a  p r o d u c t i o n  
c o n d u i t ,   s a i d   p u l l i n g   means   r o t a t i n g   s a i d   d r i l l   s t r i n g   a n d  
r e a m e r   s i m u l t a n e o u s l y   w i t h   t h e   p u l l i n g   a c t i o n .  

20  28.  A p p a r a t u s   f o r   d r i l l i n g   an  a r c u a t e   u n d e r g r o u n d   p i l o t  
b o r e   h o l e   as  s e t   f o r t h   in  c l a i m   27  w h e r e i n   t h e   l e a d i n g  
f r o n t   f a c e   of   s a i d   spud   b i t   i s   a  p l a n a r   f a c e   e x t e n d i n g   i n  
a  p l a n e   g e n e r a l l y   t r a n s v e r s e l y   of   t h e   l o n g i t u d i n a l   a x i s   o f  
t h e   d r i l l   s t r i n g   and  h a v i n g   a  p l u r a l i t y   of   d i s c h a r g e  

?5  n o z z l e s   t h e r e i n   f o r   d i s c h a r g i n g   d r i l l i n g   f l u i d   in  s t r e a m s  
d i r e c t l y   a g a i n s t   t h e   f o r m a t i o n ,   t h e   c e n t e r   of  t h e   mass   o f  
d i s c h a r g e d   f l u i d   b e i n g   o f f s e t   f rom  t h e   l o n g i t u d i n a l   a x i s  
of  t h e   d r i l l   s t r i n g .  

29.  A p p a r a t u s   f o r   d r i l l i n g   an  a r c u a t e   u n d e r g r o u n d   p i l o t  
50  b o r e   h o l e   as  s e t   f o r t h   in  c l a i m   27  w h e r e i n   t h e   l e a d i n g  

f r o n t   f a c e   of  s a i d   spud   b i t   is   a  p l a n a r   f a c e   e x t e n d i n g   i n  
a  p l a n e   g e n e r a l l y   t r a n s v e r s e l y   of  t h e   l o n g i t u d i n a l   a x i s   o f  
t h e   d r i l l   s t r i n g ,   and  s a i d   spud   b i t   has   an  i n c l i n e d   p l a n a r  
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l o w e r   s u r f a c e   e x t e n d i n g   f rom  s a i d   p l a n a r   f r o n t   f a c e   a n d  

a d a p t e d   to  r i d e   a l o n g   t h e   l o w e r   s u r f a c e   of  t h e   p i l o t   b o r e  
h o l e .  
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