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©  Method  and  system  of  drilling  deviated  wellbores. 
Directional  drilling  is  carried  out  with  a  rotary  drilling 

tool  having  a  drill  string  17,  a  drill  bit  19,  a  drill  motor  31  for 
rotating  the  drill  bit  independently  of  the  drill  string,  an 
extension  sub  32  having  both  axially  contracted  and  axially 
extended  positions  for  providing  weight  to  the  drill  bit  when 
moving  from  a  contracted  to  an  extended  position  so  as  to 
effect  a  drilling  stroke  by  the  drill  bit  into  the  wellbore  bottom 
when  drilling  with  the  drill  bit  independently  of  rotation  of 
the  drill  string  and  a  bent  sub  affixed  below  the  lower  end  of 
the  drill  string  for  angularly  displacing  the  axes  of  the  drill  bit 
and  extension  sub  from  the  axis  of  the  drill  string  so  as  to 
effect  a  deviation  of  the  wellbore. 



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  r o t a r y  

d r i l l i n g   and ,   more  p a r t i c u l a r l y ,   to  a  d i r e c t i o n a l  

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

s i g n i f i c a n t l y   g r e a t e r   i n c l i n a t i o n s   a n d / o r   o v e r  

h o r i z o n t a l   d i s t a n c e s   s u b s t a n t i a l l y   g r e a t e r   than   t h a t  

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

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

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

p r o j e c t s   as  p l a t f o r m   c o s t s   a re   a  m a j o r   f a c t o r   in  m o s t  

o f f s h o r e   p r o d u c t i o n   o p e r a t i o n s .   W e l l b o r e s   wi th   l a r g e  

i n c l i n a t i o n   or  h o r i z o n t a l   d i s t a n c e   o f f e r   s i g n i f i c a n t  

p o t e n t i a l   fo r   (1)  d e v e l o p i n g   o f f s h o r e   r e s e r v o i r s   n o t  

o t h e r w i s e   c o n s i d e r e d   to  be  e c o n o m i c a l ,   (2)  t a p p i n g  

s e c t i o n s   of  r e s e r v o i r s   p r e s e n t l y   c o n s i d e r e d   b e y o n d  

e c o n o m i c a l   or  t e c h n o l o g i c a l   r e a c h ,   (3)  a c c e l e r a t i n g  

p r o d u c t i o n   by  l o n g e r   i n t e r v a l s   in  t he   p r o d u c i n g  

f o r m a t i o n   due  to  t he   h igh   a n g l e   h o l e s ,   (4)  r e q u i r i n g  

f ewer   p l a t f o r m s   to  d e v e l o p   l a r g e   r e s e r v o i r s ,   ( 5 )  

p r o v i d i n g   an  a l t e r n a t i v e   for   some  s u b s e a   c o m p l e t i o n s ,  

and  (6)  d r i l l i n g   under   s h i p p i n g   f a i r w a y s   or  to  o t h e r  

a r e a s   p r e s e n t l y   u n r e a c h a b l e .  

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

a n g l e   d i r e c t i o n a l   d r i l l i n g .   In  g r e a t e r   p a r t i c u l a r i t y ,  

h o l e   i n c l i n a t i o n s   of  60°  or  g r e a t e r ,   c o m b i n e d   w i t h   l o n g  

s e c t i o n s   of  h o l e   or  c o m p l e x   w e l l b o r e   p r o f i l e s   p r e s e n t  

s i g n i f i c a n t   p r o b l e m s   which  need   to  be  o v e r c o m e .   T h e  

f o r c e   of  g r a v i t y ,   c o e f f i c i e n t s   of  f r i c t i o n ,   and  mud 

p a r t i c l e   s e t t l i n g   a re   the   m a j o r   p h y s i c a l   p h e n o m e n a   o f  

c o n c e r n .  



In  the  r o t a r y   d r i l l i n g   of  a  h i g h l y   d e v i a t e d  

w e l l b o r e   i n t o   the   e a r t h ,   a  d r i l l   s t r i n g   c o m p r i s e d   o f  

d r i l l   c o l l a r s   and  d r i l l   p i p e   i s   u sed   to  a d v a n c e   a  d r i l l  

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

the   w e l l b o r e .   As  the   i n c l i n a t i o n   of  the   w e l l b o r e  

i n c r e a s e s ,   the   d e s i r e d   w e i g h t - o n - b i t   for   e f f e c t i v e  

d r i l l i n g   f rom  the   d r i l l   s t r i n g   d e c r e a s e s   as  the   c o s i n e  

of  t he   i n c l i n a t i o n   a n g l e ,   and  the  w e i g h t   of  the   d r i l l  

s t r i n g   l y i n g   a g a i n s t   the   low  s i d e   of  the   w e l l b o r e  

i n c r e a s e s   as  the   s i n e   of  t he   i n c l i n a t i o n   a n g l e .   T h e  

f o r c e   r e s i s t i n g   the  movement   of  t he   d r i l l   s t r i n g   a l o n g  

the   i n c l i n e d   w e l l b o r e   i s   t he   p r o d u c t   of  the   a p p a r e n t  

c o e f f i c i e n t   of  f r i c t i o n   and  the   sum  of  the   f o r c e s  

p r e s s i n g   the   s t r i n g   a g a i n s t   t he   w a l l .   At  an  a p p a r e n t  

c o e f f i c i e n t   of  f r i c t i o n   of  a p p r o x i m a t e l y   0 .58   fo r   a  

common  w a t e r   b a s e   mud,  d r i l l   s t r i n g s   t e n d   to  s l i d e   i n t o  

t he   h o l e   f rom  the   f o r c e   of  g r a v i t y   at   i n c l i n a t i o n   a n g l e s  

up  to  a p p r o x i m a t e l y   60° .   At  h i g h e r   i n c l i n a t i o n   a n g l e s ,  

t he   d r i l l   s t r i n g s   w i l l   no t   l o w e r   f rom  the   f o r c e   o f  

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

p u l l e d ,   or  a l t e r n a t i v e l y ,   t he   c o e f f i c i e n t s   of  f r i c t i o n  

can  be  r e d u c e d .  

In  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ,   t h e r e  

i s   p r o v i d e d   a  me thod   and  s y s t e m   fo r   d r i l l i n g   a  d e v i a t e d  

w e l l b o r e   i n t o   the   e a r t h   by  r o t a r y   d r i l l i n g   w h e r e i n   a 

d r i l l   s t r i n g   is  used   to  a d v a n c e   a  d r i l l   b i t   t h r o u g h   t h e  

e a r t h   and  a  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   down  the   d r i l l  

s t r i n g   and  r e t u r n e d   f rom  the   w e l l b o r e   in  the  a n n u l u s  

f o r m e d   a b o u t   the  d r i l l   s t r i n g .  

A  v e r t i c a l   f i r s t   p o r t i o n   of  the   w e l l b o r e   i s  

d r i l l e d   i n t o   the  e a r t h   f rom  a  s u r f a c e   l o c a t i o n   to  a  

k i c k - o f f   p o i n t   by  r o t a t i n g   and  a d v a n c i n g   a  d r i l l   s t r i n g  

and  d r i l l   b i t   i n t o   the  e a r t h .   A  d e v i a t e d   s e c o n d   p o r t i o n  



is   i n i t i a t e d   at   the   k i c k - o f f   p o i n t   and  is  d r i l l e d   by  a 

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

d r i l l   m o t o r ,   and  an  e x t e n s i o n   sub  h a v i n g   bo th   c o n t r a c t e d  

and  e x t e n d e d   p o s i t i o n s   for   p r o v i d i n g   w e i g h t   to  the   d r i l l  

b i t   d u r i n g   movemen t   from  i t s   c o n t r a c t e d   to  i t s   e x t e n d e d  

p o s i t i o n .  

The  d r i l l   t o o l   is  p o s i t i o n e d   so  t h a t   the   d r i l l  

b i t   is  a  p r e d e t e r m i n e d   d i s t a n c e   a b o v e   the   w e l l b o r e  

b o t t o m .   A  r a p i d   d y n a m i c   movement   downward   is  i m p a r t e d  

to  the  d r i l l   t o o l   so  t h a t   the  d r i l l   b i t   i m p a c t s   t h e  

w e l l b o r e   b o t t o m   and  p l a c e s   the  e x t e n s i o n   sub  in  i t s  

c o n t r a c t e d   p o s i t i o n .   A  d r i l l i n g   s t r o k e   of  the   d r i l l   b i t  

i n t o   the   e a r t h   be low  the  w e l l b o r e   b o t t o m   is  c a r r i e d   o u t  

by  s i m u l t a n e o u s l y   m a i n t a i n i n g   the  d r i l l   s t r i n g  

s t a t i o n a r y ,   r o t a t i n g   the  d r i l l   b i t   unde r   c o n t r o l   of  t h e  

d r i l l   m o t o r ,   and  a d v a n c i n g   the  d r i l l   b i t   u n d e r   t h e  

w e i g h t   p r o v i d e d   by  the   e x t e n s i o n   sub  in  moving  f rom  i t s  

c o n t r a c t e d   p o s i t i o n   to  i t s   e x t e n d e d   p o s i t i o n .  

Upon  c o m p l e t i o n   of  the   d r i l l i n g   s t r o k e ,   t h e  

d r i l l   t o o l   is  r a i s e d   so  as  to  a g a i n   p o s i t i o n   the   d r i l l  

b i t   at   the   p r e d e t e r m i n e d   d i s t a n c e   above   the  w e l l b o r e  

b o t t o m .   A  new  d r i l l i n g   s t r o k e   is  t h e n   i n i t i a t e d .  

The  i m p a r t i n g   of  downward   movement   to  the   d r i l l  

t o o l   to  p l a c e   the   e x t e n s i o n   sub  in  the  c o n t r a c t e d  

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

s t r i n g ,   in  t he   o r d e r   of  150  r e v o l u t i o n s   per  m i n u t e ,   t o  

t ake   a d v a n t a g e   of  the   compound  c o e f f i c i e n t   of  f r i c t i o n  

p r i n c i p l e   and  the   r a p i d   l o w e r i n g   of  the   d r i l l   t o o l   f r o m  

a  d i s t a n c e   of  a b o u t   9 .15   m e t e r s   (30  f e e t )   above   t h e  

w e l l b o r e   b o t t o m .  

In  a  f u r t h e r   a s p e c t   of  the   i n v e n t i o n ,   b o t h   t h e  

d r i l l   b i t ' a n d   a x i a l   movement   of  the   e x t e n s i o n   sub  i n  

p r o v i d i n g   w e i g h t   on  the  d r i l l   b i t   a r e   a n g u l a r l y   d i r e c t e d  

r e l a t i v e   to  the   a x i a l   d i r e c t i o n   of  the   w e l l b o r e   so  as  t o  



e f f e c t   a  c h a n g e   in  the  d i r e c t i o n   of  the   w e l l b o r e .  

A  d e s i r e d   w e i g h t - o n - b i t   is   a t   l e a s t   9 , 0 8 0   Kg 

( 2 0 , 0 0 0   p o u n d s )   when  the  e x t e n s i o n   sub  is  s t r o k e d   f r o m  

i t s   c o n t r a c t e d   p o s i t i o n   and  a t   l e a s t   7 , 1 6 4   Kg  ( 1 6 , 0 0 0  

p o u n d s )   when  in  i t s   f u l l y   e x t e n d e d   p o s i t i o n .   In  o n e  

e m b o d i m e n t ,   the   w e i g h t   is  u n d e r   s p r i n g - l o a d e d   c o n t r o l .  

In  a l t e r n a t i v e   e m b o d i m e n t s ,   the   w e i g h t   is  u n d e r  

h y d r a u l i c   or  c o m p r e s s e d   gas  c o n t r o l .  

FIG.  1  is  a  s c h e m a t i c   d r a w i n g   of  a  d e v i a t e d  

w e l l b o r e   e x t e n d i n g   i n t o   t he   e a r t h   and  i l l u s t r a t e s   o n e  

e m b o d i m e n t   of  a  r o t a r y   d r i l l i n g   t o o l   u t i l i z e d   in  t h e  

p r e s e n t   i n v e n t i o n ;  

FIG.  2  is  a  more  d e t a i l e d   s c h e m a t i c   d r a w i n g   o f  

the  l o w e r   p o r t i o n   of  the  r o t a r y   d r i l l i n g   t o o l   of  FIG.  1 ;  

a n d  

FIG.  3  is  a  d i a g r a m m a t i c   d r a w i n g   i l l u s t r a t i n g  

the   d r i l l i n g   p a t t e r n   of  the   r o t a r y   d r i l l i n g   t o o l   o f  

FIGS.  1  and  2 .  

T h i s   i n v e n t i o n   is  d i r e c t e d   to  a  r o t a r y   d r i l l i n g  

t e c h n i q u e   fo r   d r i l l i n g   a  d e v i a t e d   w e l l b o r e   i n t o   t h e  

e a r t h   and ,   more  p a r t i c u l a r l y ,   to   a  m e t h o d   and  a p p a r a t u s  

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

d r i l l i n g   of  the   d e v i a t e d   w e l l b o r e .  

In  r o t a r y   d r i l l i n g   o p e r a t i o n s ,   a  d r i l l   s t r i n g  

i s   e m p l o y e d   which   is   c o m p r i s e d   of  d r i l l   p i p e ,   d r i l l  

c o l l a r s ,   and  a  d r i l l   b i t .   The  d r i l l   p i p e   is  made  up  o f  

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

c o n n e c t o r s   known  as  t o o l   j o i n t s .   The  d r i l l   p ipe   s e r v e s  

to  t r a n s m i t   r o t a r y   t o r q u e   and  d r i l l i n g   mud  from  a  

d r i l l i n g   r i g   to  the  b i t   and  to  form  a  t e n s i l e   member  t o  

p u l l   t he   d r i l l   s t r i n g   from  the  w e l l b o r e .   In  n o r m a l  

o p e r a t i o n s ,   the   d r i l l   p ipe   i s   a l w a y s   in  t e n s i o n   d u r i n g  



d r i l l i n g   o p e r a t i o n s .   D r i l l   p i p e   commonly  v a r i e s   f r o m  

8.9  cm  ( 3 - 1 / 2 " )   to  12 .7   cm  (5")  in  o u t s i d e   d i a m e t e r .  

D r i l l   c o l l a r s   a re   t h i c k - w a l l e d   p i p e   as  c o m p a r e d   to  d r i l l  

p i p e   and  t h u s   a re   h e a v i e r   per  l i n e a r   f o o t   t han   d r i l l  

p i p e .   The  d r i l l   c o l l a r s   a c t   as  s t i f f   members   of  t h e  

d r i l l   s t r i n g .   The  d r i l l   c o l l a r s   a re   n o r m a l l y   i n s t a l l e d  

in  the  d r i l l   s t r i n g   i m m e d i a t e l y   above   the  b i t   and  s e r v e  

to  s u p p l y   w e i g h t   on  the   b i t .  

In  c a r r y i n g   ou t   r o t a r y   d r i l l i n g   t e c h n i q u e s ,   a 

d r i l l i n g   r ig   is  e m p l o y e d   which   u t i l i z e s   a  r o t a r y   t a b l e  

for   a p p l y i n g   t o r q u e   to  the  top  of  the   d r i l l   s t r i n g   t o  

r o t a t e   the  d r i l l   p i p e   and  the  d r i l l   b i t .   The  r o t a r y  

d r i l l   t a b l e   a l s o   a c t s   as  a  b a s e   s t a n d   on  which  a l l  

t u b u l a r s ,   such  as  d r i l l   p i p e ,   d r i l l   c o l l a r s ,   and  c a s i n g ,  

a re   s u s p e n d e d   in  t he   h o l e   f rom  the   r i g   f l o o r .   A  k e l l y  

is  used   as  a  top   t u b u l a r   member  in  the   d r i l l   s t r i n g   a n d  

the  k e l l y   p a s s e s   t h r o u g h   the   r o t a r y   t a b l e   and  is  a c t e d  

upon  by  the  r o t a r y   t a b l e   to  a p p l y   the  t o r q u e   t h r o u g h   t h e  

d r i l l   p i p e   to  the   d r i l l   b i t .   Mud  pumps  a re   used   f o r  

c i r c u l a t i n g   d r i l l i n g   f l u i d   or  mud  i n t e r m e d i a t e   t h e  

d r i l l i n g   r i g   and  the   b o t t o m   of  the  w e l l b o r e .   N o r m a l l y ,  

the  d r i l l i n g   f l u i d   i s   pumped  down  the  d r i l l   s t r i n g   a n d  

out   t h r o u g h   the   d r i l l   b i t   and  is   r e t u r n e d   to  the  s u r f a c e  

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

d r i l l i n g   f l u i d   s e r v e s   such  p u r p o s e s   as  r e m o v i n g   e a r t h  

c u t t i n g s   made  by  the   d r i l l   b i t   f rom  the   w e l l b o r e ,  

c o o l i n g   the  b i t ,   and  l u b r i c a t i n g   the  d r i l l   p ipe   t o  

l e s s e n   the  e n e r g y   r e q u i r e d   in  r o t a t i o n .   In  c o m p l e t i n g  

the  w e l l ,   c a s i n g   i s   n o r m a l l y   run   t h e r e i n t o   and  i s  

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

c a s i n g   in  p l a c e .  

In  the  d r i l l i n g   of  a  d e v i a t e d   w e l l b o r e ,   t h e r e  

may  p r e f e r a b l y   be  d r i l l e d   a  v e r t i c a l   f i r s t   p o r t i o n   o f  

the   w e l l b o r e   i n t o   t he   e a r t h ' s   c r u s t   from  a  s u r f a c e  



l o c a t i o n   to  a  k i c k - o f f   p o i n t   a t   a b o u t   the   lower   end  o f  

the  f i r s t   p o r t i o n   by  r o t a t i n g   and  a d v a n c i n g   a  d r i l l  

s t r i n g   and  d r i l l   b i t   i n t o   the   e a r t h ' s   c r u s t .   A  d e v i a t e d  

s e c o n d   p o r t i o n   of  the   w e l l b o r e   is   i n i t i a t e d   at  t h e  

k i c k - o f f   p o i n t .  

R e f e r r i n g   to  FIG.  1,  t h e r e   is  shown  a  w e l l b o r e  

1  h a v i n g   a  v e r t i c a l   f i r s t   p o r t i o n   3  t h a t   e x t e n d s   f r o m  

the  s u r f a c e   5  of  the   e a r t h   to  a  k i c k - o f f   p o i n t   7  and  a  

d e v i a t e d   s e c o n d   p o r t i o n   9  of  the   w e l l b o r e   which  e x t e n d s  

from  the   k i c k - o f f   p o i n t   7  to  the   w e l l b o r e   b o t t o m   11.  A 

s h a l l o w   or  s u r f a c e   c a s i n g   s t r i n g   13  is  shown  in  t h e  

w e l l b o r e   s u r r o u n d e d   by  a  c e m e n t   s h e a t h   15.  A  d r i l l  

s t r i n g   17,  h a v i n g   a  d r i l l   b i t   19  at  the   l ower   e n d  

t h e r e o f ,   i s   shown  in  the   w e l l b o r e   1.  The  d r i l l   s t r i n g  

17  is   c o m p r i s e d   of  d r i l l   p i p e   21  and  the  d r i l l   b i t   1 9 ,  

and  w i l l   n o r m a l l y   i n c l u d e   d r i l l   c o l l a r s   ( no t   s h o w n ) .  

The  d r i l l   p i p e   21  is  c o m p r i s e d   of  j o i n t s   of  p ipe   t h a t  

a re   i n t e r c o n n e c t e d   t o g e t h e r   by  e i t h e r   c o n v e n t i o n a l   o r  

e c c e n t r i c   t o o l   j o i n t s   25,  in  the   v e r t i c a l   f i r s t   p o r t i o n  

3  of  the   w e l l b o r e   e x t e n d i n g   in  the   open  h o l e   p o r t i o n  

t h e r e o f   be low  the  c a s i n g   13  as  w e l l   as  in  the  d e v i a t e d  

s e c o n d   p o r t i o n   9  of  the   w e l l b o r e .   The  t o o l   j o i n t s   25  i n  

the  d e v i a t e d   s e c o n d   p o r t i o n   9  of  the  w e l l b o r e   r e s t   o n  

the   l ower   s i d e   27  of  the   w e l l b o r e   and  s u p p o r t   the  d r i l l  

p i p e   21  above   the  l o w e r   s i d e   27  of  the   w e l l b o r e .  

In  d r i l l i n g   of  the   d e v i a t e d   w e l l b o r e ,   d r i l l i n g  

f l u i d   ( n o t   shown)   is  c i r c u l a t e d   down  the   d r i l l   s t r i n g  

17,  out   of  the   d r i l l   b i t   19,  and  r e t u r n e d   v i a   t h e  

a n n u l u s   29  of  the  w e l l b o r e   to  the   s u r f a c e   5  of  t h e  

e a r t h .   D r i l l   c u t t i n g s   f o rmed   by  the  b r e a k i n g   of  t h e  

e a r t h   by  the  d r i l l   b i t   19  a re   c a r r i e d   by  the  r e t u r n i n g  

d r i l l i n g   f l u i d   in  the  a n n u l u s   29  to  the   s u r f a c e   of  t h e  

e a r t h .   These   d r i l l   c u t t i n g s   ( n o t   shown)  t end   to  s e t t l e  

a l o n g   the   l ower   s i d e   27  of  the  w e l l b o r e   a b o u t   the  d r i l l  



p i p e   21.  The  e c c e n t r i c   t o o l   j o i n t s   25  r e s t i n g   on  t h e  

lower   s i d e   27  of  the   w e l l b o r e   s u p p o r t   the   d r i l l   p ipe   21 

above   most  of  t h e s e   c u t t i n g s .   D u r i n g   d r i l l i n g  

o p e r a t i o n s ,   the   d r i l l   s t r i n g   17  is  r o t a t e d   and  t h e  

r o t a t i o n   of  the   e c c e n t r i c   t o o l   j o i n t s   25  c a u s e s   t h e  

d r i l l   p ipe   21  to  be  e c c e n t r i c a l l y   moved  in  t h e  

w e l l b o r e .   T h i s   movement   of  the  d r i l l   p i p e   21  t e n d s   t o  

sweep  the  d r i l l   c u t t i n g s   (no t   shown)  f rom  the  lower   s i d e  

of  the  w e l l b o r e   27  i n t o   the  main  s t r e a m   of  f low  of  t h e  

r e t u r n i n g   d r i l l i n g   f l u i d   in  the  a n n u l u s   29,  and  i n  

p a r t i c u l a r   i n t o   t h a t   p a r t   of  the  a n n u l u s   which  l i e s  

a r o u n d   the   uppe r   s i d e   of  the  d r i l l   p i p e   21,  where   t h e y  

are   b e t t e r   c a r r i e d   by  the   r e t u r n i n g   d r i l l i n g   f l u i d   t o  

the  s u r f a c e   of  the   e a r t h .  

M a i n t a i n i n g   the   d e s i r e d   w e i g h t   on  the  d r i l l   b i t  

19  is  a  s e r i o u s   p r o b l e m   in  d r i l l i n g   h i g h - a n g l e  

w e l l b o r e s .   For  e x a m p l e ,   a  d r i l l   c o l l a r ,   l a y i n g   in  a n  

80°  d e v i a t e d   w e l l b o r e   w i t h   a  z e ro   c o e f f i c i e n t   o f  

f r i c t i o n   has  o n l y   17%  of  i t s   w e i g h t   a v a i l a b l e   f o r  

p u s h i n g   on  the   d r i l l   b i t .   A  0.2%  c o e f f i c i e n t   o f  

f r i c t i o n   m i g h t   be  e x p e c t e d   wi th   o i l   mud  on  a  s l i d i n g  

smooth   s u r f a c e .   At  t h i s   c o e f f i c i e n t   of  f r i c t i o n ,   t h e  

d r i l l   c o l l a r   w i l l   not   s l i d e   from  the   f o r c e   of  g r a v i t y  

i n t o   the   80°  w e l l b o r e   and  w i l l   not   add  any  w e i g h t   to  t h e  

d r i l l   b i t .   The  a c t u a l   a p p a r e n t   c o e f f i c i e n t   of  f r i c t i o n  

in  the   a x i a l   d i r e c t i o n   w i l l   most  l i k e l y   be  g r e a t e r   t h a n  

0.2  w i th   a  n o n - r o t a t i n g   d r i l l   s t r i n g ,   and ,   by  t h e  

p r i n c i p l e   of  compound   c o e f f i c i e n t   of  f r i c t i o n ,   b e  

b e t w e e n   0.0  and  0 .2   for   a  r o t a t i n g   d r i l l   s t r i n g .   T h e  

e d g e s   of  the  n o n - r o t a t i n g   t o o l   j o i n t s   and  a n y  
s t a b i l i z e r s   w i l l   d ig   i n t o   the  w e l l b o r e   w a l l ,   t h e r e b y  

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

a x i a l   d i r e c t i o n .   An  even  g r e a t e r   p r o b l e m   w i l l   b e  

m a i n t a i n i n g   w e i g h t - o n - b i t   when  d i r e c t i o n a l l y   d r i l l i n g  



w i t h   a  mud  mo to r   w i t h o u t   r o t a t i o n   of  the  d r i l l i n g   s t r i n g  

s i n c e   the   d r i l l   s t r i n g   w i l l   p r o v i d e   no  w e i g h t   to  t h e  

d r i l l   b i t .  

I t   i s ,   t h e r e f o r e ,   a  s p e c i f i c   f e a t u r e   of  t h e  

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

p r o v i d i n g   such   w e i g h t - o n - b i t   when  d r i l l i n g   wi th   a  mud 

motor   and  a  s t a t i o n a r y   d r i l l   s t r i n g .   FIG.  2  i l l u s t r a t e s  

such  a p p a r a t u s   in  d e t a i l .   L o c a t e d   b e t w e e n   the  l o w e r m o s t  

d r i l l   c o l l a r   26  and  the   d r i l l   b i t   19  a re   t h e  

m e a s u r i n g - w h i l e - d r i l l i n g   sub  30,  the   mud  motor   31  a n d  

the  e x t e n s i o n   sub  32.  Such  e x t e n s i o n   sub  32  is  t h e  

i m m e d i a t e   s o u r c e   of  w e i g h t   on  the   d r i l l   b i t   19.  I t   c a n  

be  p o w e r e d   by  h y d r a u l i c   p r e s s u r e ,   c o m p r e s s e d   g a s ,  
m e c h a n i c a l   s p r i n g s ,   or  the   l i k e .   The  e x t e n s i o n   sub  i s  

p l a c e d   in  a  c o n t r a c t e d   p o s i t i o n   ( i . e . ,   c o m p r e s s e d )   by  a  

r a p i d   d y n a m i c   movement   downward   of  t he   e n t i r e   d r i l l  

s t r i n g   17  by  such   a c t i o n   as  a  h i g h - s p e e d   r o t a t i o n ,   a  

movement   downward   from  an  e l e v a t e d   p o s i t i o n ,   or  b o t h  

s i m u l t a n e o u s l y ,   u n t i l   the   d r i l l   b i t   19  s t r i k e s   t h e  

w e l l b o r e   b o t t o m .   On  c o m m e n c e m e n t   of  d r i l l i n g ,   the   d r i l l  

b i t   19  i s   a d v a n c e d   or  s t r o k e d   u n d e r   the  w e i g h t   f rom  t h e  

c o m p r e s s e d   e x t e n s i o n   sub  32  w h i l e   the   d r i l l   s t r i n g  

r e m a i n s   s t a t i o n a r y .   At  the   end  of  the   d r i l l i n g   s t r o k e ,  

when  the   e x t e n s i o n   sub  is  f u l l y   e x t e n d e d   from  i t s  

c o n t r a c t e d   p o s i t i o n   at  the   s t a r t   of  the   s t r o k e ,   t h e r e   i s  

an  e n d - o f - s t r o k e   i n d i c a t i o n ,   for   e x a m p l e ,   a  mud  p r e s s u r e  
i n c r e a s e   or  d e c r e a s e .   The  e n t i r e   d r i l l   s t r i n g   is  t h e n  

drawn  up  the  w e l l b o r e   and  the  d r i l l   b i t   r e p o s i t i o n e d  

above   the   w e l l b o r e   b o t t o m .   The  p r o c e d u r e   is   t h e n  

r e p e a t e d   w i th   the  d r i l l   s t r i n g   b e i n g   l o w e r e d   to  c o m p r e s s  
the  e x t e n s i o n   sub  and  the  d r i l l i n g   s t r o k e   b e i n g  
t h e r e a f t e r   a g a i n   c o m p l e t e d .   In  one  e x a m p l e ,   the  d r i l l  

s t r i n g   is  p u l l e d   upward   u n t i l   the   d r i l l   b i t   is  a b o u t  

9 . 1 5   m e t e r s   (30  f e e t )   above   w e l l b o r e   b o t t o m .   The  mud 



c i r c u l a t i o n   is   s t o p p e d   and  the  d r i l l   s t r i n g   r o t a t i o n   i s  

i n c r e a s e d   to  a b o u t   150  rpm.  A  r a p i d   l o w e r i n g   of  t h e  

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

e x t e n s i o n   sub  32.  It  is   p r e f e r r e d   t h a t   the   c o m p r e s s e d  

e x t e n s i o n   sub  be  a b l e   to  a d v a n c e   the   d r i l l   b i t   at  l e a s t  

0 . 6 1  -   1 . 2 2   m  (2  to  4  f e e t )   d u r i n g   each   d r i l l i n g   s t r o k e  

w i t h   no  d r i l l   s t r i n g   a d v a n c e m e n t .   T h i s   i s   a c c o m p l i s h e d  

by  a  s o f t - s p r i n g   e x t e n s i o n   sub  d e l i v e r i n g   9 , 0 8 0   Kg 

( 2 0 , 0 0 0   p o u n d s )   of  w e i g h t   to  the  d r i l l   b i t   in  t h e  

c o m p r e s s e d   s t a t e   and  7 ,164   Kg  ( 1 6 , 0 0 0   p o u n d s )   in  t h e  

e x t e n d e d   s t a t e .   Use  of  a  c o m p r e s s e d   gas  c y l i n d e r   w o u l d  

be  c o m p a r a b l e   to  use  of  the  s o f t   s p r i n g   in  the  e x t e n s i o n  

s u b .  

In  a  f u r t h e r   e m b o d i m e n t ,   a  h y d r a u l i c   c y l i n d e r  

s i m i l a r   to  the  c o n v e n t i o n a l   h y d r a u l i c   d r i l l   c o l l a r ,   b u t  

w i t h o u t   the   shoe   r e a c t i o n   a g a i n s t   the   w e l l b o r e   w a l l ,  

c o u l d   be  u sed   as  the  e x t e n s i o n   s u b .   Pump  p r e s s u r e   w o u l d  

t h e n   c a u s e   the   e x t e n s i o n   sub  to  put   w e i g h t   on  the  d r i l l  

b i t .  

For  a l l   e m b o d i m e n t s   of  the   e x t e n s i o n   sub ,   t h e  

a x i a l   w e l l b o r e   f o r c e   r e a c t i o n   to  each   d r i l l i n g   s t r o k e   i s  

t he   f r i c t i o n a l   r e s i s t a n c e   of  the   d r i l l   s t r i n g   a g a i n s t  

the   w e l l b o r e   w a l l .   F u r t h e r ,   i t   is   not   n e c e s s a r y   t h a t  

the   e x t e n s i o n   sub  32  be  l o c a t e d   b e t w e e n   the   mud  motor   31 

and  d r i l l   b i t   19  as  shown  in  FIG.  2.  I t   c o u l d   b e  

l o c a t e d   b e t w e e n   the  mud  motor   31  and  t h e  

m e a s u r i n g - w h i l e - d r i l l i n g   sub  30  o r ,   i t   c o u l d   be  l o c a t e d  

b e t w e e n   the   m e a s u r i n g - w h i l e - d r i l l i n g   sub  30  and  t h e  

l o w e r m o s t   d r i l l   c o l l a r   2 6 .  

Use  of  the  p r e s e n t   i n v e n t i o n   w i l l   b e  

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

a  h i g h - a n g l e   w e l l b o r e .   The  g r e a t e s t   p r o b l e m   in  s u c h  

h i g h - a n g l e   w e l l b o r e s   is  p r o v i d i n g   the   d e s i r e d  

w e i g h t - o n - b i t   when  r o t a t i n g   o n l y   w i t h   the   mud  m o t o r ,   t h e  



d r i l l   s t r i n g   r e m a i n i n g   s t a t i o n a r y .   In  t h i s   s i t u a t i o n ,   a  

b e n t   sub  33  is  l o c a t e d   above   the  mud  moto r   31  as  s h o w n  

in  FIG.  3.  To  c h a n g e   w e l l b o r e   d i r e c t i o n ,   the   r o t a t i o n  

of  d r i l l   s t r i n g   17  is  s t o p p e d ,   the  o r i e n t a t i o n   of  t h e  

b e n t   sub  33  is  s e t   to  r e d i r e c t   the   d r i l l   b i t   19  in  t h e  

d e s i r e d   c h a n g e   of  d i r e c t i o n ,   and  the  r o t a t i o n   of  t h e  

d r i l l   b i t   19  c o n t i n u e d   t h r o u g h   on ly   the   d r i l l   mo to r   3 1 .  

Th i s   e f f e c t s   a  c h a n g e   in  the   d i r e c t i o n   of  the   w e l l b o r e  

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

c h a n g e   has  been   c o m p l e t e d ,   as  i n d i c a t e d   by  t h e  

m e a s u r r i n g - w h i l e - d r i l l i n g   sub  30,  the   r o t a t i o n   of  t h e  

d r i l l   s t r i n g   17  is  r e s t a r t e d .  

FIG.  3  i l l u s t r a t e s   d i a g r a m m a t i c a l l y   such   a  

c h a n g e   in  d i r e c t i o n   of  the   s e c o n d   d e v i a t e d   p o r t i o n   9  o f  

t h e   w e l l b o r e .   When  b o t h   the   d r i l l   s t r i n g   17  and  d r i l l  

b i t   19  a re   r o t a t e d ,   the   b o r e h o l e   f o l l o w s   the   d i r e c t i o n  

of  t he   s t r a i g h t   p a t h   40  w i t h   the  b o r e h o l e   s i z e   b e i n g  

shown  by  the  d a s h e d   l i n e s   42.  P r e f e r a b l y ,   t he   d r i l l  

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

b o t h   m a i n t a i n   a  s t r a i g h t   p a t h   and  to  m i n i m i z e   f r i c t i o n  

l o s s   f rom  d r a g g i n g   of  t he   d r i l l   s t r i n g   a l o n g   the   l o w e r  

s i d e   of  the   w e l l b o r e .   Such  r o t a t i o n a l   s p e e d   may  be  i n  

the   r a n g e   of  10  to  25  r e v o l u t i o n s   per  m i n u t e ,   f o r  

e x a m p l e .   H o w e v e r ,   s l o w e r   or  f a s t e r   s p e e d s   may  a l s o   b e  

s u f f i c i e n t .   D u r i n g   a  c h a n g e   in  d i r e c t i o n ,   the   d r i l l  

s t r i n g   is   h e l d   s t a t i o n a r y   w i th   the   b e n t   sub  o r i e n t e d   a s  

i n d i c a t e d   by  the   d a s h e d   l i n e s   43.  The  w e i g h t - o n - b i t   i s  

s u p p l i e d   by  e x t e n s i o n   sub  32  such  t h a t   d r i l l i n g   by  t h e  

mud  moto r   31  f o l l o w s   the  pa th   41  wi th   the  i n i t i a l  

b o r e h o l e   s i z e   as  shown  by  the  d a s h e d   l i n e s   4 4 .  

F o l l o w i n g   such  d i r e c t i o n   c h a n g e ,   the   d r i l l   s t r i n g   17  i s  

a g a i n   r o t a t e d   and  the  b o r e h o l e   of  the  s i z e   shown  b y  

d a s h e d   l i n e s   42  c o n t i n u e s   in  the  new  d i r e c t i o n   4 1 .  



S i n c e   such  a  c h a n g e   in  w e l l b o r e   d i r e c t i o n   is  t o  

be  e f f e c t e d   w i t h o u t   r o t a t i o n   of  d r i l l   s t r i n g   17,  t h e  

w e i g h t   on  the   d r i l l   b i t   19  w o u l d   d r i l l   o f f   i m m e d i a t e l y  

and  b i t   a d v a n c e m e n t   would   s t o p   w i t h o u t   the  i m m e d i a t e  

f o r c e   of  t he   e x t e n s i o n   sub  32  on  the   d r i l l   b i t   19  s i n c e  

the  a v a i l a b l e   w e i g h t - o n - b i t   from  the   d r i l l   s t r i n g   i s  

g e n e r a l l y   no t   s u f f i c i e n t   for   h i g h - a n g l e   w e l l b o r e s .   F o r  

e x a m p l e ,   an  a l t e r n a t i v e   to  the   use  of  the   b e n t   sub  33 

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

d r i l l   b i t   19  from  t h a t   of  the   d r i l l   s t r i n g   is  the  use  o f  

a  b e n t   h o u s i n g   for  the  d r i l l   motor   31.  A  f u r t h e r  

a l t e r n a t i v e   is  the  o f f s e t t i n g   of  the   a x i s   of  the   d r i v e  

s h a f t   of  the   d r i l l m o t o r   31.  A n o t h e r   a l t e r n a t i v e   i s   t h e  

use  of  n o n - c o n c e n t r i c   s t a b i l i z e r s   on  the   d r i l l   mo to r   3 1 .  

In  on ly   two  d e g r e e s   from  an  i n c l i n a t i o n   of  8 0 °  

to  82°  w i t h   a  0.1  e f f e c t i v e   c o e f f i c i e n t   of  f r i c t i o n   t h e  

a v a i l a b l e   b i t   w e i g h t   from  a  d r i l l   c o l l a r   can  d e c r e a s e   b y  
o n e - h a l f   ( f rom  a  f a c t o r   of  0 . 0 7 5   to  0 . 0 4 0 ) .   In  o n e  

e m b o d i m e n t ,   as  shown  in  FIG.  3,  the   b e n t   sub  30  p r o v i d e s  

a  d e v i a t i o n   a n g l e   0  of  1 /4°   f rom  the   v e r t i c a l   a x i s   o f  

the  d r i l l   s t r i n g   17  and  is  in  the  o r d e r   of  1 .05   m  ( 3 - 1 / 2  

f e e t )   in  l e n g t h .   With  a  d i s t a n c e   of  a b o u t   9 .15   m  ( 3 0  

f e e t )   f rom  the   b o t t o m   of  the   w e l l b o r e   to  the  d e v i a t i n g  

p o i n t   of  the   b e n t   sub  33  and  an  a n g l e   of  d e v i a t i o n   0  o f  

1 / 4 ° ,   a  d r i l l i n g   o f f s e t   d  of  a b o u t   3 .81   cm  ( 1 - 1 / 2  

i n c h e s )   is   p r o v i d e d   from  the   c e n t e r   l i n e   of  the   w e l l b o r e  

as  shown  in  FIG.  3.  O the r   a n g l e s   of  d e v i a t i o n   may  b e  

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

a n g l e s   a re   from  a b o u t   1 /8°   to  a b o u t   1 /2 °   at  d i s t a n c e s   o f  

9 .15   m  (30  f e e t )   to  3 .05  m  (10  f e e t )   to  the  d e v i a t i n g  

p o i n t   of  the   bent   sub  30.  D r i l l   b i t   19  is  a  3 0 . 1 2   cm 

( 1 2 - 1 / 4   i n c h )   b i t .   D r i l l   m o t o r   31  is  19 .68   cm  ( 7 - 3 / 4  

i n c h )   D e l t a   1000  mud  motor   s u p p l i e d   by  D y n a - D r i l l   Co.  o f  

I r v i n e ,   C a l i f o r n i a ,   and  which   is   7 .35   m  ( 2 4 - 1 / 2   f e e t )   i n  



l e n g t h .   The  m e a s u r i n g - w h i l e - d r i l l i n g   s y s t e m   30  can  b e  

of  the  t y p e s   s u p p l i e d   by  The  A n a l y s t / S c h l u m b e r g e r   o f  

H o u s t o n ,   T e x a s ;   G e a r h a r t   I n d u s t r i e s   of  F o r t   W o r t h , T e x a s ;  

T e l e c o   Oil   F i e l d   S e r v i c e s   of  M e r i d e n ,   C o n n e c t i c u t ;   o r  

E x p l o r a t i o n   L o g g i n g   of  S a c r a m e n t o ,   C a l i f o r n i a .  



1.  A  me thod   of  d r i l l i n g   a  d e v i a t e d   w e l l b o r e  

i n t o   the  e a r t h   by  a  r o t a r y   d r i l l i n g   t e c h n i q u e   w h e r e i n   a  

d r i l l   s t r i n g   is   used  to  a d v a n c e   a  d r i l l   b i t   t h r o u g h   t h e  

e a r t h   and  a  d r i l l i n g   f l u i d   is  c i r c u l a t e d   down  the  d r i l l  

s t r i n g   and  r e t u r n e d   from  the   w e l l b o r e   in  the  a n n u l u s  

f o r m e d   a b o u t   the  d r i l l   s t r i n g ,   c o m p r i s i n g :  

a)  d r i l l i n g   a  v e r t i c a l   f i r s t   p o r t i o n   of  s a i d  

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

k i c k - o f f   p o i n t   at  a b o u t   the   lower   end  of  s a i d   f i r s t  

p o r t i o n   by  r o t a t i n g   and  a d v a n c i n g   a  d r i l l   s t r i n g   a n d  

d r i l l   b i t   i n t o   the  e a r t h ,  

b)  i n i t i a t i n g   a  s e c o n d   p o r t i o n   of  s a i d  

w e l l b o r e   at  s a i d   k i c k - o f f   p o i n t ;  

c)  w i t h d r a w i n g   s a i d   d r i l l   s t r i n g   and  d r i l l   b i t  

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

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

s a i d   w e l l b o r e   a  d r i l l   t o o l   fo r   d r i l l i n g   s a i d   d e v i a t e d  

s e c o n d   p o r t i o n   of  s a i d   w e l l b o r e ,   s a i d   s p e c i a l i z e d   d r i l l  

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

mo to r   fo r   r o t a t i n g   s a i d   d r i l l   b i t ,   and  an  e x t e n s i o n   s u b  

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

p r o v i d i n g   w e i g h t   to  s a i d   d r i l l   b i t   d u r i n g   movement   f r o m  

s a i d   c o n t r a c t e d   to  s a i d   e x t e n d e d   p o s i t i o n ,  

e)  p o s i t i o n i n g   s a i d   d r i l l   t o o l   such  t h a t   s a i d  

d r i l l   b i t   is  a  p r e d e t e r m i n e d   d i s t a n c e   above   the  w e l l b o r e  

b o t t o m ,  

f)  i m p a r t i n g   a  r a p i d   d y n a m i c   movement   d o w n w a r d  

to  s a i d   d r i l l   t o o l   such   t h a t   s a i d   d r i l l   b i t   i m p a c t s   t h e  



w e l l b o r e   b o t t o m   and  p l a c e s   s a i d   e x t e n s i o n   sub  in  a 

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

g)  p r o d u c i n g   a  d r i l l i n g   s t r o k e   of  s a i d   d r i l l  

b i t   i n t o   the  e a r t h   be low  the  w e l l b o r e   b o t t o m   b y  

s i m u l t a n e o u s l y   m a i n t a i n i n g   s a i d   d r i l l   s t r i n g   s t a t i o n a r y ,  

r o t a t i n g   s a i d   d r i l l   b i t   u n d e r   the   c o n t r o l   of  s a i d   d r i l l  

m o t o r ,   and  a d v a n c i n g   s a i d   d r i l l   b i t   unde r   the   w e i g h t  

p r o v i d e d   by  s a i d   e x t e n s i o n   sub  i n  m o v i n g   from  s a i d  

c o n t r a c t e d   p o s i t i o n   to  s a i d   e x t e n d e d   p o s i t i o n ,  

h)  r a i s i n g   s a i d   d r i l l   t o o l   at  the   end  of  s a i d  

f i r s t   d r i l l i n g   s t r o k e   to  a g a i n   p o s i t i o n   s a i d   d r i l l   b i t   a 

p r e d e t e r m i n e d   d i s t a n c e   above   the   w e l l b o r e   b o t t o m ,   a n d  

i)  r e p e a t i n g   s t e p s   (f)   and  (g)  so  as  t o  

p r o v i d e   a d d i t i o n a l   d r i l l i n g   s t r o k e s   for   the  d r i l l i n g   o f  

s a i d   d e v i a t e d   w e l l b o r e .  

2.  The  method   of  c l a i m   1  w h e r e i n   s a i d   s t e p   o f  .  

i m p a r t i n g   downward  movement   to  s a i d   d r i l l   t o o l   so  as  t o  

p l a c e   s a i d   e x t e n s i o n   sub  in  a  c o n t r a c t e d   p o s i t i o n  

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

3.  The  method   of  c l a i m   2  w h e r e i n   s a i d   d r i l l  

s t r i n g   is  r o t a t e d   at  a  s p e e d   of  at  l e a s t   150  r e v o l u t i o n s  

per   m i n u t e .  

4.  The  method   of  c l a i m   1  w h e r e i n   s a i d   d r i l l  

t o o l   i s   p o s i t i o n e d   in  s t e p   (e)  such   t h a t   s a i d   d r i l l   b i t  

i s   a t   l e a s t   9 .15  m  (30  f e e t )   a b o v e   the   w e l l b o r e   b o t t o m .  

5.  The  method  of  c l a i m   1  f u r t h e r   i n c l u d i n g   t h e  

s t e p   of  p r o d u c i n g   an  e n d - o f - s t r o k e   i n d i c a t i o n   when  s a i d  

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

end  of  the  d r i l l i n g   s t r o k e .  



6.  The  m e t h o d   of  c l a i m   5  w h e r e i n   s a i d  

e n d - o f - s t r o k e   i n d i c a t i o n   is  ba sed   on  a  c h a n g e   in  the  mud 

p r e s s u r e   at  the  w e l l b o r e   b o t t o m .  

7.  The  m e t h o d   of  c l a i m   1  f u r t h e r   i n c l u d i n g   t h e  

s t e p   of  a n g u l a r l y   d i r e c t i n g   bo th   s a i d   d r i l l   b i t   a n d  

a x i a l   movement   of  s a i d   e x t e n s i o n   sub  in  p r o v i d i n g   w e i g h t  

on  s a i d   d r i l l   b i t   r e l a t i v e   to  the  a x i a l   d i r e c t i o n   o f  

s a i d   w e l l b o r e   to  e f f e c t   a  change   in  the  d i r e c t i o n   o f  

s a i d   w e l l b o r e .  

8.  The  m e t h o d   of  c l a i m   1  w h e r e i n   the   s t e p   o f  

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

s a i d   e x t e n s i o n   sub  i n c l u d e s   the  s t r o k i n g   of  s a i d  

e x t e n s i o n   sub  from  i t s   c o n t r a c t e d   p o s i t i o n  t o   i t s  

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

9.  The  m e t h o d   of  c l a i m   1  w h e r e i n   the  s t e p   o f  

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

s a i d   e x t e n s i o n   sub  i n c l u d e s   the  s t r o k i n g   of  s a i d  

e x t e n s i o n   sub  from  i t s   c o n t r a c t e d   p o s i t i o n   to  i t s  

e x t e n d e d   p o s i t i o n   u n d e r   c o m p r e s s e d   gas  c o n t r o l .  

10.  The  m e t h o d   of  c l a i m   1  w h e r e i n   the  s t e p   o f  

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

s a i d   e x t e n s i o n   sub  i n c l u d e s   the  s t r o k i n g   of  s a i d  

e x t e n s i o n   sub  from  i t s   c o n t r a c t e d   p o s i t i o n   to  i t s  

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

11.  The  m e t h o d   of  c l a i m   1  w h e r e i n   s a i d  

e x t e n s i o n   sub  p r o v i d e s   a t   l e a s t   9 ,080   Kg  ( 2 0 , 0 0 0   p o u n d s )  

of  w e i g h t - o n - b i t   when  r e l e a s e d   from  i t s   c o n t r a c t e d  

p o s i t i o n .  



12.  The  me thod   of  c l a i m   11  w h e r e i n   s a i d  

e x t e n s i o n   sub  p r o v i d e s   at   l e a s t   7 , 1 6 4   Kg  ( 1 6 , 0 0 0   p o u n d s )  

of  w e i g h t - o n - b i t   in  i t s   f u l l y   e x t e n d e d   p o s i t i o n .  

13.  The  me thod   of  c l a i m   1  w h e r e i n   s a i d   s e c o n d  

p o r t i o n   of  s a i d   d e v i a t e d   w e l l b o r e   is   d r i l l e d   at  a n  

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

w e i g h t   to  s a i d   d r i l l   b i t   d u r i n g   d r i l l i n g .  

14.  The  m e t h o d   of  c l a i m   1  w h e r e i n   s a i d   s e c o n d  

p o r t i o n   of  s a i d   d e v i a t e d   w e l l b o r e   is  d r i l l e d   at   a n  

i n c l i n a t i o n   such   t h a t   the   c o e f f i c i e n t   of  f r i c t i o n   of  t h e  

d r i l l   s t r i n g   w i th   the  l ower   s i d e   of  the   w e l l b o r e   in  t h e  

a x i a l   d i r e c t i o n   of  s a i d   s e c o n d   p o r t i o n   is  b e t w e e n   0 . 0  

and  0 .2   fo r   a  r o t a t i n g   d r i l l   s t r i n g .  

15.  The  m e t h o d   of  c l a i m   1  w h e r e i n   s a i d   s e c o n d  

p o r t i o n   of  s a i d   d e v i a t e d   w e l l b o r e   is   d r i l l e d   at  a n  

i n c l i n a t i o n   of  at   l e a s t   60°  f rom  the  v e r t i c a l .  

16.  The  m e t h o d   of  c l a i m   15  w h e r e i n   s a i d   s e c o n d  

p o r t i o n   of  s a i d   d e v i a t e d   w e l l b o r e   is   d r i l l e d   a t   a n  

i n c l i n a t i o n   of  at   l e a s t   80°  f rom  the   v e r t i c a l .  

17.  A  s y s t e m   fo r   the   r o t a r y   d r i l l i n g   of  a  

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

a)  a  d r i l l   s t r i n g ,  

b)  a  d r i l l   b i t ,  

c)  a  d r i l l   mo to r   fo r   r o t a t i n g   s a i d   d r i l l   b i t  

i n d e p e n d e n t l y   of  r o t a t i o n   of  s a i d   d r i l l   s t r i n g ,   a n d  

d)  an  e x t e n s i o n   sub  h a v i n g   bo th   a x i a l l y  

c o n t r a c t e d   and  a x i a l l y   e x t e n d e d   p o s i t i o n s   for   p r o v i d i n g  

w e i g h t   to  s a i d   d r i l l   b i t   when  moving  from  s a i d  

c o n t r a c t e d   to  s a i d   e x t e n d e d   p o s i t i o n   so  as  to  e f f e c t   a 



d r i l l i n g   s t r o k e   by  s a i d   d r i l l   b i t   a  p r e d e t e r m i n e d  

d i s t a n c e   i n t o   the  w e l l b o r e   b o t t o m   when  d r i l l i n g   w i t h  

s a i d   d r i l l   motor   i n d e p e n d e n t l y   of  s a i d   d r i l l   s t r i n g .  

18.  The  s y s t e m   of  c l a i m   17  f u r t h e r   i n c l u d i n g  

means   fo r   d i r e c t i n g   the   a x i s   of  r o t a t i o n   of  s a i d   d r i l l  

b i t   and  the   a x i a l   d i r e c t i o n   of  movement   of  s a i d  

e x t e n s i o n   sub  b e t w e e n   s a i d   c o n t r a c t e d   and  e x t e n d e d  

p o s i t i o n s   such  t h a t   t h e y   a re   bo th   a n g u l a r l y   d i s p l a c e d  

from  the   a x i s  o f   s a i d   d r i l l   s t r i n g .  

19.  The  s y s t e m   of  c l a i m   18  w h e r e i n   the   m e a n s  

for   d i r e c t i n g   the  a x i s   of  r o t a t i o n   of  s a i d   d r i l l   b i t   a n d  

the   a x i a l   movement   of  s a i d   e x t e n s i o n   sub  b e t w e e n   s a i d  

c o n t r a c t e d   and  e x t e n d e d   p o s i t i o n s   is   a  ben t   sub  a f f i x i n g  

s a i d   d r i l l   s t r i n g   to  s a i d   d r i l l   m o t o r ,   s a i d   e x t e n s i o n  

sub ,   and  s a i d   d r i l l   b i t .  

20.  The  s y s t e m   of  c l a i m   18  w h e r e i n   the  m e a n s  

fo r   d i r e c t i n g   the  a x i s   of  r o t a t i o n   of  s a i d   d r i l l   b i t  

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

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

and  s a i d   d r i l l   b i t .  

21.  The  s y s t e m   of  c l a i m   18  w h e r e i n   the   m e a n s  

fo r   d i r c t i n g   the  a x i s   of  r o t a t i o n   of  s a i d   d r i l l   b i t  

i n c l u d e s   the   o f f s e t t i n g   of  the   a x i s   of  s a i d   d r i l l   s t r i n g  

from  the   a x i s   of  r o t a t i o n   of  s a i d   d r i l l   m o t o r ,   the   a x i s  

of  r o t a t i o n   of  s a i d   d r i l l   b i t ,   and  the  a x i a l   movement   o f  

s a i d   e x t e n s i o n   sub  b e t w e e n   s a i d   c o n t r a c t e d   and  e x t e n d e d  

p o s i t i o n s .  

22.  The  s y s t e m   of  c l a i m   18  w h e r e i n   s a i d  

e x t e n s i o n   sub  is  moved  from  i t s   c o n t r a c t e d   p o s i t i o n   t o  



i t s   e x t e n d e d   p o s i t i o n   d u r i n g   s a i d   d r i l l i n g   s t r o k e   b y  

means   of  h y d r a u l i c   p r e s s u r e .  

23.  The  s y s t e m   of  c l a i m   18  w h e r e i n   s a i d  

e x t e n s i o n   sub  is  moved  from  i t s   c o n t r a c t e d   p o s i t i o n   t o  

i t s   e x t e n d e d   p o s i t i o n   d u r i n g   s a i d   d r i l l i n g   s t r o k e   b y  

means   of  c o m p r e s s e d   g a s .  

24.  The  s y s t e m   of  c l a i m   18  w h e r e i n   t h e  

m o v e m e n t   of  s a i d   e x t e n s i o n   sub  f rom  i t s   c o n t r a c t e d  

p o s i t i o n   to  i t s   e x t e n d e d   p o s i t i o n   d u r i n g   s a i d   d r i l l i n g  

s t r o k e   is   under   s p r i n g - l o a d e d   a c t u a t i o n .  

25.  The  s y s t e m   of  c l a i m   18  w h e r e i n   s a i d  

e x t e n s i o n   sub  p r o v i d e s   at   l e a s t   9 , 0 8 0   Kg  ( 2 0 , 0 0 0   p o u n d s )  

of  w e i g h t   on  s a i d   d r i l l   b i t   a t   the   s t a r t   of  s a i d  

d r i l l i n g   s t r o k e   and  a t   l e a s t   8 , 1 7 2   Kg  ( 1 8 , 0 0 0   p o u n d s )   o f  

w e i g h t   on  s a i d   d r i l l   b i t   a t   the   end  of  s a i d   d r i l l i n g  

s t r o k e .  

26.  The  s y s t e m   of  c l a i m   18  w h e r e i n   s a i d  

e x t e n s i o n   sub  p r o v i d e s   a  p r e d e t e r m i n e d   d i s t a n c e   for   s a i d  

d r i l l i n g   s t r o k e   of  at   l e a s t   0 . 6 1   m  (two  f e e t ) .  

27.  The  m e t h o d   of  c l a i m   17  w h e r e i n   s a i d   s e c o n d  

p o r t i o n   of  s a i d   d e v i a t e d   w e l l b o r e   is   d r i l l e d   at   a n  

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

w e i g h t   to  s a i d   d r i l l   b i t   d u r i n g   d r i l l i n g .  

28.  The  m e t h o d   of  c l a i m   17  w h e r e i n   s a i d   s e c o n d  

p o r t i o n   of  s a i d   d e v i a t e d   w e l l b o r e   is  d r i l l e d   at  a n  

i n c l i n a t i o n   such  t h a t   the   c o e f f i c i e n t   of  f r i c t i o n   of  t h e  

d r i l l   s t r i n g   wi th   the  l ower   s i d e   of  the   w e l l b o r e   in  t h e  

a x i a l   d i r e c t i o n   of  s a i d   s e c o n d   p o r t i o n   is  b e t w e e n   0 . 0  



and  0 .2   for   a  r o t a t i n g   d r i l l   s t r i n g .  

29.  The  me thod   of  c l a i m   17  w h e r e i n   s a i d   s e c o n d  

p o r t i o n   of  s a i d   d e v i a t e d   w e l l b o r e   is   d r i l l e d   at   a n  

i n c l i n a t i o n   of  at   l e a s t   60°  f rom  the   v e r t i c a l .  

30.  The  m e t h o d   of  c l a i m   29  w h e r e i n   s a i d   s e c o n d  

p o r t i o n   of  s a i d   d e v i a t e d   w e l l b o r e   is  d r i l l e d   at  a n  

i n c l i n a t i o n   of  at  l e a s t   80°  f rom  the  v e r t i c a l .  
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