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@  Casing  high  angle  wellbores. 
  Pipe,  (20)  especially  well  casing,  is  run  into  highly 
deviated  boreholes  (11)  using  solid,  buoyant  casing inserts 
(23)  within  the  sections  of  casing  (21) which  are  to  enter  the 
deviated  portion  of  the  borehole.  The  use  of  the  salid 
buoyant  members  provides  a  net  buoyant  effect  which  is 
evenly  distributed  along  the  length  of  each  section  of casing 
so  as  to  avoid  any  net  twisting  couple  which  would  tend  to 
bring  the  casing  into  contact  with  the  walls  of the borehole. 
This  reduces  the  frictional  drag-and pressure  differential 
sticking  which  arise when  the  casing  contacts  the  walls  of  the 
borehote.  The  solid,  buoyant  inserts  may  be  fabricated  from 
materials  which  have  a  specific  gravity  lower  than  that  of  the 
mud  which  is  in  use,  suitably  foamed  and  unfoamed  plastic 
resin  materials,  wood,  cork,  and  wood  and  cork  composites. 
The  inserts  are  suitably  in  the  form  of  a  hollow  cylinder  so  as 
to  minimize  problems  with  cementing  operations  and  the 
running  of  tubing  strings  subsequent  to  the  setting  of  the 
casing. 



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  a  m e t h o d   o f  

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

T e c h n i q u e s   have  been   d e v e l o p e d   for   t h e  

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

a n g u l a r l y   from  the  v e r t i c a l   a x i s   e x t e n d i n g   d o w n w a r d s  

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

wh ich   a re   o f f s e t   f rom  t h i s   v e r t i c a l   a x i s ,   s o m e t i m e s   b y  
c o n s i d e r a b l e   d i s t a n c e s .   By  u s i n g   s u i t a b l e   d e f l e c t i o n  

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

e x t e n t   and  t h i s   may  be  of  g r e a t   u t i l i t y ,   e s p e c i a l l y   i n  

the  d r i l l i n g   of  o f f s h o r e   w e l l s   where   i t   may  be  d e s i r a b l e  

to  c o m p l e t e   a  number  of  w e l l s   from  a  s i n g l e   d r i l l i n g  
l o c a t i o n .   B e c a u s e   w e l l s   a re   u s u a l l y   c a s e d ,   i t   h a s  

become  n e c e s s a r y   to  d e v i s e   m e t h o d s   for   p l a c i n g   the   p i p e ,  

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

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

b o r e h o l e   from  the   v e r t i c a l .   T h i s ,   h o w e v e r ,   may  be  v e r y  
d i f f i c u l t   in  the  d e v i a t e d   p o r t i o n   of  the  h o l e   b e c a u s e  

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

the  h o l e   by  the  w e i g h t   of  the   p ipe   as  w e l l   as  by  t h e  

downward   f o r c e   e x e r t e d   by  the   w e i g h t   of  the   c a s i n g   i n  

the   uppe r   p o r t i o n   of  t he   h o l e .   C o n t a c t   b e t w e e n   t h e  

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

o p p o s e s   the  d e s i r e d   a d v a n c e   of  the   p i p e   down  t h e  

b o r e h o l e .   The  g r e a t e r   the   w e i g h t   of  the  p ipe   and  t h e  



g r e a t e r   the   d e v i a t i o n   f r o m ' t h e   v e r t i c a l ,   t he   g r e a t e r   i s  

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

p i p e .  

In  a d d i t i o n   to  t he   f r i c t i o n a l   d r a g   c r e a t e d   b y  

the   downward  g r a v i t a t i o n a l   f o r c e s ,   the   p i p e   t e n d s   t o  

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

b o r e h o l e ,   p a r t i c u l a r l y   in  the  more  p o r o u s   f o r m a t i o n s .  

T h i s   c a u s e s   the  p i p e   to  embed  i t s e l f   i n t o   the   f i l t e r  

cake   f o r m e d   f rom  the   s o l i d   c o m p o n e n t s   of  t he   mud,  t o  

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

a r e a .   The  p r e s s u r e   d i f f e r e n c e   b e t w e e n   the   f l u i d   in  t h e  

b o r e h o l e   and  the   f l u i d   in  the   f o r m a t i o n   c a u s e s   a  f o r c e  

to  d e v e l o p   a c r o s s   t h i s   p r e s s u r e   s e a l   wh ich   p u s h e s   t h e  

p i p e   more  s t r o n g l y   a g a i n s t   the  w a l l   o f   the   b o r e h o l e .  

Th i s   f o r c e   may  c a u s e   t he   p i p e   to  become  " d i f f e r e n t i a l l y  

p r e s s u r e   s t u c k *   in  the   b o r e h o l e .   The  g r e a t e r   the   f o r c e  

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

the   p o s s i b i l i t y   of  t he   p i p e   b e c o m i n g   " d i f f e r e n t i a l l y  

s t u c k "   and  the  r e s u l t a n t   p r e s s u r e   d i f f e r e n t i a l   f o r c e s  

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

a c t i n g   on  the   p i p e .  

In  o r d e r   to  r e d u c e   f r i c t i o n a l   d r a g   and  t o  

r e d u c e   the   p r o b a b i l i t y   of  d i f f e r e n t i a l   s t i c k i n g ,   i t  

wou ld   be  d e s i r a b l e   to  r e d u c e   the  f o r c e s   wh ich   the   p i p e  

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

wou ld   a l s o   be  d e s i r a b l e   to  m i n i m i z e   the  a r e a   of  c o n t a c t  

of  the   p i p e   w i t h   t he   b o r e h o l e   so  as  to  r e d u c e   t h e  

p r o b a b i l i t y   of  d i f f e r e n t i a l   s t i c k i n g .   By  m i n i m i z i n g   t h e  

c o n t a c t   a r e a ,   the   f o r c e   r e q u i r e d   to  push  the   p i p e   down 

the   b o r e h o l e   w i l l   a l s o   be  m i n i m i z e d .  

A  t e c h n i q u e   has  now  been  d e v i s e d   f o r  

p o s i t i o n i n g   p i p e ,   e . g .   c a s i n g   or  t u b u l a r s   in  a  w e l l  

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



which   m i n i m i z e s   t he   p r o b l e m s   c a u s e d   by  c o n t a c t   of  t h e  

p i p e   w i t h   the  w a l l s   of  the  d e v i a t e d   p o r t i o n   of  t h e  

b o r e h o l e .   In  a d d i t i o n ,   the   t e c h n i q u e   e l i m i n a t e s   t h e  

t e n d e n c y   p o s s e s s e d   by  f l u i d - b u o y e d   c a s i n g   to  t w i s t  

d u r i n g   r u n n i n g .   B e c a u s e   the  f r i c t i o n a l   d rag   r e s u l t i n g  

f r o m   - s i n k i n g ,   f l o a t i n g  a n d   t w i s t i n g   of  the   c a s i n g   i s  

m i n i m i z e d ,   the   p o t e n t i a l   for   s u c c e s s f u l   p l a c e m e n t   of  t h e  

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

w e l l b o r e s   a re   b e i n g   c a s e d   or  t u b u l a r s   p l a c e d   w i t h i n   t h e  

h o l e .  

A c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n ,   the  p ipe   i s  

p l a c e d   in  the  b o r e h o l e   w i t h   the   use  of  a  b u o y a n t ,   s o l i d  

i n s e r t   w i t h i n   at   l e a s t   the   lower   p o r t i o n   of  the   p i p e .  

The  i n s e r t   may  be  h o l l o w   or  s o l i d   in  c o n f i g u r a t i o n   a n d  

may  be  f a b r i c a t e d   of  m a t e r i a l s   which   w i l l   g i v e   t h e  

d e s i r e d   d e g r e e   of  b u o y a n c y   to  the  p i p e ;   foamed  a n d  

u n f o a m e d   p l a s t i c   r e s i n s   such   as  foamed  p o l y s t y r e n e ,  

p o l y e t h y l e n e ,   p o l y p r o p y l e n e   and  w o o d / r e s i n   c o m p o s i t e s  

w i l l   be  s u i t a b l e .  

In  the  a c c o m p a n y i n g   d r a w i n g s :  

F i g u r e   1  is  a  s i m p l i f i e d   s e c t i o n a l   view  of  a 

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

for   b u o y a n c y ;  

F i g u r e   2  is  a  s i m p l i f i e d   s e c t i o n   of  a  s e c t i o n  

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

b u o y a n c y   m e m b e r   a n d  

F i g u r e   3  is   a  c r o s s - s e c t i o n   a l o n g   3 -3 '   o f  

F i g u r e   2 .  

C o n v e n t i o n a l l y ,   d e v i a t e d   b o r e h o l e s   a re   d r i l l e d  

w i t h   the  i n i t i a l   p o r t i o n   of  the   ho l e   n e a r   the  s u r f a c e  

w i t h   a  v e r t i c a l   a x i s   and  w i th   a  p r o g r e s s i v e l y   i n c r e a s i n g  
d e v i a t i o n   from  the   v e r t i c a l   b e g i n n i n g   on  or  at  some 



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

may  be  d e s i r a b l e ,   a f t e r   an  i n i t i a l   d e v i a t i o n ,   to  b r i n g  

the   h o l e   back  t o w a r d s   a  more  v e r t i c a l   p o s i t i o n   or  t o  

o b t a i n   even  more  c o m p l i c a t e d   c o n f i g u r a t i o n s .  

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 s   u s i n g   e q u i p m e n t  

c o m p o n e n t s   such  as  p e r m a n e n t   and  r e m o v a b l e   w h i p s t o c k s ,  

k n u c k l e   j o i n t s   and  s p u d d i n g   b i t s   a re   c o n v e n t i o n a l l y   u s e d  

in  d i r e c t i o n a l   d r i l l i n g   a l t h o u g h   i t   may  a l s o   b e  

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

by  the  use  of  mud  c o n t r o l ,   s p e c i a l   b i t s   and  v a r i o u s  

s p e c i a l i z e d   r o t a t i o n   s p e e d s   or  d r i l l   a s s e m b l i e s .   A f t e r  

the  h o l e   has  been   d r i l l e d   to  the  d e s i r e d   d e p t h   a n d  

h o r i z o n t a l   o f f s e t ,   i t   is  n o r m a l l y   r e q u i r e d   to  be  c a s e d  

and  fo r   t h i s   p u r p o s e ,   c a s i n g   is  run  i n t o   t he   h o l e   b y  

mak ing   up  the   c a s i n g   s t r i n g   on  the  d e r r i c k   at  t h e  

s u r f a c e ,   a f t e r   wh ich   the   s t r i n g   is  l o w e r e d   i n t o   the  h o l e  

and  f o r c e d   downwards   by  the   w e i g h t   of  the   c a s i n g   w h i c h  

is   p r o g r e s s i v e l y   a d d e d   a t   the   s u r f a c e .   As  t he   c a s i n g  

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

of  the  c a s i n g   wh ich   s t i l l   a c t s   in  a  v e r t i c a l l y   d o w n w a r d  

d i r e c t i o n ,   t e n d s   to  become  t r a n s f e r r e d   to  t h e   b o t t o m  

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

a p p l y i n g   an  u p w a r d ,   b u o y a n t   f o r c e   to  the  c a s i n g .  

F i g u r e   1  shows  a  s i m p l i f i e d   s e c t i o n   o f  

f l u i d - f i l l e d   c a s i n g   s t r i n g   10  as  i t   is  p a s s i n g   t h r o u g h  
the   d e v i a t e d   p o r t i o n   of  t he   b o r e h o l e   11,  wh ich   is   f i l l e d  

w i t h   d r i l l i n g   f l u i d   or  d r i l l i n g   mud  12.  The  c a s i n g  

s t r i n g   c o m p r i s e s   i n d i v i d u a l   l e n g t h s   of  c a s i n g   13 

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

14,  e . g .   t h r e a d e d   c o u p l i n g s .   The  w e i g h t   of  t he   c a s i n g  
is   e v e n l y   d i s t r i b u t e d   o v e r   i t s   l e n g t h   and  a c c o r d i n g l y ,  
the   f o r c e   due  to  c a s i n g   w e i g h t   is  a l s o   e v e n l y  
d i s t r i b u t e d   a l o n g   the   l e n g t h   of  each  s e c t i o n   13  o f  

c a s i n g .   The  l i q u i d   15  w i t h i n   the  c a s i n g ,   r e t a i n e d   b y  



means   of  p l u g s   16,  w i l l   e x e r t   a  d o w n w a r d   f o r c e   by  r e a s o n  

of  i t s   w e i g h t   w i t h   the   r e s u l t a n t   f o r c e   at  the  lower   e n d  

of  the   s e c t i o n   of  c a s i n g ,   where   the   l i q u i d   i s .   T h e  

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

s u b j e c t   to  an  u p w a r d   b u o y a n t   f o r c e   r e s u l t i n g   from  gas  17 

w h i c h   is  c o n t a i n e d   in  t h i s   s e c t i o n   of  the  c a s i n g   ( t h e  

downward   f o r c e   of  t he   w e i g h t   of  t he   gas  is  n e g l i g i b l e ) .  

The  f o r c e s   wh ich   a re   c r e a t e d   by  the   use   of  the  l i q u i d  

and  the   gas  a r e   t h e r e f o r e   not  e v e n l y   d i s t r i b u t e d ,   b u t  

r a t h e r   a re   c o n c e n t r a t e d ,   wi th   a  ne t   downward   f o r c e   a t  

the  lower   end  of  t he   f l u i d - f i l l e d   c a s i n g   s e c t i o n   and  a  

ne t   upward   f o r c e   at  the  upper   end  of  the   f l u i d - f i l l e d  

s e c t i o n .   Th i s   c o u p l e   c a u s e s   the  c a s i n g   to  t w i s t   a b o u t   a 

t r a n s v e r s e ,   h o r i z o n t a l  a x i s   r u n n i n g   s i d e w a y s   t h r o u g h   t h e  

f l u i d - f i l l e d   s e c t i o n ,   wi th   the  r e s u l t   t h a t   the   l o w e r  

p o r t i o n   of  the   c a s i n g   wi,ll  t end   to  come  i n t o   c o n t a c t  

w i t h   the  b o t t o m   w a l l   of  the  b o r e h o l e   and  the   u p p e r  

p o r t i o n   i n t o   c o n t a c t   wi th   the  u p p e r   w a l l   of  t h e  

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

as  w e l l   as  t he   p o t e n t i a l   for  d i f f e r e n t i a l   p r e s s u r e  
s t i c k i n g   at   b o t h   ends   of  the   c a s i n g   s e c t i o n .  

A c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   the  l o w e r  

s e c t i o n   of  c a s i n g   which  is  to  be  p o s i t i o n e d   in  t h e  

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

s o l i d   i n s e r t   wh ich   d i s t r i b u t e s   the   b u o y a n t   f o r c e s   e v e n l y  

a l o n g   the  l e n g t h   of  the   s e c t i o n   of  c a s i n g   which   c o n t a i n s  

i t .   F i g u r e   2  shows  a  s e c t i o n   of  t he   c a s i n g   in  t h e  

d e v i a t e d   p o r t i o n   of  the  b o r e h o l e   w i t h   such  an  i n s e r t .  

C a s i n g   s t r i n g   20  w i t h i n   d e v i a t e d   b o r e h o l e   11  f i l l e d   w i t h  

d r i l l i n g   mud  12  is  made  up  of  a  number   of  l e n g t h s   o f  

c a s i n g   21  j o i n e d   t o g e t h e r   by  means  of  c a s i n g   j o i n t s   22 

has  an  a n n u l a r ,   s o l i d   i n s e r t   23  wh ich   is  he ld   b e t w e e n  

r e t a i n i n g   r i n g s   24  and  25  at  i t s   u p p e r   and  lower   e n d s ,  

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



c a s i n g   by  w e l d i n g ,   s c r e w s   or  o t h e r   s u i t a b l e   means .   The  

i n s e r t -   is  f a b r i c a t e d   from  a  m a t e r i a l   w h i c h   w i l l   p r o v i d e  

the   d e s i r e d   d e g r e e   of  p o s i t i v e   b u o y a n c y   to  the  c a s i n g  

when  i t   is  run  o p e n - e n d e d   i n t o   the   m u d - f i l l e d   b o r e h o l e .  

A c c o r d i n g l y ,   t he   i n s e r t   w i l l   be  f a b r i c a t e d   of  a  s u i t a b l y  

b u o y a n t   m a t e r i a l   and  d i m e n s i o n e d   so  t h a t   t he   ne t   b u o y a n t  

f o r c e   is   of  the   d e s i r e d   m a g n i t u d e .   Thus ,   i f   a  

r e l a t i v e l y   more  b u o y a n t   m a t e r i a l   i s   u s e d ,   t he   i n s e r t   may 
be  of  t h i n n e r   a n n u l a r   s e c t i o n   t h a n   i f   a  r e l a t i v e l y   l e s s  

b u o y a n t   m a t e r i a l   is  u s e d .   S u i t a b l e   m a t e r i a l s   for   m a k i n g  

the   i n s e r t   i n c l u d e   foamed  and  u n f o a m e d   p l a s t i c   r e s i n  

m a t e r i a l s   such   as  foamed  p o l y s t y r e n e   and  f o a m e d  

p o l y e t h y l e n e ,   p o l y u r e t h a n e   foam,   u n f o a m e d   p o l y e t h y l e n e  

or  p o l y p r o p y l e n e   or  o t h e r   p l a s t i c   r e s i n   m a t e r i a l s ,   l o w  

d e n s i t y   s o l i d s   such   as  wood,  c o r k ,   r e c o n s t i t u t e d   w o o d ,  

e . g . ,   c o m p o s i t e s   of  wood  c h i p s   or  s a w d u s t   bonded   b y  

means   of  r e s i n   a d h e s i v e s ,   r e c o n s t i t u t e d   c o r k   and  o t h e r  

m a t e r i a l s   of  a  d e n s i t y   which  is  b e l o w   t h a t   of  t h e  

d r i l l i n g   mud  in  u se .   Thus ,   by  u s i n g   w e i g h t e d   d r i l l i n g  

muds,   the   r a n g e   of  s u i t a b l e   i n s e r t   m a t e r i a l s   can  b e  

e x t e n d e d .   C o m b i n a t i o n s   of  t h e s e   m a t e r i a l s   may  be  u s e d .  

A  p r e f e r r e d   m a t e r i a l   is  s y n t a c t i c   foam  which   i s  

c o m m e r c i a l l y   a v a i l a b l e   for   use  on  m a r i n e   r i s e r s   a n d  

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

s t r e n g t h   and  may  be  m o l d e d   i n t o   d i f f e r e n t  

c o n f i g u r a t i o n s .   A  t y p i c a l   s y n t a c t i c   foam  is  a v a i l a b l e  

f rom  W.R.  Grace   &  Co. .   under   t he   t r a d e m a r k   E c c o f l o a t ,  
w i t h   d i f f e r e n t   g r a d e s   h a v i n g   d e n s i t i e s   of  a b o u t   3 2 0 - 4 5 0  

kg.  m.-3   ( 2 0 - 2 8   l b s .   f t .  3 ) .  

As  shown  in  F i g u r e   2,  t h e   downward   f o r c e  

r e s u l t i n g   f rom  the   w e i g h t   of  the   c a s i n g   and  the  i n s e r t  

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

c a s i n g ,   as  is  the   upward  f o r c e   a r i s i n g   f rom  the  b u o y a n t  
e f f e c t   of  the   i n s e r t .   Thus ,   the   s e c t i o n   of  c a s i n g   i s  



not   o n l y   h e l d   in  a  s t a t e   of  n e u t r a l   b u o y a n c y   but   a l s o  

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

h o r i z o n t a l   a x i s   t h r o u g h   i t s   c e n t e r .   B e c a u s e   of  t h i s ,  

the  r i s k   t h a t   the   c a s i n g   w i l l   come  i n t o   c o n t a c t   w i t h   t h e  

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

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

In  s e t t i n g   the  c a s i n g   in  the   b o r e h o l e ,   t h e  

c a s i n g   s t r i n g   is  made  up  at  the   s u r f a c e   u s i n g   t h e  

d e r r i c k   in  a  c o n v e n t i o n a l   m a n n e r .   H o w e v e r ,   the  l o w e r  

s e c t i o n s   of  c a s i n g   which   a re   to  e n t e r   the   d e v i a t e d  

p o r t i o n   of  the   b o r e h o l e   a re   p r o v i d e d   wi th   the  b u o y a n t  

i n s e r t s   to  m i n i m i z e   r u n n i n g   p r o b l e m s .   The  c a s i n g   i s  

l e f t   open   at   i t s   lower   end  so  t h a t   as  i t   d e s c e n d s   i n t o  

the   h o l e ,   the  mud  e n t e r s   the  c a s i n g   to  p r o v i d e   t h e  

d e s i r e d   d e g r e e   of  b u o y a n c y .   D e p e n d i n g   upon  the  c a s i n g  

w e i g h t   and  d r i l l i n g   mud  in  u s e ,   the   c o m p o s i t i o n   and  s i z e  

of  the   i n s e r t s   w i l l   be  s u i t a b l y   d e t e r m i n e d   and  t h e  

i n s e r t s   s e c u r e d   w i t h i n   each   s e c t i o n   of  c a s i n g   a s  

d e s c r i b e d   a b o v e .   The  c a s i n g   is  t h e n   run  i n t o   t h e  

m u d - f i l l e d   b o r e h o l e   in  the   n o r m a l   manner   u n t i l   a l l   t h e  

b u o y a n t   s e c t i o n s   are   b e n e a t h   the   s u r f a c e .   N o n - b u o y a n t  

s e c t i o n s   of  c a s i n g   can  t hen   be  made  up  i n t o   the  t o p  

p o r t i o n   of  the   s t r i n g   and,   i f   n e c e s s a r y ,   a d d i t i o n a l  

w e i g h t   fo r   d r i v i n g   the  s t r i n g   down  i n t o   the  b o r e h o l e   may 
be  p r o v i d e d   by  u s i n g   heavy   w e i g h t   c a s i n g   or  by  f i l l i n g  
the  u p p e r   p o r t i o n   of  the  c a s i n g   w i t h   a  w e i g h t i n g   f l u i d .  

A  p l u g   may  s u i t a b l y   be  p l a c e d   at  the   b o t t o m   of  t h e  

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

r e t a i n   the  f l u i d .   When  the   c a s i n g   s t r i n g   has  been   r u n  

to  the   d e s i r e d   p o s i t i o n   in  the   b o r e h o l e ,   i t   can  b e  

c e m e n t e d   in  p l a c e   in  the  c o n v e n t i o n a l   manner   b y  

c i r c u l a t i n g   out  the  mud  and  pumping   cemen t   down  t h e  

c a s i n g   and  up  t h r o u g h   the  a n n u l u s ,   in  the  no rmal   way 
a f t e r   d r i l l i n g   out   or  o t h e r w i s e   r e m o v i n g   any  p l u g s   a b o v e  



t h e   b u o y a n t   s e c t i o n .   B e c a u s e   the   p r e f e r r e d   b u o y a n t  

i n s e r t s   have  an  a n n u l a r   c o n f i g u r a t i o n ,   the  c e m e n t   may  b e  

c i r c u l a t e d   down  t h r o u g h   the  c a s i n g   s t r i n g   and  up  i n t o  

the   a n n u l u s   w i t h o u t   i n t e r f e r e n c e ,   bu t   i f   the   i n s e r t s   a r e  

l i k e l y   to  i n t e r f e r e   w i t h   the   c e m e n t i n g   o p e r a t i o n   or  w i t h  

the   s e t t i n g   of  s u b s e q u e n t   c a s i n g   or  t u b u l a r   s t r i n g s ,   t h e  

i n s e r t s   may  be  r e a d i l y   d r i l l e d   ou t   u s i n g   c o n v e n t i o n a l  

t e c h n i q u e s ,   e . g .   w i th   a  w i r e   b r u s h .   A p p r o p r i a t e   s h o e s  

a t   the   end  of  t he   c a s i n g   s t r i n g ,   e . g . ,   g u i d e s h o e s ,   may 
be  p r o v i d e d   in  o r d e r   to  f a c i l i t a t e   r u n n i n g   of  the   c a s i n g  

and  the   s u b s e q u e n t   c e m e n t i n g   o p e r a t i o n s   a l t h o u g h ,   o f  

c o u r s e ,   t h e s e   s h o e s   s h o u l d   p e r m i t   the  mud  to  e n t e r   t h e  

c a s i n g   as  i t   is  f l o a t e d   down  the   b o r e h o l e   in  a  r u n n i n g  

o p e r a t i o n   of  t h i s   t y p e ,   in  o r d e r   to  p r o v i d e   the  d e s i r e d  

d e g r e e   of  b u o y a n c y .  

As  an  a l t e r n a t i v e ,   i t   may  be  d e s i r a b l e   to  r u n  

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

t h a t   t he   mud  in  the  b o r e h o l e   is   e x c l u d e d   f rom  t h e  

i n t e r i o r   of  the   p i p e .   Th i s   may  be  d e s i r a b l e ,   f o r  

i n s t a n c e ,   in  r u n n i n g   t u b u l a r s   or  r e l a t i v e l y   h e a v y   w e i g h t  

c a s i n g   when  the  b u o y a n t   e f f e c t   of  the  gas  r e t a i n e d  

w i t h i n   the   c a s i n g   is  d e s i r e d   bu t   some  a d d i t i o n a l   w e i g h t  
is   n e e d e d   to  p r o v i d e   n e u t r a l   b u o y a n c y .   In  such   c a s e s ,  
t he   s o l i d   i n s e r t   may  p r o v i d e   s u f f i c i e n t   a d d i t i o n a l  

w e i g h t   to  the  p i p e .  

The  i n s e r t   may  be  h o l l o w ,   as  d e s c r i b e d   a b o v e  

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

when  the   p ipe   is  to  be  run  i n t o   the   h o l e   w i t h   a  c l o s e d  

end .   However ,   when  o p e n - e n d e d   r u n n i n g   is  to  be  c a r r i e d  

o u t ,   a  f low  p a s s a g e   t h r o u g h   the  i n s e r t s   for   the   mud  t o  

p a s s   up  the  s t r i n g   s h o u l d   be  p r o v i d e d   and  t h i s   w i l l  

p r e f e r a b l y   be  a  c e n t r a l   f l ow  p a s s a g e   in  a  h o l l o w   i n s e r t ,  

as  d e s c r i b e d   a b o v e .  



The  i n s e r t s   may  be  p r e - f o r m e d   to  the  d e s i r e d  

s h a p e   and  s i z e   and  t hen   i n s e r t e d   i n t o   the  p i p e   and  f i x e d  

in  i t   w i t h i n   r e t a i n i n g   r i n g s   or  o t h e r   d e v i c e s ,   a s  

p r e v i o u s l y   m e n t i o n e d .   A l t e r n a t i v e l y ,   p r e - f o r m e d   i n s e r t s  

may  be  r e t a i n e d   wi th   a d h e s i v e s ,   e . g .   e p o x i e s .   A n o t h e r  

a l t e r n a t i v e   is  to  form  the   i n s e r t   d i r e c t l y   in  the   p i p e  

so  t h a t   the   p ipe   a c t s   as  a  mold  for   the  i n s e r t   w h i c h ,  

upon  s e t t i n g ,   becomes   b o n d e d   d i r e c t l y   to  the  p i p e ,  

o b v i a t i n g   the   need  for   a d h e s i v e s   or  r e t a i n i n g   d e v i c e s .  

P o l y u r e t h a n e   foams  may  be  used   e f f e c t i v e l y   in  t h i s  w a y  

fo r   f o r m i n g   the  i n s e r t s .  



1.  A  m e t h o d   of  p o s i t i o n i n g   p ipe   in  a  w e l l  

b o r e h o l e ,   wh ich   c o m p r i s e s :  

l o w e r i n g   a  s t r i n g   c o m p r i s i n g   s e r i a l l y  

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

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

over   a t   l e a s t   a  p o r t i o n   of  i t s   d e p t h ,   at  l e a s t   t he   l o w e r  

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

each  h a v i n g   s o l i d ,   b u o y a n t   members   r e t a i n e d   in  a  f i x e d  

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

d i s t r i b u t e d   b u o y a n t   f o r c e   as  the   p ipe   is  run  i n t o   t h e  

b o r e h o l e .  

2.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  in  w h i c h   t h e  

b u o y a n t   s o l i d   member  c o m p r i s e s   a  h o l l o w ,   c y l i n d r i c a l  

member  i n s e r t e d   i n t o   each   s e c t i o n   of  p i p e   in  t he   l o w e r  

p o r t i o n   of  the  c a s i n g   s t r i n g .  

3.  A  me thod   a c c o r d i n g   to  c l a i m   2  in  w h i c h   e a c h  

h o l l o w   c y l i n d r i c a l   b u o y a n t   member  is   r e t a i n e d   by  m e a n s  

of  r e t a i n i n g   r i n g s   at  each   of  i t s   e n d s .  

4.  A  me thod   a c c o r d i n g   to  c l a i m   1  in  w h i c h   t h e  

b o r e h o l e   has  an  u p p e r ,   s u b s t a n t i a l l y   v e r t i c a l   s e c t i o n  

and  a  l o w e r ,   d e v i a t e d   s e c t i o n ,   and  in  which   t he   p o r t i o n  

of  the   s t r i n g   which   is   to  be  p l a c e d   in  the  u p p e r   p o r t i o n  

of  t he   b o r e h o l e   above   the   d e v i a t e d   p o r t i o n   is   n o t  

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



5.  A  m e t h o d   a c c o r d i n g   to  c l a i m   4  in  which   t h e  

uppe r   p o r t i o n   of  the   c a s i n g   s t r i n g   w h i c h   is  to  be  p l a c e d  

in  the  upper   p o r t i o n   of  the  b o r e h o l e   is  f i l l e d   w i th   a  

w e i g h t i n g   f l u i d   w h i l e   the   s t r i n g   is  b e i n g   run  i n t o   t h e  

b o r e h o l e .  

6.  A  me thod   a c c o r d i n g   to  c l a i m   1  in  which   the  p i p e  

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

7.  A  me thod   a c c o r d i n g   to  c l a i m   1  in  which   t h e  

s t r i n g   is  run  i n t o   the   b o r e h o l e   w i t h   an  open  end  at  i t s  

b o t t o m   to  p e r m i t   f l u i d   in  the  b o r e h o l e   to  e n t e r   t h e  

i n t e r i o r   of  the  s t r i n g .  

8.  A  p i p e   fo r   r u n n i n g   i n t o   a  b o r e h o l e   f o rmed   i n  

the  e a r t h   h a v i n g   an  i n t e r n a l ,   s o l i d   member  r e t a i n e d   in  a 

f i x e d   p o s i t i o n   w i t h i n   i t s   l e n g t h   such   t h a t   when  the   p i p e  

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

of  the  member  a re   u n i f o r m l y   d i s t r i b u t e d   a l o n g  

s u b s t a n t i a l l y   t he   l e n g t h   of  the  p i p e .  

9.  A  c a s i n g   s e c t i o n   for  c a s i n g   a  d e v i a t e d   b o r e h o l e  

in  the  e a r t h   wh ich   c o m p r i s e s   a  t u b u l a r   s e c t i o n   of  c a s i n g  

h a v i n g   an  i n t e r n a l ,   s o l i d   b u o y a n t   member  r e t a i n e d   in  a  
f i x e d   p o s i t i o n   w i t h i n   i t s   l e n g t h   such   t h a t   when  t h e  

c a s i n g   s e c t i o n   is  run  i n t o   a  m u d - f i l l e d ,   d e v i a t e d  

b o r e h o l e ,   a  b u o y a n t   f o r c e   g e n e r a t e d   by  the  member  i s  

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

c a s i n g   s e c t i o n .  

10.  A  c a s i n g   s e c t i o n   a c c o r d i n g   to  c l a i m   6  in  w h i c h  

the  b u o y a n t   member  c o m p r i s e s   a  h o l l o w   c y l i n d e r   o f  

s u b s t a n t i a l l y   the   same  l e n g t h   as  t he   l e n g t h   of  t h e  

c a s i n g .  



1 1 .  A   c a s i n g   s e c t i o n   a c c o r d i n g   to  c l a i m   7  in  w h i c h  

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

m a t e r i a l .  

12.  A  c a s i n g   s e c t i o n   a c c o r d i n g   to  c l a i m   7  in  w h i c h  

the   b u o y a n t   member  is   f a b r i c a t e d   f rom  a  f o a m e d   p l a s t i c  

r e s i n   m a t e r i a l .  

13.  A  c a s i n g   s e c t i o n   a c c o r d i n g   to  c l a i m   12  in  w h i c h  

the  b u o y a n t   member  is   f a b r i c a t e d   f rom  s y n t a c t i c   f o a m .  

14.  A  c a s i n g   s e c t i o n   a c c o r d i n g   to  c l a i m   7  in  w h i c h  

the  b u o y a n t   member  is  f a b r i c a t e d   f rom  an  u n f o a m e d  

p l a s t i c   r e s i n   m a t e r i a l .  

15.  A  c a s i n g   s e c t i o n   a c c o r d i n g   to  c l a i m   7  in  w h i c h  

the  b u o y a n t   member  is   f a b r i c a t e d   f rom  wood,  a  w o o d / r e s i n  

c o m p o s i t e ,   co rk   or  r e c o n s t i t u t e d   c o r k .  
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