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@  Method  relating  to  the  pumping  of  fluid  along  a  tubular  structure  in  a  bore  of  a  well  and  tubular  component  for  use  in  such 
structure. 

A  casing  joint  17  connected  in  a  casing  string  in  a  well 
bore  11  includes  a  rubber  lining  26  forming  obstruction  means 
for  interrupting  the  passage  of  a  fluid  displacement  plug  24 
during  a  cementing  operation  in  the  well  bore.  The  displace- 
ment  plug  24  is  driven  down  the  casing  string  by  displacement 
fluid  25  and  forces  cementing  fluid  23  ahead  of  the  plug  and 
back  up  the  outside  of  the  casing  string.  When  the  plug  24 
reaches  the  lining  26  a  preassure  surge  is  detected  at  the 
pumping  operation.  The  detection  of  plug  position  is  used  to 
indicate  termination  or  near termination  of  cementing,  or to  cal- 
ibrate  the  pumping  mechanism. 



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  p u m p i n g   f l u i d s  

in   w e l l   b o r e s ,   and  i s   c o n c e r n e d   in   p a r t i c u l a r   b u t   n o t  

e x c l u s i v e l y   w i t h   m e t h o d s   f o r   u se   in   c o n n e c t i o n   w i t h  

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

and  c o m p o n e n t s   fo r   use   in  s u c h   m e t h o d s .  

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

w e l l s   s u c h   as  o i l ,   gas   o r  w a t e r   w e l l s ,   i n c l u d e   t h e  

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

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

c a s i n g   j o i n t s ,   j o i n e d   t o g e t h e r   to  g i v e   a  c o n t i n u o u s  

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

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

of  t he   b o r e   of  t he   w e l l ,   or  f o r m a t i o n   as  t he   b o r e   i s  

k n o w n .   When  a  s t a g e   of  t he   w e l l   has   b e e n   d r i l l e d   a s  

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

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

by  a  c a s i n g   s t r i n g   h a v i n g   an  o u t e r   d i a m e t e r   l e s s   t h a n  

t h e   f o r m a t i o n .   D u r i n g   the   r e m o v a l   of  t h e   d r i l l   s t r i n g  

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

t h e   f o r m a t i o n   i s   m a i n t a i n e d   by  t h e   w e i g h t   of  a  p a c k i n g  

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

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

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

c a r r y   away  t h e   c u t t i n g s ,   c o o l   t he   b i t   and  h o l d   b a c k  



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

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

p l a c e d   in   t he   b o r e .  

When  t he   c a s i n g   s t r i n g   i s   in   p o s i t i o n   i t   i s  

c e m e n t e d   in   p l a c e   by  p u m p i n g   down  t h e   h o l l o w   c e n t r e   o f  

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

a  c e m e n t   and  w a t e r   s l u r r y .   The  c e m e n t i n g   f l u i d   d i s p l a c e s  

t h e   p a c k i n g   f l u i d   and  p a s s e s   ou t   of  t h e   c a s i n g   s t r i n g  

a t   t h e   b o t t o m   of  t h e   b o r e   and  i s   f o r c e d   b a c k   up  t h e  

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

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

t h e   c a s i n g   and  t he   i n s i d e   of  t he   b o r e .   The  b o t t o m   o f  

t h e   c a s i n g   i s   t e r m i n a t e d   by  an  e l e m e n t   known  as  a  

f l o a t   s h o e   or  f l o a t   v a l v e   r e s t i n g   a t   t h e   b o t t o m   of  t h e  

f o r m a t i o n .  

I d e a l l y ,   j u s t   s u f f i c i e n t   c e m e n t i n g   f l u i d   i s  

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

t h e   c a s i n g   b a c k   to  t h e   r e q u i r e d   h e i g h t ( w h i c h   may  b e  

to  t h e   t o p   of  t h e   f o r m a t i o n )   w i t h   v i r t u a l l y   no  c e m e n t  

in   t h e   b o t t o m   of  t h e   i n s i d e   of  t h e   c a s i n g .   T h i s  

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

a b o v e   a  c a l c u l a t e d   q u a n t i t y   of  c e m e n t i n g   f l u i d   a  

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

c a s i n g   s t r i n g   by  p u m p i n g   a  d i s p l a c e m e n t   f l u i d   u n d e r  

p r e s s u r e   b e h i n d   t he   p l u g .   The  d i s p l a c e m e n t   f l u i d   m a y  

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

w a t e r ,   b a r i u m   s u l p h a t e   and  o t h e r   m a t e r i a l s .   Thus   t h e  



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

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

u n d e r   p r e s s u r e   to  d r i v e   t he   p l u g   a l o n g .  

C o n s i d e r a b l e   s k i l l   i s   r e q u i r e d   d u r i n g   t h e  

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

t h e   d i s p l a c e m e n t   f l u i d   b e h i n d   the   p l u g   so  as  to  s t o p  

t h e   o p e r a t i o n   a s  n e a r l y   as  p o s s i b l e   when  t he   p l u g   h a s  

j u s t   r e a c h e d   t h e   b o t t o m   of  the   c a s i n g   s t r i n g .   I f  

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

of  t he   c a s i n g   s t r i n g ,   d i s p l a c e m e n t   f l u i d   i s   p u m p e d  

b e y o n d   the   end  of  t h e   c a s i n g   s t r i n g   to  d i s p l a c e   t h e  

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

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

m i x i n g   w i t h   t he   c e m e n t i n g   f l u i d   so  p r e v e n t i n g   p r o p e r  

s e t t i n g   of  t h e   c e m e n t .   S u c h   an  o c c u r e n c e   is   known  a s  

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

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

of  t h e   c a s i n g ,   t he   c e m e n t   s e t s   in   t he   c a s i n g   and  h a s  

to  be  d r i l l e d   ou t   a g a i n   a t   a  l a t e r   s t a g e   b e f o r e   t h e  

n e x t   s t a g e   of  d r i l l i n g   t he   f o r m a t i o n   can  c o m m e n c e .  

C l e a r l y   s u c h   e x t r a   d r i l l i n g   i s   t i m e   c o n s u m i n g   and  e x -  

p e n s i v e .  

In  o r d e r   to  a t t e m p t   to  e s t i m a t e   when  t h e  

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

c a s i n g ,   t he   p r e s e n t   p r a c t i c e   i s   to  c a l c u l a t e   t h e  

v o l u m e   of  d i s p l a c e m e n t   f l u i d   n e e d e d   to  be  pumped  i n t o  

t h e   c a s i n g   to  f i l l   t h e   h o l l o w   i n s i d e   of  t h e   c a s i n g  



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

an  e s t i m a t e   of  t h e   v o l u m e t r i c   e f f i c i e n c y   of  t he   d i s -  

p l a c i n g   pump  and  t h e   o v e r a l l   i n t e g r i t y  o f   t h e   d i s -  

p l a c i n g   s y s t e m ( i . e .   v a l v e s ,   c a s i n g ,   j o i n s   and  so  o n ) .  

I t   i s   t h e n   a t t e m p t e d   to  pump  in   t h e   c a l c u l a t e d   v o l u m e   o f  

d i s p l a c e m e n t   f l u i d   by  c o u n t i n g   pump  s t r o k e s   and  r e -  

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

pump,   e n d e a v o u r i n g   to   make  a l l o w a n c e   f o r   l e a k a g e   i n  

t h e   p i p e s , v a l v e s   and  o t h e r   p a r t s   of  t h e   p u m p i n g   s y s t e m .  

P r e m a t u r e   g r o u n d i n g   of  t h e   p l u g   can   be  d e t e c t e d  

by  d e t e c t i n g   a  s u r g e   of  p r e s s u r e   i n   t h e   s u r f a c e   p u m p i n g  

s y s t e m ,   b u t   by  t h a t   t i m e   t h e   damage   has   u s u a l l y   t a k e n  

p l a c e   by  o v e r d i s p l a c e m e n t   of  t he   c e m e n t i n g   f l u i d .   I t  

i s   known  p r a c t i c e   to  d e t e c t   t he   o c c u r e n c e   of  u n w a n t e d  

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

in   t h e   p u m p i n g   s y s t e m ,   and  t h i s   i s   u s e d   f o r   e x a m p l e  

to  d e t e c t   a  b l o c k e d   j e t   in   t he   c l e a n i n g   f l u i d   s u p p l y  

to  a  d r i l l i n g   h e a d ,   or  to  d e t e c t   a  c a v e - i n   or  o t h e r  

f a u l t   in   a  f o r m a t i o n .   H o w e v e r ,   s u c h   p r i o r   use   o f  

m o n i t o r i n g   t h e   p r e s s u r e   in   t he   p u m p i n g   s y s t e m   h a s  

o n l y   d e t e c t i n g   u n w a n t e d   a c c i d e n t a l   o c c u r e n c e s   a f t e r  

t h e   s t a g e   when  damage   has   o c c u r e d .  

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

p l u g   d o e s   n o t   s e a t   and  s e a l   a t   t h e   f l o a t   v a l v e   w h e n  

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

p u m p e d ,   t h e n   i t   i s   common  p r a c t i c e   to   s t o p   d i s p l a c e -  

men t   f o r   f e a r   of  o v e r d i s p l a c i n g   t h e   c e m e n t .   O v e r -  

d i s p l a c e m e n t   of  c e m e n t , o r   to  be  more  s p e c i f i c  



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

o u t s i d e   of  t he   c a s i n g ,   g i v e s   r i s e   to  many  p r o b l e m s   a n d  

is   a  s i t u a t i o n   t h a t   d r i l l i n g   s u p e r v i s o r s   t r y   to  a v o i d .  

In   b e i n g   t oo   c a u t i o u s   of  o v e r d i s p l a c e m e n t ,   u n d e r d i s -  

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

c e m e n t   i s   l e f t   i n s i d e   t he   c a s i n g .   The  r i g   t i m e   i n v o l v e d  

in   d r i l l i n g   o u t   an  e x c e s s i v e   a m o u n t ( i . e .   up  to  a b o u t  

5 , 0 0 0   f t . )   of  s e t   c e m e n t   f r o m   t i m e   to  t i m e   can   b e  

c o s t l y   to  t h e   o p e r a t o r .   T h e r e   i s   no  p r a c t i c a l   a n d  

a c c u r a t e   s u b s u r f a c e   m e t h o d   or  e q u i p m e n t   b e i n g   u s e d   i n  

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

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

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

A n o t h e r   form  of  c e m e n t i n g   o p e r a t i o n   in  w h i c h   s i m i l a r  

p r o b l e m s   a r i s e   is   t he   o p e r a t i o n   of  c e m e n t i n g   the   b o t t o m  

of  a  w e l l   b o r e   a t   a  s t a g e   of  t he   d r i l l i n g   o p e r a t i o n   i t s e l f .  

When,  in  p r e s e n t l y   known  m e t h o d s ,   i t   is   d e s i r e d   to  c e m e n t  

t he   b o t t o m   of  a  w e l l   b o r e   a f t e r   a  s t a g e   of  d r i l l i n g   h a s  

been   c o m p l e t e d   ( b u t   b e f o r e   a  c a s i n g   s t r i n g   is  i n s e r t e d ) ,  

c e m e n t   i s   pumped  down  the   h o l l o w   c e n t r e   of  the   d r i l l   p i p e  

or  s t r i n g   and  is  f o r c e d   back   up  the   o u t s i d e   of  t he   d r i l l  

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

s t r i n g .   At  p r e s e n t   t he   c e m e n t   is   f o r c e d   down  t he   d r i l l  

p i p e   by  a  f o l l o w i n g   d i s p l a c e m e n t   f l u i d ,   bu t   no  p l u g   i s  

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

A f t e r   t he   c e m e n t   has   been   pumped  i n t o   p o s i t i o n   (so  f a r  



as  can  be  e s t i m a t e d   by  the   t e c h n i q u e s   d e s c r i b e d   a b o v e )  

the   d r i l l   p i p e   is  w i t h d r a w n ,   l e a v i n g   t he   c e m e n t   at   t h e  

b o t t o m   of  t h e   w e l l   b o r e   to  s e t   as  r e q u i r e d .  

In  a d d i t i o n   to  t he   p r o b l e m s   of  o v e r d i s p l a c e m e n t  

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

to  c e m e n t i n g   c a s i n g ' s t r i n g s ,   the   p u m p i n g   of   c e m e n t  

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

When  the   pumps  a re   t u r n e d   o f f   b e f o r e   w i t h d r a w i n g   t h e  

d r i l l   p i p e ,   t he   w e i g h t   of  c e m e n t i n g   f l u i d   a r o u n d   t h e  

o u t s i d e   of  t he   d r i l l   p i p e   is   g r e a t e r   t h a n   t h e   w e i g h t   o f  

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

t h i s   c a u s e s   t h e   c e m e n t i n g   f l u i d   to  f l o w   back   down  t h e  

o u t s i d e   of  t he   d r i l l   p i p e   and  up  i n t o   t he   h o l l o w   c e n t r e  

of  t he   d r i l l   p i p e .   T h i s   e f f e c t ,   known  as  a  " U - t u b e "  

e f f e c t ,   may  r e s u l t   in  c e m e n t   r e m a i n i n g   in  t he   d r i l l  

p i p e   a f t e r   w i t h d r a w a l ,   w i t h   c o n s e q u e n t   d i f f i c u l t i e s   o f  

o p e r a t i o n   in  s u b s e q u e n t   d r i l l i n g .  

I t   is  a  main   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  m e t h o d   (and  c o m p o n e n t s   f o r   use   in  s u c h   a  

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

b o r e s   in  t u b u l a r   s t r u c t u r e s   such   as  c a s i n g   s t r i n g s   o r  

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

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

e l i m i n a t e d .  

I t   is   a n o t h e r   o b j e c t   of  t he   i n v e n t i o n ,   in  c e r t a i n  

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



fo r   use   in  such   a  m e t h o d )   of  c e m e n t i n g   the   b a s e   of  a  

w e l l   b o r e   by  p u m p i n g   c e m e n t i n g   f l u i d   d o w n  a   d r i l l   p i p e ,  

in  w h i c h   the   r i s k   of  s i g n i f i c a n t   r e t u r n   of  c e m e n t i n g  

f l u i d   i n t o   t he   d r i l l   p i p e   is  r e d u c e d   or  e l i m i n a t 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  m e t h o d  o f   m o n i t o r i n g   the   p u m p i n g  

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

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

p l u g   member  a l o n g   a  t u b u l a r   s t r u c t u r e   in  a  b o r e   of  a  

w e l l   by  a  p u m p i n g   s y s t e m   p u m p i n g   f l u i d   u n d e r   p r e s s u r e  

b e h i n d   t he   p l u g   m e m b e r ,   i n t e r r u p t i n g   the   p a s s a g e   of  t h e  

p l u g   member  a l o n g   the   t u b u l a r   s t r u c t u r e   by  an  o b s t r u c -  

t i o n   means   p l a c e d   at   a  known  d i s t a n c e   a l o n g   t he   t u b u l a r  

s t r u c t u r e ,   and  d e t e c t i n g   a  s u r g e   of  p r e s s u r e   in  t h e  

p u m p i n g   s y s t e m   r e s u l t i n g   f rom  the   s a i d   i n t e r r u p t i o n   o f  

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

p o s i t i o n   of  t he   p l u g   member  at   the   t ime   of  d e t e c t i o n  

of  t he   p r e s s u r e   s u r g e .  

The  p l u g   member  may  c o n v e n i e n t l y   be  f o r m e d   by  a  

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

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

c o n v e n i e n c e   in  t he   s u b s e q u e n t   d e s c r i p t i o n   the   p l u g  

member  w i l l   s o m e t i m e s   be  r e f e r r e d   to  as  a  p l u g .  

By  way  of  e x a m p l e ,   t he   t u b u l a r   s t r u c t u r e   may  

c o m p r i s e   t he   h o l l o w   c y l i n d r i c a l   s t r u c t u r e   u sed   t o  

d r i v e   a  d r i l l   d u r i n g   the   d r i l l i n g   p r o c e s s   and  known  a s  



a  d r i l l   p i p e   or  d r i l l   s t r i n g .   As  a  f u r t h e r   e x a m p l e ,  

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

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

w e l l   b o r e   and  known  as  a  c a s i n g   s t r i n g .   T u b u l a r  

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

g e n e r a l l y   r e f e r r e d   to  in  t he   f i e l d   of  d r i l l i n g   a s  

" t u b u l a r s "   and  the   p r e s e n t   i n v e n t i o n   f i n d s   use  i n  

o p e r a t i o n s   in  such   " t u b u l a r s " .  

The  i n t e r r u p t i o n   of  t he   p l u g   m o v e m e n t   i s  

c o n v e n i e n t l y   a  m o m e n t a r y   c h e c k   of  t he   m o v e m e n t  o f   t h e  

p l u g   w h i c h   may  be  may  n o t   b r i n g   the   p l u g   to  r e s t   b e f o r e  

r e s u m i n g   i t s   m o v e m e n t   u n d e r   t he   b u i l d   up  of  p r e s s u r e .  

The  m e t h o d   d e s c r i b e d   has   p a r t i c u l a r   use   in  t h e  

c e m e n t i n g   p r o c e s s e s   s e t   ou t   a b o v e ,   and  may  be  u s e d  

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

is   a p p r o a c h i n g   the   b o t t o m   of  a  c a s i n g   s t r i n g   or  d r i l l  

p i p e ,   o r ,   as  w i l l   be  d e s c r i b e d   h e r e i n a f t e r ,   to  c a l i b r a t e  

the   p u m p i n g   s y s t e m .   C o n v e n i e n t l y   t he   m e t h o d   may  b e  

u s e d   b o t h   to  g i v e   a  f o r e w a r n i n g   of  t he   end  of  t he   d i s -  

p l a c e m e n t   p r o c e s s   and  to  c a l i b r a t e   t he   s y s t e m .  

In  t h i s   s p e c i f i c a t i o n   i t   is  to  be  a p p r e c i a t e d   t h a t  

t he   t e r m   f l u i d   means   any  l i q u i d ,   s e m i - l i q u i d   s l u r r y   o r  

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

o p e r a t i o n s   in  w e l l   b o r e s .   The  i n v e n t i o n   has   a p p l i c a -  

t i o n   in  many  k i n d s   of  l a n d   or  o f f - s h o r e   o i l ,   gas   o r  

w a t e r   w e l l s   and  many  d i f f e r e n t   f l u i d s   a re   u s e d   in  s u c h  



s y s t e m s .  

T h e r e   is  a l s o   p r o v i d e d   in  a c c o r d a n c e   w i t h   t h e  

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

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

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

f l u i d   d i s p l a c e m e n t - p l u g   a l o n g   a  t u b u l a r   s t r u c t u r e   in  a  

b o r e   of  a  w e l l   f rom  a  known  r e f e r e n c e   p o s i t i o n   b y  

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

p l u g ,   i n t e r r u p t i n g   the   p a s s a g e   of  t he   p l u g   a l o n g   t h e  

t u b u l a r   s t r u c t u r e   at   a  known  d i s t a n c e   f rom  the   s a i d  

r e f e r e n c e   p o s i t i o n ,   d e t e c t i n g   a  s u r g e   of  p r e s s u r e   i n  

the   p u m p i n g   s y s t e m   r e s u l t i n g   f rom  the   i n t e r r u p t i o n   o f  

the   p a s s a g e   of  the   p l u g ,   and  m e a s u r i n g   a  w o r k i n g  

p a r a m e t e r   of  the   p u m p i n g   s y s t e m   f rom  the   t ime   of  p l u g  

m o v e m e n t   f rom  t he   s a i d   r e f e r e n c e   p o s i t i o n   to  t he   t i m e  

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

m e a s u r e   of  t he   s a i d   w o r k i n g   p a r a m e t e r   r e l a t e d   to  a  

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

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

C o n v e n i e n t l y   t he   s a i d   known  r e f e r e n c e   p o s i t i o n   o f  

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

s t r u c t u r e   a t   t he   s u r f a c e   of  t he   b o r e ,   so  t h a t   t h e  

w o r k i n g   p a r a m e t e r   of  t he   p u m p i n g   s y s t e m   is  m e a s u r e d  

f rom  the   t ime   t h a t   t he   p l u g   is   i n s e r t e d   in  the   t u b u l a r  

s t r u c t u r e   and  the   p u m p i n g   o p e r a t i o n   s t a r t e d .   U s u a l l y  

the   m e a s u r e m e n t   of  w o r k i n g   p a r a m e t e r   r e f e r r e d   to  w i l l  



be  a  c o u n t   of  pump  s t r o k e s .   I t   w i l l   be  a p p r e c i a t e d  

t h a t   once   a  r e l a t i o n s h i p   has   been   e s t a b l i s h e d   in  o p e r a t -  

ing  c o n d i t i o n s   b e t w e e n   a  c o u n t   of  pump  s t r o k e s   and  a  

v o l u m e   of  d i s p l a c e m e n t   f l u i d   w h i c h   has   t a k e n   t he   p l u g   t o  

t he   o b s t r u c t i n g   m e a n s ,   i t   is   a  s i m p l e   m a t t e r   t o  

c a l c u l a t e   how  many  f u r t h e r   pump  s t r o k e s   w i l l   be  n e e d e d  

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

of  t h e   t u b u l a r   s t r u c t u r e ,   or  o t h e r   r e q u i r e d   p o s i t i o n .  

In  a c c o r d a n c e   w i t h   one  p a r t i c u l a r   a s p e c t   of  t h e  

i n v e n t i o n   t h e r e   is   p r o v i d e d   a  m e t h o d   of  c a r r y i n g   o u t   a  

c e m e n t i n g   o p e r a t i o n   in  a  b o r e   of  a  w e l l   c o m p r i s i n g   t h e  

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

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

t u b u l a r   s t r u c t u r e   by  a  p u m p i n g   s y s t e m   p u m p i n g   a  d i s -  

p l a c e m e n t   f l u i d   u n d e r   p r e s s u r e   b e h i n d   t he   p l u g ,   i n t e r -  

r u p t i n g   t he   p a s s a g e   of  t he   p l u g   a l o n g   t h e   t u b u l a r  

s t r u c t u r e   by  an  o b s t r u c t i o n   means   p l a c e d   a t   a  k n o w n  

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

of  p r e s s u r e   in  t he   p u m p i n g   s y s t e m   r e s u l t i n g   f rom  t h e  

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

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

o p e r a t i o n   in  d e p e n d e n c e   upon  the   d e t e c t i o n   of  t he   s a i d  

p r e s s u r e   s u r g e .  

T h e r e   i s   f u r t h e r   p r o v i d e d   in  a c c o r d a n c e   w i t h   t h e  

p r e s e n t   i n v e n t i o n   a  t u b u l a r   c o m p o n e n t   f o r   use  in  a  

t u b u l a r   s t r u c t u r e   in  a  b o r e   of  a  w e l l ,   t he   t u b u l a r  



c o m p o n e n t   h a v i n g   o b s t r u c t i o n   means   f o r   i n t e r r u p t i n g  

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

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

Where   t he   t u b u l a r   s t r u c t u r e   c o m p r i s e s   a  c a s i n g  

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

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

be  j o i n e d   w i t h   o t h e r   l e n g t h s   of  c a s i n g   to  fo rm  a  c a s i n g  

s t r i n g   f o r   use   in  a  b o r e   of  a  w e l l .   Where  t he   t u b u l a r  

s t r u c t u r e   c o m p r i s e s   a  d r i l l   p i p e ,   t he   t u b u l a r   c o m p o n e n t  

may  c o n s i s t   of  a  c o r r e s p o n d i n g   j o i n t   of  t he   d r i l l   p i p e  

or  s t r i n g .   H e r e i n a f t e r   s u c h   t u b u l a r   c o m p o n e n t s   w i l l  

be  r e f e r r e d   to  g e n e r a l l y   as  t u b u l a r   j o i n t s   or  m e r e l y   a s  

j o i n t s .  

In  one  p a r t i c u l a r l y   p r e f e r r e d   form  of  t he   o b s t r u c -  

t i o n   means   f o r   use  in  a  d r i l l   p i p e ,   the   o b s t r u c t i o n  

means   may  have   a  s h a p e   such   as  to  a l l o w   a  f l u i d   d i s -  

p l a c e m e n t   p l u g   to  move  p a s t   t he   o b s t r u c t i o n   means   u n d e r  

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

such   as  to  p r e v e n t   r e t u r n   of  t he   p l u g   b a c k   up  t he   d r i l l  

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

s i d e   t he   d r i l l   p i p e .   Such  a  use  of  an  o b s t r u c t i o n  

means   e m b o d y i n g   the   i n v e n t i o n   may  be  u s e d   to  r e d u c e   o r  

a v o i d   t h e   " U - t u b e "   e f f e c t   d e s c r i b e d   h e r e i n b e f o r e   as  a  

d i s a d v a n t a g e   of  known  c e m e n t i n g   o p e r a t i o n s .  

In  some  a s p e c t s   of  the   i n v e n t i o n   an  o b s t r u c t i o n  

means   may  be  u s e d   in  a  c e m e n t i n g   o p e r a t i o n   in  a  d r i l l  



p i p e   or  o t h e r   t u b u l a r   s t r u c t u r e   as  s e t  o u t   in  t h e  

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

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

Thus  in  a c c o r d a n c e   w i t h   a  d i f f e r e n t   a s p e c t   of  t h e  

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

c e m e n t   in  a  b o r e   of  a  w e l l   c o m p r i s i n g   t he   s t e p s   o f  

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

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

t u r e   by  a  p u m p i n g   s y s t e m   p u m p i n g   a  d i s p l a c e m e n t   f l u i d  

u n d e r   p r e s s u r e   b e h i n g   t h e   p l u g ,   and  d r i v i n g   t h e   p l u g  

p a s t   a n  o b s t r u c t i o n   means   p l a c e d   in  t he   t u b u l a r   s t r u c t u r e  

a t   or  in  t he   r e g i o n   of  t h e   b o t t o m   of  t he   w e l l   b o r e   a n d  

h a v i n g   a  s h a p e   such   as  to  p r e v e n t   or  i n h i b i t   r e t u r n   o f  

t he   p l u g   a l o n g   t he   t u b u l a r   s t r u c t u r e   p a s t   t he   o b s t r u c -  

t i o n   m e a n s .  

T h e r e   is   f u r t h e r   p r o v i d e d   in  a c c o r d a n c e   w i t h   t h e  

p r e s e n t   i n v e n t i o n   in  t h i s   a s p e c t   a  t u b u l a r   c o m p o n e n t  

f o r   use   in  a  t u b u l a r   s t r u c t u r e   in  a  b o r e   of  a  w e l l ,   t h e  

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

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

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

t u b u l a r   c o m p o n e n t ,   bu t   s h a p e d   to  p r e v e n t   or  i n h i b i t  

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

i n f l u e n c e   of  f l u i d   d i s p l a c e d   f rom  the   t u b u l a r   s t r u c t u r e  

by  the   p l u g .  

P r e f e r a b l y   the   o b s t r u c t i o n   means   is  a d a p t e d   f o r  



d i s p o s a l   a f t e r   t he   s a i d   i n t e r r u p t i o n   of  t he   c e m e n t  

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

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

by  d r i l l i n g   o u t   of  t he   o b s t r u c t i o n   m e a n s .   In  o t h e r  

a r r a n g e m e n t s   h o w e v e r   t he   o b s t r u c t i o n   means   may  b e  

a d a p t e d   f o r   d i s p o s a l   in  o t h e r   ways ,   f o r   e x a m p l e   i t   m a y  

be  a d a p t e d   to  d i s i n t e g r a t e ,   or  to  be  d i s p l a c e d   as  s o o n  

as  i t   has   p e r f o r m e d   i t s   f u n c t i o n   of  i n t e r r u p t i n g   t h e  

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

the   o b s t r u c t i o n   means   may  be  c o n s t r u c t e d   to  r e m a i n   i n  

t he   t u b u l a r   j o i n t   p e r m a n e n t l y   or  s e m i - p e r m a n e n t l y   a f t e r  

i t   has   e f f e c t e d   i n t e r r u p t i o n   of  t he   p l u g .  

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

j o i n t   has   a l o n g   a t   l e a s t   a  p o r t i o n   of  i t s   l e n g t h   a n  

i n n e r   d i a m e t e r   l e s s   t h a n   the   i n n e r   d i a m e t e r   of  t h e  

t u b u l a r   s t r u c t u r e   in  w h i c h   t he   c o m p o n e n t   is  a d a p t e d   t o  

be  c o u p l e d   in  o p e r a t i o n .   The  s a i d   l e s s e r   i n n e r  

d i a m e t e r   may  be  p r o v i d e d   a l o n g   the   w h o l e   l e n g t h   of  t h e  

t u b u l a r   j o i n t ,   bu t   i t   can  be  t h a t   t he   o b s t r u c t i o n  

means   is  p r o v i d e d   by  a  p o r t i o n   of  t he   t u b u l a r   j o i n t  

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

of  t he   r e m a i n d e r   of  t he   t u b u l a r   j o i n t .   Most   c o n v e n -  

i e n t l y ,   t he   o b s t r u c t i o n   means   i s   p r o v i d e d   by  a  l i n i n g  

a l o n g   a t   l e a s t   p a r t   of  t he   i n n e r   s u r f a c e   of  t he   t u b u l a r  

j o i n t   of  a  m a t e r i a l   d i f f e r e n t   f rom  the   m a t e r i a l   of  t h e  

w a l l   of  t he   t u b u l a r   j o i n t ,   t he   m a t e r i a l   of  the   l i n i n g  



b e i n g   c h o s e n   to  a l l o w   e a s y   r e m o v a l   i f   n e c e s s a r y   b y  

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

a f t e r   the   c e m e n t i n g   p r o c e s s   is   c o m p l e t e d .   E x a m p l e s   o f  

p r e f e r r e d   m a t e r i a l s   f o r   o b s t r u c t i o n   means   a r e   n a t u r a l  

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

c o n v e n i e n t l y   t he   m a t e r i a l   is   b o n d e d   to  t he   w a l l   of  t h e  

t u b u l a r   j o i n t .  

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

to  t he   i n v e n t i o n ,   t he   o b s t r u c t i o n   means   may  c o m p r i s e  

p r o j e c t i o n s   e x t e n d i n g   i n w a r d l y   f rom  t he   w a l l   of  t h e  

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

f l u t i n g   or  o t h e r   p r o j e c t i o n s .  

In  a c c o r d a n c e   w i t h   one  p r e f e r r e d   a r r a n g e m e n t  

a c c o r d i n g   to  t he   i n v e n t i o n ,   as  an  a l t e r n a t i v e   to  or  i n  

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

means   may  c o m p r i s e   a  web,   s p i d e r   or  o t h e r   form  o f  

b r i d g i n g   member  e x t e n d i n g   a c r o s s   t he   t u b u l a r   c o m p o n e n t  

and  a d a p t e d   to  i n t e r r u p t   t he   p a s s a g e   of  the   p l u g   m e m b e r  

t h r o u g h   t he   t u b u l a r   c o m p o n e n t ,   bu t   a d a p t e d   to  be  b r o k e n  

by  t h e   p l u g   member  so  a s  to   a l l o w   t h e   p l u g   member  to   p r o c -  

eed  p a s t   t he   b r i d g i n g   member  a f t e r   t he   s a i d   i n t e r r u p t i o n .  

C o n v e n i e n t l y   t he   b r i d g i n g   member  c o m p r i s e s   a  m o u l d e d  

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

a t   t he   u p p e r   end  t h e r e o f .   Such  a  r u b b e r   c r o s s   may  b e  

a r r a n g e d   to  be  b r e a k a b l e   by  a  f l u i d   d i s p l a c e m e n t   p l u g  

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



600  to  800  p . s . i .   ( l b s / s q .   i n c h ) ,   c o n v e n i e n t l y   7 0 0  

p . s . i .  

E m b o d i m e n t s   of  t he   i n v e n t i o n   w i l l   now  be  d e s r i b e d  

by  way  of  e x a m p l e   w i t h   r e f e r e n c e   to  t he   a c c o m p a n y i n g  

d r a w i n g s   in  w h i c h : -  

F i g u r e s   1  and  2  a r e   d i a g r a m m a t i c   s e c t i o n s   s h o w i n g  

a  c a s i n g   j o i n t   e m b o d y i n g   the   i n v e n t i o n ,   F i g u r e   1  s h o w i n g  

the   j o i n t   p o s i t i o n e d   in  a  w e l l   b o r e   d u r i n g   a  c e m e n t i n g  

o p e r a t i o n ;  

F i g u r e s   3  and  4  show  c o r r e s p o n d i n g   d i a g r a m m a t i c  

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

a n d  

F i g u r e s   5a  and  5b  show  in  d i a g r a m m a t i c   form  a  

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

m e m b e r .  

In  F i g u r e   1  t h e r e   is   shown  a  w e l l   b o r e   or  f o r m a -  

t i o n   11  c u t   in  r o c k   or  o t h e r   a m b i e n t   m a t e r i a l   12  a n d  

t e r m i n a t i n g   a t   a  b a s e   13  of  t he   f o r m a t i o n .   W i t h i n   t h e  

b o r e   11  is   a  c a s i n g   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   14 

and  c o m p o s e d   of  a  number   of  c a s i n g   j o i n t s   of  w h i c h   4 

a r e   shown  a t   15,  16,   17  and  18.  The  c a s i n g   j o i n t s  

a r e   i n t e r c o n n e c t e d   by  t h r e a d e d   s l e e v e s   1 9 ,  

and  the   b o t t o m   c a s i n g   j o i n t s   18  i s  



t e r m i n a t e d   by  a  f l o a t   s h o e   or  f l o a t   v a l v e   2 0 .  

The  f o r m a t i o n   11  in   F i g u r e   1  i s   shown  a t   s t a g e  

a t   w h i c h   t h e   d r i l l   s t r i n g ( n o t   s h o w n )   has   b e e n   r e m o v e d  

a f t e r   d r i l l i n g   a  s t a g e   down  to  t he   b a s e   13,   and  t h e  

c a s i n g   s t r i n g   15  has   b e e n   i n s e r t e d   i n   t h e   b o r e   11  t o  

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

15  and  t h e   i n n e r : s u r f a c e   of  t h e   f o r m a t i o n   11  a n  

a n n u l a r   s p a c e   21  i n i t i a l l y   f i l l e d   w i t h   a  p a c k i n g  

f l u i d   22.   I n s i d e   t h e   c a s i n g   s t r i n g   14  has   b e e n  

pumped  a  c a l c u l a t e d   v o l u m e   of  c e m e n t i n g   f l u i d   23  

w h i c h   has   b e e n   f o r c e d   down  t he   c a s i n g   s t r i n g   14  b y  

a  d i s p l a c e m e n t   p l u g   24  d r i v e n   a l o n g   t h e   c a s i n g   s t r i n g  

14  by  a  d i s p l a c e m e n t   f l u i d   25  b e h i n d   the   p l u g   24.   As  

s h o w n ,   t he   c e m e n t i n g   f l u i d   23  has   b e e n   f o r c e d   a r o u n d  

t h e   b o t t o m   of   t h e   f l o a t   s h o e   20  and  b a c k   up  t h e  

a n n u l a r   s p a c e   21  to  r e a c h   a  l e v e l   a p p r o x i m a t e l y   t h e  

same  as  t h e   l e v e l   of  c e m e n t i n g   f l u i d   23  w i t h i n   t h e  

c a s i n g   s t r i n g   14.   At  t h i s   s t a g e   the   p r e s s u r e   d e t e c t e d  

a t   t h e   s u r f a c e   by  m o n i t o r i n g   t h e   p r e s s u r e   in   t h e  

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

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

in   t h e   a n n u l a r   s p a c e   21  p a s s e s   t h e   c e m e n t   f l u i d   i n  

t h e   i n s i d e   of  t he   c a s i n g   s t r i n g   1 4 .  

C o n n e c t e d   in   t h e   c a s i n g   s t r i n g   14  i s   a  c a s i n g  

j o i n t   16  e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n   a n d  

i n c l u d i n g   an  o b s t r u c t i o n   means   f o r m e d   by  an  i n n e r  

r u b b e r   l i n i n g   26  e x t e n d i n g   a l o n g   p a r t   of  t he   l e n g t h  



of  t he   c a s i n g   j o i n t   26.  As  shown  in   F i g u r e   2,  t h e  

l i n i n g   26  e x t e n d s   a l o n g   mos t   of  the  l e n g t h   of  t h e  

c a s i n g   j o i n t   16,   and  p r o v i d e s   an  i n n e r   d i a m e t e r   a t   t h e  

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

the   c a s i n g   16  a t   t op   and  b o t t o m   p o r t i o n s   27  and  2 8 .  

The  i n n e r   d i a m e t e r   of  t h e   c a s i n g   j o i n t   16  a t   t h e   r e g i o n s  

27  and  28  i s   c o n v e n i e n t l y   t h e   same  i n n e r   d i a m e t e r   a s  

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

s t r i n g .  

C o n v e n i e n t l y   t he   l i n i n g   26  i s   of  n a t u r a l   o r  

s y n t h e t i c   r u b b e r   and  i s   b o n d e d   to  t he   i n t e r i o r   of  t h e  

s t e e l   c a s i n g   j o i n t   16.   By  way  of  e x a m p l e , w h e r e   t h e  

o u t e r   d i a m e t e r   of  t he   c a s i n g   j o i n t   16  i s   3 0 i n . ,   t h e  

t h i c k n e s s   of  the   l i n i n g   26  may  be  212 in.  Fo r   e x a m p l e  

w h e r e   t h e   i n n e r   d i a m e t e r   of  t h e   c a s i n g   j o i n t   16  i n  

t he   r e g i o n s   27  and  28  is  2612 in. ,  t h e   i n n e r   d i a m e t e r  

a t   t h e   l i n i n g   26  may  be  2112 in.  F u r t h e r   by  w a y ' o f  

e x a m p l e   t he   l e n g t h   of  t he   c a s i n g   j o i n t   16  may  b e  

1 2 0 i n . ,   and  t he   l e n g t h   of  t he   l i n i n g   26  may  be  a b o u t  

1 9 i n .  

As  shown  in  F i g u r e   1  t h e   d i s p l a c e m e n t   p l u g   2 4  

c o m p r i s e s   a  c e n t r a l   m e t a l   c o r e   29,  f o r   e x a m p l e   o f  

a l u m i n i u m ,   c a r r y i n g   f o u r   r u b b e r   c o n e - s h a p e d   s e a l i n g  

m e m b e r s   30  w h i c h   a r e   of  a  d i a m e t e r   s u c h   as  to  p r e s s  

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

s t r i n g   14,   and  e f f e c t   a  s e a l   t h e r e w i t h .  



When  t h e   p l u g   24  r e a c h e s   t h e   l i n i n g   16  i t  

e x p e r i e n c e s   a  m o m e n t a r y   c h e c k   or   i n t e r r u p t i o n   to  i t s  

m o v e m e n t   a l o n g   t he   c a s i n g   s t r i n g   14  w h i l e   t he   p r e s s u r e  

in   t he   d i s p l a c e m e n t   f l u i d   25  r i s e s   s u f f i c i e n t l y   t o  

c a r r y   t h e   p l u g   24  p a s t   t he   l i n i n g   24  and  o n w a r d s   d o w n  

t h e   c a s i n g   s t r i n g   14.   The  e x t e n t  o f   t h i s   i n t e r r u p t i o n  

to  t h e   p l u g   m o v e m e n t ,   f o r   e x a m p l e   as  to  w h e t h e r   t h e  

p l u g   comes  to  r e s t   or  m e r e l y   s l o w s   i n   i t s   m o v e m e n t ,  

w i l l   d e p e n d   u p o n   t h e   d e p t h   of  t h e   l i n i n g   26,  and  t h e  

r e s i l i e n c e   or  d e s i g n   of  t h e   c o n e s   30  on  t h e   p l u g   2 4 .  

The  e f f e c t   of  t h e   i n t e r r u p t i o n   of  t h e   p l u g   m o v e m e n t  

is   a  p r e s s u r e   s u r g e   i n   t he   p u m p i n g   s y s t e m   w h i c h   i s  

d e t e c t e d   a t   t h e   s u r f a c e   p u m p i n g   e q u i p m e n t .  

In  o p e r a t i o n   t h e   m e t h o d   of  t he   e m b o d i m e n t   of  t h e  

i n v e n t i o n   shown  o p e r a t e s   in   t he   f o l l o w i n g   m a n n e r .  

F i r s t l y   t h e r e   is   d e p o s i t e d   i n t o   t h e   c a s i n g   s t r i n g   1 4  

t he   q u a n t i t y   of  c e m e n t i n g   f l u i d   23  w h i c h   i s   c a l -  

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

t h e   o u t e r   a n n u l a r   s p a c e   21.  N e x t   t h e r e   i s   i n s e r t e d  

in   t h e   t op   of  t h e   c a s i n g   s t r i n g   14  t h e   d i s p l a c e m e n t  

p l u g   24,   and  t he   p l u g   i s   d r i v e n   down  t h e   c a s i n g  

s t r i n g   14  by  p r e s s u r e   of  t h e   d i s p l a c e m e n t   f l u i d   2 5 .  

The  n u m b e r   of  s t r o k e s   of  t h e   p u m p i n g   a p p a r a t u s  

( n o t   s h o w n )   i s   c o u n t e d   f r o m   t h e   s t a r t   of  t h e   m o v e m e n t  

of  t h e   p l u g   24  f rom  t he   t o p   of  t he   c a s i n g   s t r i n g   1 4  

( c o n s t i t u t i n g   a  known  r e f e r e n c e   p o s i t i o n )   and  t h e  

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



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

r e s u l t s   f r o m   t h e   i n t e r r u p t i o n   of  t he   p l u g   m o v e m e n t   b y  

the   o b s t r u c t i o n   means   26.  C o n v e n i e n t l y   a t   t h i s   s t a g e  

t h e   p u m p i n g   o p e r a t i o n   can  be  s t o p p e d   and  the   r e q u i r e d  

r e l a t i o n s h i p   b e t w e e n   t h e   n u m b e r   of  pump  s t r o k e s  

c o u n t e d   and  t h e   v o l u m e   of  d i s p l a c e m e n t   f l u i d   p u m p e d  

( c a l c u l a t e d   f r o m  t h e   known  d i s t a n c e   of  t h e   l i n i n g   26  

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

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

f l u i d   r e q u i r e d   to  f i l l   t h e   r e m a i n d e r   of  t he   c a s i n g  

s t r i n g   14  down  to  t he   f l o a t   s h o e   2 0 ( p r e v i o u s l y  

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

1 4 ) t o   g i v e   a  n u m b e r   of  p u m p i n g   s t r o k e s   r e q u i r e d   t o  

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

and  c o n t i n u e d   f o r   t he   r e q u i r e d   n u m b e r   of  s t r o k e s ,  

w h i c h   b r i n g s   the   p l u g   24  to  s e a t   and  s e a l   on  t h e  

f l o a t   s h o e   2 0 .  

The  c e m e n t i n g   f l u i d   i s   t h e n   l e f t   to  h a r d e n  

a r o u n d   t he   o u t s i d e   of  t h e   c a s i n g   s t r i n g   14,   and  t h e  

s t a g e   of  c a s i n g   is   c o m p l e t e d .   When  t h e   n e x t   s t a g e  

of  d r i l l i n g   i s   to  commence   the   new,  n a r r o w e r ,   d r i l l  

b i t   i s   l o w e r e d   down  t he   i n s i d e   of  t he   c a s i n g   s t r i n g ,  

and  i s   e a s i l y   a b l e   to  d r i l l   away  t h e   l i n i n g   2 6 ,  

w h i c h   i s   made  of  m a t e r i a l   s u i t a b l e   to  a l l o w   e a s y  

r e m o v a l   a t   t h i s   s t a g e .   As  in   c o n v e n t i o n a l   d r i l l i n g  

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

f l o a t   s h o e   20  and  t h r o u g h   t h e   s m a l l   a m o u n t   of  c e m e n t  



r e m a i n i n g   a t   t h e   b a s e   1 3 .  

I t   i s   to  be  a p p r e c i a t e d   t h a t   t h e   m e t h o d   a n d  

a p p a r a t u s   a c c o r d i n g   to  t h e   i n v e n t i o n   w h i c h   has   b e e n  

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

of  c e m e n t i n g   a  c a s i n g   s t a g e   w h i c h   has   b e e n   d e s c r i b e d .  

F o r   e x a m p l e ,   w e l l   c e m e n t i n g   may  be  u s e d   to  l i n e ,  

s e a l ,   l o c a t e   or  s t r e n g t h e n   a  f o r m a t i o n   a t   c r i t i c a l  

p o i n t s   a l o n g   t h e   b o r e ,   or  f o r   e x a m p l e   in   r e p a i r i n g  

d a m a g e   to   an  o p e r a t i n g   w e l l .   The  p r e s e n t   i n v e n t i o n  

f i n d s   a p p l i c a t i o n   in   t h e s e   s i t u a t i o n s .   S u c h   r e p a i r  

work   i s   known  as  s e c o n d a r y   c e m e n t i n g   w h i l s t   t h e  

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

i s   known  as  p r i m a r y   c e m e n t i n g .  

An  e x a m p l e   of  a n o t h e r   s u c h   c e m e n t i n g   p r o c e s s   w i l l  

now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g u r e s   3  and  4 .  

In  F i g u r e   3  t h e r e   is   shown  a  w e l l   b o r e   or  f o r m a -  

t i o n   111  c u t   in  r o c k   or  o t h e r   a m b i e n t   m a t e r i a l   112  a n d  

t e r m i n a t i n g   a t   a  b a s e   113  of  t he   f o r m a t i o n .   W i t h i n  

t h e   b o r e   111  is   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  

114  and  c o m p o s e d   of  a  number   of  d r i l l   j o i n t s   of   w h i c h  

t h r e e   a r e   shown  a t   115 ,   116  and  118 .   The  d r i l l   j o i n t s  

a r e   i n t e r c o n n e c t e d   by  t h r e a d e d   p o r t i o n s   119 ,   and  t h e  

b o t t o m   d r i l l   j o i n t   is   t e r m i n a t e d   by  a  d r i l l   h e a d  

shown  d i a g r a m m a t i c a l l y   a t   1 2 0 .  

The  f o r m a t i o n   111  in  F i g u r e   3  is   shown  a t   a  s t a g e  

at   w h i c h   t he   d r i l l   s t r i n g   114  is   to  be  r e m o v e d   f r o m  



t he   b o r e   a f t e r   t h e r e   has   been   d e p o s i t e d   a t   t he   b a s e   1 1 3  

of  t he   b o r e   c e m e n t i n g   f l u i d   123 .   B e t w e e n   the   o u t e r  

s u r f a c e   of  t he   d r i l l   s t r i n g   114  and  the   i n n e r   s u r f a c e  

of  t he   f o r m a t i o n   111  is   an  a n n u l a r   s p a c e   121  i n i t i a l l y  

f i l l e d   w i t h   a  p a c k i n g   f l u i d   122 .   I n s i d e   the   d r i l l  

s t r i n g   114  has   b e e n  p u m p e d   a  c a l c u l a t e d   v o l u m e   o f  

c e m e n t i n g   f l u i d   123  w h i c h   has   been   f o r c e d   down  t h e  

d r i l l   s t r i n g   114  by  a  d i s p l a c e m e n t   p l u g   124  d r i v e n   a l o n g  

t he   d r i l l   s t r i n g   114  by  a  d i s p l a c e m e n t   f l u i d   125  b e h i n d  

the   p l u g   124.   The  c e m e n t i n g   f l u i d   123  has  been   f o r c e d  

( t h r o u g h   a p e r t u r e s   no t   shown)  a r o u n d   the   b o t t o m   of  t h e  

d r i l l   h ead   120  and  back  up  t he   a n n u l a r   s p a c e   121  t o  

r e a c h   a  l e v e l   a p p r o x i m a t e l y   t he   same  as  t he   l e v e l   o f  

c e m e n t i n g   f l u i d   123  w i t h i n   t he   d r i l l   s t r i n g   1 1 4 .  

C o n n e c t e d   at   or  t h e   n e a r   t he   b o t t o m   of  t h e   d r i l l  

s t r i n g   114  is  a  d r i l l   j o i n t   116  e m b o d y i n g   the   p r e s e n t  

i n v e n t i o n   and  i n c l u d i n g   an  o b s t r u c t i o n   means   f o r m e d   b y  

an  i n n e r   r u b b e r   l i n i n g   126  e x t e n d i n g   a l o n g   mos t   of  t h e  

l e n g t h   of  t he   d r i l l   j o i n t   116.   As  shown  in  F i g u r e   4 ,  

the  l i n i n g   126  e x t e n d s   a l o n g   a l m o s t   a l l   of  the   l e n g t h  

of  t he   j o i n t   116 ,   and  p r o v i d e s   an  i n n e r   d i a m e t e r   a t   t h e  

l i n i n g   of  l e s s e r   d i a m e t e r   t h a n   the   i n n e r   d i a m e t e r   o f  

the   j o i n t s   f o r m i n g   the   r e s t   of  t he   d r i l l   s t r i n g   1 1 4 .  

C o n v e n i e n t l y   t he   l i n i n g   126  is  of  g e n e r a l l y  



s i m i l a r   m a t e r i a l   and  c o n f i g u r a t i o n   to  the   l i n i n g   26 

shown  in  F i g u r e s   1  and  2.  Howeve r   a  l o w e r   edge   132  o f  

the   l i n i n g   126  d i f f e r s   f rom  t h a t   of  t he   l i n i n g   2 6 .  

The  l i n i n g   26  of  F i g u r e   2  has   c h a m f e r e d   e d g e s   a t   i t s  

u p p e r   and  l o w e r   e d g e s .   An  u p p e r   edge   131  of  t he   l i n i n g  

126  is   a g a i n   c h a m f e r e d   to  a l l o w   r e l a t i v e l y   e a s y  

( a l t h o u g h   i n t e r r u p t e d )   p a s s a g e   of  t he   p l u g   124 ,   b u t   t h e  

l o w e r   edge   132  of  t h e   l i n i n g   126  is   a  s q u a r e   s h o u l d e r  

f o r   p r e v e n t i n g   r e t u r n   of  t he   p l u g   124  back  up  the   d r i l l  

s t r i n g   1 1 4 .  

As  shown  in  F i g u r e   3  t he   d i s p l a c e m e n t   p l u g   124  i s  

g e n e r a l l y   s i m i l a r   to  t h e   p l u g   24  shown  in  F i g u r e   1 .  

When  the   p l u g   124  r e a c h e s   t he   l i n i n g   126  i t   e x p e r i e n c e s  

a  m o m e n t a r y   c h e c k   or  i n t e r r u p t i o n   to  i t s   m o v e m e n t   a l o n g  

t h e   s t r i n g   114  w h i l e   t he   p r e s s u r e   in  t he   d i s p l a c e m e n t  

f l u i d   125  r i s e s   s u f f i c i e n t l y   to  c a r r y   t h e   p l u g   1 2 4  

p a s t   t he   l i n i n g   126 .   The  e f f e c t   of  t h e   i n t e r r u p t i o n  

of  t he   p l u g   m o v e m e n t   i s   a  p r e s s u r e   s u r g e   in  t he   p u m p i n g  

s y s t e m   w h i c h   is  d e t e c t e d   a t   t h e   s u r f a c e   p u m p i n g  

e q u i p m e n t   and  is  u s e d   as  d e s c r i b e d   h e r e i n b e f o r e   t o  

d e t e r m i n e   when  t he   r e q u i r e d   d i s p l a c e m e n t   of  c e m e n t i n g  

f l u i d   has   b e e n   a c h i e v e d .  

In  o p e r a t i o n   t he   m e t h o d   of  t he   e m b o d i m e n t   of  t h e  

i n v e n t i o n   shown  in  F i g u r e s   3  and  4  o p e r a t e s   in  t h e  

f o l l o w i n g   m a n n e r .   F i r s t l y   t h e r e   i s   d e p o s i t e d   i n t o   t h e  

d r i l l   s t r i n g   114  the   q u a n t i t y   of  c e m e n t i n g   f l u i d   1 2 3  



w h i c h   i s   c a l c u l a t e d   to  p r o v i d e   t h e   r e q u i r e d   d e p t h  

of   c e m e n t   a t   t he   b a s e   113  of  the   b o r e   111.   N e x t   t h e r e  

is   i n s e r t e d   in  t he   top   of  t he   d r i l l   s t r i n g   114  t h e  

d i s p l a c e m e n t   p l u g   124 ,   and  t he   p l u g   i s   d r i v e n   down  t h e  

d r i l l   s t r i n g   114  b y ' p r e s s u r e   of  t h e   d i s p l a c e m e n t   f l u i d  

125.   When  the   p l u g   124  r e a c h e s   t he   b o t t o m   of  t he   d r i l l  

s t r i n g   114 ,   t he   p u m p i n g   s y s t e m   is   s w i t c h e d   o f f   and  t h e  

d r i l l   s t r i n g   114  is   w i t h d r a w n   f rom  the   b o r e   111  l e a v i n g  

the   c e m e n t i n g   f l u i d   a t   t he   b a s e   113  of  t he   b o r e   111  t o  

h a r d e n   as  r e q u i r e d .   A f t e r   t he   p u m p i n g   s y s t e m   has   b e e n  

s h u t   o f f   ( d u r i n g   t he   w i t h d r a w i n g   of  t he   d r i l l   s t r i n g ) ,  

t he   c e m e n t i n g   f l u i d   is   p r e v e n t e d   f rom  p a s s i n g   back   u p  

t h e   d r i l l   s t r i n g   114  by  t he   p l u g   124  l o d g i n g   a g a i n s t  

t he   s h o u l d e r   a t   t he   l o w e r   edge   132  of  t he   l i n i n g   1 2 6 .  

In  F i g u r e s 5 a   and  5b  t h e r e   is   shown  a  m o d i f i c a t i o n  

of  t he   d r i l l   j o i n t   116  shown  in  F i g u r e   4.  In  F i g u r e s  

5a  and  5b,  e l e m e n t s   c o r r e s p o n d i n g   to  e l e m e n t s   in  F i g u r e  

4  a r e   i n d i c a t e d   by  l i k e   r e f e r e n c e   n u m e r a l s .   T h e  

m o d i f i c a t i o n   of  t he   d r i l l   j o i n t   s h o w i n g   F i g u r e s   5a  a n d  

5b  c o n s i s t s   of  t he   p r o v i s i o n   a t   t he   u p p e r   end  of  t h e  

d r i l l   j o i n t   116  of  a  m o u l d e d   r u b b e r   b r i d g i n g   e l e m e n t  

133  in  t he   fo rm  of  a  c r o s s   w h i c h   e x t e n d s   a c r o s s   t h e  

d r i l l   j o i n t   116  a t   the   top   of  t he   r u b b e r   l i n i n g   1 2 6 .  

The  p u r p o s e   of  t he   r u b b e r   c r o s s   133  i s   to  p r o v i d e  

a d d i t i o n a l   o b s t r u c t i o n   means   f o r   p r o d u c i n g   an  i n t e r r u p -  



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

124  ( F i g u r e   3)  when  i t   r e a c h e s   t h e   d r i l l  j o i n t   1 1 6 .  

In  t he   c a s e   of  t he   m o d i f i c a t i o n ,   i t   i s   i n t e n d e d   t h a t  

t h e   p l u g   124  i s   i n t e r r u p t e d   in  i t s   m o v e m e n t ,   bu t   t h e n  

b r e a k s   t h r o u g h   t he   r u b b e r   c r o s s   133  and  c o n t i n u e s   i t s  

way  down  t he   d r i l l  j o i n t   1 1 6 .  T h e   r u b b e r   c r o s s   1 3 3  

is   c o n v e n i e n t l y   a r r a n g e d   to  be  b r o k e n   by  a  f l u i d  

d i s p l a c e m e n t   p l u g   124  when  d r i v e n   u n d e r   a  p r e s s u r e   o f  

d i s p l a c e m e n t   f l u i d   of  a b o u t   700  p . s . i .   I t   is   to   b e  

a p p r e c i a t e d   t h a t   t he   m o d i f i c a t i o n   of  F i g u r e s   5a  a n d  

5b  may  e q u a l l y   w e l l   be  a p p l i e d   w i t h   t h e   e m b o d i m e n t s  

shown  in  F i g u r e s   1  and  2.  A l s o   t he   b r i d g i n g   m e m b e r  

133  may  be  u s e d   a l o n e   or  in  c o m b i n a t i o n   w i t h   o t h e r  

o b s t r u c t i o n   means   w i t h   a  d r i l l   j o i n t   or  o t h e r   t u b u l a r  

c a s i n g   m e m b e r .  



1.  A  m e t h o d   of  m o n i t o r i n g   the   p u m p i n g   of  f l u i d   a l o n g  

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

t he   s t e p   of  d r i v i n g   a  m o v a b l e   p l u g   member  a l o n g   a  

t u b u l a r   s t r u c t u r e   in  a  b o r e   of  a  w e l l   by  a  p u m p i n g  

s y s t e m   p u m p i n g   f l u i d   u n d e r   p r e s s u r e   b e h i n d   t he   p l u g  

m e m b e r ,  c h a r a c t e r i s e d   by  i n t e r r u p t i n g   t he   p a s s a g e   o f  

t he   p l u g   member  (24,   124)  a l o n g   the   t u b u l a r   s t r u c t u r e  

(14 ,   114)  by  an  o b s t r u c t i o n   means   ( 2 6 , 1 2 6 , 1 3 3 )   p l a c e d  

at   a  known  d i s t a n c e   a l o n g   the   t u b u l a r   s t r u c t u r e   ( 1 4 ,  

114)  and  d e t e c t i n g   a  s u r g e   of  p r e s s u r e   in  t he   p u m p i n g  

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

m o v e m e n t   of  t he   p l u g   member  (24,   124)  to  i n d i c a t e   t h e  

p o s i t i o n   of  t he   p l u g   member  (24,   124)  a t   t h e   t i m e   o f  

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

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

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

c h a r a c t e r i s e d   by  the   s t e p s   of  d r i v i n g   t he   s a i d   p l u g  

member  (24,   124)  a l o n g   t he   s a i d   t u b u l a r   s t r u c t u r e  

(14,   114)  in  a  b o r e   ( 1 1 , 1 1 1 )   of  a  w e l l   f rom  a  k n o w n  

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

( 2 5 , 1 2 5 )   u n d e r   p r e s s u r e   b e h i n d   the   p l u g   member  ( 2 4 ,  

1 2 4 ) ,  i n t e r r u p t i n g   the   p a s s a g e   of  t he   p l u g   m e m b e r  

(24,   124)  a l o n g   the   t u b u l a r   s t r u c t u r e   (14,   114)  a t   a  

known  d i s t a n c e   f rom  t he   s a i d   r e f e r e n c e   p o s i t i o n ,  



d e t e c t i n g   a  s u r g e   of  p r e s s u r e   in  t he   p u m p i n g   s y s t e m  

r e s u l t i n g   f rom  the   i n t e r r u p t i o n   of  t he   p a s s a g e  

of  t h e   p l u g   member  (24,   1 2 4 ) ,  a n d   m e a s u r i n g   a  w o r k i n g  

p a r a m e t e r   of  t he   p u m p i n g   s y s t e m   f rom  the   t i m e   of  p l u g  

member  m o v e m e n t   f rom  the   s a i d   r e f e r e n c e   p o s i t i o n   t o  

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

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

to  a  known  v o l u m e   of  d i s p l a c e m e n t   f l u i d   c o r r e s p o n d i n g  

to  t he   s a i d   known  d i s t a n c e   a l o n g   the   t u b u l a r   s t r u c t u r e  

( 1 4 ,  1 1 4 ) .  

3.  A  m e t h o d   a c c o r d i n g   to  C l a i m   2  c h a r a c t e r i s e d   in  t h a t  

t he   s a i d   m e a s u r e m e n t   of  w o r k i n g   p a r a m e t e r   c o n s i s t s   o f  

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

of  d i s p l a c e m e n t   f l u i d .  

4.  A  m e t h o d   a c c o r d i n g   to   C l a i m   1,  2,  or  3 

c h a r a c t e r i s e d   in  t h a t   t he   s a i d   p l u g   member  (24 ,   1 2 4 )  

c o m p r i s e s   a  f l u i d   d i s p l a c e m e n t   p l u g   member  (24,   1 2 4 )  

s u i t a b l e   f o r   d i s p l a c i n g   c e m e n t i n g   f l u i d   (23 ,   1 2 3 )  

a l o n g   t h e   t u b u l a r   s t r u c t u r e   (14 ,   1 1 4 ) ,   and  t he   s t e p  

of  d r i v i n g   the   m o v a b l e   p l u g   member  (24 ,   124)  a l o n g   t h e  

t u b u l a r   s t r u c t u r e   (14,   114)  i n c l u d e s   d i s p l a c i n g  

c e m e n t i n g   f l u i d   (23,   123)  a l o n g   t he   t u b u l a r   s t r u c t u r e  

(14,   114)  in  f r o n t   of  t he   p l u g   member  (24,   1 2 4 ) .  

5.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1  a p p l i e d   in  c a r r y i n g  

o u t   a  c e m e n t i n g   o p e r a t i o n   in  a  b o r e   of  a  w e l l ,   t h e  

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



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

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

p u m p i n g   s y s t e m   p u m p i n g   a  d i s p l a c e m e n t   f l u i d   u n d e r  

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

i n t e r r u p t i n g   t he   p a s s a g e   of  t he   p l u g   member  (24,   1 2 4 )  

a l o n g   t he   t u b u l a r   s t r u c t u r e   (14,   114)  by  an  o b s t r u c -  

t i o n   means   (24,   124 ,   133)  p l a c e d   a t   a  known  d i s t a n c e  

a l o n g   t he   t u b u l a r   s t r u c t u r e   ( 1 4  ,   1 1 4 ) , d e t e c t i n g   a  

s u r g e   of  p r e s s u r e   in  t he   p u m p i n g   s y s t e m   r e s u l t i n g   f r o m  

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

i n d i c a t e   t he   p o s i t i o n   of  t he   p l u g   member  (24,   l 2 4 ) , a n d  

t e r m i n a t i n g   the   c e m e n t i n g   o p e r a t i o n   in  d e p e n d e n c e  

upon  d e t e c t i o n   of  t he   s a i d   p r e s s u r e   s u r g e .  

6.  A  m e t h o d   of  d e p o s i t i n g   c e m e n t   in  a  b o r e   of  a  w e l l  

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

t u b u l a r   s t r u c t u r e   by  a  f l u i d   d i s p l a c e m e n t   p l u g   m e m b e r  

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

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

p l u g   member  c h a r a c t e r i s e d   by  d r i v i n g   t he   p l u g   m e m b e r  

(124)  p a s t   an  o b s t r u c t i o n   means   (126)  p l a c e d   in  t h e  

t u b u l a r   s t r u c t u r e   (114)  a t   or  in  t he   r e g i o n   of  t h e  

of  t h e   b o t t o m   (113)  of  t he   w e l l   b o r e   ( l l l )   and  h a v i n g  

a  s h a p e   (132)  such   as  to  p r e v e n t   or  i n h i b i t   r e t u r n   o f  

the   p l u g   member  (124)  a l o n g   the   t u b u l a r   s t r u c t u r e   ( 1 1 4 )  

p a s t   t he   o b s t r u c t i o n   means   ( 1 2 6 ) .  

7.  A  t u b u l a r   c o m p o n e n t   f o r   use   in  a  t u b u l a r   s t r u c t u r e  



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

t u b u l a r   c o m p o n e n t   (16,   116)  has   o b s t r u c t i o n   m e a n s  

(26,   126 ,   133)  f o r   i n t e r r u p t i n g   p a s s a g e   t h r o u g h   t h e  

t u b u l a r   c o m p o n e n t   (16,   116)  of  a  p l u g   member  (24,   1 2 4 )  

d u r i n g   p u m p i n g   of  f l u i d   (25 ,   125)  t h r o u g h   t h e   t u b u l a r  

c o m p o n e n t   (16 ,   1 1 6 ) .  

8.  A  t u b u l a r   c o m p o n e n t   f o r   use   in  a  t u b u l a r   s t r u c t u r e  

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

c o m p o n e n t   (116)  has   o b s t r u c t i o n   means   (126 ,   132)  s h a p e d  

to  a l l o w   p a s s a g e   t h r o u g h   t he   t u b u l a r   c o m p o n e n t   ( 1 1 6 )  

of  a  f l u i d   d i s p l a c e m e n t   p l u g   member  (124)  d u r i n g  

p u m p i n g   of  t h e   f l u i d   (125)  t h r o u g h   t h e   t u b u l a r  

c o m p o n e n t   ( 1 1 6 ) ,   bu t   s h a p e d   to  p r e v e n t   or  i n h i b i t  

r e t u r n   of  t he   p l u g   member  (124)  p a s t   t he   o b s t r u c t i o n  

means   ( 1 2 6 ,   132)  u n d e r   t h e   i n f l u e n c e   of  f l u i d   ( 1 2 3 )  

d i s p l a c e d   f rom  the   t u b u l a r   s t r u c t u r e   (114)  by  t he   p l u g  

member  ( 1 2 4 ) .  

9.  A  t u b u l a r   c o m p o n e n t   a c c o r d i n g   to   C l a i m   7  or  8 

c h a r a c t e r i s e d   in  t h a t   t he   s a i d   t u b u l a r   c o m p o n e n t   ( 1 6 ,  

116)  has   a l o n g   a t   l e a s t   a  p o r t i o n   of  i t s   l e n g t h   a n  

i n n e r   d i a m e t e r   l e s s   t h a n   t h e   i n n e r   d i a m e t e r   of  t h e  

t u b u l a r   s t r u c t u r e   (14 ,   114)  in  w h i c h   t he   c o m p o n e n t  

(16,   116)  is   a d a p t e d   to  be  c o u p l e d   in  o p e r a t i o n ,   t h e  

s a i d   l e s s e r  i n n e r   d i a m e t e r   b e i n g   p r o d u c e d   by  means   o f  

a  l i n i n g   (26,   126)  a l o n g   a t   l e a s t   p a r t   of  t he   i n n e r  

s u r f a c e   of  t u b u l a r   c o m p o n e n t   (16,   1 1 6 ) .  



10.  A  t u b u l a r   c o m p o n e n t   a c c o r d i n g   to  C l a i m   9 

c h a r a c t e r i s e d   in  t h a t   t he   l i n i n g   (26)  is   f o r m e d   of  a  

m a t e r i a l   d i f f e r e n t   f rom  a  m a t e r i a l   of  t h e   w a l l   of  t h e  

t u b u l a r   c o m p o n e n t   ( 1 6 ) ,   t h e   m a t e r i a l   of  t he   l i n i n g  

(26)  b e i n g   c h o s e n   to  a l l o w   e a s y   r e m o v a l   i f   n e c e s s a r y  

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

l l .   A  t u b u l a r   c o m p o n e n t   a c c o r d i n g   to  C l a i m   7,  8,  9 

or  10  c h a r a c t e r i s e d   in  t h a t   t h e r e   is  p r o v i d e d   a  

b r i d g i n g   member  (133)  e x t e n d i n g   a c r o s s   t he   t u b u l a r  

c o m p o n e n t   (116)  and  a d a p t e d   to  i n t e r r u p t   t he   p a s s a g e  

of  t h e   p l u g   member  (124)  t h r o u g h   the   t u b u l a r   c o m p o n e n t  

( 1 1 6 ) ,   bu t   a d a p t e d   to  be  b r o k e n   by  t h e   p l u g   member  ( 1 2 4 )  

and  to  a l l o w   the   p l u g   member  (124)  to  p r o c e e d   p a s t   t h e  

b r i d g i n g   member  (133)  a f t e r   t he   s a i d   i n t e r r u p t i o n .  
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