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(§)  Method  and  apparatus  for  sealing  a  well  casing. 

  A  wireline  method  and  apparatus  for  sealing  a  well  casing, 
when  a  length  of  production  tubing  is  disposed  within  the  well 
casing,  utilizes  a  sealing  means  having  a  first diameter  less  than 
the  diameter  of  the  production  tubing,  and  the  sealing  means 
is  compressible  to  a  second  diameter  which  sealingly  conforms 
to  the  diameter  of  the  well  casing,  to  prevent  fluids  disposed  in 
the  well  casing  from  flowing  through  the  well  casing  to  above, 
or  below,  the  sealing  means. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of   t h e   I n v e n t i o n  

The  i n v e n t i o n   r e l a t e s   to  a  w i r e l i n e   m e t h o d   a n d  

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

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

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

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

2.  D e s c r i p t i o n   of   t h e   P r i o r   A r t  

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

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

p r o d u c e d .   T y p i c a l l y ,   p r o d u c t i o n   t u b i n g   i s   d i s p o s e d  
w i t h i n   t h e   c a s i n g   and  t h e   p r o d u c t i o n   t u b i n g   is   s e a l e d  
w i t h i n   t h e   c a s i n g   as  by  a  c o n v e n t i o n a l   p a c k e r .   T h e  

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

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



F r e q u e n t l y ,   a  p a r t i c u l a r   f o r m a t i o n ,   f rom  w h i c h  

h y d r o c a r b o n s   had  p r e v i o u s l y   been   f l o w i n g ,   c e a s e s   to  f l o w  

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

s u c h   as  w a t e r ,   b e g i n   to  f l o w   i n t o   t h e   c a s i n g .   I f  

a n o t h e r   f o r m a t i o n   e x i s t s   a d j a c e n t   t h e   c a s i n g ,   s u c h  

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

is  now  f l o w i n g   u n d e s i r e d   f l u i d s ,   t he   c a s i n g   is   s e a l e d  

a b o v e   t h e   f i r s t   g r o u p   of  p e r f o r a t i o n s .   T h e r e a f t e r   t h e  

c a s i n g   is   a g a i n   p e r f o r a t e d   a l o n g   i t s   l e n g t h   a d j a c e n t   t h e  

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

d e s i r e d   to  be  p r o d u c e d .  

A l t h o u g h   many  d e v i c e s   e x i s t   w h i c h   can  be  u t i l i z e d  

to  s e a l   a  w e l l   c a s i n g ,   and  can  be  r e a d i l y   p a s s e d   t h r o u g h  
t h e   w e l l   c a s i n g   to  t h e   d e s i r e d   l o c a t i o n   a l o n g   t he   w e l l  

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

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

T h u s ,   in  o r d e r   f o r   t h e s e   c o n v e n t i o n a l   d e v i c e s   to  b e  

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

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

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

use   such   d e v i c e s   to  s e a l   o f f   a  s e c t i o n   of  t h e   w e l l  

c a s i n g .   T h i s   is   a  c o s t l y   and  t i m e   c o n s u m i n g   o p e r a t i o n ,  

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

F u r t h e r m o r e ,   c o n v e n t i o n a l   d e v i c e s   r e q u i r e   a  w o r k - o v e r  

r i g   to   be  i n s t a l l e d   at  t h e   w e l l   s i t e ,   w h i c h   r e s u l t s   i n  

c o n s i d e r a b l e   d e l a y   and  e x p e n s e .  

Two  w i r e l i n e   s u s p e n d e d   d e v i c e s   have   p r e v i o u s l y   b e e n  

p r o p o s e d   to  s e a l   a  w e l l   c a s i n g ,   such   d e v i c e s   b e i n g  

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

d i s p o s e d   w i t h i n   t he   w e l l   c a s i n g .   One  of  t h e s e   d e v i c e s  

i s   a  c o l l a p s i b l e   m e t a l   p e t a l   b a s k e t   w h i c h   is   l o w e r e d  

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



to  t h e   d e s i r e d   d e p t h   w h e r e   t h e   c a s i n g   is  to  be  s e a l e d .  

At  t h a t   p o i n t   w i t h i n   t h e   w e l l   c a s i n g ,   t h e   p e t a l s   of  t h i s  

d e v i c e   a re   c a u s e d   to  s w i n g   o u t w a r d l y   i n t o   e n g a g e m e n t  

w i t h   t he   w e l l   c a s i n g .   G r a v e l   a n d / o r   s a n d   a r e  t h e n  

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

t h e   m e t a l   p e t a l   b a s k e t .   T h e r e a f t e r ,   c e m e n t   is   p o u r e d   o n  

t o p   of  t h e   g r a v e l   a n d / o r   s a n d .   Upon  c u r i n g   of  t h e  

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

in  t h e   w e l l   c a s i n g .   The  d i s a d v a n t a g e s   of  u t i l i z i n g   t h i s  

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

f o r   t h e   c e m e n t   to   p r o p e r l y   c u r e .   S i n c e   t h e   u n d e s i r e d  

f l u i d s   f l o w i n g   in  t h e   w e l l   c a s i n g   b e n e a t h   t h e   c e m e n t   m a y  
be  s t i l l   f l o w i n g ,   and  a re   f r e q u e n t l y   f l o w i n g   u n d e r  

s u b s t a n t i a l   p r e s s u r e ,   t h e   c e m e n t   d o e s   no t   c u r e   p r o p e r l y  

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

t h e   w e l l   c a s i n g   i s   no t   of  t h e   q u a l i t y   w h i c h   is   d e s i r e d  

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

c e m e n t ,   as  w e l l   as  f rom  t h e   r o u g h e n e d   and  c o n t a m i n a t e d  

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

s l u d g e ,   p a r a f f i n ,   a n d / o r   c a r b o n a t e .   A d d i t i o n a l l y ,   t h e  

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

p r o c e s s   u n t i l   t h e   w e l l   can  be  p l a c e d   b a c k   i n t o   s e r v i c e  

can  be  e x c e s s i v e   and  o f t e n   v e r y   e x p e n s i v e .  

A n o t h e r   d e v i c e   w h i c h   has   been   u t i l i z e d   to   p r o v i d e  

t h e   d e s i r e d   s e a l i n g   of  a  w e l l   c a s i n g   and  w h i c h   can  b e  

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

r u b b e r   b l a d d e r .   T h i s   b l a d d e r   is   p l a c e d   at  t h e   d e s i r e d  

d e p t h   w h e r e   t h e   s e a l   is   to  be  p l a c e d   w i t h i n   t h e   w e l l  

c a s i n g ,   and  t h e   b l a d d e r   is   t h e n   i n f l a t e d .   T y p i c a l l y ,  

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

' i t s   p a s s a g e   t h r o u g h   t h e   t u b i n g   and  i t s   i n f l a t i o n .   A f t e r  

t h e   b l a d d e r   has   been   i n f l a t e d ,   c e m e n t   is  p o u r e d   o v e r   t h e  

b l a d d e r   and  t h e   d e s i r e d   s e a l i n g   is  e f f e c t e d   upon  t h e  

c e m e n t   c u r i n g .   The  d i s a d v a n t a g e s   w i t h   t h i s   d e v i c e   a r e  



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

e x i s t i n g   d o w n - h o l e ,   as  w e l l   as  t h e   r o u g h e n e d   a n d  

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

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

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

been   p o u r e d   upon  t h e   b l a d d e r ,   bu t   b e f o r e   t he   c e m e n t   h a s  

c u r e d .   T h u s ,   i t   is  n e c e s s a r y   to  s t a r t   o v e r   to  a t t e m p t  

t h e   s e a l i n g   p r o c e d u r e .   F u r t h e r ,   some  of  t h e s e   b l a d d e r  

d e v i c e s   have   been   p r o v i d e d   w i t h   a  v e n t   t u b e   a b o u t   w h i c h  

t h e   b l a d d e r   is  s e c u r e d .   T h i s   v e n t   t u b e   is   u t i l i z e d   t o  

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

as  t h e   c e m e n t   has   s u f f i c i e n t l y   c u r e d .   A f t e r   t h e   c e m e n t  

has   c u r e d ,   t h e   v e n t   t u b e   is   t h e n   s e a l e d   o f f .  

F r e q u e n t l y ,   t h e   d i a m e t e r   of  t he   v e n t   t u b e   is  no t   l a r g e  

e n o u g h   to  s u p p l y   t h e   n e c e s s a r y   p r e s s u r e   r e l i e f ,   w h e r e b y  

t h e   r u b b e r   b l a d d e r   f r e q u e n t l y   b u r s t s   due  to  t h e  

e x c e s s i v e   p r e s s u r e   b u i l d - u p   e x e r t e d   upon  t h e   r u b b e r  

b l a d d e r .  

A c c o r d i n g l y ,   p r i o r   to  t h e   d e v e l o p m e n t   of  t h e  

p r e s e n t   i n v e n t i o n ,   t h e r e   has   been   no  m e t h o d   a n d / o r  

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

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

in  t h e   w e l l   c a s i n g ;   i s   no t   s u b j e c t   to  damage   d u r i n g  

i n s t a l l a t i o n ;   is   no t   d e p e n d e n t   upon  c e m e n t   w h i c h   must   b e  

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

100%  s e a l   i n t e g r i t y ;   can  w i t h s t a n d   h i g h   t e m p e r a t u r e   a n d  

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

u s e ;   and  q u i c k l y   p r o v i d e s   t he   d e s i r e d   s e a l i n g .  

T h e r e f o r e ,   t h e   a r t   has   s o u g h t   a  m e t h o d   and  a p p a r a t u s   f o r  

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

p r o d u c t i o n   t u b i n g ;   d o e s   no t   r e q u i r e   t h e   use   of  c e m e n t ;  

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

m a n u f a c t u r e   and  u s e ;   d o e s   not   r e q u i r e   e x c e s s i v e   t i m e   t o  

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



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

damage   w h i l e   b e i n g   u t i l i z e d .  

SUMMARY  OF  THE  INVENTION 

A c c o r d i n g l y ,   one  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

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

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

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

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

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

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

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

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

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

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

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

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

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

m e a n s   b e i n g   d i s p o s e d   a b o u t   t h e   m a n d r e l   a b o v e   and  be low  t h e  

s e a l i n g   m e a n s ;   m e a n s   f o r   a n c h o r i n g   t h e   s e a l i n g   m e a n s   and   t h e  

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

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

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

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

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

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

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



w e l l   c a s i n g .  

A n o t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   d i r e c t e d   to   a  

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

d i s p o s e d   t h e r e i n   f rom  f l o w i n g   u p w a r d l y ,   or  d o w n w a r d l y ,   i n t o  

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

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

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

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

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

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

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

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

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

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

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

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

a n c h o r i n g   t h e   s e a l i n g   m e a n s   w i t h i n   t h e   w e l l   c a s i n g .  

A n o t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   d i r e c t e d   to   a n  

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

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

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

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

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

t h e r e b e t w e e n ;   t h e   e l a s t o m e r i c   member   h a v i n g   a  n o r m a l ,  

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

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



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

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

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

a x i s   w h e r e b y   t h e   d i a m e t e r   i n t e r m e d i a t e   t h e   e n d s   of  t h e  

e l a s t o m e r i c   member   i s   s u b s t a n t i a l l y   t h e   same  as  t h e   d i a m e t e r   o f  

i t s   e n d s   so  t h a t   t h e   e l a s t o m e r i c   member   may  p a s s   t h r o u g h   t h e  

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

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

t h e   e l a s t o m e r i c   member   can   be  f o r c e d   t o w a r d   one  a n o t h e r   w h i l e   a  

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

c a s i n g .  

A n o t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   d i r e c t e d   to   a  

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

d i s p o s e d   t h e r e i n   f rom  f l o w i n g   u p w a r d l y   or  d o w n w a r d l y ,   i n t o  

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

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

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

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

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

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

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

t h e   w e l l   c a s i n g ,   w i t h   t h e   s e a l i n g   e l e m e n t   r e s t r a i n e d   in   a n  

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

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

same  as  t h e   d i a m e t e r   of  t h e   e n d s ,   and   i s   l e s s   t h a n   t h e   d i a m e t e r  

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



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

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

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

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

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

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

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

e l i m i n a t e   t h e   r e s t r a i n t   and  a l l o w   t h e   s e a l i n g   e l e m e n t   to   a s s u m e  

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

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

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

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

A n o t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   d i r e c t e d   to   a  

r e i n f o r c i n g   e l e m e n t   f o r   an  e l a s t o m e r i c   s e a l i n g   e l e m e n t   f o r   u s e  

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

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

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

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

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

e l o n g a t e   m a n d r e l   and  a  p l u r a l i t y   of  r a d i a l l y   e x t e n d i n g  

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

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

p r o j e c t i o n s   b e i n g   b e n t   d o w n w a r d l y   to   d i s p o s e   e a c h   p r o j e c t i o n   i n  

a  p l a n e   w h i c h   i s   s u b s t a n t i a l l y   p e r p e n d i c u l a r   to   t h e   c e n t e r  

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

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



s e c u r e d   to  s e c o n d   e n d s   of  c o r r e s p o n d i n g   p r o j e c t i o n s   of  t h e  

o t h e r   p l a t e   m e m b e r ,   w h e r e b y   t h e   p l a t e   m e m b e r s   f o r m   an  e l o n g a t e  

body  w h i c h   can   p a s s   t h r o u g h   t h e   p r o d u c t i o n   t u b i n g   and   u p o n  

e x e r t i o n   of  a  c o m p r e s s i v e   f o r c e   on  t h e   c e n t e r   p o r t i o n s ,   t h e  

p r o j e c t i o n s   a r e   d i s p o s e d   in   a  p l a n e   s u b s t a n t i a l l y   p a r a l l e l   t o  

t h e   c e n t e r   p o r t i o n   of  e a c h   p l a t e   m e m b e r .  

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

demand   s e n s i t i v e   p r e s s u r e   i n t e n s i f i e r   f o r   use   w i t h   a  h y d r a u l i c  

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

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

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

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

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

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

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

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

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

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

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

t h e   f l u i d   p r e s s u r e   e x e r t e d   upon  t h e   f i r s t   f l u i d   p r e s s u r e  

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

to   a  p r e s s u r e   w h i c h   e x c e e d s   t h e   maximum  o u t p u t   p r e s s u r e   of  t h e  

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

when  t h e   o u t p u t   p r e s s u r e   of  t h e   pump  r e a c h e s   a  p r e d e t e r m i n e d  

p r e s s u r e   v a l u e   b e l o w   t h e   maximum  o u t p u t   p r e s s u r e   of  t h e   p u m p ,  

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



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

f l u i d   p a s s a g e w a y   in  f l u i d   c o m m u n i c a t i o n   w i t h   t h e   pump  and   t h e  

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

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

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

a  p r e d e t e r m i n e d   p r e s s u r e   v a l u e   be low  t h e   maximum  o u t p u t  

p r e s s u r e   of  t h e   pump,  t h e   c o m p r e s s i o n   m e a n s   i s   a c t u a t e d   a n d  

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

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

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

A n o t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   d i r e c t e d   to   a n  

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

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

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

w e l l   c a s i n g ,   c o m p r i s i n g :   an  e l o n g a t e   m a n d r e l ;   a  s e t   o f  

e l o n g a t e ,   p i v o t a b l e   p r i m a r y   a n c h o r   a rms   and  a  s e t   of  e l o n g a t e ,  

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

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

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

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

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

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

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

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

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

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



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

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

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

o u t w a r d l y   and  r a d i a l l y   d i s p l a c e d   so  as   to   a f f o r d   an  a b u t m e n t  

f o r   t h e   s e t   of  a n c h o r   a rms   to   m a i n t a i n   t h e   s e t   of  a n c h o r   a r m s  

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  t h e   d r a w i n g s :  

FIGS.   1  a n d   2  a r e   p a r t i a l   c r o s s - s e c t i o n a l   v i e w s   a l o n g   t h e  

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

i n t e n d e d   use   of  t h e   m e t h o d   and   a p p a r a t u s   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 ;  

FIG.  3  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v iew  a l o n g   t h e  

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

t u b i n g ;  



FIG.   4  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   a l o n g   t h e  

l o n g i t u d i n a l   a x i s   of  a  b r i d g e   p l u g   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 ,   when  i t   has   been   p l a c e d   w i t h i n  

t he   w e l l   c a s i n g   to  s e a l   t h e   w e l l   c a s i n g ;  

FIG.  5  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   of  an  

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

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 ;  

FIG.   6  is  a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   a l o n g   t h e  

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

a  b r i d g e   p l u g   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 ,  

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

t h e   p r o d u c t i o n   t u b i n g ;  

FIG.  7  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   of  a n  

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

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 ,   i l l u s t r a t i n g   t h e  

s e a l i n g   e l e m e n t   as  i t   is   d i s p o s e d   when  s e a l i n g   t he   w e l l  

c a s i n g ;  

FIG.  8  i s   a  p l a n   v i e w   of  a  b l a n k   u s e d   to  form  a  

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

FIG.  9  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   a l o n g   t h e  

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

p l u g   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 ,   shown  i n  

i t s   c o n f i g u r a t i o n   f o r   p a s s i n g   t h r o u g h   p r o d u c t i o n   t u b i n g ;  

FIG.  10  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g   l i n e  

1 0 - 1 0   of  FIG.   9 ;  

FIG.  11  i s   a  p l a n   v i ew   i l l u s t r a t i n g   two  r e i n f o r c i n g  

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

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

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

FIG.  12  i s   a  s i d e   v i e w   of  an  a n c h o r i n g   a s s e m b l y   f o r  

a  b r i d g e   p l u g   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 :  

FIG.   13  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   t a k e n  

a l o n g   l i n e   1 3 - 1 3   of  FIG.   1 2 ;  

FIG.  14  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   t a k e n  

a l o n g   l i n e   1 4 - 1 4   of  FIG.   1 3 ;  

FIG.  15  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   a l o n g   t h e  

l o n g i t u d i n a l   a x i s   of  a  p o r t i o n   of  a  b r i d g e   p l u g   and  i t s  

s e t t i n g   means   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 n d  

FIGS.   16a  and  16b  a re   a  c r o s s - s e c t i o n a l   v i e w s   a l o n g  

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

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

W h i l e   t h e   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  c o n n e c t i o n  

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

t h a t   i t   i s   no t   i n t e n d e d   to  l i m i t   t h e   i n v e n t i o n   to  t h a t  

e m b o d i m e n t .   On  t h e   c o n t r a r y ,   i t   is  i n t e n d e d   to  c o v e r  
a l l   a l t e r n a t i v e s ,   m o d i f i c a t i o n s ,   and  e q u i v a l e n t s   as  m a y  
be  i n c l u d e d   w i t h i n   t h e   s p i r i t   and  s c o p e   of  t h e   i n v e n t i o n  

as  d e f i n e d   by  t h e   c l a i m s .  

'DETAILED  DESCRIPTION  OF  THE  INVENTION 

In  FIGS.   1  and  2,  a  b o r e h o l e   170  i s   d i s p o s e d   in  t h e  

e a r t h ' s   s u r f a c e   171,   w h i c h   b o r e h o l e   170  has   b e e n  



p r o v i d e d   w i t h   a  c o n v e n t i o n a l   w e l l   c a s i n g   172.   As  s h o w n  

in  FIG.  1,  a  f i r s t   s e t   of  p e r f o r a t i o n s   173  h a v e   b e e n  

p r o v i d e d   in  w e l l   c a s i n g   172  a d j a c e n t   a  h y d r o c a r b o n  

p r o d u c i n g   f o r m a t i o n   174.   C o n v e n t i o n a l   p r o d u c t i o n   t u b i n g  

175,  h a v i n g   a  d i a m e t e r   l e s s   t h a n   t h e   d i a m e t e r   of  t h e  

w e l l   c a s i n g   172,   i s   d i s p o s e d   w i t h i n   w e l l   c a s i n g   172  a n d  

is   s e a l e d   a b o u t   i t s   end  in  a  c o n v e n t i o n a l   m a n n e r   as  by  a  

p a c k e r   176.   The  h y d r o c a r b o n s ,   as  i l l u s t r a t e d   by  a r r o w s  

177,  f l o w   u p w a r d l y   to  t h e   e a r t h ' s   s u r f a c e   171  v i a  

p r o d u c t i o n   t u b i n g   175.   Upon  t h e   f o r m a t i o n   174  p r o d u c i n g  

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

s e a l   w e l l   c a s i n g   172  at   a  d e p t h   d i s p o s e d   a b o v e   t h e   f i r s t  

s e t   of  p e r f o r a t i o n s   173.   Wi th   r e f e r e n c e   to  FIG.   2  a  

s e a l ,   or  p l u g ,   shown  s c h e m a t i c a l l y   as  178 ,   is   d i s p o s e d  

w i t h i n   w e l l   c a s i n g   172  above   t he   f i r s t   s e t   o f  

p e r f o r a t i o n s   173  a d j a c e n t   f o r m a t i o n   174,   w h i c h   now  h a s  

w a t e r   179  a n d / o r   o t h e r   u n d e s i r e d   f l u i d s   f l o w i n g   t h r o u g h  

p e r f o r a t i o n s   173.   A f t e r   s e a l ,   or  p l u g ,   178  h a s   b e e n  

d i s p o s e d   w i t h i n   w e l l   c a s i n g   172,   p e r f o r a t i o n s   180  a r e  

p r o v i d e d   in  a  c o n v e n t i o n a l   m a n n e r   in  w e l l   c a s i n g   1 7 2  

a d j a c e n t   a n o t h e r   h y d r o c a r b o n   p r o d u c i n g   f o r m a t i o n   1 8 1 ,  

t h r o u g h   w h i c h   h y d r o c a r b o n s   182  may  f l o w   u p w a r d l y   t h r o u g h  

p r o d u c t i o n   t u b i n g   175,   as  p r e v i o u s l y   d e s c r i b e d .   I n  

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

e c o n o m i c a l l y   p r o v i d e   s e a l   178  in  w e l l   c a s i n g   172,  i t   i s  

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

t h e   r e d u c e d   d i a m e t e r   p r o d u c t i o n   t u b i n g   1 7 5 .  

Wi th   r e f e r e n c e   to  FIGS.   3  and  4,  a  b r i d g e   p l u g   1 8 3 ,  

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 ,   f o r   use  w i t h i n  

a  w e l l   c a s i n g   172  and  p a s s a b l e   t h r o u g h   p r o d u c t i o n   t u b i n g  

- 1 7 5 ,   is  s h o w n .   FIG.   3  g e n e r a l l y   i l l u s t r a t e s   b r i d g e   p l u g  
183  in   i t s   c o n f i g u r a t i o n   when  i t   has   a  f i r s t   d i a m e t e r  

l e s s   t h a n   t he   d i a m e t e r   of  t h e   p r o d u c t i o n   t u b i n g   175,  i n  

o r d e r   to   a l l o w   t h e   b r i d g e   p l u g   183  to   be  l o w e r e d   t h r o u g h  



t h e   p r o d u c t i o n   t u b i n g   175  to  t h e   d e s i r e d   d e p t h   w i t h i n  

w e l l   c a s i n g   172  w h e r e   t h e   d e s i r e d   p l u g   178  i s   to  b e  

p r o v i d e d   as  i l l u s t r a t e d   in  FIG.   2.  FIG.   4  i l l u s t r a t e s  

t h e   c o n f i g u r a t i o n   of  b r i d g e   p l u g   183  when  i t   has   b e e n  

d i s p o s e d   w i t h i n   w e l l   c a s i n g   172  and  has   a  s e c o n d  

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

w e l l   c a s i n g   172  in  o r d e r   to  p r o v i d e   the   d e s i r e d   s e a l  

1 7 8 .  

S t i l l   w i t h   r e f e r e n c e   to  FIGS.   3  and  4,  b r i d g e   p l u g  

183  g e n e r a l l y   c o m p r i s e s :   an  e l o n g a t e   m a n d r e l   184;   m e a n s  

f o r   s e a l i n g   185  t h e   w e l l   c a s i n g   172,   w h i c h   s e a l i n g   m e a n s  

185  is  d i s p o s e d   a b o u t   m a n d r e l   184;   a  means   f o r  

r e i n f o r c i n g   186  t h e   s e a l i n g   means   185,   t h e   r e i n f o r c i n g  

m e a n s   186  b e i n g   d i s p o s e d   a b o u t   m a n d r e l   184  and  l o c a t e d  

above   and  b e l o w   s e a l   means   185;   m e a n s   f o r   a n c h o r i n g   1 8 7  

t h e   s e a l i n g   m e a n s   185  and  t h e   r e i n f o r c i n g   m e a n s   186  

w i t h i n   w e l l   c a s i n g   172  and  a  means   f o r   c o m p r e s s i n g   1 8 8  

t h e   s e a l i n g   m e a n s   185  to   f o r c e   t he   s e a l i n g   m e a n s   185  t o  

e x p a n d   f rom  i t s   f i r s t   d i a m e t e r   i l l u s t r a t e d   in  FIG.  3 ,  

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

175,   to   a  s e c o n d   d i a m e t e r   as  i l l u s t r a t e d   in  FIG.  4 ,  

w h e r e b y   s e a l i n g   m e a n s   185  s e a l i n g l y   c o n f o r m s   to  t h e  

d i a m e t e r   of  t h e   w e l l   c a s i n g   172  to   p r e v e n t   f l u i d s   1 7 9  

(FIG.   2)  d i s p o s e d   in  t h e   w e l l   c a s i n g   172  b e l o w   t h e  

s e a l i n g   means   185  f rom  f l o w i n g   t h r o u g h   t h e   w e l l   c a s i n g  

172  to  above   s e a l i n g   m e a n s   185.   C o m p r e s s i o n   m e a n s   1 8 8  

p r e f e r a b l y   i n c l u d e s   a  means   f o r   m o v i n g   t h e   m a n d r e l   1 8 4  

u p w a r d l y   as  shown  by  a r r o w   189  in  FIG.   3.  Any  s u i t a b l e  

means   m a y  b e   u t i l i z e d   to  p u l l   m a n d r e l   184  u p w a r d l y   t o  

c a u s e   t he   c o m p r e s s i o n   of  s e a l i n g   m e a n s   185,   such   as  a  
'  s u i t a b l e   h y d r a u l i c   pump,  e l e c t r i c   m o t o r ,   or  e x p l o s i v e  

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

m o v e m e n t   of  m a n d r e l   184.   As  w i l l   be  h e r e i n a f t e r  

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



m o v i n g   m a n d r e l   184  w i l l   be  d e s c r i b e d   in  g r e a t e r   d e t a i l  

w i t h   r e f e r e n c e   to   FIGS.   15,  16a  and  16b.   P r e f e r a b l y ,  

b r i d g e   p l u g   183  is  s u s p e n d e d   w i t h i n   p r o d u c t i o n   t u b i n g  

175  and  w e l l   c a s i n g   172  by  a  w i r e l i n e   ( n o t   s h o w n ) .  

S t i l l   w i t h   r e f e r e n c e   to  FIGS.   3  and  4,  t h e   b r i d g e  

p l u g   183  w i l l   be  d e s c r i b e d   in  g r e a t e r   d e t a i l .  

P r e f e r a b l y ,   s e a l i n g   means   185  i n c l u d e s   at  l e a s t   o n e  

r e s i l i e n t ,   e l a s t o m e r i c   s e a l i n g   e l e m e n t   190  c a r r i e d   b y  

m a n d r e l   184.   In  FIG.  3,  one  s e a l i n g   e l e m e n t   190  i s  

shown  in  f u l l   c r o s s - s e c t i o n ,   a n o t h e r   s e a l i n g   e l e m e n t  

190 '   i s   p a r t i a l l y   shown ,   and  one  s e a l i n g   e l e m e n t   1 9 0 "  

is   shown  w i t h i n   a  r e s t r a i n i n g   means   to  be  h e r e i n a f t e r  

d e s c r i b e d   in  g r e a t e r   d e t a i l   w i t h   r e s p e c t   to  FIG.  6 .  

S e a l i n g   e l e m e n t s   190  may  be  made  of  any  s u i t a b l e  

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

s e a l i n g   e l e m e n t   190  has   t h e   a b i l i t y   to  be  c o m p r e s s e d   t o  

e x p a n d   f rom  i t s   f i r s t   r e d u c e d   d i a m e t e r ,   shown  in  FIG.  3 

to  e x p a n d   to  i t s   s e c o n d   d i a m e t e r ,   shown  in  FIG.   4 ,  
w h e r e i n   s e a l i n g   e l e m e n t s   190  s e a l i n g l y   c o n f o r m   to  t h e  

i n t e r i o r   s u r f a c e   of  w e l l   c a s i n g   172.   A  p r e f e r r e d  

e m b o d i m e n t   of   s e a l i n g   e l e m e n t   190  w i l l   h e r e i n a f t e r   b e  

d e s c r i b e d   in  g r e a t e r   d e t a i l   w i t h   r e s p e c t   to  F IGS.   5 - 7 .  

S t i l l   w i t h   r e f e r e n c e   to  FIGS.   3 - 4 ,   a n c h o r i n g   m e a n s  
187  p r e f e r a b l y   i n c l u d e s   a  f i r s t   and  s e c o n d   s e t   of  a n c h o r  

arms  191,   192  d i s p o s e d   a b o u t   t h e   m a n d r e l   184,   e a c h   s e t  

of  a n c h o r   arms  191,   192  i n c l u d i n g   at  l e a s t   two  a n c h o r  

arms  193  e q u a l l y   s p a c e d   r a d i a l l y   and  a n g u l a r l y   a b o u t   t h e  

l o n g i t u d i n a l   a x i s   of  m a n d r e l   184.   P r e f e r a b l y ,   t h r e e  

e q u a l l y   s p a c e d   a n c h o r   arms  193  a re   u t i l i z e d   in  e a c h   s e t  

o f   a n c h o r   a rms  191,   192.   The  f i r s t   s e t   of  a n c h o r   a r m s  

191  i s   shown  d i s p o s e d   a b o v e   t he   s e a l i n g   means   185,   a n d  

t h e   s e c o n d   s e t   192  is   d i s p o s e d   b e l o w   t h e   s e a l i n g   m e a n s  
185.  A n c h o r   arms  193  a r e   p i v o t a b l y   m o u n t e d   w i t h   r e s p e c t  



to  t he   m a n d r e l   184.   Each  s e t   191,   192  of  a n c h o r   a r m s  

193  a r e   d i s p o s e d   in  e i t h e r   a  f i r s t   n o n - o p e r a t i n g  

p o s i t i o n ,   as  shown  in  FIG.   3  w i t h   t h e i r   l o n g i t u d i n a l  

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

a x i s   of  t he   m a n d r e l   184  to  a l l o w   p a s s a g e   of  t h e  

a n c h o r i n g   means   187  t h r o u g h   t he   p r o d u c t i o n   t u b i n g   1 7 5 ,  

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

in  FIG.  4,  w i t h   t h e   a n c h o r   arms  193  b e i n g   p i v o t e d  

o u t w a r d l y   i n t o   e n g a g e m e n t   w i t h   t he   w e l l   c a s i n g   1 7 2  a s  

shown  at  194  in  FIG.  4 .  

Each  a n c h o r   arm  193  may  i n c l u d e   a  p i v o t   p i n   1 9 5  

d i s p o s e d   a d j a c e n t   s e a l i n g   m e a n s   185,  w h e r e b y   t h e   f i r s t  

s e t   191  of   a n c h o r   arms  193  p i v o t   o u t w a r d l y   a n d  

d o w n w a r d l y   t o w a r d   t h e   s e a l i n g   m e a n s   185,   and  t he   s e c o n d  

s e t   192  of   a n c h o r   arms  193  p i v o t   o u t w a r d l y   and  u p w a r d l y  

t o w a r d   t h e   s e a l i n g   m e a n s   185,   as  shown  in  FIG.   4 .  

A n c h o r i n g   means   187  may  i n c l u d e   a  camming  member   1 9 6  

(F IG.   4)  w h i c h   c o o p e r a t e s   w i t h   t h e   a n c h o r   arms  193  t o  

c a u s e   t h e   a n c h o r   arms  193  t o   p i v o t   o u t w a r d l y   t o w a r d  

t h e i r   s e c o n d   o p e r a t i n g   p o s i t i o n ,   as  shown  in  FIG.   4 ,  

upon  c o m p r e s s i o n   of  s e a l i n g   means   185.   As  s e e n   in  F I G .  

4,  t h e   f i r s t   and  s e c o n d   s e t s   191,   192  of  a n c h o r   arms  1 9 3  

a r e   m o u n t e d   upon  an  a n c h o r   arm  s u p p o r t   body   197  d i s p o s e d  

in  s l i d i n g   e n g a g e m e n t   w i t h   m a n d r e l   184.   When  a n c h o r  

arms  193  a r e   i n i t i a l l y   d i s p o s e d   in  t h e i r   n o n - o p e r a t i n g  

p o s i t i o n ,   camming  m e m b e r s   196  a re   s p a c e d   f rom  t he   e n d s  

of  t h e   a n c h o r   arms  193  w h i c h   do  no t   have   t h e   p i v o t   p i n s  

195  d i s p o s e d   t h e r e i n ,   and  camming  m e m b e r s   196  a r e  

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

184.   Upon  m a n d r e l   184  b e i n g   moved  u p w a r d l y   to  c o m p r e s s  
s e a l i n g   means   185,   t h e   e n d s   198  of   camming   m e m b e r s   1 9 6  

c o o p e r a t e   w i t h   a n c h o r   arms  193  to  c a u s e   them  to  p i v o t  

o u t w a r d l y   due  to   t h e   r e l a t i v e   m o t i o n   b e t w e e n   t h e   c a m m i n g  

m e m b e r s   196  and  t h e   a n c h o r   arm  s u p p o r t   b o d i e s   1 9 7 ,  



c a u s e d   by  t he   u p w a r d   m o v e m e n t   of  m a n d r e l   184.   In  t h i s  

r e g a r d ,  i t   s h o u l d   be  n o t e d   t h a t   t h e   l o w e r   end  of  m a n d r e l  

184  is  s e c u r e d   to  a  c o n v e n t i o n a l   n o s e   p i e c e   199,   w h e r e b y  

upon  m a n d r e l   184  b e i n g   r a i s e d ,   n o s e   p i e c e   199  b e a r s  

a g a i n s t   t he   l o w e r   camming  member   196  to  f o r c e   i t   in  a n  

u p w a r d   d i r e c t i o n .  

Wi th   r e f e r e n c e   to  FIG.  4,  i t   s h o u l d   be  n o t e d   t h a t  

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

e l e m e n t s   190,   o n c e   s e a l i n g   e l e m e n t s   190  h a v e   b e e n  

c o m p r e s s e d ,   as  shown  in  FIG.  4,  due  to  t h e   u p w a r d  

m o v e m e n t   of  m a n d r e l   184  and  i t s   a s s o c i a t e d   n o s e   p i e c e  

199,   i t   is   d e s i r a b l e   to  r e t a i n   s e a l i n g   m e a n s   185  i n  

s e a l i n g   c o n f o r m i t y   w i t h   t he   w e l l   c a s i n g   1 7 2 .  

A c c o r d i n g l y ,   a  means   f o r   r e t a i n i n g   200  s e a l i n g   m e a n s   1 8 5  

in  s e a l i n g   c o n f o r m i t y   w i t h   t he   w e l l   c a s i n g   172  may  b e  

i n c l u d e d   w i t h   c o m p r e s s i o n   m e a n s   188.   P r e f e r a b l y ,   t h e  

means   f o r   r e t a i n i n g   200  c o m p r i s e s   a  m a n d r e l   l o c k   201  

w h i c h   f i x e d l y   s e c u r e s   t h e   m a n d r e l   184  w i t h   r e s p e c t   t o  

t h e   s e a l i n g   means   185  a f t e r   t h e   s e a l i n g   means   185  h a s  

been   c o m p r e s s e d   to  a s s u m e   i t s   s e c o n d   d i a m e t e r   as  s h o w n  

in  FIG.  4.  M a n d r e l   l o c k   201  may  be  of  c o n v e n t i o n a l  

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

member   202  and  b i a s i n g   s p r i n g   203 ,   as  shown  in  FIG.  4 .  

The  r e i n f o r c i n g   m e a n s   186  of  b r i d g e   p l u g   183  

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

204  d i s p o s e d   a b o u t   m a n d r e l   184,  and  as  s e e n   in  FIG.   3 ,  

r e i n f o r c i n g   e l e m e n t s   204  h a v e   a  f i r s t   d i a m e t e r   l e s s   t h a n  

t h e   d i a m e t e r   of  t h e   p r o d u c t i o n   t u b i n g   175  to  a l l o w  

p a s s a g e   t h e r e t h r o u g h .   As  s e e n   in  FIG.  4,  r e i n f o r c i n g  

e l e m e n t s   204  a re   c o m p r e s s i b l e   to  a  s e c o n d   d i a m e t e r   w h i c h  

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

175.  At  l e a s t   one  of  t h e  r e i n f o r c i n g   e l e m e n t s   2 0 4  

c o n t a c t s   t h e   t o p   s u r f a c e   of  s e a l i n g   means   185 ,   and  a t  

l e a s t   one  r e i n f o r c i n g   e l e m e n t   204  c o n t a c t s   t h e   b o t t o m  



s u r f a c e   of  s e a l i n g   means   185.  R e i n f o r c i n g   e l e m e n t s   2 0 4  

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

t h e   s e a l i n g   m e a n s   185  s h o u l d   p r e f e r a b l y   be  e x e r t e d   o v e r  

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

a r e a   of  s e a l i n g   m e a n s   185.   T h u s ,   t h e   s e a l i n g   e l e m e n t s  

190  of   s e a l i n g   means   185  w i l l   be  e v e n l y   c o m p r e s s e d   a n d  

s e a l i n g   e l e m e n t s   190  w i l l   no t   be  p u n c t u r e d   by  a n c h o r   a r m  

s u p p o r t   b o d i e s   197  upon  m a n d r e l   184  b e i n g   r a i s e d ,   w h i c h  

c a u s e s   t h e   c o m p r e s s i o n   of  s e a l i n g   e l e m e n t s   190  b e t w e e n  

t h e   a n c h o r   arm  s u p p o r t   b o d i e s   197.   In  t h i s   r e g a r d ,   i t  

s h o u l d   be  n o t e d   t h a t   b r i d g e   p l u g   183  may  be  p r o v i d e d  

w i t h   a  body  m e m b e r ,   or  s e t t i n g   s l e e v e ,   205  (F IG .   3 )  

t h r o u g h   w h i c h   m a n d r e l   184  p a s s e s ,   w h i c h   body  member   2 0 5  

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

c a s i n g   172  as  m a n d r e l   184  is   moved  u p w a r d l y .  

R e i n f o r c i n g   e l e m e n t s   204  may  be  made  of  any  s u i t a b l e  

m a t e r i a l ,   such   as  an  e l a s t o m e r i c   a n d / o r   m e t a l l i c  

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

t h a t   i t   can  have   a  f i r s t   d i a m e t e r   l e s s   t h a n   t h e   d i a m e t e r  

of  t he   p r o d u c t i o n   t u b i n g   175,   and  is   c o m p r e s s i b l e   to  a  

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

t h e   p r o d u c t i o n   t u b i n g   175.   A  p r e f e r r e d   e m b o d i m e n t   o f  

r e i n f o r c i n g   A - l e m e n t   2 0 4  w i l l   be  h e r e i n a f t e r   d e s c r i b e d   i n  

g r e a t e r   d e t a i l   w i t h   r e f e r e n c e   to  FIGS.   8 - 1 1 .  

The  m e t h o d   f o r   u s i n g   b r i d g e   p l u g   183  f o r   s e a l i n g  

o f f   a  l e n g t h   of  w e l l   c a s i n g   172  to  p r e v e n t   f l u i d  

d i s p o s e d   t h e r e i n   f rom  f l o w i n g   u p w a r d l y ,   or  d o w n w a r d l y ,  

i n t o   a n o t h e r   l e n g t h   of  w e l l   c a s i n g   172,   when  t h e   w e l l  

c a s i n g   172  has   a  l e n g t h   of  p r o d u c t i o n   t u b i n g   1 7 5  

d i s p o s e d   t h e r e i n ,   may  c o m p r i s e   t h e   f o l l o w i n g   s t e p s .  

' S e a l i n g   means   185  i s   f i r s t   d i s p o s e d   a b o u t   m a n d r e l   184  a s  

p r e v i o u s l y   d e s c r i b e d .   M a n d r e l   184  and  s e a l i n g   m e a n s   1 8 5  

a re   l o w e r e d   d o w n w a r d l y   t h r o u g h   t h e   p r o d u c t i o n   t u b i n g   1 7 5  

and  i n t o   w e l l   c a s i n g   172,   w h i l e   t he   s e a l i n g   m e a n s   1 8 5  



has   i t s   f i r s t   d i a m e t e r   as  i l l u s t r a t e d   in  FIG.   3 .  

S e a l i n g   means   185  may  t h e n   be  c o m p r e s s e d   as  p r e v i o u s l y  

d e s c r i b e d   to  f o r c e   t h e   s e a l i n g   means   185  to  a s s u m e   i t s  

s e c o n d   d i a m e t e r ,   as  i l l u s t r a t e d   in  FIG.  4,  t o  s e a l i n g l y  

c o n f o r m   to  t h e  d i a m e t e r   of  t h e   w e l l   c a s i n g   172.   S e a l i n g  

means   185  may  t h e n   be  a n c h o r e d   w i t h i n   t h e   w e l l   c a s i n g   b y  

u t i l i z i n g   a n c h o r i n g   m e a n s   187  as  p r e v i o u s l y   d e s c r i b e d   i n  

c o n n e c t i o n   w i t h   FIG.  4.  I t   s h o u l d   be  n o t e d   t h a t   a f t e r  

m a n d r e l   184  has   been   l o c k e d   by  m a n d r e l   l o c k   201  t o  

r e t a i n   t h e   s e a l i n g   means   185  in  s e a l i n g   c o n f o r m i t y   w i t h  

t h e   w e l l   c a s i n g   172,   m a n d r e l   184  may  be  s e p a r a t e d   at  a  

p o i n t   d i s p o s e d   a b o v e   t h e   m a n d r e l   l o c k   201  a f t e r   t h e  

m a n d r e l   184  has   been   p u l l e d   u p w a r d l y   to  c o m p r e s s   s e a l i n g  

means   185.   As  s e e n   in  FIG.  3,  a  m a n d r e l   r e l e a s e   p o i n t  

206  is  d i s p o s e d   on  m a n d r e l   184  and  is   i n i t i a l l y   l o c a t e d  

b e n e a t h   m a n d r e l   l o c k   201 .   Upon  m a n d r e l   184  b e i n g   r a i s e d  

to  t h e   p o s i t i o n   shown  in  FIG.   4,  m a n d r e l   r e l e a s e   p o i n t  

206  i s   d i s p o s e d   a b o v e   m a n d r e l   l o c k   201 .   A f t e r   s e a l i n g  

m e a n s   185  has   been   a n c h o r e d   w i t h i n   w e l l   c a s i n g   1 7 2 ,  

m a n d r e l   184  may  be  s e p a r a t e d   at  t h e   m a n d r e l   r e l e a s e  

p o i n t   206  and  t h e   a u x i l i a r y   e q u i p m e n t   f o r   b r i d g e   p l u g  

183,   to   be  h e r e i n a f t e r   d e s c r i b e d   in  g r e a t e r   d e t a i l   w i t h  

r e s p e c t   to  FIG.   15,  may  be  r a i s e d   and  r e m o v e d   t h r o u g h  

p r o d u c t i o n   t u b i n g   175  t o   t h e   e a r t h ' s   s u r f a c e   1 7 1 .  

P r o d u c t i o n   of  h y d r o c a r b o n s   may  once   a g a i n   be  i n i t i a t e d  

as  p r e v i o u s l y   d e s c r i b e d   in  c o n n e c t i o n   w i t h   FIG.   2 .  

T u r n i n g   now  to  F IGS.   5 - 7 ,   a  p r e f e r r e d   e m b o d i m e n t   o f  

s e a l i n g   e l e m e n t   190  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   is   s h o w n .   E l a s t o m e r i c   s e a l i n g   e l e m e n t   1 9 0  

g e n e r a l l y   c o m p r i s e s :   a  g e n e r a l l y   t u b u l a r - s h a p e d  
' e l a s t o m e r i c   member   207  h a v i n g   f i r s t   and  s e c o n d   e n d s   2 0 8 ,  

209  and  a  w a l l   p o r t i o n   210  t h e r e b e t w e e n .   As  shown  i n  

FIG.   5,  e l a s t o m e r i c   member   207  has   a  n o r m a l ,   u n s t r e s s e d  

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



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

e l a s t o m e r i c   member   207 .   The  d i a m e t e r   i n t e r m e d i a t e   t h e  

e n d s   208 ,   209  of  t h e   e l a s t o m e r i c   member   207  is  l a r g e r  

t h a n   t h e   d i a m e t e r   at  t h e   e n d s   208 ,   209 .   W h e n  i n   t h e  

n o r m a l ,   u n s t r e s s e d   c o n f i g u r a t i o n   of  FIG.   5,  t he   d i a m e t e r  

i n t e r m e d i a t e   t h e   e n d s   208 ,   209  i s   l a r g e r   t h a n   t h e  

d i a m e t e r   of  t h e   p r o d u c t i o n   t u b i n g   175  (F IG .   1) ,   and  i s  

s m a l l e r   t h a n   t h e   d i a m e t e r   of  t h e   w e l l   c a s i n g   172  ( F I G .  

1) .   As  shown  in  FIG.   6,  e l a s t o m e r i c   member   207  i s  

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

d i a m e t e r   i n t e r m e d i a t e   t h e   e n d s   208 ,   209  is   s u b s t a n t i a l l y  

t h e   same  as  t h e   d i a m e t e r   of  i t s   e n d s   208 ,   209  so  t h a t  

e l a s t o m e r i c   member   207 ,   a f t e r   b e i n g   e l o n g a t e d ,   may  p a s s  

t h r o u g h   t h e   p r o d u c t i o n   t u b i n g   175.   As  shown  in  FIG.  7 ,  

e l a s t o m e r i c   member   207  is   c o m p r e s s i b l e   a l o n g   i t s  

l o n g i t u d i n a l   a x i s   w h e r e b y   t h e   e n d s   208 ,   209  o f  

e l a s t o m e r i c   member   207  can  be  f o r c e d   t o w a r d   one  a n o t h e r ,  

and  p r e f e r a b l y   c o n t a c t i n g   one  a n o t h e r ,   w h i l e   a  p o r t i o n  

211  of  t h e   w a l l   p o r t i o n   210  s e a l i n g l y   c o n f o r m s   to  t h e  

i n t e r i o r   s u r f a c e   of  w e l l   c a s i n g   172  upon  e l a s t o m e r i c  

member   207  of  s e a l i n g   m e a n s   185  b e i n g   c o m p r e s s e d   a l o n g  
t h e   l o n g i t u d i n a l   a x i s   of  m a n d r e l   1 8 4 .  

Wi th   r e f e r e n c e   to  FIG.   6,  s e a l i n g   e l e m e n t   190  m a y  
i n c l u d e   a  means   f o r   r e s t r a i n i n g   212  t h e   e l a s t o m e r i c  

member   207  in  i t s   e l o n g a t e d   c o n f i g u r a t i o n ,   w h e r e b y   t h e  

d i a m e t e r   i n t e r m e d i a t e   t h e   e n d s   208 ,   209  o f   t h e  

e l a s t o m e r i c   member   207  is   s u b s t a n t i a l l y   t h e   same  as  t h e  

d i a m e t e r   of  i t s   e n d s   208 ,   209 .   P r e f e r a b l y ,   r e s t r a i n i n g  

m e a n s   212  is  a  f r a n g i b l e ,   t h i n - w a l l e d   t u b u l a r   m e m b e r  

213,   w h i c h   upon  c o m p r e s s i v e   f o r c e   b e i n g   e x e r t e d   upon  t h e  

e l a s t o m e r i c   member   207  a l o n g   t h e   l o n g i t u d i n a l   a x i s   o f  

e l a s t o m e r i c  m e m b e r   207 ,   t h e   t u b u l a r   member   213  b r e a k s  

and  a l l o w s   e l a s t o m e r i c   member   207  to  a s s u m e   i t s   n o r m a l ,  
u n s t r e s s e d   c o n f i g u r a t i o n   shown  in  FIG.  5.  T u b u l a r  



member   213  may  be  f o r m e d   of  a  s u i t a b l e   c l o t h   m a t e r i a l   o r  

of  a  t h i n   m e t a l l i c   m a t e r i a l ,   w h i c h   m a t e r i a l   has   t h e  

r e q u i s i t e   p r o p e r t i e s   to  w i t h s t a n d   u t i l i z a t i o n  u n d e r   t h e  

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

172  and  t h e   a b i l i t y   to  b r e a k   away  f rom  e l a s t o m e r i c  

member   207  upon  c o m p r e s s i o n   t h e r e o f .   F u r t h e r ,   as  s e e n  

in  FIG.  5,  w a l l   p o r t i o n   210  i n t e r m e d i a t e   t he   e n d s   2 0 8 ,  

209  of  e l a s t o m e r i c   member   207  may  have   a  r e d u c e d   w a l l  

t h i c k n e s s ,   as  shown  by  a r r o w s   214,   i n t e r m e d i a t e   t he   e n d s  

208 ,   209  of  w a l l   p o r t i o n   2 1 0 .  

S t i l l   w i t h   r e f e r e n c e   to  FIGS.   5-7  i t   is  s e e n   t h a t  

e a c h   of  t h e   e n d s   208 ,   209  of  e l a s t o m e r i c   member   207  h a s  

d i s p o s e d   t h e r e i n   a  m e t a l l i c   f l a n g e d   i n s e r t   member   2 1 5 ,  

and  e a c h   i n s e r t   member   has   an  a x i a l   p a s s a g e w a y   2 1 6  

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

t h e   e l a s t o m e r i c   member   207  and  a d a p t e d   to  r e c e i v e  

e l o n g a t e   m a n d r e l   184  t h e r e t h r o u g h ,   as  s e e n   in  FIG.  7 .  

As  s e e n   in  FIG.   5,  e a c h   i n s e r t   member   215  may  i n c l u d e   a  

p l u r a l i t y   of  r a d i a l l y   s p a c e d   a n c h o r   w i r e s   217  e x t e n d i n g  
f rom  t h e   i n s e r t   member   215  i n t o   t he   w a l l   p o r t i o n   210  o f  

t h e   e l a s t o m e r i c   member   207 .   At  l e a s t   some  of  a n c h o r  

w i r e s   217,   and  p r e f e r a b l y   a l l   of  t h e   a n c h o r   w i r e s   2 1 7 ,  

have   an  e y e l e t   218 ,   or  o t h e r   bond  e n h a n c i n g   s t r u c t u r e ,  

d i s p o s e d   at  t h e i r   e n d s   w h i c h   a re   d i s p o s e d   w i t h i n  

e l a s t o m e r i c   member   207 .   Each  e y e l e t   218  i s   s e e n   to  l i e  

in  a  p l a n e   w h i c h   i s   s u b s t a n t i a l l y   p a r a l l e l   w i t h   t h e  

l o n g i t u d i n a l   a x i s   of  t h e   e l a s t o m e r i c   member   207  as  s h o w n  

in  FIG.   5.  A n c h o r   w i r e s   217  s e r v e   t h e   p u r p o s e   o f  

i n s u r i n g   t h a t   i n s e r t   m e m b e r s   215  r e m a i n   s e c u r e d   to  t h e  

e l a s t o m e r i c   member   2 0 7 .  

In  u t i l i z i n g   t h e   s e a l i n g   e l e m e n t   190  i l l u s t r a t e d   i n  

FIGS.   5 - 6 ,   to   s e a l   o f f   a  l e n g t h   of  w e l l   c a s i n g   172  t o  

p r o v i d e   t h e   d e s i r e d   s e a l   178,   p r e v i o u s l y   d e s c r i b e d   i n  



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

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

member  207  h a v i n g   f i r s t   and  s e c o n d   e n d s   2 0 8 ,   209  a n d  

w a l l   p o r t i o n   210  t h e r e b e t w e e n   is  d i s p o s e d   a b o u t   a n  

e l o n g a t e   m a n d r e l   184.   The  e l a s t o m e r i c   member   207  has   a  

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

in  c o n n e c t i o n   w i t h   FIG.  5.  The  e l a s t o m e r i c   member   2 0 7  

is   t h e n   e l o n g a t e d   a l o n g   i t s   l o n g i t u d i n a l   a x i s   and  i s  

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

d e s c r i b e d   in  c o n n e c t i o n   w i t h   FIG.   6.  The  m a n d r e l   1 8 4  

and  t h e   e l a s t o m e r i c   s e a l i n g   e l e m e n t   190  d i s p o s e d   u p o n  
m a n d r e l   184  i s   t h e n   l o w e r e d   d o w n w a r d l y   t h r o u g h   t h e  

p r o d u c t i o n   t u b i n g   175  and  i n t o   t h e   w e l l   c a s i n g   172  t o  

t h e   d e s i r e d   d e p t h   w h e r e   s e a l   178  (F IG .   2)  is  d e s i r e d .  

E l a s t o m e r i c   s e a l i n g   e l e m e n t   190  i s   t h e n   c o m p r e s s e d   a l o n g  

i t s   l o n g i t u d i n a l   a x i s   to  b r e a k   t h e   r e s t r a i n i n g   m e a n s   2 1 2  

to  a l l o w   t h e   s e a l i n g   e l e m e n t   190  t o   a s s u m e   i t s  

n o r m a l - u n s t r e s s e d   c o n f i g u r a t i o n   of  FIG.   5.  E l a s t o m e r i c  

s e a l i n g   e l e m e n t   190  i s   t h e n   f u r t h e r   c o m p r e s s e d   a l o n g   i t s  

l o n g i t u d i n a l   a x i s   to  f o r c e   a  p o r t i o n   211  of  t h e   w a l l  

p o r t i o n   210  of   t h e   e l a s t o m e r i c   s e a l i n g   e l e m e n t   190  t o  

s e a l i n g l y   c o n f o r m   to  t he   w e l l   c a s i n g   172,  as  p r e v i o u s l y  
d e s c r i b e d   in  c o n n e c t i o n   w i t h   FIG.  7 .  

T u r n i n g   now  to  F IGS.   8 - 1 1 ,   a  p r e f e r r e d   e m b o d i m e n t  

of   a  r e i n f o r c i n g   e l e m e n t   204 ,   p r e v i o u s l y   d e s c r i b e d   i n  

c o n n e c t i o n   w i t h   F IGS.   3  and  4  i s   s h o w n .   R e i n f o r c i n g  

e l e m e n t   204  f o r   t h e   e l a s t o m e r i c   s e a l i n g   e l e m e n t   190  o f  

s e a l i n g   m e a n s   185  ( F I G S .   3 - 4 )   g e n e r a l l y   c o m p r i s e s   t w o  

m e t a l l i c   p l a t e   m e m b e r s   219 ,   one  of  w h i c h   is  shown  i n  

FIG.   8,  w i t h   e a c h   p l a t e   member   219  h a v i n g   a  c e n t e r  

p o r t i o n   220  w i t h   an  a x i a l   p a s s a g e w a y   221  e x t e n d i n g  

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

184  (FIG.   4 ) .   A  p l u r a l i t y   of  r a d i a l l y   e x t e n d i n g  

p r o j e c t i o n s   222  h a v i n g   f i r s t   and  s e c o n d   e n d s   223 ,   2 2 4 ,  



e x t e n d   o u t w a r d l y   f rom  c e n t e r   p o r t i o n   220  w i t h   t he   f i r s t  

ends   223  o f   r a d i a l   p r o j e c t i o n s   222  b e i n g   p r e f e r a b l y  
f o r m e d   i n t e g r a l   w i t h   t he   c e n t e r   p o r t i o n   220 ,   as  s e e n   i n  

FIG.  8.  As  shown  in  FIG.   9,  e ach   of  the   r a d i a l  

p r o j e c t i o n s   222  is  b e n t   d o w n w a r d l y   to  d i s p o s e   t h e  

p r o j e c t i o n s   222  in   a  p l a n e   w h i c h   i s   s u b s t a n t i a l l y  

p e r p e n d i c u l a r   to  t he   c e n t e r   p o r t i o n   220  of  p l a t e   m e m b e r s  

219.   As  s e e n   in  FIG.  9,  r a d i a l   p r o j e c t i o n s   222  a r e   n o t  

b e n t   d o w n w a r d l y   to  be  e x a c t l y   p e r p e n d i c u l a r   w i t h   c e n t e r  

p o r t i o n   220;   h o w e v e r ,   a r e   i l l u s t r a t e d   in  FIG.  9  to   b e  

b e n t   d o w n w a r d l y   to  form  an  a n g l e ,   as  shown  by  a r r o w   "A" 

of  a p p r o x i m a t e l y   1 0 0 ° .   I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e  

a n g l e   i l l u s t r a t e d   by  a r r o w   "A"  in  FIG.  9  c o u l d   v a r y   f r o m  

a p p r o x i m a t e l y   90°  to  1 3 5 ° ,   d e p e n d e n t   upon  the   l e n g t h   o f  

r a d i a l   p r o j e c t i o n s   222  and  the   s i z e   of  c e n t e r   p o r t i o n  

220.   P r e f e r a b l y ,   t he   a n g l e   i l l u s t r a t e d   by  a r r o w   "A"  i s  

w i t h i n   a  r a n g e   o f   97°  to   1 0 0 ° .  

S t i l l   w i t h   r e f e r e n c e   to  FIG.  9,  i t   is  s e e n   t h a t   a t  

l e a s t   two  of  t he   s e c o n d   e n d s   224  of  two  of  the   r a d i a l  

p r o j e c t i o n s   222  a r e   f i x e d l y   s e c u r e d   to  one  a n o t h e r   as  a t  

225 ,   w h e r e b y   t he   two  f i x e d l y   s e c u r e d   p l a t e   m e m b e r s   2 1 9  

form  an  e l o n g a t e   body  w h i c h   can  p a s s   t h r o u g h   p r o d u c t i o n  

t u b i n g   175.   Upon  e x e r t i o n   of  a  c o m p r e s s i v e   f o r c e   on  t h e  

c e n t e r   p o r t i o n s   220  of   p l a t e   member s   219 ,   t he   r a d i a l  

p r o j e c t i o n s   222  a r e   t h e n   once   a g a i n   d i s p o s e d   in  a  p l a n e  

s u b s t a n t i a l l y   p a r a l l e l   to  the   c e n t e r   p o r t i o n s   220  o f  

e a c h   p l a t e   member   219  a p p e a r   as  shown  in  FIG.   8,  w h e r e b y  

t h e   p l a t e   member s   219  w o u l d   be  s u p e r i m p o s e d   upon  o n e  

a n o t h e r .  

.  P r e f e r a b l y ,   as  shown  in  FIG.  8,  e a c h   p l a t e   m e m b e r  

219  has   e i g h t   r a d i a l   p r o j e c t i o n s   222 ,   and  upon  b e n d i n g  

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

p r o j e c t i o n s   222  wou ld   have   t h e i r   s e c o n d   e n d s   224  j o i n e d  



to  one  a n o t h e r   as  shown  a t   225  in  FIG.   9.  The  s e c o n d  

ends   224  may  be  f i x e d l y   s e c u r e d   to  one  a n o t h e r   as  by  a  

s p o t   we ld   a t   225  or  any  o t h e r   s u i t a b l e   c o n n e c t i o n .   I n  

o r d e r   to  f a c i l i t a t e   t he   f a b r i c a t i o n   and  j o i n i n g   of  t h e  

s e c o n d   e n d s   224  of  t he   two  p l a t e   m e m b e r s   219,   a  s p a c e r  
member   226  may  be  d i s p o s e d   a d j a c e n t   t he   s e c o n d   ends   2 2 4  

of  t he   r a d i a l   p r o j e c t i o n s   222  of  e a c h   p l a t e   member   2 1 9  

as  shown  in  FIG.  9.  S p a c e r   member  226  i s   p r o v i d e d   w i t h  

an  a x i a l   p a s s a g e w a y   227  t h r o u g h   w h i c h   the   m a n d r e l   1 8 4  

may  s l i d e a b l y   p a s s   t h e r e t h r o u g h .   As  s e e n   in  FIG.  1 1 ,  

two  r e i n f o r c i n g   e l e m e n t s   204  a r e   i l l u s t r a t e d   in  t h e i r  

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

e l e m e n t s   204 ,   i n c l u d i n g   i t s   two  s u p e r i m p o s e d   p l a t e  

m e m b e r s   219 ,   b e i n g   d i s p o s e d   o v e r   a  s e c o n d   r e i n f o r c i n g  

e l e m e n t   204 ,   w h i c h   a l s o   i n c l u d e s   i t s   two  s u p e r i m p o s e d  

p l a t e   m e m b e r s   219 .   The  t op   r e i n f o r c i n g   e l e m e n t   2 0 4  

i l l u s t r a t e s   t he   use  of  a  we ld   r e l i e f   m e a n s   228  p r o v i d e d  

on  t he   s e c o n d   e n d s   224  of   t he   f o u r   r a d i a l   p r o j e c t i o n s  

222  w h i c h   were   p r e v i o u s l y   f i x e d l y   s e c u r e d   as  by  a  s p o t  

we ld   a t   225  (FIG.   9 ) .   Weld  r e l i e f   means   228  m a y  

p r e f e r a b l y   be  a  s l o t   229  f o r m e d   in  t he   s e c o n d   end  224  o f  

r a d i a l   p r o j e c t i o n   222 ,   a  s l o t   229  b e i n g   d i s p o s e d   on  b o t h  

s i d e s   of  t he   s p o t   w e l d   2 2 5 .  

With   r e f e r e n c e   to  FIGS.   8,  9  and  10,  a   p r e f e r r e d  

m e t h o d   of  f a b r i c a t i n g   r e i n f o r c i n g   e l e m e n t   224  i s  

i l l u s t r a t e d .   The  p l a t e   member s   219 ,   w i t h   an  even   n u m b e r  

of  r a d i a l   p r o j e c t i o n s   222  e x t e n d i n g   f rom  t he   c e n t e r  

p o r t i o n   220  of   p l a t e   member   219 ,   have   a  f i r s t   s e t   o f  

a l t e r n a t i n g   p r o j e c t i o n s   222 '   b e n t   d o w n w a r d l y   a n d  

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

. to   t he   c e n t e r   p o r t i o n   220  of  p l a t e   member   219 .   A  s e c o n d  

s e t   of  t he   r e m a i n i n g   a l t e r n a t i n g   p r o j e c t i o n s   2 2 2 "   a r e  

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

is   s u b s t a n t i a l l y   p e r p e n d i c u l a r   to  t he   c e n t e r   p o r t i o n   2 2 0  



of  p l a t e   member   219 .   The  s e c o n d   s e t   of  p r o j e c t i o n s  

2 2 2 "   a r e   d i s p o s e d   in  an  o v e r l y i n g   r e l a t i o n s h i p   w i t h   t h e  

f i r s t   s e t   of  p r o j e c t i o n s   222 '   as  shown  in  FIGS.   9  a n d  

10.  The  s e c o n d   e n d s   224  o f   t he   f i r s t   s e t   of  a l t e r n a t i n g  

p r o j e c t i o n s   222 '   a r e   t h e n   f i x e d l y   s e c u r e d   to  one  a n o t h e r  

as  by  s p o t   we ld   225  as  shown  in  FIG.  9.  The  weld   r e l i e f  

s l o t s   229  a re   p r o v i d e d   in  t he   s e c o n d   e n d s   224  of  t h e  

f i r s t   s e t   of  a l t e r n a t i n g   p r o j e c t i o n s   2 2 2 '   as  shown  i n  

FIG.  10.  A c c o r d i n g l y ,   upon  t he   c o m p r e s s i o n   of  t h e  

r e i n f o r c i n g   e l e m e n t   204  of   FIG.  9,  r e i n f o r c i n g   e l e m e n t  

204  a s s u m e s   the   c o n f i g u r a t i o n   i l l u s t r a t e d   in  FIGS.   8  a n d  

11,  as  is   a l s o   p r e v i o u s l y   d e s c r i b e d   in  c o n n e c t i o n   w i t h  

FIG.  4 .  

With   r e f e r e n c e   to  FIGS.  1 2 - 1 4 ,   a n o t h e r   e m b o d i m e n t  

of  t he   a n c h o r   means   187  d e s c r i b e d   in  c o n n e c t i o n   w i t h  

FIGS.   3-4  i s   shown .   A n c h o r   m e a n s ,   or  a n c h o r   a s s e m b l y ,  

187  g e n e r a l l y   c o m p r i s e s   e l o n g a t e   m a n d r e l   184;  a  s e t   o f  

e l o n g a t e ,   p i v o t a b l e   p r i m a r y   a n c h o r   arms  193  and  a  s e t   o f  

e l o n g a t e ,   p i v o t a b l e   a n c h o r   s u p p o r t   m e m b e r s   230 ;   e a c h   s e t  

of  p r i m a r y   a n c h o r   arms  193  and  a n c h o r   s u p p o r t   m e m b e r s  

230  b e i n g   d i s p o s e d   a b o u t   m a n d r e l   184.   As  shown  in  F I G .  

13  in   s o l i d   l i n e s ,   t h e  s e t s   of  p r i m a r y   a n c h o r   arms  1 9 3  

and  a n c h o r   s u p p o r t   m e m b e r s   230  a re   i n i t i a l l y   d i s p o s e d   i n  

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

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

a x i s   of  m a n d r e l   184  f o r   p a s s a g e   t h r o u g h   the   p r o d u c t i o n  

t u b i n g   175  (FIG.   2)  and  as  p r e v i o u s l y   d e s c r i b e d   i n  

c o n n e c t i o n   w i t h   FIG.  3.  A n c h o r i n g   a s s e m b l y   187  f u r t h e r  

i n c l u d e s   means   f o r   p i v o t i n g   231  the   s e t s   of  a n c h o r   a r m s  

193  and  a n c h o r   s u p p o r t   member s   230  o u t w a r d l y   i n t o   a  

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

in  FIG.  13)  w i t h   t h e   s e t   of  a n c h o r   arms  193  i n  

e n g a g e m e n t   w i t h   t he   w e l l   c a s i n g   172  upon  r e l a t i v e   m o t i o n  

o c c u r r i n g   b e t w e e n   t he   p i v o t i n g   means   231  and  m a n d r e l  



184.  The  p i v o t i n g   o c c u r s   a f t e r   the   s e t s   of  a n c h o r   a r m s  

193  and  a n c h o r   s u p p o r t   m e m b e r s   230  have   p a s s e d   t h r o u g h  

t h e   p r o d u c t i o n   t u b i n g   175  and  i n t o   t he   w e l l   c a s i n g   1 7 2 ,  

as  p r e v i o u s l y   d e s c r i b e d   in  c o n n e c t i o n   w i t h   FIG.-  4,  a n d  

as  w i l l   be  h e r e i n a f t e r   d e s c r i b e d   in  g r e a t e r   d e t a i l .  

W h i l e   in  t he   s e c o n d   o p e r a t i n g   p o s i t i o n ,   i l l u s t r a t e d  

in  d o t t e d   l i n e s   in  FIG.  13,  t he   s e t   of  a n c h o r   s u p p o r t  

m e m b e r s   230  a f f o r d   an  a b u t m e n t   w h i c h   l i m i t s   t he   t r a v e l  

of  t he   a n c h o r   arms  193  to   m a i n t a i n   t h e   s e t   of  a n c h o r  

arms  193  in  i t s   o p e r a t i n g   p o s i t i o n   in  e n g a g e m e n t   w i t h  

t h e   w e l l   c a s i n g   172.   The  m o t i o n   of  a n c h o r   s u p p o r t  

member   230  is   i l l u s t r a t e d   by  d o t t e d   l i n e   232,   as  w i l l   b e  

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

s u p p o r t   m e m b e r s   230  p r o v i d e   the   p r i m a r y   a n c h o r   arms  1 9 3  

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

a s s e m b l y   187  p r o v i d e s   b r i d g e   p l u g   183  w i t h   a p p r e c i a b l e  

p r e s s u r e   d i f f e r e n t i a l   c a p a b i l i t i e s   when  a n c h o r   arms  1 9 3  

a r e   in  t h e i r   s e c o n d   o p e r a t i n g   p o s i t i o n   in  e n g a g e m e n t  
w i t h   w e l l   c a s i n g   1 7 2 .  

I t   s h o u l d   be  n o t e d   t h a t   in  FIG.  13  o n l y   t he   f i r s t  

s e t   191  of  a n c h o r   arms  193  w h i c h   a re   d i s p o s e d   a b o v e   t h e  

s e a l i n g   means   185  as  d e s c r i b e d   in  c o n n e c t i o n   w i t h   F I G S .  

3  and  4  a r e   i l l u s t r a t e d .   The  s e c o n d   s e t   192  of  a n c h o r  

arms  193,   w h i c h   a r e   d i s p o s e d   b e l o w   s e a l i n g   means   185  a s  

p r e v i o u s l y   d e s c r i b e d   in  c o n n e c t i o n   w i t h   FIGS.   3  and  4 ,  

wou ld   be  of  t h e   same  c o n s t r u c t i o n   and  the   a n c h o r  

a s s e m b l y   187  h a v i n g   t he   s e c o n d   s e t   192  of  a n c h o r   a r m s  

193  and  a n c h o r   s u p p o r t   member s   230  w o u l d   be  d i s p o s e d  

a b o u t   m a n d r e l   184  as  i l l u s t r a t e d   in  FIG.  4,  i n c l u d i n g  

t h e   d i s p o s i t i o n   of  n o s e   p i e c e   199  a t   t he   l o w e r   end  o f  

m a n d r e l   1 8 4 .  



With   r e f e r e n c e   to  FIGS.  12  and  13,  i t   is  s e e n   t h a t  

p i v o t i n g   means   231  i n c l u d e s   a  camming  member   196 '   w h o s e  

f u n c t i o n   i s   s i m i l a r   to   t he   camming  member   196  p r e v i o u s l y  

d e s c r i b e d   in  c o n n e c t i o n   w i t h   FIGS.   3  and  4.  C a m m i n g  

member  196 '   i s   s l i d e a b l y   m o u n t e d   a b o u t   m a n d r e l   184  a n d  

c o o p e r a t e s   w i t h   a  camming  s u r f a c e   233  d i s p o s e d   on  e a c h  

of  the   a n c h o r   arms  193,   w h e r e b y   upon  r e l a t i v e   m o t i o n  

o c c u r r i n g   b e t w e e n   the   camming  member   196 '   and  the   a n c h o r  

arms  193,   the   a n c h o r   arms  193  a r e   p i v o t e d   o u t w a r d l y   i n t o  

the   p o s i t i o n   shown  in  d o t t e d   l i n e s   in  FIG.  1 3 .  

P r e f e r a b l y ,   camming  s u r f a c e   233  i s   f o r m e d   by  a  r a m p e d  

g r o o v e   d i s p o s e d   in  t he   u n d e r s i d e   of  e a c h   a n c h o r   arm  1 9 3 ,  

and  camming  member  196 '   has   a  m a t i n g   r a m p e d ,   or  c a m m i n g ,  

p r o j e c t i o n   2 3 4 .  

P r e f e r a b l y ,   t he   s e t   of  a n c h o r   arms  193  i s   d i s p o s e d  

a b o u t   an  a n c h o r   arm  s u p p o r t   body  1 9 7 ' ,   s i m i l a r   i n  

f u n c t i o n   to  t he   a n c h o r   arm  s u p p o r t   body  197  p r e v i o u s l y  

d e s c r i b e d   in  c o n n e c t i o n   w i t h   FIGS.  3  and  4.  The  s e t   o f  

a n c h o r   s u p p o r t   m e m b e r s   230  a r e   d i s p o s e d   a b o u t   an  a n c h o r  

s u p p o r t   member  body  235  w h i c h   is  a l s o   s l i d e a b l y   m o u n t e d  

a b o u t   t he   m a n d r e l   184.   As  s e e n   in  FIG.  13,  a n c h o r   a r m  

s u p p o r t   body  197 '   is  d i s p o s e d   i n t e r m e d i a t e   t he   c a m m i n g  

member   196 '   and  the   a n c h o r   s u p p o r t   member  body  2 3 5 .  

P i v o t i n g   means   231  f u r t h e r   i n c l u d e s   a  camming  s u r f a c e  

236  d i s p o s e d   on  the   a n c h o r   arm  s u p p o r t   body  197 '   w h i c h  

c o o p e r a t e s   w i t h   a  camming  s u r f a c e   237  d i s p o s e d   on  e a c h  

of  t he   a n c h o r   s u p p o r t   member s   230 .   A c c o r d i n g l y ,   u p o n  
r e l a t i v e   m o t i o n   o c c u r r i n g   b e t w e e n   the   a n c h o r   arm  s u p p o r t  

body   197 '   and  the   a n c h o r   s u p p o r t   m e m b e r s   230 ,   t h e   s e t   o f  

a n c h o r   s u p p o r t   m e m b e r s   230  a r e   o u t w a r d l y   p i v o t e d   to  a f ford   an  

abutment  which  l i m i t s   the  t r a v e l   of  anchor  arms  193  as,shown  i n  
FIG.  13.  As  shown  in  F I G .   13,  t he   l e n g t h   of  t he   a n c h o r  

arms  193  i s   l e s s   t h a n   the   l e n g t h   of  t he   a n c h o r   s u p p o r t  



m e m b e r s   230  to  a l l o w   t he   a n c h o r   s u p p o r t   m e m b e r s   230  t o  

b e t t e r   b r a c e   and  r e i n f o r c e   the   a n c h o r   arms  1 9 3 .  

S t i l l   w i t h   r e f e r e n c e   to  FIGS.   1 2 - 1 4 ,   a n c h o r  

a s s e m b l y   187  may  i n c l u d e   a  means   f o r   r e t a i n i n g   238  t h e  

s e t s   of  a n c h o r   a rms   193  and  a n c h o r   s u p p o r t   m e m b e r s   2 3 0  

in  t h e i r   n o n - o p e r a t i n g   p o s i t i o n   shown  in  s o l i d   l i n e s   i n  

FIG.  13  and  as  p r e v i o u s l y   d e s c r i b e d   in  c o n n e c t i o n   w i t h  

FIG.  3.  The  r e t a i n i n g   means   may  c o m p r i s e   a  f r a n g i b l e  
w i r e   239  a s s o c i a t e d   w i t h   e a c h   a n c h o r   arm  193  and  a n c h o r  

s u p p o r t   member   2 3 0 ,   t h e   w i r e s   239  b e i n g   b r o k e n   u p o n  
r e l a t i v e   m o t i o n   o c c u r r i n g   b e t w e e n   t he   p i v o t i n g   means   231  

and  t h e   m a n d r e l   184.   As  shown  in  FIG.  13,  e a c h   a n c h o r  

arm  193  and  a n c h o r   s u p p o r t   member   230  is  p r o v i d e d   w i t h   a  
s u i t a b l e   w i r i n g   h o l e   240  to   a c c e p t   t he   f r a n g i b l e   w i r e s  

239.   P r e f e r a b l y   t he   a n c h o r   s u p p o r t   member   body  235,   t h e  

a n c h o r   arm  s u p p o r t   body   197 '   and  the   camming  member   1 9 6 '  

i n c l u d e   a  s a f e t y   m e a n s   241  f o r   p r e v e n t i n g   a c c i d e n t a l  

r e l a t i v e   m o t i o n   o c c u r r i n g   b e t w e e n   camming  member  1 9 6 '  

and  b o d i e s   197 '   and  235 .   S a f e t y   m e a n s   241  a l s o   a s s i s t s  

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

FIG.  13  and  as  p r e v i o u s l y   d e s c r i b e d   in  FIG.  3.  S a f e t y  

m e a n s   241  p r e v e n t s   t he   a n c h o r   arms  193  and  a n c h o r  

s u p p o r t   m e m b e r s   230  f rom  a c c i d e n t a l l y   p i v o t i n g   o u t w a r d l y  
w h i l e   t he   a n c h o r   a s s e m b l y   187  is   b e i n g   t r a n s p o r t e d  

t h r o u g h   p r o d u c t i o n   t u b i n g   175  in  t he   e v e n t   of  a  s h o c k  

f o r c e   b e i n g   t r a n s m i t t e d   to  camming  member   196 '   w h i c h  

would   in  t u r n   i n i t i a t e   t he   o u t w a r d   p i v o t a l   m o t i o n   of   t h e  

a n c h o r   a rms  190  and  a n c h o r   s u p p o r t   m e m b e r s   2 3 0 .  

P r e f e r a b l y ,   s a f e t y   means   241  c o m p r i s e s   a  f i r s t   f r a n g i b l e  

. c o n n e c t i o n   242  b e t w e e n   t he   camming  member   196 '   and  t h e  

a n c h o r   arm  s u p p o r t   body  19-7 ' ,   and  a  s e c o n d   f r a n g i b l e  
c o n n e c t i o n   243  b e t w e e n   the   a n c h o r   arm  s u p p o r t   body  1 9 7 '  

and  the   a n c h o r   s u p p o r t   member   body  235 ,   w h i c h   f r a n g i b l e  



c o n n e c t i o n s   242 ,   243  a r e   b r o k e n   upon  a  p r e - d e t e r m i n e d  

c o m p r e s s i v e   f o r c e   b e i n g   e x e r t e d   upon  the   camming  m e m b e r  

1 9 6 ' .   The  f i r s t   and  s e c o n d   f r a n g i b l e   c o n n e c t i o n s   2 4 2 ,  

243  may  e a c h   c o m p r i s e   a  s h e a r   p i n ,   wh ich   i s   s h e a r e d   u p o n  

a  p r e d e t e r m i n e d   c o m p r e s s i v e   f o r c e   a c t i n g   upon  c a m m i n g  

member   196 '   w h i c h   f o r c e   e x c e e d s   s h o c k   f o r c e s   e n c o u n t e r e d  

in  t h e   b o r e h o l e .   T h u s ,   t he   a n c h o r   arms  193  and  a n c h o r  

s u p p o r t   m e m b e r s   230  w i l l   o n l y   be  p i v o t e d   o u t w a r d l y   w h e n  

t h e y   a r e   d i s p o s e d   in  t he   w e l l   c a s i n g   172  and  a  

s u f f i c i e n t   c o m p r e s s i v e   f o r c e   has   been   e x e r t e d   to  s h e a r  

t he   s h e a r   p i n s   242 ,   2 4 3 .  

I t   s h o u l d   be  n o t e d   t h a t   a l t h o u g h   each   s e t   of  a n c h o r  

a rms  193  and  a n c h o r   s u p p o r t   m e m b e r s   230  s h o u l d   i n c l u d e  

a t   l e a s t   two  a n c h o r   arms  and  a n c h o r   s u p p o r t   m e m b e r s  

w h i c h   a r e   e q u a l l y   s p a c e d   a b o u t   m a n d r e l   184,   t h r e e  

e q u a l l y   s p a c e d   a n c h o r   arms  and  a n c h o r   s u p p o r t   m e m b e r s  

a r e   p r e f e r r e d .   I t   s h o u l d   be  of  c o u r s e   u n d e r s t o o d   t h a t  

any  number   c o u l d   be  u t i l i z e d ,   as  w e l l   as  n o t   a l l   a n c h o r  

a rms  193  r e q u i r e   a  m a t i n g   a n c h o r   s u p p o r t   member   230 ,   s o  

l o n g   as  a t   l e a s t   two  of  t he   a n c h o r   arms  193  a r e   p r o v i d e d  

w i t h   an  a n c h o r   s u p p o r t   member   2 3 0 .  

Wi th   r e f e r e n c e   now  to  FIGS.   15,  16a  and  16b,   a  

means   f o r   m o v i n g   m a n d r e l   184  in  t he   d i r e c t i o n   of  a r r o w  

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

185,   as  p r e v i o u s l y   d e s c r i b e d   in  c o n n e c t i o n   w i t h   FIGS.   3 

and  4,  w i l l   be  d e s c r i b e d   in  g r e a t e r   d e t a i l .   As  s e e n   i n  

FIG.   15,  a  p o r t i o n   of  w e l l   c a s i n g   172  is  shown  h a v i n g  

s e a l i n g   means   185,   a n c h o r i n g   means   187  and  m a n d r e l  

l o c k i n g   means   200  d i s p o s e d   b e l o w   body  m e m b e r ,   or  s e t t i n g  

. s l e e v e ,   205 .   A l t h o u g h   any  s u i t a b l e   d e v i c e ,   a s  

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

184  u p w a r d l y ,   t h e   use  of  a  demand  s e n s i t i v e   p r e s s u r e  
i n t e n s i f i e r   245  and  p o s i t i v e   d i s p l a c e m e n t   h y d r a u l i c   p u m p  



246,   w h i c h   is   p o w e r e d   by  an  e l e c t r i c   m o t o r   247,   i s  

p r e f e r r e d .   Due  to  t he   s i z e   c o n s t r a i n t s   i m p o s e d   by  t h e  

d i a m e t e r   of  t h e   p r o d u c t i o n   t u b i n g   175,   i t   is   p r e f e r a b l e  

to  use   a  pump  and  e l e c t r i c   m o t o r   246 ,   247  w h i c h  

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

248,   and  t h e n   i n t e n s i f y   t he   f l u i d   p r e s s u r e   o u t p u t   o f  

t h a t   pump  246.   The  use   of  t he   demand  s e n s i t i v e   p r e s s u r e  
i n t e n s i f i e r   245  t h u s   p e r m i t s   t he   use  of  a  pump  a n d  

e l e c t r i c   m o t o r   w h i c h   do  not   have   an  e x c e s s i v e   p o w e r  
r e q u i r e m e n t   to  be  p l a c e d   t h e r e i n   to  p u l l   t he   m a n d r e l   1 8 4  

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

h y d r a u l i c   pump  246  has   a  maximum  o u t p u t   f l u i d   p r e s s u r e  
w h i c h   wou ld   n o r m a l l y   no t   e x e r t   e n o u g h   f l u i d   p r e s s u r e   t o  

c a u s e   m a n d r e l   184  to   be  r a i s e d   w i t h   s u f f i c i e n t   f o r c e   t o  

f u l l y   c o m p r e s s   s e a l i n g   means   185  and  r e i n f o r c i n g   m e a n s  

186,  w h e r e a s   were   a  d i f f e r e n t   pump  and  e l e c t r i c   m o t o r   t o  

be  u t i l i z e d ,   w h i c h   d id   have   a  s u f f i c i e n t l y   h i g h   m a x i m u m  

f l u i d   o u t p u t   p r e s s u r e ,   t he   use  of  t he   demand  s e n s i t i v e  

p r e s s u r e   i n t e n s i f i e r   245  wou ld   no t   be  n e c e s s a r y .   I t  

s h o u l d   be  f u r t h e r   n o t e d   t h a t   t he   demand  s e n s i t i v e  

p r e s s u r e   i n t e n s i f i e r   245  to  be  h e r e i n a f t e r   d e s c r i b e d   i n  

g r e a t e r   d e t a i l   c o u l d   a l s o   be  u t i l i z e d   to  move  a  m a n d r e l  

184  in  some  o t h e r   t y p e   of  d o w n - h o l e   t o o l   o t h e r   t h a n   t h e  

b r i d g e   p l u g   183  of   t he   p r e s e n t   i n v e n t i o n .   F u r t h e r ,   t h e  

p r e s s u r e   i n t e n s i f i e r   245  c o u l d   be  u t i l i z e d   in  o t h e r  

t y p e s   of  d o w n - h o l e   t o o l s   w h e r e i n   i t   is  d e s i r e d   to  c a u s e  
t he   m o v e m e n t   of  some  o t h e r   c o m p o n e n t   of  a  d o w n - h o l e   t o o l  

by  t he   e x e r t i o n   of  f l u i d   p r e s s u r e   upon  a  p o r t i o n   of  t h e  

d o w n - h o l e   t o o l .  

Wi th   r e f e r e n c e   to  FIGS.   16a  and  16b ,   t he   d e m a n d  

s e n s i t i v e   p r e s s u r e   i n t e n s i f i e r   245 ,   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   i s   shown  w i t h   i t s   t o p   h a l f  

a p p e a r i n g   in  FIG.  16a  and  i t s   l o w e r   h a l f   a p p e a r i n g   i n  

FIG.  16b,   b r e a k l i n e   2 4 9 1 a p p e a r i n g   in  d o t t e d   l i n e s   i n  



FIG.  16a  f o r   e a s e   of  i l l u s t r a t i o n   p u r p o s e s .   D e m a n d  

s e n s i t i v e   p r e s s u r e   i n t e n s i f i e r   245  g e n e r a l l y   c o m p r i s e s   a  

h o u s i n g   249  d i s p o s e d   w i t h i n   d o w n - h o l e   t o o l   h o u s i n g   2 4 8 ;  

a  means   f o r   t r a n s m i t t i n g   250  a  f o r c e   a s s o c i a t e d   w i t h   t h e  

h o u s i n g   249  to  move  a  p o r t i o n   of  t he   d o w n - h o l e   t o o l ,   o r  
m a n d r e l   184,   t h e   f o r c e   t r a n s m i t t i n g   means   250  h a v i n g   a  
f i r s t   f l u i d   p r e s s u r e   r e c e i v i n g   s u r f a c e   251  a s s o c i a t e d  

w i t h   t h e   f o r c e   t r a n s m i t t i n g   means   250;   a  f i r s t   h y d r a u l i c  

f l u i d   p a s s a g e w a y   252  e x t e n d i n g   t h r o u g h   t he   h o u s i n g   2 4 9  

and  in  f l u i d   c o m m u n i c a t i o n   b e t w e e n   the   pump  246  ( F I G .  

15,  and  i n d i c a t e d   by  a r r o w   246 '   in  FIG.  16a)  and  t h e  

f i r s t   f l u i d   p r e s s u r e   r e c e i v i n g   s u r f a c e   251  a s s o c i a t e d  

w i t h   f o r c e   t r a n s m i t t i n g   means   250 ;   and  means   f o r  

c o m p r e s s i n g   253  h y d r a u l i c   f l u i d   d i s p o s e d   in  t he   f i r s t  

h y d r a u l i c   f l u i d   p a s s a g e w a y   252  to  i n c r e a s e   t he   f l u i d  

p r e s s u r e ,   e x e r t e d   upon  the   f i r s t   f l u i d   p r e s s u r e  
r e c e i v i n g   s u r f a c e   251  a s s o c i a t e d   w i t h   the   f o r c e  

t r a n s m i t t i n g   means   250 ,   to  a  p r e s s u r e   w h i c h   e x c e e d s   t h e  

maximum  o u t p u t   p r e s s u r e   of  pump  246 .   Demand  s e n s i t i v e  

p r e s s u r e   i n t e n s i f i e r   245  f u r t h e r   g e n e r a l l y   c o m p r i s e s   a  

means   f o r   s e l e c t i v e l y   a c t u a t i n g   254  t he   c o m p r e s s i o n  

means   253  when  t he   o u t p u t   p r e s s u r e   of  pump  246  r e a c h e s   a  

p r e d e t e r m i n e d   v a l u e   b e l o w   t he   maximum  o u t p u t   p r e s s u r e   o f  

pump  246.   The  s e l e c t i v e   a c t u a t i o n   means   i n c l u d e s   a  

s e c o n d   f l u i d   p r e s s u r e   r e c e i v i n g   s u r f a c e   255  a s s o c i a t e d  

w i t h   t he   s e l e c t i v e   a c t u a t i o n   means   254 ,   and  a  s e c o n d  

h y d r a u l i c   f l u i d   p a s s a g e w a y   256  wh ich   is  in  f l u i d  

c o m m u n i c a t i o n   w i t h   t he   pump  246  and  the   s e c o n d   f l u i d  

p r e s s u r e   r e c e i v i n g   s u r f a c e   255 .   A c c o r d i n g l y ,   upon  f l u i d  

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

s u r f a c e   255  a s s o c i a t e d   w i t h   s e l e c t i v e   a c t u a t i o n   m e a n s  

. 2 5 4 ,   r e a c h i n g   a  p r e d e t e r m i n e d   v a l u e   b e l o w   t he   m a x i m u m  

o u t p u t   p r e s s u r e   of  pump  246,   t he   c o m p r e s s i o n   means   2 5 3  

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

p r e s s u r e   o u t p u t   of  pump  246,   s e l e c t i v e l y   a c t s   upon  t h e  



f i r s t   f l u i d   p r e s s u r e   r e c e i v i n g   s u r f a c e   251  of  f o r c e  

t r a n s m i t t i n g   m e a n s   2 5 0 .  

S t i l l   w i t h   r e f e r e n c e   to  FIGS.  16a  and  16b,   t h e  

p r e s s u r e   i n t e n s i f i e r   245  w i l l   be  d e s c r i b e d   in  g r e a t e r  
d e t a i l .   D i s p o s e d   at   the   u p p e r   end  of  h o u s i n g   249  i s   a n  
u p p e r   i n t e n s i f i e r   h e a d   257  and  a  l o w e r   i n t e n s i f i e r   h e a d  
258  i s   d i s p o s e d   a t   t he   l o w e r   end  of  h o u s i n g   249 ,   b o t h  
h e a d s   257 ,   258  b e i n g   f i x e d l y   s e c u r e d   t o ,   and  f o r m i n g   a  

p a r t   of  h o u s i n g   249 .   D i s p o s e d   b e t w e e n   the   u p p e r   a n d  

l o w e r   i n t e n s i f i e r   h e a d s   257  and  258  is   a  p i s t o n   a s s e m b l y  

c o m p r i s e d   of  a  c a r r i e r   p i s t o n   259  and  a  l o w e r   p i s t o n   2 6 0  

c a r r i e d   upon  t h e   l o w e r ,   or  s e c o n d ,   end  261  of  c a r r i e r  

p i s t o n   259  in  s l i d i n g   and  s e a l i n g   e n g a g e m e n t   t h e r e w i t h .  

In  t h i s   r e g a r d   t he   s e c o n d   end  261  of  c a r r i e r   p i s t o n   2 5 9  

i s   p r o v i d e d   w i t h   an  0 - r i n g   s e a l   2 6 1 '   as  shown  in  F I G .  

16b.   The  s e c o n d   or  l o w e r   end  262  of  l o w e r   p i s t o n   260  i s  

in  s l i d i n g   and  s e a l i n g   e n g a g e m e n t   w i t h   h y d r a u l i c  

c y l i n d e r   263  f o r m e d   w i t h i n   l o w e r   i n t e n s i f i e r   h e a d   2 5 8 .  

The  s e c o n d   end  262  of   l o w e r   p i s t o n   260  i s   s e a l e d   w i t h  

r e s p e c t   to  c y l i n d e r   263  by  s e a l   264  w h i c h   is   s e c u r e d   i n  

s e a l i n g   e n g a g e m e n t   w i t h   l o w e r   i n t e n s i f i e r   head   258  b y  

b u s h i n g   265.   The  f i r s t   f l u i d   p r e s s u r e   r e c e i v i n g   s u r f a c e  

251  i s   c o m p r i s e d   of  s e a l   266  d i s p o s e d   a d j a c e n t   t he   o u t e r  
s u r f a c e   of  l o w e r   i n t e n s i f i e r   h e a d   258  in  s e a l i n g  

e n g a g e m e n t   w i t h   d o w n - h o l e   t o o l   h o u s i n g   2 4 8 .  

Wi th   r e f e r e n c e   to  FIG.  16a ,   i t   is   s e e n   t h a t   t h e  

f i r s t ,   or  u p p e r   e n d ,   267  o f   c a r r i e r   p i s t o n   259  has   a  
s e a l   268  d i s p o s e d   a b o u t   i t   in  a  s e a l i n g   r e l a t i o n s h i p  
w i t h   t he   i n t e n s i f i e r   h o u s i n g   249.   S e a l   268  c o m p r i s e s  

t h e   s e c o n d   f l u i d   p r e s s u r e   r e c e i v i n g   s u r f a c e   255  as  w i l l  

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

m o u n t e d   a b o u t   t he   u p p e r   end  267  of  c a r r i e r   p i s t o n   259  i s  

a  c o l l e t   member   269  h a v i n g   a t   l e a s t   two  c o l l e t   f i n g e r s  
270  e x t e n d i n g   t h e r e f r o m .   Upper   i n t e n s i f i e r   h e a d   257  h a s  



a  d e p e n d i n g   p r o j e c t i o n   271  f rom  w h i c h   is   s u s p e n d e d   a n d  

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

member   272  w h i c h   i s   r e l e a s a b l y   e n g a g e d   by  the   c o l l e t  

f i n g e r s   270 .   A l i g n m e n t   s t o p   member   272  is   p r o v i d e d  

w i t h :   a  r a i s e d   c o l l e t   f i n g e r   s e a t i n g   s u r f a c e   2 7 3  

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

272;   and  a  s t em  s t o p   s u r f a c e   274  d i s p o s e d   on  i t s   i n n e r  

s u r f a c e .   In  t h i s   r e g a r d ,   c a r r i e r   p i s t o n   259  h a s  

d i s p o s e d   w i t h i n   i t s   u p p e r   end  267  an  e l o n g a t e   s t em   2 7 5  

which   has   a  f l a n g e d   end  275 '   a t   i t s   u p p e r   end  w h i c h  

c o o p e r a t e s   w i t h   s t em  s t o p   s u r f a c e   274  as  w i l l   be  f u r t h e r  

d e s c r i b e d   in  g r e a t e r   d e t a i l .  

Stem  275  i s   f i x e d l y   s e c u r e d   to  a  r e l e a s a b l e  

c o n n e c t i o n   means   276 ,   to  be  h e r e i n a f t e r   d e s c r i b e d   i n  

g r e a t e r   d e t a i l .   A  p o p p e t   277  i s   a l s o   f i x e d l y   s e c u r e d   t o  

r e l e a s a b l e   c o n n e c t i o n   means   276 ,   and  e x t e n d s   i n t o  

c a r r i e r   p i s t o n   259  a s . s h o w n   in  FIG.  16a .   R e l e a s a b l e  

c o n n e c t i o n   means   276  p r e f e r a b l y   c o m p r i s e s   a  body  m e m b e r  

278  h a v i n g   two  s p r i n g   b i a s e d   b a l l s   279  and  s p r i n g   2 8 0  

d i s p o s e d   t h e r e i n ,   w h i c h   b a l l s   279  ma te   w i t h   two  s e t s   o f  

d e t e n t s   281 ,   282  d i s p o s e d   w i t h i n   t he   i n t e r i o r   of  t h e  

u p p e r   end  267  of  c a r r i e r   p i s t o n   259.   Body  member   278  i s  

f o r m e d   so  as  to  p e r m i t   h y d r a u l i c   f l u i d   f l o w i n g   t h r o u g h  

s t em  275  to  f l o w   t h r o u g h   body  member   278  i n t o   a n d  

t h r o u g h   p o p p e t   277 .   As  shown  in  FIG.  16a,   b a l l s   279  a r e  

d i s p o s e d   in  t he   f i r s t   s e t   of  d e t e n t s   281 ,   and  t h i s  

p o s i t i o n   c o r r e s p o n d s   to  when  the   s e l e c t i v e   a c t u a t i o n  

means   254  f o r   c o m p r e s s i o n   means   253  has   not   b e e n  

a c t u a t e d ,   as  w i l l   be  h e r e i n a f t e r   d e s c r i b e d   in  g r e a t e r  
d e t a i l .   P o p p e t   277  is  p r o v i d e d   w i t h   a  s e a l   283  on  i t s  

. o u t e r ' s u r f a c e   w h i c h   s e a l i n g l y   e n g a g e s   t he   i n t e r i o r ,  
c y l i n d r i c a l   p o p p e t   c y l i n d e r   284  d i s p o s e d   w i t h i n   c a r r i e r  

p i s t o n   259 .   A  p o p p e t   s p r i n g   285  i s   d i s p o s e d   w i t h i n  

p o p p e t   c y l i n d e r   284 ,   and  c a r r i e r   p i s t o n   259  i s   p r o v i d e d  



w i t h   a  r e s t r o k i n g   h o l e   or  h o l e s   286  wh ich   can  be  i n  

f l u i d   c o m m u n i c a t i o n   b e t w e e n   p o p p e t   c y l i n d e r   284  and  t h e  

i n t e r i o r   of  h o u s i n g   249,   as  w i l l   be  h e r e i n a f t e r  

d e s c r i b e d .  

Upper   i n t e n s i f i e r   head   257  may  be  p r o v i d e d   w i t h   a n  

a d a p t e r   member   287  t h r o u g h   w h i c h   the   p r e v i o u s l y  

p r e s s u r i z e d   h y d r a u l i c   f l u i d   f rom  pump  246  e n t e r s   i n t o  

the   f i r s t   f l u i d   p a s s a g e w a y   252 .   In  t h i s   r e g a r d ,   i t  

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

i n i t i a l l y   p a s s   f rom  a d a p t e r   member   287  and  t h e n   t h r o u g h  

t h e   u p p e r   i n t e n s i f i e r   head   257 ,   s t em  275 ,   r e l e a s a b l e  

c o n n e c t i o n   276 ,   p o p p e t   277 ,   c a r r i e r   p i s t o n   259 ,   l o w e r  

p i s t o n   260 ,   f l u i d   p a s s a g e w a y   288  in  t he   l o w e r  

i n t e n s i f i e r   h e a d ,   and  t h e n   i n t o   c o n t a c t   w i t h   t he   f i r s t  

f l u i d   p r e s s u r e   r e c e i v i n g   s u r f a c e   251 ,   or  s e a l   266 .   A 

f l u i d   b u l k h e a d   ( n o t   shown)   is  s e a l i n g l y   d i s p o s e d  

d o w n s t r e a m   of  f l u i d   p a s s a g e w a y   288  to   f o r c e   t h e  

p r e s s u r i z e d   h y d r a u l i c   f l u i d   to  e x e r t   a  p r e s s u r e   f o r c e  

upon   s e a l   266 .   A  m e a n s   f o r   a t t a c h i n g   289  a  m a n d r e l   1 8 4  

to  t h e   l o w e r   i n t e n s i f i e r   h e a d   258  is   shown  in  FIG.  1 6 b ,  

w h e r e b y   upon  f l u i d   p r e s s u r e   b e i n g   e x e r t e d   upon  f i r s t  

f l u i d   p r e s s u r e   r e c e i v i n g   s u r f a c e   251 ,   or  s e a l   266,   t h e  

u p p e r   and  l o w e r   i n t e n s i f i e r   h e a d s   257 ,   258 ,   and  t h e  

h o u s i n g   249  s e c u r e d   t h e r e t o ,   t r a v e l   u p w a r d l y   w i t h i n  

d o w n - t o o l   h o u s i n g   248 ,   w h e r e b y   m a n d r e l   184  may  e x e r t   i t s  

u p w a r d   f o r c e   to  c o m p r e s s   t he   s e a l i n g   means   185  a s  

p r e v i o u s l y   d e s c r i b e d   in  c o n n e c t i o n   w i t h   FIGS.   3  and  4 .  

I f   d e s i r e d ,   f i r s t   f l u i d   p a s s a g e w a y   252  may  i n c l u d e   a  

p l u r a l i t y   of  c o n v e n t i o n a l   f i l t e r s   to  s c r e e n   ou t   a n y  

i m p u r i t i e s   f rom  t he   h y d r a u l i c   f l u i d .   For  e x a m p l e ,   a  

. f i l t e r   290  may  be  d i s p o s e d   b e t w e e n   a d a p t e r   member  2 8 7  

and  the   u p p e r   i n t e n s i f i e r  h e a d   257  and  a  f i l t e r   291  m a y  

be  d i s p o s e d   b e t w e e n   p o p p e t   s p r i n g   285  and  t he   end  of  t h e  

p o p p e t   c y l i n d e r   284  d i s p o s e d   w i t h i n   c a r r i e r   p i s t o n   2 5 9 .  



L o w e r  J L n t e n s i f i e r   h e a d   258  is  p r o v i d e d   w i t h   a  c h e c k  

v a l v e   292  w h i c h   p r e v e n t s   h y d r a u l i c   f l u i d   f rom  f l o w i n g  

u p w a r d l y   t h r o u g h   l o w e r   i n t e n s i f i e r   h e a d   2 5 8 .  

S t i l l   w i t h   r e f e r e n c e   to  FIGS.   16a  and  16b,   t h e  

s e l e c t i v e   a c t u a t i o n   means   254  f o r   c o m p r e s s i o n   means   2 5 3  

w i l l   be  d e s c r i b e d   in  g r e a t e r   d e t a i l .   P r e s s u r i z e d  

h y d r a u l i c   f l u i d   f rom  pump  246  e n t e r s   t he   s e c o n d  

h y d r a u l i c   f l u i d   p a s s a g e w a y   256  as  i t   f l o w s   t h r o u g h   u p p e r  
i n t e n s i f i e r   h e a d   257  and  e n t e r s   p a s s a g e w a y   293  of  s e c o n d  

h y d r a u l i c   f l u i d   p a s s a g e w a y   256  f o r m e d   in  u p p e r  
i n t e n s i f i e r   h e a d   257.   P a s s a g e w a y   293  a l l o w s   t h e  

p r e s s u r i z e d   h y d r a u l i c   f l u i d   f rom  pump  246  to   a c t   u p o n  
the   s e c o n d   f l u i d   p r e s s u r e   r e c e i v i n g   s u r f a c e   255,   o r  

c o l l e t   269  and  s e a l   268  d i s p o s e d   a g a i n s t   the   u p p e r   e n d  

267  of  c a r r i e r   p i s t o n   259.   I t   s h o u l d   be  n o t e d   t h a t   t h e  

p r e s s u r e   b e l o w   s e a l   268  of   s e c o n d   f l u i d   p r e s s u r e  

r e c e i v i n g   s u r f a c e   255  i s   a t   a m b i e n t   p r e s s u r e   due  to  t h e  

v e n t i n g   of  i n t e n s i f i e r   h o u s i n g   249  by  o p e n i n g   294  i n  

h o u s i n g   249  and  s p l i n e   295  f o r m e d   in  l o w e r   i n t e n s i f i e r  

head   258  a d j a c e n t   h o l e   294  in  h o u s i n g   249 .   When  t h e  

f l u i d   p r e s s u r e   a c t i n g   upon  s e a l   268  e x c e e d s   a  

p r e d e t e r m i n e d   v a l u e ,   w h i c h   i s   l e s s   t h a n   t he   m a x i m u m  

f l u i d   p r e s s u r e   o u t p u t   of  pump  246,   c a r r i e r   p i s t o n   2 5 9  

w i l l   be  moved  d o w n w a r d l y ,   t h u s   s i m u l t a n e o u s l y   m o v i n g  

c o l l e t   269  and  i t s   c o l l e t   f i n g e r s   270  as  w e l l   as  s t e m  

275 ,   r e l e a s a b l e   c o n n e c t i o n   means   276 ,   p o p p e t   277  a n d  

l o w e r   p i s t o n   260 .   H y d r a u l i c   f l u i d   c o n t a i n e d   i n  

h y d r a u l i c   c y l i n d e r   263  w i l l   t h e n   be  f u r t h e r   c o m p r e s s e d  

and  p r e s s u r i z e d   by  l o w e r   p i s t o n   2 6 0 .  

The  f l u i d   p r e s s u r e   of  t he   h y d r a u l i c   f l u i d   i s  

i n c r e a s e d   by  a  f a c t o r   e q u a l   to  t he   r a t i o   of  t he   a r e a  

a c r o s s   s e a l   268  of   t he   s e c o n d   f l u i d   p r e s s u r e   r e c e i v i n g  

s u r f a c e   and  the   a r e a   a c r o s s   the   s e a l   264  on  t he   l o w e r  



p i s t o n   260 .   The  p r e d e t e r m i n e d   v a l u e   b e l o w   t he   m a x i m u m  

o u t p u t   p r e s s u r e   of  pump  246 ,   w h i c h   w i l l   c a u s e   c a r r i e r  

p i s t o n   259  to  b e g i n   i t s   d o w n w a r d   m o v e m e n t   and  c a u s e  
c o l l e t   f i n g e r s   270  to   be  u n s e a t e d   f rom  a l i g n m e n t   s t o p  
member   272  and  p a s s   o v e r   c o l l e t   s t o p   s u r f a c e   273,   is   a  
f u n c t i o n   of  t he   d e s i g n   of  c o l l e t   f i n g e r s   270  w h i c h  

c o l l e t   269  and  c o l l e t   f i n g e r s   270  p r o v i d e   a  means   f o r  

r e s t r a i n i n g   the   m o t i o n   of  c a r r i e r   p i s t o n   259  u n t i l   t h e  

f l u i d   p r e s s u r e   a c t i n g   on  s e a l   268  e x c e e d s   t h e  

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

f o r c e   of  c o l l e t   f i n g e r s   270  upon  a l i g n m e n t   s t o p   m e m b e r  

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

upon  s e a l   268  mus t   be  in  o r d e r   to  a l l o w   c a r r i e r   p i s t o n  

259  to   be  moved  d o w n w a r d l y .  

When  c a r r i e r   p i s t o n   259  a p p r o a c h e s   t h e   end  of  i t s  

downward   s t r o k e ,   f l a n g e d   end  275 '   of  s t e m   275  w i l l  

e n g a g e   s tem  s t o p   s u r f a c e   274  of   a l i g n m e n t   s t o p   m e m b e r  

272.   Upon  f u r t h e r   downward   m o v e m e n t   of  c a r r i e r   p i s t o n  

259,   t he   e n g a g e m e n t   of  t he   f l a n g e d   end  2 7 5 '   of  s t em   2 7 5  

w i l l   c o m p l e t e l y   s t o p   t h e   m o v e m e n t   of  t he   s t e m   2 7 5 ,  

p o p p e t   277  and  r e l e a s a b l e   c o n n e c t i o n   means   276 .   A s  

c a r r i e r   p i s t o n   259  and  l o w e r   p i s t o n   260  c o n t i n u e  

d o w n w a r d l y ,   b a l l s   279  of   r e l e a s a b l e   c o n n e c t i o n   means   2 7 6  

w i l l   be  c o m p r e s s e d   i n w a r d l y   and  p o p p e t   s p r i n g   285  b i a s e s  

p o p p e t   277  u p w a r d l y ,   a l o n g   w i t h   r e l e a s a b l e   c o n n e c t i o n  

m e a n s   276  and  s t e m   275,   w h e r e b y   b a l l s   279  t h e n   e n t e r  

s e c o n d   d e t e n t s   282  in  c a r r i e r   p i s t o n   259 .   As  c a r r i e r  

p i s t o n   259  c o n t i n u e s   i t s   downward   m o v e m e n t   and  a f t e r  

p o p p e t  2 7 7   has   been   b i a s e d   u p w a r d l y ,   r e s t r o k i n g   h o l e s  

286  in  c a r r i e r   p i s t o n   259  w i l l   be  u n c o v e r e d   a l l o w i n g  

. p r e s s u r i z e d   h y d r a u l i c   f l u i d   to  f l o w   t h r o u g h   r e s t r o k i n g  

h o l e s   286  and  t h r o u g h   p a s s a g e w a y   294  in  i n t e n s i f i e r  

h o u s i n g   249 .   The  p r e s s u r i z e d   f l u i d   w i l l   f l o w   u p w a r d l y  

t h r o u g h   the   a n u l a r   s p a c e   b e t w e e n   i n t e n s i f i e r   h o u s i n g   2 4 9  



a n d   d o w n - h o l e   t o o l   h o u s i n g   248  and  t h r o u g h   a  r e t u r n  

f l u i d   p a s s a g e w a y   297  f o r m e d   in  u p p e r   i n t e n s i f i e r   h e a d  

257  and  o p e n i n g   298  in  i n t e n s i f i e r   h o u s i n g   249  d i s p o s e d  

a d j a c e n t   f l u i d   p a s s a g e w a y   297.   F l u i d   may  t h e n   f l o w   b a c k  

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

w i t h   pump  246 .   The  v e n t i n g   of  t h i s   h y d r a u l i c   f l u i d  

a l l o w s   r e t u r n   s p r i n g   296 ,   w h i c h   is  d i s p o s e d   a b o u t  

c a r r i e r   p i s t o n   259  and  l o w e r   p i s t o n   260 ,   to  f o r c e  

c a r r i e r   p i s t o n   259  u p w a r d l y .   A s  c a r r i e r   p i s t o n   2 5 9  

moves  u p w a r d l y   s t em  275  and  p o p p e t   277 ,   a l o n g   w i t h  

r e l e a s a b l e   c o n n e c t i o n   means   276 ,   a r e   a l s o   c a r r i e d  

u p w a r d l y .   Upon  f l a n g e d   end  2 7 5 '   of  s t em  275  b e a r i n g  

upon  s tem  s p r i n g   299  d i s p o s e d   w i t h i n   u p p e r   i n t e n s i f i e r  

head   257 ,   s tem  s p r i n g   299  f o r c e s   t he   downward   m o v e m e n t  

of  s t em   275  u n t i l   b a l l s   279  of  r e l e a s a b l e   c o n n e c t i o n  

means   276  a r e   c o m p r e s s e d   and  a r e   t h e n   r e s e a t e d   w i t h i n  

the   f i r s t   s e t   of  d e t e n t s   281  w i t h i n   c a r r i e r   p i s t o n   2 5 9 .  

As  p o p p e t   277  moves   back   d o w n w a r d l y   i n t o   c a r r i e r   p i s t o n  

259  p o p p e t   277  once   a g a i n   s e a l s   o f f   r e s t r o k i n g   h o l e s   2 8 6  

d i s p o s e d   in  c a r r i e r   p i s t o n   259 .   As  c a r r i e r   p i s t o n   2 5 9  

f i n i s h e s   i t s   upward   r e s t r o k i n g   m o v e m e n t ,   c o l l e t   f i n g e r s  

270  once   a g a i n   a r e   d i s p o s e d   a b o u t   a l i g n m e n t   s t o p   m e m b e r  

272  in  the   p o s i t i o n   shown  in  FIG.  16a .   At  t h i s   p o i n t   i n  

t i m e ,   p r e s s u r i z e d   h y d r a u l i c   f l u i d   may  e i t h e r   f l o w  

d i r e c t l y   from  pump  246  t h r o u g h   f i r s t   h y d r a u l i c   f l u i d  

p a s s a g e w a y   252  d i r e c t l y   to  s e a l   266;   o r ,   i f   t h e   p r e s s u r e  
a c t i n g   upon  s e a l   268  e x c e e d s   t he   p r e d e t e r m i n e d   p r e s s u r e  

v a l u e ,   c o m p r e s s i o n   means   253  i s   once   a g a i n   s e l e c t i v e l y  

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

d i s p o s e d   w i t h i n   h y d r a u l i c   c y l i n d e r   263  of   l o w e r  

i n t e n s i f i e r   h e a d   2 5 8 .  

Wi th   r e f e r e n c e   to  FIG.  16b,   i t   i s   s e e n   t h a t   l o w e r  

p i s t o n   260  has   d i s p o s e d   t h e r e i n   a  c h e c k   p i s t o n   3 0 0 ,  

c h e c k   p i s t o n   s p r i n g   301  and  c h e c k   v a l v e   302 .   C h e c k  



v a l v e   302  s e r v e s   to  p r e v e n t   h y d r a u l i c   f l u i d ,   b e i n g  

p r e s s u r i z e d   w i t h i n   h y d r a u l i c   c y l i n d e r   263  in  l o w e r  

i n t e n s i f i e r   h e a d   258 ,   f rom  p a s s i n g   u p w a r d l y   t h r o u g h   t h e  

f i r s t   h y d r a u l i c   f l u i d   p a s s a g e w a y   252  when  l o w e r   p i s t o n  

260  of  c o m p r e s s i o n   means   253  has   been   a c t u a t e d .   C h e c k  

p i s t o n   300  and  c h e c k   p i s t o n   s p r i n g   301  s e r v e   as  a n  

a c c u m u l a t o r ,   w h e r e b y   as  c a r r i e r   p i s t o n   259  and  c o l l e t  

269  b e g i n   t h e i r   downward   m o v e m e n t ,   no  p r e s s u r e   f o r c e   i s  

b e i n g   e x e r t e d   upon  t he   l o w e r   end  262  of  l o w e r   p i s t o n  

2 6 0 .  

I t   is   to  be  u n d e r s t o o d   t h a t   the   i n v e n t i o n   is   n o t  

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

e x a c t   m a t e r i a l s ,   or   e m b o d i m e n t   shown  and  d e s c r i b e d ,   a s  

o b v i o u s   m o d i f i c a t i o n s   and  e q u i v a l e n t s   w i l l   be  a p p a r e n t  

to   one  s k i l l e d   in  t he   a r t .   A c c o r d i n g l y ,   t he   i n v e n t i o n  

is   t h e r e f o r e   to  be  l i m i t e d   o n l y   by  the   s c o p e   of  t h e  

a p p e n d e d   c l a i m s .  



1.  A  b r i d g e   p l u g ,   f o r   use   w i t h i n   a  w e l l   c a s i n g   and   p a s s a b l e  

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

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

c h a r a c t e r i z e d   b y :  

an  e l o n g a t e   m a n d r e l ;  

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

m a n d r e l ,   s a i d   means   f o r   s e a l i n g   h a v i n g   a  f i r s t  

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

t u b i n g   to   a l l o w   t h e   s e a l i n g   means   to  be  p a s s e d  

t h r o u g h   t h e   p r o d u c t i o n   t u b i n g   and  i n t o   t h e   w e l l  

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

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

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

c a s i n g   b e l o w   t h e   s e a l i n g   m e a n s   f rom  f l o w i n g  

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

m e a n s ;  

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

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

a b o v e   and  b e l o w   t h e   s e a l i n g   m e a n s ;  

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

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



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

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

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

m o v i n g   t h e   m a n d r e l ,   w h e r e b y   f l u i d s   d i s p o s e d   in   t h e  

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

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

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

to   t h e   d i a m e t e r   of  t h e   w e l l   c a s i n g .  

2.  The  b r i d g e   p l u g   of  c l a i m   1,   c h a r a c t e r i z e d   in   t h a t   t h e  

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

s e a l i n g   e l e m e n t   c a r r i e d   by  t h e   m a n d r e l .  

3.  The  b r i d g e   p l u g   of  c l a i m   1  or  c l a i m   2  c h a r a c t e r i z e d   in   t h a t  

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

s e a l i n g   m e a n s   in   s e a l i n g   c o n f o r m i t y   w i t h   t h e   w e l l   c a s i n g .  

4.  A  m e t h o d   f o r   s e a l i n g   o f f   a  l e n g t h   of  w e l l   c a s i n g   to   p r e v e n t  

f l u i d   d i s p o s e d   t h e r e i n   f rom  f l o w i n g   u p w a r d l y ,   or  d o w n w a r d l y ,  

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

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

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

w e l l   c a s i n g ,   c h a r a c t e r i z e d   by  t h e   s t e p s   o f :  

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



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

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

s e a l i n g   m e a n s   in   a  f i r s t   d i a m e t e r   p o s i t i o n   s a i d   f i r s t  

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

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

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

d i a m e t e r   of  t h e   w e l l   c a s i n g ;  

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

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

a n d  

a n c h o r i n g   t h e   s e a l i n g   means   w i t h i n   t h e   w e l l   c a s i n g .  

5.  The  m e t h o d   of  c l a i m   4,  c h a r a c t e r i z e d   by  t h e   s t e p   o f  

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

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

l o c a t e d   a b o v e   and  be low  t h e   s e a l i n g   m e a n s .  

6.  The  m e t h o d   of  c l a i m   4  or  5,   c h a r a c t e r i z e d   in   t h a t   t h e  

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

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

7.  The  m e t h o d   of  c l a i m   4,   5  or  6,   c h a r a c t e r i z e d   by  t h e   s t e p   o f  

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

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

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



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

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

c a s i n g ,   c h a r a c t e r i z e d   b y :  

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

and  s e c o n d   e n d s   and  a  w a l l   p o r t i o n   t h e r e b e t w e e n ;  

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

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

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

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

e l a s t o m e r i c   member   b e i n g   l a r g e r   t h a n   t h e   d i a m e t e r   a t  

t h e   e n d s   of  t h e   e l a s t o m e r i c   m e m b e r ;  

t h e   e l a s t o m e r i c   member   b e i n g   e l o n g a t a b l e   a l o n g   i t s  

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

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

t h e   same  as  t h e   d i a m e t e r   of  i t s   e n d s   so  t h a t   t h e  

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

t u b i n g ;   a n d  

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

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

member  can   be  f o r c e d   t o w a r d   one  a n o t h e r   w h i l e   a  

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

w e l l   c a s i n g .  



9.  The  s e a l i n g   e l e m e n t   of  c l a i m   8,  c h a r a c t e r i z e d   by  a  m e a n s  

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

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

member ,   w h e r e b y   upon   c o m p r e s s i v e   f o r c e   b e i n g   e x e r t e d   upon   t h e  

e l a s t o m e r i c   m e m b e r ,   t h e   t u b u l a r   member   b r e a k s   and   a l l o w s   t h e  

e l a s t o m e r i c   member  to  a s s u m e   i t s   n o r m a l ,   u n s t r e s s e d  

c o n f i g u r a t i o n .  

10.   A  m e t h o d   f o r   s e a l i n g   o f f   a  l e n g t h   of  w e l l   c a s i n g   to   p r e v e n t  

f l u i d   d i s p o s e d   t h e r e i n   f rom  f l o w i n g   u p w a r d l y   or  d o w n w a r d l y ,  

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

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

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

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

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

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

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

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

w e l l   c a s i n g ,   w i t h   t h e   s e a l i n g   e l e m e n t   r e s t r a i n e d   in   a n  

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

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

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

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

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



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

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

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

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

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

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

t h e   d i a m t e r   of  t h e   w e l l   c a s i n g ;  

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

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

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

c o n f i g u r a t i o n ;   a n d  

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

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

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

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

11.   A  r e i n f o r c i n g   e l e m e n t   f o r   an  e l a s t o m e r i c   s e a l i n g   e l e m e n t  

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

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

t h a n   t h e   d i a m e t e r   of  t h e   w e l l   c a s i n g ,   c h a r a c t e r i z e d   b y :  

two  m e t a l l i c   p l a t e   m e m b e r s ,   e a c h   p l a t e   member   h a v i n g   a  

c e n t e r   p o r t i o n   w i t h   an  a x i a l   p a s s a g e w a y   e x t e n d i n g  

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

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



f i r s t   and  s e c o n d   e n d s ,   e a c h   f i r s t   end   b e i n g   f o r m e d  

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

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

e a c h   p r o j e c t i o n   in   a  p l a n e   w h i c h   i s   s u b s t a n t i a l l y  

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

m e m b e r   a n d  

t h e   s e c o n d   e n d s   of  a t   l e a s t   two  of  t h e   p r o j e c t i o n s   f o r   e a c h  

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

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

w h e r e b y   t h e   p l a t e   m e m b e r s   fo rm  an  e l o n g a t e   body  w h i c h  

can  p a s s   t h r o u g h   t h e   p r o d u c t i o n   t u b i n g   and   u p o n  

e x e r t i o n   of  a  c o m p r e s s i v e   f o r c e   on  t h e   c e n t e r  

p o r t i o n s ,   t h e   p r o j e c t i o n s   a r e   d i s p o s e d   in   a  p l a n e  

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

p l a t e   m e m b e r .  

12 .   The  r e i n f o r c i n g   e l e m e n t   of  c l a i m   11 ,   c h a r a c t e r i z e d   in   t h a t  

an  even   number   of  p r o j e c t i o n s   e x t e n d   f rom  t h e   c e n t e r   p o r t i o n   o f  

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

b e n t   d o w n w a r d l y ,   e a c h   f i r s t   s e t   p r o j e c t i o n   d i s p o s e d   in   a  p l a n e  

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

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

b e n t   d o w n w a r d l y ,   e a c h   s e c o n d   s e t   p r o j e c t i o n   d i s p o s e d   in   a  p l a n e  

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



s e c o n d   s e t   of  p r o j e c t i o n s   b e i n g   d i s p o s e d   in   an  o v e r l y i n g .  

r e l a t i o n s h i p   w i t h   t h e   f i r s t   s e t   of  p r o j e c t i o n s ,   and  t h e   s e c o n d  

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

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

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

13 .   A  demand  s e n s i t i v e   p r e s s u r e   i n t e n s i f i e r   f o r   use  w i t h   a  

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

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

p r o d u c t i o n   t u b i n g ,   c h a r a c t e r i z e d   b y :  

a  f i r s t   h o u s i n g ;  

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

h o u s i n g   to   move  a  p o r t i o n   of  t h e   d o w n - h o l e   t o o l ,   t h e  

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

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

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

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

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

a s s o c i a t e d   w i t h   t h e   f o r c e   t r a n s m i t t i n g   m e a n s ;  

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

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

p r e s s u r e   e x e r t e d   upon  t h e   f i r s t   f l u i d   p r e s s u r e  



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

t r a n s m i t t i n g   m e a n s ,   to  a  p r e s s u r e   w h i c h   e x c e e d s   t h e  

maximum  o u t p u t   p r e s s u r e   of  t h e   pump;  a n d  

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

t h e   o u t p u t   p r e s s u r e   of  t h e   pump  r e a c h e s   a  

p r e d e t e r m i n e d   p r e s s u r e   v a l u e   be low  t he   maximum  o u t p u t  

p r e s s u r e   of  t h e   pump,  t h e   s e l e c t i v e   a c t u a t i o n   m e a n s  

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

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

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

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

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

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

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

p r e s s u r e   v a l u e   b e l o w   t h e   maximum  o u t p u t   p r e s s u r e   o f  

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

p r e s s u r e   g r e a t e r   t h a n   t h e   maximum  p r e s s u r e   o u t p u t   o f  

t h e   pump  s e l e c t i v e l y   a c t s   upon  t h e   f i r s t   f l u i d  

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

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

14 .   The  demand  s e n s i t i v e   p r e s s u r e   i n t e n s i f i e r   of  c l a i m   1 3 ,  

c h a r a c t e r i z e d   in   t h a t :  

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



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

w i t h i n   t h e   h o u s i n g ,   t h e   f i r s t   end  h a v i n g   a  s e a l  

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

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

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

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

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

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

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

p i s t o n   a s s e m b l y   and  h a v i n g   a t   l e a s t   two  e l o n g a t e  

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

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

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

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

upon  t h e   p o r t i o n   of  t h e   h o u s i n g ,   t h e   p i s t o n   a s s e m b l y  

w i l l   be  moved  t h r o u g h   t h e   h o u s i n g ;  

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

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

s t o p   member   a s s o c i a t e d   w i t h   t h e   u p p e r   i n t e n s i f i e r  

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

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

w i t h   t h e   s e c o n d   end   of  t h e   p i s t o n   a s s e m b l y ,   and  t h e  

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

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



member ,   t h e   c o l l e t ,   t h e   p i s t o n   a s s e m b l y ,   and  t h e  

h y d r a u l i c   c y l i n d e r   a n d  

t h e   d i a m t e r   of  t h e   f i r s t   end  of  t h e   p i s t o n   a s s e m b l y   i s  

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

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

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

i n c r e a s e d   by  a  f a c t o r   w h i c h   i s   t h e   r a t i o   of  t h e  

s u r f a c e   a r e a s   of  t h e   f i r s t   end  to   t h e   s e c o n d   end  o f  

t h e   p i s t o n   a s s e m b l y .  

15.   An  a n c h o r i n g   a s s e m b l y ,   f o r   p a s s a g e   t h r o u g h   p r o d u c t i o n  

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

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

d i a m e t e r   of  t h e   w e l l   c a s i n g ,   c h a r a c t e r i z e d   b y :  

an  e l o n g a t e   m a n d r e l ;  

a  s e t   of  e l o n g a t e ,   p i v o t a b l e   p r i m a r y   a n c h o r   a rms   and   a  s e t  

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

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

t h e   s e t s   of  p r i m a r y   a n c h o r   arms  and  a n c h o r   s u p p o r t   m e m b e r s  

b e i n g   i n i t i a l l y   d i s p o s e d   in   a  f i r s t ,   n o n - o p e r a t i n g  

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

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



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

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

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

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

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

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

s e t s   of  a n c h o r   a rms   and   a n c h o r   s u p p o r t   m e m b e r s   h a v e  

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

c a s i n g ;   a n d  

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

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

so  as  to   a f f o r d   an  a b u t m e n t   f o r   t h e   s e t   of  a n c h o r   a r m s  

to   m a i n t a i n   t h e   s e t   of  a n c h o r   a rms   in   i t s   o p e r a t i n g  

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

16.   The  a n c h o r i n g   a s s e m b l y   of  c l a i m   15 ,   c h a r a c t e r i z e d   in   t h a t :  

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

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

w i t h   a  f i r s t   camming   s u r f a c e   d i s p o s e d   on  e a c h   of  t h e  

a n c h o r   a rms   to   p i v o t   t h e   a n c h o r   a rms  o u t w a r d l y   u p o n  

r e l a t i v e   m o t i o n   o c c u r r i n g   b e t w e e n   t h e   camming   m e m b e r  

and  t h e   a n c h o r   a r m s ;   a n d  

t h e   s e t   of  a n c h o r   a rms   a r e   d i s p o s e d   a b o u t   an  a n c h o r   arm  s u p p o r t  



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

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

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

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

i n t e r m e d i a t e   t h e   camming  member   and  t h e   a n c h o r   s u p p o r t  

member   b o d y ,   and  t h e   m e a n s   f o r   p i v o t i n g   f u r t h e r  

i n c l u d e s   a  s e c o n d   camming   s u r f a c e   d i s p o s e d   on  t h e  

a n c h o r   arm  s u p p o r t   b o d y ,   w h i c h   s e c o n d   camming   s u r f a c e  

c o o p e r a t e s   w i t h   a  t h i r d   camming   s u r f a c e   d i s p o s e d   o n  

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

r e l a t i v e   m o t i o n   o c c u r r i n g   b e t w e e n   t h e   a n c h o r   a r m  

s u p p o r t   body  and  t h e   a n c h o r   s u p p o r t   m e m b e r s ,   t h e   s e t  

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

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

of  a n c h o r   a r m s .  
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