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©  Downhole  tool. 
(53)  A  downhole  tool  apparatus  has  a  housing  (12)  with  a 
compression  chamber  (232)  defined  therein.  A  fill  passage 
(234)  is  disposed  through  the  housing  for  placing  the 
compression  chamber  in  open  flow  fluid  communication 
with  a  well  annulus  (236)  so  that  well  fluid  may  flow  into  the 
compression  chamber  as  the  apparatus  is  lowered  into  a 
well.  An  isolation  valve  (242)  selectively  closes  the  fill 
passage  to  trap  well  fluid  in  the  compression  chamber.  An 
operating  element  (162)  is  operated  by  an  actuating  piston 
(140)  slidably  disposed  in  the  housing.  A  first  side  of  the 
actuating  piston  is  in  fluid  pressure  communication  with  the 
compression  chamber  so  that  a  volume  of  the  compression 
chamber  is  decreased  when  the  actuating  piston  moves 
between  first  and  second  position  thereof  relative  to  the 
housing.  An  injection  passage  (286)  is  preferably  provided 
for  injecting  pressurized  gas  into  the  compression  chamber 
at  a  location  within  the  compression  chamber  such  that  the 
injected  gas  will  directly  contact  at  a  gas-well  fluid  interface 
an  upper  surface  of  well  fluid  that  flows  into  the  compression 
chamber.  The  compression  chamber  is  preferably  primarily 
defined  by  an  elongate  diametrically  irregular  annular  space, 
and  the  gas-well  fluid  interface  moves  upward  past  a  number 
of  irregular  diameters  of  this  diametrically  irregular  elon- 
gated  space,  as  the  apparatus  is  lowered  into  a  well. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  d o w n h o l e   t o o l ,  

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

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

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

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

I t   i s   w e l l   known  in  t h e   a r t   t h a t   d o w n h o l e   t o o l s  

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

can  be  o p e r a t e d   by  v a r y i n g   t h e   p r e s s u r e   of  f l u i d   in  a  w e l l  

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

p r e s s u r e   p i s t o n   w i t h i n   t h e   t o o l .  

The  p r e d o m i n a n t   me thod   of  c r e a t i n g   t h e   d i f f e r e n -  

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

to   i s o l a t e   a  v o l u m e   of  f l u i d   w i t h i n   t h e   t o o l   at   a  f i x e d  

r e f e r e n c e   p r e s s u r e .   Such  a  f i x e d   r e f e r e n c e   p r e s s u r e   h a s  

b e e n   p r o v i d e d   in  a  number   of  d i f f e r e n t   w a y s .   F u r t h e r ,  

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

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

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

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

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

f l u i d ,   and  wh ich   t h e n   a i d s   in  r e t u r n i n g   t h e   d i f f e r e n t i a l  

a r e a   p i s t o n   to  i t s   i n i t i a l   p o s i t i o n .  

One  m a n n e r   of  p r o v i d i n g   a  f i x e d   r e f e r e n c e   p r e s s u r e  
i s   by  p r o v i d i n g   an  e s s e n t i a l l y   empty  s e a l e d   c h a m b e r   on  t h e  

low  p r e s s u r e   s i d e   of  t h e   power   p i s t o n ,   wh ich   c h a m b e r   i s  



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

t h e   t o o l   was  a s s e m b l e d .   Such  a  d e v i c e   i s   shown,   f o r  

e x a m p l e ,   in  U.S .   P a t e n t   No.  4 , 0 7 6 , 0 7 7 .   H o w e v e r ,   t h i s  

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

p r e s s u r e   a c r o s s   t h e   power   p i s t o n   as  t h e   t o o l   i s   run  i n t o  

t h e   w e l l ,   and  nor   does   i t   p r o v i d e   a  f l u i d   s p r i n g   to   a i d  

in  r e t u r n   of  t h e   power   p i s t o n .  

A n o t h e r   a p p r o a c h   has  been   to   p r o v i d e   a  c h a m b e r  

on  t h e   low  p r e s s u r e   s i d e   of  t h e   p i s t o n ,   and  f i l l   t h a t  

c h a m b e r   w i t h   a  c h a r g e   of  i n e r t   gas  such   as  n i t r o g e n .  

Then,   when  t h e   a n n u l u s   p r e s s u r e   o v e r c o m e s   t h e   gas   p r e s s u r e ,  
t he   power   p i s t o n   i s   moved  by  t h a t   p r e s s u r e   d i f f e r e n t i a l ,  

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

power   p i s t o n .   Such  a  d e v i c e   i s   shown,   f o r   e x a m p l e ,   i n  

U.S.   P a t e n t   No.  3 , 6 6 4 , 4 1 5 .   However ,   t h i s   t y p e   of  d e v i c e  

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

power   p i s t o n   as  t h e   t o o l   i s   run  i n t o   t h e   w e l l .  

A n o t h e r   a p p r o a c h   has   been  to   use   a  c h a r g e   o f  

i n e r t   gas   as  d e s c r i b e d   a b o v e ,   in  c o m b i n a t i o n   w i t h   m e a n s  

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

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

w e l l   b o r e   and  t h e   t e s t   s t r i n g ,   as  t h e   t e s t   s t r i n g   i s  

l o w e r e d   i n t o   t h e   w e l l .   Such  a  d e v i c e   i s   shown ,   f o r   e x a m p l e ,  

in  U.S.   P a t e n t   No.  3 , 8 5 6 , 0 8 5 .   When  a  t o o l   of  t h i s   t y p e  

has   been   l o w e r e d   to   t h e   d e s i r e d   p o s i t i o n   in  t h e   w e l l ,  

t h e   i n e r t   gas   p r e s s u r e   i s   s u p p l e m e n t e d   by  t h e   amoun t   o f  

t h e   h y d r o s t a t i c   p r e s s u r e   in  t he   w e l l   a t   t h a t   d e p t h .   T h e n ,  

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

vo lume   of  w e l l   a n n u l u s   f l u i d   at  a  p r e s s u r e   s u b s t a n t i a l l y  

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

t h a t   d e p t h .   Once  t h e   i s o l a t i o n   v a l v e   has   c l o s e d ,   t h e  

r e f e r e n c e   p r e s s u r e   p r o v i d e d   by  t he   i n e r t   gas   i s   no  l o n g e r  

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

Then,   w e l l   a n n u l u s   p r e s s u r e   may  be  i n c r e a s e d   to   c r e a t e  

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



a c t u a t e   t h e   t o o l .   T h u s ,   t h e   U.S.  3856085   d e v i c e  

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

gas   w i t h i n   a  c h a m b e r   to   a s s i s t   in  r e t u r n i n g   t h e   p o w e r  

p i s t o n   to   i t s   u p p e r   p o s i t i o n .  

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

gas   s u c h   as  n i t r o g e n   w i t h i n   such   t o o l s ,   i t   has   b e e n  

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

l i q u i d   such   as  s i l i c o n e   o i l ,   as  a  c o m p r e s s i b l e   f l u i d  

s p r i n g   on  t h e   low  p r e s s u r e   s i d e   of  t he   t o o l .   Such  a  d e v i c e  

i s   s e e n ,   f o r   e x a m p l e ,   in  U.S.   P a t e n t   No.  4 , 1 0 9 , 7 2 4 .  

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

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

shown  in  U.S.   P a t e n t s   Nos.   4 , 4 4 4 , 2 6 8   and  4 , 4 4 8 , 2 5 4 .   I n  

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

s u p p l e m e n t e d   by  w e l l   a n n u l u s   p r e s s u r e   as  t h e   t o o l   i s  

l o w e r e d   i n t o   t he   w e l l .  

One  r e c e n t   d e v i c e   which   has   not   r e l i e d   u p o n  
e i t h e r   a  l a r g e   vo lume   of  c o m p r e s s i b l e   l i q u i d   or  a  v o l u m e  

of  c o m p r e s s i b l e   gas  i s   shown  in  U.S.   P a t e n t   No.  4 , 3 4 1 , 2 6 6 .  

T h i s   i s   a  t r a p p e d   r e f e r e n c e   p r e s s u r e   d e v i c e   wh ich   u s e s  

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

p r e s s u r e   i s   t r a p p e d   by  a  v a l v e   wh ich   s h u t s   upon  t h e   i n i t i a l  

p r e s s u r i z i n g   up  of  t h e   w e l l   a n n u l u s   a f t e r   t h e   p a c k e r  

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

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

i n t o   t h e   w e l l .   The  p o w e r   p i s t o n   of  t h i s   d e v i c e   i s   r e t u r n e d  

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

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

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

in  U.S.   P a t e n t   No.  4 , 1 1 3 , 0 1 2 .   T h i s   d e v i c e   u t i l i z e s   f l u i d  

f l o w   r e s t r i c t o r s   to  c r e a t e   a  t i m e   d e l a y   in  any  c o m m u n i c a t i o n  

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

i t s   power   p i s t o n .   D u r i n g   t h i s   t i m e   d e l a y ,   t h e   p o w e r  

p i s t o n   moves   from  a  f i r s t   p o s i t i o n   to  a  s e c o n d   p o s i t i o n .  



The  p a r t i c u l a r   t o o l   d i s c l o s e d   u t i l i z e s   a  c o m p r e s s e d  

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

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

gas   to   a  r e l a t i v e l y   n o n - c o m p r e s s i b l e   l i q u i d   f i l l e d   c h a m b e r .  

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

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

p l u s   a  back   p r e s s u r e   c h e c k   v a l v e .   H y d r o s t a t i c   p r e s s u r e   i s  

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

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

c r e a t e d   by  t h e   b a c k   p r e s s u r e   c h e c k   v a l v e   in   t h e   p r e s s u r i z i n g  

p a s s a g e .  
I t   i s   a p p a r e n t   f rom  t h e   n u m e r o u s   e x a m p l e s   s e t  

f o r t h   a b o v e   t h a t   i t   i s   w e l l   known  in  t h e   p r i o r   a r t   t o  

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

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

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

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

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

u t i l i z e d   a  v o l u m e   of  c o m p r e s s i b l e   i n e r t   gas   or  of  a  r e l a -  

t i v e l y   c o m p r e s s i b l e   l i q u i d   such   as  s i l i c o n e   o i l   c o n t a i n e d  

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

t h e   power   p i s t o n   to   i t s   i n i t i a l   p o s i t i o n .   T h i s   c o m p r e s s e d  

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

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

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

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

p r e s s u r e .  
T h o s e   p r i o r   a r t   d e v i c e s   d i s c u s s e d   a b o v e   w h i c h  

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

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

upon  t he   c o m p r e s s i b i l i t y   of  t h e   c o m p r e s s e d   i n e r t   gas  o r  

s i l i c o n e   o i l ,   and  n o t   upon  c o m p r e s s i b i l i t y   of  t h e   w e l l  

f l u i d   i t s e l f   w h i c h   may  be  t r a p p e d   w i t h i n   t h e   t o o l .  

T h o s e   t o o l   u t i l i z i n g   e i t h e r   i n e r t   gas   or  s i l i c o n e  



o i l   s u f f e r   f rom  t h e   i n h e r e n t   d i s a d v a n t a g e   t h a t   t h e s e  

m a t e r i a l s   a re   no t   a l w a y s   r e a d i l y   a v a i l a b l e ,   p a r t i c u l a r l y  

at   v e r y   r e m o t e   w e l l   s i t e s .   A d d i t i o n a l l y ,   when  u s i n g   i n e r t  

g a s ,   t h e r e   a re   i n h e r e n t   d a n g e r s   due  to   t h e   h igh   p r e s s u r e s  

a t   w h i c h   t h e   i n e r t   g a s   must   be  i n i t i a l l y   p l a c e d   w i t h i n   t h e  

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

in  t h e   i m m e d i a t e   v i c i n i t y   of  t he   t o o l ;   f o r   e x a m p l e ,   w h e n  

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

h a v e   been   in  t h e   r a n g e   of  2000  to  8000  p s i   ( 1 3 . 8   t o  

55.1   M P a ) .  

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

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

f l u i d   s p r i n g ,   w i t h o u t   t h e   use  of  e i t h e r   an  i n i t i a l l y  

h i g h l y   p r e s s u r i z e d   i n e r t   gas  or  of  s i l i c o n e   o i l .  

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

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

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

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

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

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

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

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

c h a m b e r   c o n t a i n i n g   a i r   or  gas  a d a p t e d   to  c o n t a c t   d i r e c t l y  

t h e   w e l l   f l u i d   a t   an  a i r   or  g a s / w e l l   f l u i d   i n t e r f a c e  

w i t h i n   t h e   c h a m b e r ;   i s o l a t i o n   v a l v e   means   f o r   s e l e c t i v e l y  

c l o s i n g   s a i d   f i l l   p a s s a g e   means  to  t r a p   s a i d   a i r   or  g a s  
and  w e l l   f l u i d   in  s a i d   c o m p r e s s i o n   c h a m b e r ;   an  o p e r a t i n g  

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

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

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

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

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

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

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

e q u a l   vo lume   of  w a t e r   c o n t a i n i n g   no  a b s o r b e d   g a s e s   w o u l d  



have  a  v o l u m e   d e c r e a s e   when  s u b j e c t e d   to   a  p r e s s u r e  
i n c r e a s e   e q u i v a l e n t   to  a  p r e d e t e r m i n e d   o p e r a t i n g   p r e s s u r e  
of  s a i d   a c t u a t i n g   p i s t o n   m e a n s ,   at   l e a s t   as  g r e a t   as  t h e  

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

a c t u a t i n g   p i s t o n   means   i s   moved  b e t w e e n   i t s   f i r s t   a n d  

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

means  f o r   i n j e c t i n g   a  gas  ( s u c h   as  a i r   f o r   e x a m p l e )   i n t o  

t h e   c o m p r e s s i o n   c h a m b e r   as ,   or  b e f o r e ,   t h e   a p p a r a t u s   i s  

l o w e r e d   i n t o   t h e   w e l l .  

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

a  c o m p r e s s i o n   c h a m b e r   wh ich   c o n t a i n s   b o t h   gas   and  w e l l  

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

of  t h e   i n v e n t i o n   w h e r e i n   c o m p r e s s i b i l i t y   of  t h e   gas   i s  

p r i m a r i l y   r e l i e d   upon  to   p r o v i d e   a  c o m p r e s s i b l e   f l u i d  

s p r i n g ,   t h e   gas   n e e d   no t   i n i t i a l l y   be  h i g h l y   p r e s s u r i z e d .  

I n s t e a d ,   o n l y   a  r e l a t i v e l y   low  p r e s s u r e   need   i n i t i a l l y   b e  

a p p l i e d   to   t h e   g a s ,   and  t h i s   r e l a t i v e l y   low  p r e s s u r e  

p r e s s u r i z e d   gas   can  be  p r o v i d e d   f rom  a  t y p i c a l   r i g   a i r  

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

at  a  p r e s s u r e   in   t h e   r a n g e   of  100  to  140  p s i   (690  to   9 6 5  

k P a ) .  

In  one  e m b o d i m e n t   of  t h e   i n v e n t i o n ,   an  i n j e c t i o n  

means   i s   p r o v i d e d   f o r   a d m i t t i n g   p r e s s u r i z e d   gas   i n t o  

t h e   c o m p r e s s i o n  c h a m b e r   at  a  l o c a t i o n   w i t h i n   t h e   c o m p r e s s i o n  

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

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

A  m a j o r i t y   of  t h e   t o t a l   v o l u m e   of  t h e   c o m p r e s s i o n  

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

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

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

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

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

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



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

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

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

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

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

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

to  i t s   o r i g i n a l   p o s i t i o n ,   y e t   d o e s   n o t   r e q u i r e   t he   use  o f  

an  i n i t i a l l y   h i g h l y   p r e s s u r i z e d   v o l u m e   of  i n e r t   gas  o r  
of  s i l i c o n e   o i l .   I n s t e a d ,   t h e   a p p a r a t u s   r e l i e s   on  t h e  

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

r e l a t i v e l y   l o w l y   p r e s s u r i z e d   gas  a n d / o r   a  r e l a t i v e l y  

l a r g e   vo lume   of  w e l l   f l u i d   o b t a i n e d   f rom  t h e   w e l l   a n n u l u s .  

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

c o n t a i n s   a  v o l u m e   of  w e l l   f l u i d   s u f f i c i e n t   t h a t ,   when  t h e  

a c t u a t i n g   p i s t o n   means   moves  b e t w e e n   f i r s t   and  s e c o n d  

p o s i t i o n s   to  o p e r a t e   t h e   o p e r a t i n g   e l e m e n t ,   t he   volume  o f  

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

amoun t   g r e a t e r   t h a n   o n e - h a l f   of  t h e   a m o u n t   by  which   t h e  

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

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

s u b s t a n t i a l l y   e q u a l   to   t h e   mass  of  a i r   r e q u i r e d   to  f i l l   i t  

at  a t m o s p h e r i c   p r e s s u r e   and  a m b i e n t   t e m p e r a t u r e   at  a 

s u r f a c e   of  s a i d   w e l l ,   and  t h e   p r e s s u r e   of  t h e   mass  of  a i r  

i s   at   l e a s t   as  g r e a t   as  t h e   h y d r o s t a t i c   p r e s s u r e   of  w e l l  

f l u i d   in  t h e   w e l l   a t   a  d e p t h   at  w h i c h   t h e   a p p a r a t u s   i s  

l o c a t e d   w i t h i n   t h e   w e l l .  

In  o r d e r   t h a t   t he   i n v e n t i o n   may  be  more  f u l l y  

u n d e r s t o o d ,   two  e m b o d i m e n t s   of  t o o l   of  t h e   i n v e n t i o n   w i l l  

now  be  d e s c r i b e d ,   by  way  of  e x a m p l e   o n l y ,   w i t h   r e f e r e n c e  

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

FIGURES  1A-1H  c o m p r i s e   an  e l e v a t i o n   r i g h t   s i d e  

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

a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n .  

FIGURE  2  i s   a  s e c t i o n a l   v i ew   t a k e n   a l o n g   l i n e  



2-2  of  F i g u r e   1D  wh ich   shows  an  i n j e c t i o n   v a l v e   m e a n s .  

F i g u r e   2  has  been   r o t a t e d   90°  c l o c k w i s e   to  a i d   i n .  

f i t t i n g   t he   same  on  t h e   s h e e t   of  d r a w i n g s .  

FIGURE  3  i s   a  s c h e m a t i c   e l e v a t i o n   v iew  of  t h e  

d o w n h o l e   t o o l   a p p a r a t u s   of  F i g u r e s   1A-1H  s h o w i n g   t h e  

same  p a r t i a l l y   l o w e r e d   i n t o   p l a c e   w i t h i n   a  w e l l .  

FIGURES  4 F - 4 I   c o m p r i s e   an  e l e v a t i o n   r i g h t   s i d e  

o n l y   s e c t i o n e d   v iew  of  t h e   l o w e r   p o r t i o n   of  a  s e c o n d  

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

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

s i m i l a r   to   t he   s t r u c t u r e   shown  in  F i g u r e s   1 A - 1 E .  

R e f e r r i n g   now  to   t h e   d r a w i n g s ,   and  p a r t i c u l a r l y  

to  F i g u r e s   1A-1H,  t h e   d o w n h o l e   t o o l   a p p a r a t u s   of  t h e  

p r e s e n t   i n v e n t i o n   i s   shown  and  g e n e r a l l y   d e s i g n a t e d   b y  

t h e   n u m e r a l   10.  The  d o w n h o l e   t o o l   a p p a r a t u s   10  may  a l s o  

be  r e f e r r e d   to  as  a  w e l l   t e s t e r   v a l v e   a p p a r a t u s   1 0 .  

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

d e s i g n a t e d   by  t he   n u m e r a l   12.  The  h o u s i n g   12  i n c l u d e s   a  

p l u r a l i t y   o f  



th readedly   connected  tubular  members,  the  uppermost  one  of  which 

is  an  upper  adapter  14. 

Threadedly  connected  at  16  to  upper  adapter  14  is  an  upper 

seat  housing  18  of  housing  12,  with  a  seal  being  p rov ided  

therebetween  by  r e s i l i e n t   O-ring  seal  means  20. 

Housing  12  includes  a  ball  valve  housing  22  which  has  a 

p l u r a l i t y   of  r a d i a l l y   inward  d i rec ted   sp l ines   24  which  mesh  wi th  

a  p l u r a l i t y   of  r a d i a l l y   outward  d i rec ted   spl ines   26  of  upper  s e a t  

housing  18. 

Lower  ends  28  of  the  spl ines  24  abut  an  upward  facing  a n n u l a r  

shoulder  30  of  upper  seat  housing  18  to  hold  the  ball  va lve  

housing  22  l o n g i t u d i n a l l y   in  place  r e l a t i v e   to  the  upper  a d a p t e r  

14  and  the  upper  seat  housing  18. 

An  upper  inner  c y l i n d r i c a l   surface   32  of  ball  valve  housing 

22  is  c lose ly   received  about  a  c y l i n d r i c a l   outer  lower  surface  34 

of  upper  adapter   14  with  a  seal  being  provided  therebetween  by 

r e s i l i e n t   O-ring  seal  means  36. 

A  f i r s t   housing  adapter  38  of  housing  12  has  its  upper  end 

threadedly   connected  at  40  to  ball  valve  housing  22,  with  a  s e a l  

being  provided  therebetween  by  r e s i l i e n t   O-ring  seal  means  42.  A 

lower  end  of  f i r s t   housing  adapter  38  is  threadedly  connected  a t  

44  to  a  spring  chamber  housing  46  of  housing  12,  with  a  s e a l  

being  provided  therebetween  by  r e s i l i e n t   o-r ing  seal  means  48. 

A  lower  end  of  spring  chamber  housing  46  is  threadedly   con- 

nected  at  48  to  an  air   i n j ec t ion   adapter   50  of  housing  12  with  a 



seal  being  provided  therebetween  by  r e s i l i e n t   O-ring  seal  means 

52. 

A  lower  end  of  air  i n j e c t i o n   adapter  50  is  th readedly   con- 
nected  at  54  to  an  outer  l ub r i can t   chamber  housing  56  of  housing 

12  with  a  seal  being  provided  therebetween  by  r e s i l i e n t   O-r ing  

seal  means  58. 

Also,  air  i n j ec t i on   adapter  50  has  an  upper  inner  l u b r i c a n t  

chamber  housing  60  of  housing  12  threadedly   connected  to  an 

i n t e rna l   thread  62  thereof   with  a  seal  being  provided  t h e r e b e t -  

ween  by  r e s i l i e n t   O-ring  seal  means  64. 

Outer  lubr ican t   chamber  housing  56  has  a  l u b r i c a n t   chamber 

adapter  66  of  housing  12  threadedly   connected  t he re to   at  68  w i th  

a  seal  being  provided  therebetween  by  r e s i l i e n t   O-ring  seal  means 

70. 

Upper  inner  l ub r i can t   chamber  housing  60  has  a  lower  i n n e r  

l u b r i c a n t   chamber  housing  72  threadedly   connected  t he re to   at  74 

with  a  seal  provided  therebetween  by  r e s i l i e n t   0- r ing  seal  means 

76.  

Lubricant  chamber  adapter   66  has  a  f i r s t   outer  compression 

housing  section  78  threadedly   connected  the re to   at  80  with  a  s e a l  

being  provided  therebetween  by  r e s i l i e n t   O-ring  seal  means  82. 

The  f i r s t   outer  compression  housing  sec t ion   78  includes  an 

upper  outer  compression  housing  adapter  84  th readedly   connected  

at  86  to  an  outer  compression  housing  88  which  has  i ts   lower  end 

threadedly  connected  at  90  to  a  lower  outer  compression  housing 

adapter   92  of  housing  means  12. 



The  upper  outer  compression  housing  adapter  84  and  the  o u t e r  

compression  housing  88  of  f i r s t   outer  compression  housing  s e c t i o n  

78  are  fu r the r   connected  by  a  c i rcumferen t i a l   weld  94.  Also,  

outer  compression  housing  88  and  lower  outer  compression  housing 

adapter  92  of  f i r s t   outer  compression  housing  sect ion  78  are  

fur ther   connected  by  a  c i rcumferent ia l   weld  96  t he r ebe tween .  

Thus,  the  upper  outer  compression  housing  adapter  84,  the  

outer  compression  housing  88,  and  the  lower  outer  compression 

housing  adapter  92  are  all  permanently  connected  together  by 

welds  94  and  96  to  form  the  f i r s t   outer  compression  housing  sec -  

tion  78. 

Concen t r i ca l ly   received  within  the  f i r s t   outer  compression 

housing  sect ion  78  of  housing  12  is  a  f i r s t   inner  compression 

housing  sect ion  98  of  housing  12. 

The  f i r s t   inner  compression  housing  sect ion  98  includes  an 

upper  inner  compression  housing  adapter  100  and  an  inne r  

compression  housing  102  threadedly  connected  toge ther   at  104  and 

fur ther   connected  by  a  c i rcumferent ia l   weld  106  t he rebe tween .  

A  p l u r a l i t y   of  notches  105  are  disposed  in  a  lower  outer  edge 

of  upper  inner  compression  housing  adapter  100  to  allow  f l u i d  

flow,  through  notches  105,  between  upper  inner  compression 

housing  adapter  100  and  an  upward  facing  shoulder  107  of  upper 

outer  compression  housing  adapter  84. 

Upper  inner  compression  housing  adapter  100  has  an  upper 

inner  bore  108  within  which  is  closely  received  an  e x t e r n a l  



c y l i n d r i c a l   surface  110  of  lower  inner  lubr ican t   chamber  housing 

72  with  a  seal  being  provided  therebetween  by  r e s i l i e n t   O-ring 

seal  means  112. 

Housing  12  fur ther   includes  a  tube  receiving  adapter  114 

threadedly   connected  to  a  lower  end  of  lower  outer  compression 

housing  adapter  92  at  116  with  a  seal  being  provided  therebetween 

by  r e s i l i e n t   O-ring  seal  means  1 1 8 .   Tube  receiving  ada i te r   114 

has  an  upper  inner  c y l i n d r i c a l   bore  120  within  which  is  c l o s e l y  

received  a  cy l i nd r i ca l   outer  surface  122  of  a  lower  end  of  inner  

compression  housing  102  with  a  seal  being  provided  therebe tween 

by  r e s i l i e n t   O-ring  seal  means  124. 

In  FIGS.  1E-1G,  only  a  single  outer  compression  housing  sec -  

tion  78  and  a  single  inner  compression  housing  sect ion  98  have 

been  shown.  P re fe rab ly ,   the  outer  and  inner  compression  housing 

sec t ions   78  and  98  each  have  a  length  of  approximately  ten  f e e t .  

P re fe rab ly ,   the  apparatus  10  includes  a  p l u r a l i t y   of  i n t e r c o n -  

nected  outer  compression  housing  sect ions  such  as  78,  and  a 

complimentary  p l u r a l i t y   of  interconnected  inner  compression 

housing  sect ions  98,  as  is  schematical ly  i l l u s t r a t e d   in  FIG.  3. 

The  manner  in  which  this  is  accomplished  will   be  r e a d i l y  

apparent  in  view  of  the  fact  that  the  outside  diameter  of  o u t e r  

surface  122  of  the  inner  compression  housing  102  is  the  same  as 

the  outside  diameter  of  outer  surface  110  of  lower  inner  l u b r i -  

cant  chamber  housing  72.  Thus,  a  p l u r a l i t y   of  inner  compression 

housing  sect ions  98  may  be  interconnected  merely  by  s l iding  the 



lower  end  of  each  of  the  inner  compression  housings  such  as  102 

into  the  bore  such  as  108  of  each  of  the  upper  inner  compression 

housing  adapters  such  as  100. 

S imi la r ly ,   add i t i ona l   outer  compression  housing  sec t ions   78 

may  be  threadedly  connected  together  since  the  in te rna l   t h r e a d s  

at  threaded  connection  80  of  upper  outer  compression  housing 

adapter  84.  are  complimentary  with  the  external   threads  a t  

threaded  connection  116  of  the  lower  outer  compression  housing 

adapter  92. 

The  housing  12  also  includes  a  valve  adapter  126  connected  to 

the  lower  end  of  tube  receiving  adapter  114  at  threaded  connec- 

tion  128  with  a  seal  being  provided  therebetween  by  r e s i l i e n t   O- 

ring  seal  means  130. 

A  bypass  housing  132  of  housing  12  is  connected  to  the  lower 

end  of  valve  adapter  126  at  threaded  connection  134. 

A  lower  housing  shoe  136  of  housing  12  is  connected  to  a 

lower  end  of  bypass  housing  132  at  threaded  connection  138. 

An  actuat ing  piston  means  140,  which  may  also  be  r e fe r red   to 

as  a  power  piston  means  140,  is  s l idably  disposed  within  a  bore 

142  of  spring  chamber  housing  46  of  housing  12  with  a  seal  being 

provided  therebetween  by  r e s i l i e n t   O-ring  piston  seal  144. 

In  the  embodiment  i l l u s t r a t e d   in  FIG.  1C,  the  a c t u a t i n g  

piston  140  is  i n t e g r a l l y   formed  on  the  upper  end  of  a  lower 

ac tua t ing   mandrel  146. 

The  lower  ac tua t ing   mandrel  146  has  a  cy l ind r i ca l   outer  su r -  

face  148  of  a  lower  end  thereof  closely  and  s l idably   r ece ived  



within  a  bore  150  of  air  in jec t ion   adapter  50  of  housing  12,  with 

a  pair  of  seals  being  provided  therebetween  by  r e s i l i e n t   O-ring 

seal  means  152  and  154. 

An  inner  annular  groove  156  is  disposed  in  bore  150  of  a i r  

i n j ec t ion   adapter  50  and  is  communicated  with  an  e x t e r i o r   s u r f a c e  

158  of  air  i n j ec t ion   adapter  50  by  an  oblique  port  shown  in 

dashed  l ines  and  designated  by  the  numeral  160.  The  port  160  and 

annular  groove  156  prevent  any  hydraulic  blockage  of  movement  of 

lower  actuat ing  mandrel  146  within  the  bore  150. 

An  operating  element  162,  which  may  also  be  described  as  a 

spher ica l   full  opening  ball  valve  162,  is  disposed  within  the  

housing  12  between  upper  and  lower  annular  seats  164  and  166, 

r e s p e c t i v e l y .  

Upper  seat  164  is  received  within  a  lower  inner  bore  168  of  

upper  seat  housing  18  with  a  seal  being  provided  therebetween  by 

r e s i l i e n t   O-ring  seal  means  170. 

Lower  seat  166  is  received  within  an  upper  inner  bore  172  of  

a  lower  seat  holder  174  with  a  seal  being  provided  therebe tween  

by  r e s i l i e n t   O-ring  seal  means  176.  A  single  B e l l e v i l l e   sp r ing  

178  biases  lower  seat  166  upward  r e l a t i ve   to  lower  seat  ho lde r  

174.. 

Lower  seat  holder  174  is  held  in  place  r e l a t i v e   to  upper  s e a t  

holder  118  by  a  p l u r a l i t y   of  C-clamps  (not  shown)  which  span 

grooves  180  and  182  in  upper  seat  holder  18  and  lower  s e a t  

holder  174,  r e s p e c t i v e l y .  



The  actuat ing  piston  means  140  and  the  ball  valve  162  a re  

operably  re la ted  so  that  the  ball   valve  162  is  moved  from  i t s  

f i r s t   closed  posi t ion  i l l u s t r a t e d   in  FIG.  lA,  corresponding  to  

the  f i r s t   uppermost  posi t ion  of  ac tua t ing   piston  140  r e l a t i v e   to  

housing  12  seen  in  FIG.  1C,  by  movement  of  actuat ing  piston  140 

downward  to  a  second  lower  pos i t ion   corresponding  to  a  second 

open  p o s i t i o n  o f   ball  valve  162.  This  is  accomplished  as 

f o l l o w s .  

The  actuat ing  piston  means  140  is  connected  to  an  upper 

ac tua t ing   mandrel  184  at  threaded  connection  186.  A  seal  is  p ro-  

vided  therebetween  by  O-ring  187. 

Upper  actuat ing  mandrel  184  includes  a  p l u r a l i t y   of  r a d i a l l y  

outward  d i rec ted   splines  183  which  are  in ter locked  with  a  p l u r a -  

l i t y   of  r ad ia l ly   inward  d i rec ted   sp l ines   185  of  f i r s t   housing 

adapter  38  so  as  to  permit  r e l a t i v e   l ong i tud ina l   motion  t h e r e b e -  

tween  while  preventing  r e l a t i ve   r o t a t i o n a l   motion  the rebe tween .  

Upper  actuating  mandrel  184  has  a  re ta in ing   col lar   188 

threadedly   connected  to  the  upper  end  thereof   at  threaded  connec- 

tion  190.  Retaining  co l la r   188  is  l o n g i t u d i n a l l y   located  between 

a  downward  facing  shoulder  200  of  an  ac tua t ing   sleeve  202  and  an 

upper  end  204  of  an  ac tuat ing  co l l a r   206.  The  actuat ing  c o l l a r  

206  and  actuat ing  sleeve  202  are  connected  together   at  th readed  

connection  208. 

An  upper  external   c y l i n d r i c a l   surface  210  of  upper  a c t u a t i n g  

mandrel  184  is  closely  received  within  an  inner  bore  212  of 



ac tua t ing   co l l a r   206  with  a  seal  being  provided  therebetween  by 

r e s i l i e n t   o-r ing  seal  means  214. 

An  ex te rna l   cy l i nd r i ca l   surface  216  of  actuat ing  co l la r   206 

is  c losely   and  s l idably  received  within  a  cy l i nd r i ca l   inner  s u r -  

face  218  of  ball  valve  housing  22  with  a  seal  being  p rovided  

therebetween  by  r e s i l i e n t   O-ring  s l id ing  seal  means  22.0. 

The  ac tua t ing   sleeve  202  has  a  r ad ia l ly   outer  annular  groove 

222  disposed  therein  within  which  is  received  a  r a d i a l l y   inward 

d i r ec ted   flange  224  of  a  f i r s t   ac tuat ing  arm  226. 

Actuat ing  arm  226  has  a  lug  228  which  is  received  within  an 

eccen t r i c   rad ia l   bore  230  of  spher ica l   ball  valve  162. 

A  second  actuat ing  arm  (not  shown)  is  s imi la r ly   c o n s t r u c t e d  

and  is  p e r i p h e r a l l y   spaced  from  the  f i r s t   actuat ing  arm  226,  so 

that  l o n g i t u d i n a l   movement  of  actuat ing  piston  means  140  w i t h i n  

the  housing  12  is  t ransmi t ted   through  the  lugs  such  as  228  to  the  

sphe r i ca l   ball   valve  member  162  to  rotate  the  sphe r i ca l   b a l l  

valve  member  162  from  its  closed  f i r s t   posi t ion  to  an  open  second 

pos i t ion   as  the  actuat ing  p is ton  140  moves  downward  within  t he  

housing  12  from  its  i n i t i a l   pos i t ion   shown  in  FIG.  1C. 

The  housing  12  has  an  elongated  compression  chamber  232 

defined  the re in .   Housing  12  also  has  a  f i l l   passage  means  234 

disposed  therethrough  for  placing  the  compression  chamber  232  in  

open  flow  f luid  communication  with  a  well  annulus  236  (see  FIG. 

3)  e x t e r i o r   of  the  housing  12  so  that  well  f luid  may  flow  i n t o  

the  compression  chamber  232  as  the  apparatus  10  is  lowered  into  a 

well  such  as  the  one  defined  by  casing  238  in  FIG.  3. 



By  the  term  "open  flow  fluid  communication"  as  used  h e r e i n ,  

it  is  meant  that  f luid  can  ac tual ly   flow  from  one  of  the  two 

des ignated   points  to  the  other.   This  is  to  be  d i s t i ngu i shed   from 

the  broader,  more  general  terms  such  as  "f luid  communication"  or 

" f lu id   pressure  communication"  used  elsewhere  herein  which  only 

requ i re   that  fluid  pressure  can  be  t r ansmi t ted   between  the  two 

des ignated   points,   but  do  not  require  that  it  be  poss ib le   f o r  

f lu id   to  actual ly   flow  between  the  two  designated  p o i n t s .  

An  i so l a t ion   valve  means  240  is  defined  on  a  valve  sleeve  242 

and  provides  a  means  for  s e l e c t i v e l y   closing  the  f i l l   passage 

means  234  and  for  thereby  trapping  well  f luid  within  the 

compression  chamber  232. 

The  compression  chamber  232  includes  a  main  compression 

chamber  portion  244  defined  between  the  outer  compression  housing 

sec t ions   78  and  the  inner  compression  housing  sec t ions   98. 

When  a  p l u r a l i t y   of  outer  compression  housing  sec t ions   78  and 

a  p l u r a l i t y   of  inner  compression  housing  sect ions   98  are  u t i l i z e d  

as  i l l u s t r a t e d   in  FIG.  3,  the  main  compression  chamber  p o r t i o n  

244  includes  the  annular  space  defined  between  all  of  the  ou t e r  

compression  housing  sec t ions   78  and  all  of  the  inner  compression 

housing  sect ions  98.  It  will  be  apprecia ted   in  viewing  FIGS. 

lE-lG  that  the  main  compression  chamber  portion  244  can  be 

descr ibed  as  a  d i ame t r i ca l l y   i r r egu la r   annular  space  244  l o c a t e d  

between  the  p l u r a l i t y   of  in terconnected  tubular   outer  housing 

sec t ions   78  and  the  p l u r a l i t y   of  in terconnected   tubular   inner  

housing  sections  98. 



Compression  chamber  232  extends  from  the  main  compression 

chamber  portion  244  upward  through  annular  spaces  246,  248,  and 

250  to  a  lubr icant   chamber  252.  Lubricant  chamber  252  is  com- 

municated  through  a  p l u r a l i t y   of  longi tudinal   passageways  such  as 

254  disposed  l ong i t ud ina l l y   through  air  in jec t ion   adapter   50  wi th  

an  annular  spring  chamber  25B. 

A  coil  compression  spring  258  is  disposed  in  spring  chamber 

256. 

An  annular  f loa t ing   piston  260  is  disposed  in  l u b r i c a n t  

chamber  252  and  has  a  p l u r a l i t y   of  rad ia l ly   inner  seals   262  and 

264  which  seal  against   upper  inner  lubricant   chamber  housing  60, 

and  a  p l u r a l i t y   of  outer  seals  266  and  268  which  seal  a g a i n s t  

outer  lubr ican t   chamber  housing  56. 

The  purpose  of  annular  f loa t ing   piston  260  is  to  permit  

spring  chamber  256  to  be  f i l l e d   with  a  non-corros ive   f luid  such 

as  l u b r i c a t i n g   oil  to  p ro tec t   the  coil  spring  258.  The  l u b r i -  

cat ing  chamber  252  is  f i l l e d   with  lubr ica t ing   oil  above  annula r  

p is ton  260,  and  will  be  f i l l e d   with  well  f luid  and/or  p o s s i b l y  

some  entrapped  air  below  the  annular  piston  260. 

In  the  event  that  the  coil  compression  spring  258  is  e l i m i -  

nated  or  is  constructed  in  such  a  manner  that  it  can  w i ths t and  

the  environment  of  the  p a r t i c u l a r   well  fluid  involved,   the  annu- 

lar  f loa t ing   piston  260  may  be  e l i m i n a t e d .  

The  compression  chamber  232  also  extends  downward  from  main 

compression  chamber  244  through  a  p l u r a l i t y   of  l o n g i t u d i n a l  



passageways  270  disposed  through  tube  receiving  adapter  114  to  an 

annular   cavity  272  defined  between  valve  sleeve  242  and  va lve  

adapter   126. 

The  ac tua t ing   piston  means  140  is  a  d i f f e r e n t i a l   area  p i s t o n  

means  140  having  its  lower  side  274  communicated  with  compress ion  

chamber  232.  Lower  side  274  may  also  be  referred  to  as  a  f i r s t  

side  or  as  a  low  pressure  side  of  actuating  piston  means  14Q. 

Housing  12  has  a  power  passage  means  276  d i sposed  

there th rough   for  communicating  the  well  annulus  236  e x t e r i o r   of 

the  housing  12  with  an  upper  side  278  of  actuating  pis ton  means 

140.  The  upper  side  278  of  actuating  piston  means  140  may  a l s o  

be  r e f e r r ed   to  as  a  second  side  or  a  high  pressure  side  of 

ac tua t ing   piston  means  140. 

The  power  passage  means  278  includes  a  power  port  280  and  an 

annular   cavi ty  282  defined  between  upper  actuating  mandrel  184 

and  spring  chamber  housing  46. 

The  ac tua t ing   piston  means  140  will  move  downward  r e l a t i v e   t o  

housing  12  from  its  f i r s t   posi t ion  shown  in  FIG.  1C  in  r e sponse  

to  inc reases   in  pressure  in  well  annulus  236  r e l a t i ve   to  p r e s s u r e  

within  compression  chamber  232  as  is  further   described  below. 

The  coil  spring  258  previously  mentioned  can  genera l ly   be 

descr ibed   as  a  r e s i l i e n t   mechanical  spring  biasing  means  258  f o r  

b ias ing  the  actuat ing  piston  means  140  from  its  lower  second 

p o s i t i o n   back  toward  its  upper  f i r s t   posit ion  shown  in  FIG.  1C. 

The  coil   compression  spring  258  is  disposed  within  sp r ing  

chamber  port ion  256  of  compression  chamber  232  between  the  lower 



side  274  of  ac tuat ing  piston  means  140  and  an  upper  end  284  of  

air  i n j ec t ion   adapter  50. 

As  is  fur ther   explained  below  with  regard  to  the  manner  of 

opera t ion   of  the  present   invention,   it  is  sometimes  des i rab le   to  

i n j ec t   a  compressed  gas  into  the  compression  chamber  23-2. 

This  is  accomplished  through  an  air  i n j ec t i on   passage  means 

286  disposed  through  the  housing  12  and  best  seen  in  FIG.  2 .  

FIG.  2  is  a  sect ion  view  taken  along  line  2-2  of  FIG.  1D  and 

it  i l l u s t r a t e s   the  manner  in  which  the  air  i n j e c t i o n   passage 

means  286  is  communicated  with  longi tudinal   passageway  254  of 

compression  chamber  232.  FIG.  2  has  been  ro ta ted   90°  c lockwise  

from  the  manner  in  which  it  would  normally  be  shown  in  a  s e c t i o n  

of  FIG.  1D,  in  order  to  more  easily  f i t   the  same  on  the  sheet  of 

d rawings .  

Air  in jec t ion   passage  means  286  includes  a  threaded  i n l e t  

288,  which  is  shown  in  FIG.  2  as  being  temporar i ly   closed  by  a 

threaded  plug  290. 

As  shown  in  FIG.  3,  when  it  is  desired  to  i n j ec t   compressed 

air  into  the  compression  passage  232,  an  air   line  292  from  a 

source  of  rig  air  294  is  connected  to  threaded  i n l e t   288  so  as  to  

communicate  the  source  of  rig  air  294  with  the  air  i n j e c t i o n  

passage  means  286. 

A  needle  valve  296  is  disposed  in  a  valve  c a r r i e r   body  298 

which  i t s e l f   is  threadedly  engaged  at  300  with  a  threaded  bore 

302  of  air  in jec t ion   adapter  50. 



In  FIG.  2,  the  needle  valve  296  is  shown  in  a  closed  p o s i t i o n  

where  it  sea l ing ly   engages  a  short  portion  304  of  air  i n j e c t i o n  

passage  means  286. 

To  open  the  air  i n j ec t ion   passage  means  286  in  order  to  pe r -  

mit  air  to  flow  from  the  source  of  rig  air  294  into  the 

compression  passage  232,  the  valve  ca r r i e r   body  298  is  r o t a t e d  

through  use  of  a  wrench  inser ted   in  socket  306  thereof  so  as  Lo 

back  off  the  threaded  connection  300  and  move  needle  valve  296 

out  of  engagement  with  the  short  portion  304  of  air  i n j e c t i o n  

passage  means  286.  The  manner  of  use  of  air  i n j ec t ion   passage 

means  286  is  fur ther   described  below  in  the  sect ion  headed 

"Second  Mode  Of  Operation  of  The  Embodiment  Of  FIGS.  IA-IH". 

The  housing  12  has  a  cent ra l   flow  passage  308  d isposed  

the re th rough .   The  ball  valve  member  162  is  disposed  within  the 

flow  passage  308  and,  when  in  its  closed  posi t ion  as  i l l u s t r a t e d  

in  FIG.  lA,  closes  flow  passage  308  to  prevent  f luid  flow 

t h e r e t h r o u g h ,   and  when  in  i ts  second  open  pos i t ion ,   has  its  b a l l  

valve  bore  310  aligned  with  flow  passage  308  to  allow  f luid  flow 

through  the  flow  passage  308. 

The  housing  12  has  a  bypass  passage  means  312  (see  FIG.  1G) 

disposed  there through  for  communicating  the  flow  passage  308  of 

housing  12  with  the  well  annulus  236  ex te r io r   of  the  housing  1.2. 

The  valve  sleeve  242  includes  a  bypass  valve  portion  314  f o r  

s e l e c t i v e l y   closing  the  bypass  passage  means  312. 

The  bypass  passage  means  312  includes  a  bypass  port  316 

disposed  r ad i a l l y   through  bypass  housing  132,  an  annular  c av i t y  



318  def ined  between  valve  sleeve  242  and  bypass  housing  132,  and 

a  bypass  valve  port  320  disposed  through  valve  sleeve  242. 

The  valve  sleeve  242  has  an  upper  cy l i nd r i ca l   outer  s u r f a c e  

322  which  is  closely  and  s l i d ing ly   received  within  a  lower  i n n e r  

bore  324  of  tube  receiving  adapter  114  and  a  bore  326  of  va lve  

adapter   126. 

An  0- r ing   seal  328  is  disposed  in  a  complimentary  groove  of  

bore  324  and  provides  a  s l id ing   seal  between  valve  mandrel  242 

and  bore  324  above  the  annular  cavity  272. 

An  O-ring  seal  330  is  disposed  within  a  complimentary  groove 

in  bore  326  of  valve  adapter  126  and  provides  a  s l id ing   seal  be- 

tween  valve  mandrel  242  and  bore  326  below  annular  cavity  272. 

A  pair   of  O-ring  seals  332  and  334  are  disposed  in  complimen- 

tary  grooves  in  a  lower  port ion  of  bore  326  of  valve  adapter  126 

jus t   above  a  lower  end  t h e r e o f .  

The  valve  mandrel  242  fu r the r   includes  a  lower  enlarged  o u t e r  

diameter   cy l ind r i ca l   surface  336  which  is  c losely  s l i d a b l y  

rece ived   within  a  reduced  inner  diameter  bore  338  of  bypass 

housing  132  with  a  s l iding  seal  being  provided  therebetween  by 

r e s i l i e n t   O-ring  seal  means  340.  Cyl indr ica l   outer  surface  336 

is  also  closely  s l id ingly   received  within  a  bore  342  of  lower 

housing  shoe  136  with  a  s l id ing  seal  being  provided  t he rebe tween  

by  r e s i l i e n t   O-ring  seal  means  344. 

A  metering  chamber  346  is  defined  between  c y l i n d r i c a l   o u t e r  

surface   336  on  the  inside  and  bypass  housing  132  and  lower 



housing  shoe  136  on  the  outs ide,   with  its  upper  and  lower  e x t r e -  

mit ies   being  defined  by  seals  340  and  344,  r e s p e c t i v e l y .  

A  metering  piston  348  is  disposed  on  valve  mandrel  242  and  i s  

c losely  s l i d i n g l y   received  within  an  inner  bore  350  of  bypass 

housing  132  with  a  seal  being  provided  therebetween  by  r e s i l i e n t  

o-ring  piston  seal  352. 

The  metering  piston  348  divides  metering  chamber  346  into  an 

upper  port ion  354  and  a  lower  portion  356. 

Metering  chamber  346  is  f i l l e d   with  a  su i tab le   f luid  such  as 

oil .   Metering  piston  348  has  a  fluid  flow  r e s t r i c t i n g   o r i f i c e  

358  disposed  therethrough  communicating  upper  and  lower  p o r t i o n s  

354  and  356  of  metering  chamber  346. 

The  metering  piston  348  with  its  o r i f i ce   358  t h e r e t h r o u g h  

impedes  movement  of  valve  mandrel  242  r e l a t i ve   to  housing  12. 

For  valve  mandrel  242  to  move  r e l a t i ve   to  housing  12,  the  

metering  f luid  contained  in  metering  chamber  346  must  flow 

through  o r i f i c e   358  between  upper  and  lower  metering  chamber  po r -  

t ions  354  and  356. 

The  metering  piston  348  and  associated  s t ruc tu re   are  shown 

only  in  a  schematic  fashion  in  FIGS.  1G  and  1H. 

The  lower  end  of  valve  mandrel  242  has  a  lower  adapter  360 

connected  there to   at  threaded  connection  362  with  a  seal  being 

provided  therebetween  r e s i l i e n t   0-ring  seal  means  364. 

As  previous ly   mentioned,  the  valve  mandrel  242  has  the  bypass 

valve  port  320  disposed  therethrough.   Valve  mandrel  242  also  has 



an  i so la t ion   port  366  disposed  therethrough  communicating  the  

flow  passage  308  with  annular  cavity  272  of  compression  chamber 

232.  The  i so la t ion   port  232  may  also  be  considered  to  be  a  po r -  

tion  of  the  f i l l   passage  means  234. 

The  valve  mandrel  242  is  shown  in  FIGS.  1G-1H  in  the  p o s i t i o n  

which  it  is  in  when  apparatus  10  is  run  into  a  well.  The  i s o l a -  

tion  port  366  is  located  below  seal  328  and  provides  open  com- 

munication  between  the  flow  passage  308  and  the  compression 

chamber  232. 

Also,  the  bypass  valve  port  320  is  located  below  seal  334  and 

provides  open  communication  between  flow  passage  308  and  annu la r  

cavity  318  and  bypass  port  316. 

After  the  apparatus  10  is  lowered  to  its  desired  l o c a t i o n  

within  a  well,  weight  is  set  down  on  the  apparatus  10  to  set  a 

packer  means  368  (see  FIG.  3)  located  therebelow,  and  to  c l o s e  

the  i so la t ion   valve  means  240  and  the  bypass  valve  means  314. 

When  weight  is  set  down  on  the  apparatus  10  for  a  s u f f i c i e n t  

period  of  time  determined  by  the  cons t ruc t ion   of  the  me te r ing  

pis ton  348  and  its  o r i f i ce   358,  the  housing  12  moves  l o n g i t u d i -  

nally  downward  r e l a t ive   to  valve  mandrel  242  unt i l   an  upper  end 

370  of  lower  adapter  360  abuts  a  lower  end  372  of  lower  housing 

shoe  136.  When  the  ends  370  and  372  abut,  the  valve  mandrel  242 

is  in  a  posi t ion  r e l a t i ve   to  housing  12  such  that  i s o l a t i o n   p o r t  

366  is  located  above  seal  328  and  bypass  v a l v e  p o r t   320  i s  

located  above  seal  334, 



Thus,  the  i so la t ion   valve  means  240  and  the  bypass  va lve  

means  314  are  opera t ive ly   associa ted   so  that  they  are  both  open 

it  the  same  time  and  are  both  closed  at  the  same  time. 

The  f i l l   passage  means  234  can  be  further  described  as 

including  a  f i r s t   portion  376  which  is  coincident  with  a  p o r t i o n  

of  flow  passage  308. 

Fi l l   passage  means  234  fu r the r   includes  s e c o n d   portion  378 

which  is  coincident   with  bypass  passage  means  312  and  thus  com- 

municates  flow  passage  308  with  the  well  annulus  236. 

The  i so l a t i on   valve  means  240  can  be  described  as  being 

Located  between  the  compression  chamber  232  and  f i r s t   portion  376 

of  f i l l   passage  means  234,  and  the  bypass  valve  means  314  may  be 

described  as  being  located  between  the  f i r s t   and  second  p o r t i o n s  

876  and  378  of  f i l l   passage  means  23.4. 

The  apparatus  10  is  const ructed  so  that  the  compression 

chamber  232  has  a  total   volume  s u f f i c i e n t l y   large  that  an  equal  

zolume  of  water  containing  no  absorbed  gases  would  have  a  volume 

decrease  when  subjected  to  a  pressure  increase  equivalent  to  a 

predetermined  operating  pressure  of  the  actuating  piston  means 

140,  at  least   as  great  as  the  decrease  in  volume  of  the  

compression  chamber  232  when  the  actuat ing  piston  means  140  i s  

noved  between  its  f i r s t   and  second  posi t ions   re la t ive   to  the  

nousing  12. 

The  majori ty  of  this  volume  of  the  compression  chamber  232  i s  

jefined  within  the  main  compression  chamber  portion  244  l o c a t e d  



between  the  outer  compression  housing  sect ions  78  and  the  inner  

compression  housing  sect ions  98. 

The  actual  total   volume  required  for  the  compression  chamber 

230  will  depend  upon  a  number  of  parameters .  

F i r s t ,   the  volume  change  which  the  compression  chamber  232 

must  undergo  when  it  is  compressed,  is  equal  to  the  d i sp lacement  

of  ac tuat ing  piston  means  140  as  at  moves  from  i ts   f i r s t   upper 

pos i t i on   i l l u s t r a t e d   in  FIG.  1C  to  a  lower  second  p o s i t i o n  

corresponding  to  an  open  pos i t ion   of  ball  valve  member  162.  This 

displacement   is  equal  to  the  annular  area  of  acuta t ing  piston  140 

defined  between  seals  144  and  152,  mul t ip l ied   by  the  l o n g i t u d i n a l  

displacement   of  actuat ing  piston  means  140  as  it  moves  downward 

between  its  f i r s t   and  second  p o s i t i o n s .  

The  required  to ta l   volume  for  compression  chamber  232  to  

accommodate  that  displacement  of  actuating  piston  means  140 

depends  upon  a  number  of  parameters. .  

F i r s t ,   it  is  dependent  upon  the  p a r t i c u l a r   well  f luid  which 

will   be  involved,  and  p a r t i c u l a r l y   it  is  dependent  upon  the 

c o m p r e s s i b i l i t y   factor  of  that  well  f luid.   General ly,   the  well 

f lu id   involved  will  be  d r i l l i n g   mud,  which  normally  has  a 

c o m p r e s s i b i l i t y   factor  at  leas t   as  great  as  that  of  water  which 

has  no  absorbed  gases  contained  t h e r e i n .  

Thus,  the  compression  chamber  232  of  the  apparatus  10  of  the 

present   invention  is  designed  based  on  the  assumption  that  the 

well  f luid  will  have  a  compres s ib i l i t y   factor  equal  to  that  of 

water  with  no  absorbed  gases  under  the  appropriate   c o n d i t i o n s .  



Those  appropr ia te   condit ions  which  also  must  be  taken  i n t o  

c o n s i d e r a t i o n   include  the  operat ing  temperature  of  the  well  a t  

the  p a r t i c u l a r   depth  involved,  the  hydros ta t ic   pressure  w i t h i n  

. the  well  annulus  236  at  the  depth  at  which  it  is  desired  to  

operate  the  apparatus  10,  and  the  operating  pressure  which  p e r -  

miss ib ly   can  be  applied  across  the  actuat ing  piston  means  140. 

The  opera t ing   temperature  and  the  hydros ta t ic   pressure  are  of 

course  determined  by  the  p a r t i c u l a r   location  in  the  well  where  i t  

is  necessary  to  u t i l i z e   the  apparatus  10,  and  thus  they  are  f ixed  

parameters   in  a  given  well  s i t u a t i o n .  

The  opera t ing   pressure  which  can  permissibly  be  app l i ed  

across  ac tua t ing   piston  means  140  depends  upon  the  maximum 

pressure   increase   which  permiss ib ly   can  be  applied  to  the  well  

annulus  236. 

It  is  contemplated  with  the  apparatus  10  of  the  p r e s e n t  

invent ion  that  it  will  normally  be  designed  for  an  o p e r a t i n g  

pressure   in  the  range  of  about  1500  to  2000  psi  (10.3  t o  

13.8  MPa).  That  is,  the  well  annulus  236  will  be  p ressur ized   to  

a  p ressure   1500  to  2000  psi  (10.3  to  13.8  MPa)  greater  than  t he  

h y d r o s t a t i c   pressure   normally  present   within  the  annulus .  

This  pe rmiss ib le   operating  pressure  is  based  upon  the 

s t r eng th   of  the  well  casing  and  the  tubular  members  connected  to 

the  tubing  s t r ing   lowered  into  the  well  casing.  It  must  be  s u f -  

f i c i e n t l y   low  that  it  does  not  rupture  the  well  casing  or 

co l lapse   the  tubular   members  immersed  within  the  well .  



Thus,  given  the  desired  ooerating  pressure  of  1500  to  2000 psi  

(10.3  to  13.8  MPa)  which  will  be  applied  downwardly  a c r o s s  

the  ac tua t ing   piston  140,  and  given  the  c o m p r e s s i b i l i t y   f a c t o r  

for  water  with  no  absorbed  gases  at  the  opera t ing   t e m p e r a t u r e  

and  i n i t i a l   hyd ros t a t i c   pressure  of  the  well  annulus  236,  t h e  

required  volume  of  compression  chamber  232  can  be  c a l c u l a t e d .  

As  an  example  of  the  appropr ia te   volume  of  compression 

chamber  232  for  a  given  displacement  of  ac tuat ing  piston  means 

140,  one  p a r t i c u l a r   design  for  the  apparatus  10  involves  an 

ac tua t ing   piston  displacement  of  14.68  cubic  inches  (0 .23   dm') 

when  the  a c tua t ing   piston  moves  between  i t s   f i r s t   and  second 

pos i t i ons .   For  that  displacement,   the  compression  chamber  232  must 

have  a  volume  of  at  least   approximately  8,500  cubic  inches  (136  d m 3  

With  that  p a r t i c u l a r   ra t io   of  displacement  to  compression 

chamber  volume,  the  apparatus  10  can  operate  in  most  commonly 

encountered  well  environments .  

In  actual   p r ac t i ce ,   the  provision  of  a  compression  chamber 

having  a  volume  determined  as  described  above,  will  provide  a 

s i g n i f i c a n t   margin  of  safety.   This  is  because  the  chamber  232 

will  always  contain  some  amount  of  air  which  is  trapped  t h e r e i n  

during  assembly  of  the  apparatus  10,  and  a d d i t i o n a l l y ,   the  

d r i l l i n g   mud  normally  used  as  well  f luid  will  have  a  s i g n i f i c a n t  

amount  of  gas  there in .   Both  of  these  sources  of  trapped  gas  p r o -  

vide  add i t i ona l   compres s ib i l i t y   of  the  to ta l   volume  of  f l u i d  

which  is  contained  within  the  compression  chamber  232. 



Firs t   Mode  of  Operation  Of  The  Embodiment  Of  FIGS.  lA-lH 

A  f i r s t   mode  of  operat ion  of  the  embodiment  of  apparatus  10 

shown  in  FIGS.  1A-1H  will  now  be  described.   In  this  f i r s t   mode 

of  opera t ion,   no  pressur ized   gas  is  provided  in  the  compression 

chamber  232,  and  during  the  operation  of  the  apparatus  10,  the 

apparatus  10  r e l i e s   upon  the  compress ib i l i t y   of  trapped  we l l  

fluid  within  the  compression  chamber  232  as  the  primary  source  of 

fluid  c o m p r e s s i b i l i t y   to  provide  a  compressible  fluid  s p r i n g .  

The  apparatus  10  is  assembled  and  i n i t i a l l y   oriented  in  the  

manner  shown  in  FIGS.  1A-1H. 

During  the  i n i t i a l   assembly  of  apparatus  10,  the  compression 

chamber  232  is  communicated  with  the  surrounding  ambient  air  a t  

the  surface  388  of  the  well  through  the  f i l l   passage  means  234, 

and  thus  the  compression  chamber  232  will  i n i t i a l l y   be  f i l l e d  

with  air  at  the  atmospheric  pressure  and  ambient  temperature  p r e -  

vai l ing  at  the  surface  location  388  of  the  we l l .  

The  upper  adapter  14  of  housing  12  is  threadedly  connected  to  

a  tubing  s t r ing   380  as  shown  in  FIG.  3. 

The  lower  adapter  360  is  threadedly  connected  to  a  packer  

housing  382  of  the  packer  means  368. 

A  per fora ted   t a i l   pipe  384  is  connected  to  the  lower  end  of 

the  packer  housing  382.. 

The  tubing  s t r ing  380  with  the  apparatus  10  and  other  appara-  

tus  just   described  attached  as  shown  in  FIG.  3  is  lowered  i n t o  

the  well  defined  by  well  casing  238. 



It  is  noted  that  FIG.  3  i l l u s t r a t e s   the  apparatus  10  con- 

nected  to  the  tubing  s t r ing   380,  after  the  apparatus  10  has  been 

p a r t i a l l y   lowered  into  the  well  defined  by  well  casing  238. 

Those  port ions  of  FIG.  3  near  the  upper  end  thereof  r e l a t ing   to  

the  rig  air  source  294  and  rig  air  supply  line  292  are  not  u t i -  

l ized  in  this  f i r s t   mode  of  operation  of  the  apparatus  10,  and 

thus  they may  be  ignored  for  the  purposes  of  the  present   d e s c r i p -  

tion  of  this  f i r s t   mode  of  o p e r a t i o n .  

The  apparatus  10  is  lowered  on  the  tubing  s t r ing  380  into  the  

well  238  to  a  desired  loca t ion .   Normally  this  loca t ion   will  be 

such  that  the  packer  means  368  is  located  immediately  above  a 

subsurface  formation  (not  shown)  in tersec t ing   the  well  238,  so 

that  the  packer  368  may  be  set  to  allow  the  subsurface  fo rmat ion  

to  be  tested  through  the  tubing  string  380  or  to  allow  t r e a t m e n t  

f lu ids   to  be  pumped  down  the  tubing  string  380  into  the  subsu r -  

face  formation  located  immediately  below  the  packer  means  368. 

As  the  apparatus  10  is  lowered  on  the  tubing  s t r ing   380  i n t o  

the  well,  open  flow  f luid  communication  is  provided  through  f i l l  

passage  means  234  between  the  compression  chamber  232  and  the  

well  annulus  236.  Thus,  well  fluid  flows  from  the  well  annulus  

236  through  the  f i l l   passage  means  234  into  the  compression 

chamber  232  as  the  apparatus  10  is  lowered  into  the  w e l l .  

During  this  lowering  process,   the  pressure  of  the  well  f l u i d  

at  a  given  e levat ion  within  the  compression  chamber  232  will  be 

s u b s t a n t i a l l y   equal  to  the  hydros ta t ic   pressure  of  well  f luid  in 

well  annulus  236  at  that  same  e l e v a t i o n .  



The  well  f luid  entering  compression  chamber  232  will  c o n t a c t  

the  air  already  present  in  compression  chamber  232  at  an  a i r - w e l l  

fluid  in t e r face   386.  As  wel l -a i r   fluid  interface  386  moves 

upward  through  the  compression  chamber  232  as  the  apparatus  10  i s  

lowered  deeper  into  the  well  238,  the  air  i n i t i a l l y   p r e s e n t  

within  the  compression  chamber  232  will  be  compressed  into  a 

r e l a t i v e l y   small  volume  located  above  a ir-well   fluid  i n t e r f a c e  

386. 

As  the  a i r -we l l   fluid  in ter face   386  moves  upward  through  the  

main  compression  chamber  portion  244,  which  may  also  be  r e f e r r e d  

to  as  a  d i a m e t r i c a l l y   i r regu la r   annular  space  244,  the  a i r - w e l l  

fluid  i n t e r f ace   386  moves  past  a  number  of  upset  diameters  on 

both  the  inner  surfaces  of  the  outer  compression  housing  s e c t i o n s  

78  and  the  outer  surfaces  of  the  inner  compression  housing  s e c -  

t ions  98. 

The  pressure   of  the  air  trapped  within  compression  chamber 

232  above  the  a i r -we l l   fluid  in ter face   386  will  be  equal  to  the  

hydros ta t i c   pressure  of  the  well  fluid  within  well  annulus  236  a t  

the  e leva t ion   of  the  a i r -wel l   fluid  in ter face   386. 

Since  there  is  only  a  r e l a t i v e l y   small  mass  of  air  t r apped  

within  the  compression  chamber  232,  which  is  equal  to  the  mass  of 

air  required  to  f i l l   the  chamber  232  at  atmospheric  pressure  and 

ambient  temperature ,   that  air  will  be  compressed  to  a  n e g l i g i b l e ,  

very  small  volume  when  the  apparatus  10  is  located  at  conven- 

t ional   depths  on  the  order  of  many  thousands  or  perhaps  tens  of 



thousands  of  feet  within  a  well,  and  thus  the  compression  chamber 

232  is  usual ly   s u b s t a n t i a l l y   completely  f i l led  with  well  f luid  by 

the  time  the  apparatus  10  has  been  completely  lowered  to  i t s  

desired  f ina l   locat ion  within  the  well  238. 

Once  the  apparatus  10  is  at  its  desired  locat ion  within  t h e  

well  238,  the  tubing  s tr ing  380  is  manipulated  to  set  the  packe r  

means  368  so  that  it  seals  against   the  casing  238  thus  anchor ing  

the  tubing  s t r ing   380  and  the  apparatus  10  r e l a t ive   to  the  c a s i n g  

238.  A  p re fe r red   tool  for  use  as  the  packer  means  368  is  a 

packer  made  by  Hal l ibur ton  Services  Division  of  H a l l i b u r t o n  

Company,  the  assignee  of  the  present  invention,  and  r e f e r r ed   t o  

as  a  "Re t r ievab le   Test -Treat-Squeeze  Packer"  as  shown  at  pages  

4014-4015  of  Hal l ibur ton  Services  Sales  and  Service  Catalog,   No. 

41.  This  p a r t i c u l a r   packer  is  set  by  sett ing  down  weight  on  the  

packer  and  applying  r ight-hand  torque  to  the  tool  s t r ing   380. 

As  part  of  this  manipulat ion,   or  t h e r e a f t e r ,   weight  i s  

slacked  off  on  tubing  s t r ing  380  for  a  su f f i c i en t   period  of  t ime 

to  allow  the  housing  12  to  move  downward  r e l a t i v e   to  va lve  

mandrel  242  thus  closing  the  bypass  passage  means  312  and  a l s o  

closing  the  f i l l   passage  means  234  thus  trapping  well  f l u i d  

within  the  compression  chamber  232. 

This  trapped  well  f luid  will  i n i t i a l l y   be  at  a  pressure   equa l  

to  the  h y d r o s t a t i c   pressure  within  the  well  annulus  236  at  t he  

same  e l e v a t i o n   at  the  time  the  fluid  was  t rapped ,  

Then,  f luid  pressure  is  increased  within  the  well  annulus  232 

by  a  pump  (not  shown)  located  at  the  surface  and  communicated 



with  the  annulus  236  in  a  manner  well  known  to  those  ski l led   in 

the  ar t .   This  increased  well  annulus  pressure  is  communicated 

through  the  power  port  280  of  power  passage  means  276  to  the 

upper  side  278  of  actuat ing  piston  means  140,  thus  creat ing  a 

downward  pressure  d i f f e r e n t i a l   across  actuat ing  piston  means  140. 

As  previous ly   mentioned,  it  is  contemplated  that  the  appara-  

tus  10  will  t yp i ca l l y   be  designed  for  an  operating  pressure  in 

the  range  of  approximately  1500  to  2000  psi  (10.3  to  13.8  MPa). 

This  downward  pressure  d i f f e r e n t i a l   of  approximately  1500  t o  

2000  psi  causes  the  actuat ing  piston  means  140  to  move  downward 

r e l a t i v e   to  housing  12,  thus  moving  the  ball  valve  member  162  t o  

its  open  pos i t ion  and  allowing  fluid  to  flow  from  the  subsur face  

formation  upward  through  the  perforated  t a i l   pipe  384,  the 

cent ra l   bore  (not  shown)  of  packer  housing  382,  the  flow  passage 

308  of  apparatus  10,  and  the  tubing  bore  (not  shown)  of  tubing 

s t r ing  380. 

As  the  ac tuat ing  piston  means  140  moves  downward  r e l a t ive   to  

housing  12,  the  well  fluid  trapped  within  compression  chamber  232 

is  compressed  and  a  volume  thereof  is  dec reased .  

In  those  s i t u a t i o n s   where  the  compression  chamber  232  i s  

s u b s t a n t i a l l y   completely  f i l l ed   with  well  f lu id ,   a  f i r s t   amount 

by  which  the  volume  of  the  trapped  well  f luid  is  decreased  i s  

approximately  equal  to  a  second  amount  by  'which  the  ent i re   volume 

of  the  compression  chamber  232  is  decreased.  This  second  amount 

is  of  course  equal  to  the  displacement  of  the  actuating  p i s t o n  

means  140. 



When  u t i l i z i n g   the  apparatus  10  in  the  manner  just  descr ibed  

wherein  the  only  gas  o r ig ina l ly   present  in  the  compression 

chamber  232  is  air  at  atmospheric  pressure  and  temperature,   and 

when  using  the  apparatus  at  typical  depths  within  a  well,  the 

mass  of  air  present   within  the  compression  chamber  232  is  so 

small  that  it  con t r ibu tes   very  l i t t l e   to  the  volume  compression 

required   to  accommodate  the  displacement  of  actuat ing  p i s t o n  1 4 0 .  

That  is,  the  volume  change  which  occurs  within  the  compression 

chamber  232  must  pr imar i ly   be  accounted  for  by  a  decrease  in 

volume  in  the  well  f luid  contained  within  compression  chamber 

232,  and  only  a  r e l a t i v e l y   small  amount  of  that  volume  decrease  

is  accommodated  by  compression  of  the  air  which  might  be  t rapped 

in  the  compression  chamber  232.  This  is  because  the  amount  of 

air  is  so  small  that  it  has  already  been  compressed  to  a  very 

small  volume  as  the  apparatus  10  is  lowered  into  the  w e l l .  

Thus,  it  can  general ly   be  stated  that  when  the  apparatus  10 

is  operated  in  its  normal  manner  just  described  above,  and  when 

the  ac tua t ing   piston  means  140  moves  between  its  f i r s t   and  second 

p o s i t i o n s ,   the  volume  of  the  well  fluid  trapped  within  the  

compression  chamber  232  changes  by  an  amount  g rea te r   than  one- 

half  of  the  amount  by  which  the  total  volume  of  the  compression 

chamber  changes.  Thus,  the  apparatus  10,  when  used  in  the  manner 

jus t   descr ibed ,   r e l i e s   primari ly  upon  the  compres s ib i l i t y   of  the 

well  f luid  to  accommodate  the  displacement  of  the  a c t u a t i n g  

pis ton  140.  A  majori ty   of  the  total  amount  of  f luid  p r e s su re  



energy  which  is  stored  within  the  various  fluids  trapped  in  the 

compression  chamber  is  thus  stored  by  compression  of  the  t r apped  

well  f l u i d .  

After  the  well  tes t ing  procedure  or  well  treatment  p rocedure  

is  completed,  the  increased  well  pressure  previously  applied  to  

well  annulus  236  is  released  so  that  the  well  annulus  236  r e t u r n s  

to  hyd ros t a t i c   pressure.   This  e l iminates   the  downward  p r e s s u r e  

d i f f e r e n t i a l   across  actuat ing  piston  means  140,  and  the  t r apped  

f l u i d s ,   p a r t i c u l a r l y   the  trapped  well  f lu id ,   within  compression 

chamber  232  expand  thus  forcing  the  actuat ing  piston  140  back  up 

to  i ts  i n i t i a l   pos i t ion  as  shown  in  FIG.  1C  corresponding  to  the  

closed  pos i t ion   of  ball  valve  means  140  as  seen  in  FIG.  lA. 

This  upward  movement  of  actuat ing  piston  means  140  is  a ided 

by  the  coil  compression  spring  258.  Preferably,   the  c o i l  

compression  spring  258  is  s u f f i c i e n t l y   sized  so  that  in  most 

s i t u a t i o n s   it  could  return  the  actuat ing  piston  means  140  to  i t s  

f i r s t   pos i t ion   thus  closing  the  ball  valve  162  even  in  the  

absence  of  the  upward  force  from  the  compressed  fluid  w i t h i n  

compression  chamber  232. 

Then,  through  appropria te   manipulation  of  the  tubing  380,  the  

packer  means  368  is  released  from  its  engagement  with  the  wel l  

casing  238  and  the  apparatus  10  may  be  removed  from  the  well  or  

moved  to  another  locat ion  within  the  w e l l .  

Also,  during  this  manipulation  of  the  tubing  string  380,  the  

housing  12  of  apparatus  10  is  returned  to  its  upward  p o s i t i o n  



r e l a t i v e   to  valve  mandrel  242  so  that  the  f i l l   passage  means  234 

and  bypass  passage  means  312  are  both  again  opened. 

Second  Mode  Of  Operation  Of  The  Embodiment  Of  FIGS.  1A-1H 

There  is  also  an  a l t e r n a t i v e   manner  in  which  the  apparatus  10 

of  FIGS.  lA-lH  may  be  u t i l i z e d   when  it  is  desired  to  lower  the  

operat ing  pressure   which  must  be  applied  to  the  well  annulus  236 

to  operate  the  apparatus  10.  In  this  second  mode  of  o p e r a t i o n ,  

the  compression  chamber  10  is  i n i t i a l l y   injected  with  r e l a t i v e l y  

low  pressure   p ressur ized   air .   The  mass  of  injected  air  is  s u f -  

f i c i e n t   that  when  operated  in  this  second  mode,  the  apparatus  10 

genera l ly   r e l i e s   pr imari ly   on  compression  of  the  air  rather  than  

compression  of  the  trapped  well  fluid  to  accommodate  the  d i s -  

placement  of  ac tua t ing   piston  140. 

This  is  best  understood  with  reference  to  FIGS.  2  and  3. 

The  apparatus   10  as  shown  in  FIG.  3  a f ter   it  has  been  p a r -  

t i a l l y   lowered  into  the  well  238  to  an  intermediate  p o s i t i o n  

wherein  a  lower  port ion  of  the  apparatus  10  is  within  the  we l l  

238  and  is  immersed  in  well  f luid  as  seen  in  FIG.  3,  and  an  upper 

port ion  of  the  apparatus  10  s t i l l   extends  above  a  ground  s u r f a c e  

388  at  the  well  l o c a t i o n .  

F i r s t ,   it  should  be  noted  that  when  u t i l i z ing   the  appa ra tus  

10  in  i ts   second  mode,  wherein  pressur ized   air  is  to  be  i n j e c t e d  

into  the  compression  chamber  232,  the  annular  f loating  piston  260 

within  the  l u b r i c a t i n g   chamber  252  will  generally  be  e l i m i n a t e d ,  



and  thus  there  will  be  no  lubr ica t ing   fluid  within  the  l u b r i -  

cating  chamber  252  or  the  spring  chamber  256. 

Then,  the  rig  air  system  294,  which  is  a  source  of  compressed 

air  normally  at  a  pressure  in  the  range  of  100  to  140  psi,   i s  

connected  through  the  rig  air  line  292  to  the  inlet  288  of  a i r  

i n j ec t i on   passage  means  286. 

Then,  the  needle  valve  296  is  opened  and  a  valve  390  in  the  

rig  air  line  292  is  opened  so  that  the  compressed  air  from  the  

rig  air  source  294  is  communicated  with  the  longi tudinal   pas -  

sageway  254  of  compression  chamber  232. 

Remembering  that  the  f i l l   passage  means  234  is  open,  it  w i l l  

be  understood  that  prior  to  connection  of  the  rig  air  source  294 

to  the  compression  chamber  232,  well  fluid  will  have  risen  i n t o  

the  compression  chamber  232  so  that  the  a i r-well   fluid  i n t e r f a c e  

386  is  at  some  intermediate  location  as  shown  in  FIG.  3. 

Once  the  compressed  air  from  the  rig  air  source  294  at  a 

pressure   in  the  range  of  100  to  140  psi  is  applied  to  the  

compression  chamber  232,  however,  all  of  the  well  fluid  then  p r e -  

sent  within  the  compression  chamber  232  will  be  forced  downward 

out  through  the  f i l l   passage  means  234  and  back  to  the  well  annu- 

lus  236  or  at  least   into  the  flow  passage  308. 

Thus,  the  compressed  air  which  remains  within  the  compression 

passage  232  when  the  apparatus  10  is  located  as  shown  in  FIG.  3 

and  the  rig  air  source  294  has  been  communicated  with  the 

compression  passage  232  will  be  at  an  i n i t i a l   pressure  subs t an -  



t i a l l y   equal  to  a  hydros ta t i c   pressure   of  well  fluid  within  the 

well  annulus  236  at  the  e leva t ion   of  a  lower  end  of  the 

compression  chamber  232,  which  in  the  embodiment  i l l u s t r a t e d   in 

FIGS.  1A-1H  is  the  e levat ion  of  i s o l a t i o n   port  366.  For  an 

apparatus   10  as  shown  in  FIG.  3  having  eiqht  stacked  o u t e r  

compression  housing  sect ions  78,  each  ten  feet  (3.0m)  long,  the  i n i t i a ]  

air  p ressure   in  chamber  232  will  be  approximately  50  psi  (345  kPa).  

After  the  compression  chamber  232  has  been  f i l l ed   with  a i r ,  

the  needle  valve  296  is  closed  and  the  rig  air  line  292  i s  

removed. 

Then  the  apparatus  10  may  be  fu r the r   lowered  into  the  well  to  

its  f ina l   desired  l o c a t i o n .  

Of  course,   as  the  apparatus  10  is  fur ther   lowered  into  the 

well  toward  its  f inal  desired  loca t ion ,   the  gas-well  f luid  i n t e r -  

face  386  will   again  move  upward  through  the  d iamet r i ca l ly   i r r e g u -  

lar  e longated  space  defined  by  main  compression  chamber  p o r t i o n  

244  past  a  number  of  i r r egu la r   upset  diameters  defined  by  the  

various  po r t ions   of  the  inner  and  outer  tubular   housing  s e c t i o n s  

98  and  78.  

Using  this   a l t e r n a t i v e   manner  of  operat ion  of  the  a p p a r a t u s  

10,  wherein  the  compression  chamber  232  is  f i l l ed   with  compressed 

air  from  the  rig  air  source  294,  a  s u f f i c i e n t   mass  of  air  is  p r e -  

sent  within  the  compression  chamber  232  such  that  in  many 

opera t ing   s i t u a t i o n s   the  displacement  of  actuat ing  piston  means 

140  will  be  accommodated  pr imar i ly   by  compression  of  the  a i r  

ra ther   than  compression  of  the  trapped  well  f l u i d .  



The  i n j e c t i o n   of  such  a  mass  of  compressed  air  i n to  

compression  chamber  232  will  lower  the  required  opera t ing  

pressure  which  must  be  applied  to  well  annulus  236  to  about  1000 

psi  (6.9  MPa)  as  compared  to  the  1500  to  2000  psi  (10.3  to  13.8 

MPa)  previously   mentioned  for  the  normal  manner  of  operation  of 

apparatus  10  where  no  air  is  i n j e c t e d .  

Detailed  Desc r ip t ion   Of  The  Embodiment  Of  FIGS.  4F-4I 

The  lower  por t ion   of  an  a l t e r n a t i v e   embodiment  of  the 

downhole  tool  appara tus   of  the  present  invention  is  i l l u s t r a t e d  

in  FIGS.  4F-4I,  and  is  general ly  designated  by  the  numeral  400. 

The  upper  port ion  of  the  downhole  tool  apparatus  400  is  i d e n t i c a l  

to  the  s t r uc tu r e   shown  in  FIGS.  lA-lE,  except  that  the  annular  

f loa t ing   piston  260  shown  in  FIG.  1D  is  eliminated  in  order  t h a t  

the  air  i n j ec t i on   passage  means  286  may  be  u t i l i zed   to  provide  a 

charge  of  compressed  air  to  the  compression  chamber  232  from  the 

rig  air  system  294  in  a  manner  s imilar   to  that  p revious ly  

described  with  regard  to  FIG.  3. 

The  downhole  tool  apparatus  400  preferably  has  four  outer  

tubular  compression  housing  sections  78  and  four  inner  t ubu l a r  

compression  housing  sec t ions   98,  each  approximately  ten feet  (3m) 

long,  so  that  the  main  compression  chamber  portion  244  of  appara- 

tus  400  will  have  a  length  of  approximately  forty  feet  (12m). 

As  seen  near  the  bottom  of  FIG.  4F,  the  housing  of  the 

apparatus  400  as  compared  to  that  of  the  apparatus  10,  i s  



modified  below  the  lowermost  outer  compression  housing  s e c t i o n  

78. 

An  upper  outer  check  valve  housing  adapter  402  is  t h r e a d e d l y  

connected  at  404  to  the  lowermost  outer  tubular   compression 

housing  sect ion  78  with  a  s e a l   being  provided  therebetween  by 

r e s i l i e n t   O-ring  seal  means  406. 

An  outer  check  valve  housing  408  has  its  upper  end  t h r e a d e d l y  

connected  to  the  lower  end  of  upper  outer  check  valve  housing 

adapter  402  at  threaded  connection  410  with  a  seal  being  p rov ided  

therebetween  by  r e s i l i e n t   O-ring  seal  means  412. 

A  lower  end  of  outer  check  valve  housing  408  is  connected  a t  

threaded  connection  414  to  a  modified  tube  receiving  adapter  416 

with  a  seal  being  provided  therebetween  by  r e s i l i e n t   O-ring  s e a l  

means  418. 

The  lower  end  of  modified  tube  receiving  adapter  416  is  con- 

nected  at  threaded  connection  420  to  the  valve  adapter  126  p r e -  

viously  described  with  regard  to  the  apparatus  10,  with  a  s e a l  

being  provided  therebetween  by  r e s i l i e n t   O-ring  seal  means  422. 

Modified  tube  receiving  adapter  416  of  the  apparatus  400  i s  

s imi lar   in  funct ion  to  the  tube  receiving  adapter  114  p r e v i o u s l y  

described  with  regard  to  FIG.  1G,  and  has  the  l ong i tud ina l   p a s -  

sageways  270  of  compression  chamber  232  disposed  t h e r e t h r o u g h .  

The  valve  adapter  126  and  other  associa ted   s t ruc tu re   shown  in 

FIGS.  4H-4I  is  iden t ica l   to  the  s imilar   s t ruc tu re   shown  in  FIGS. 

1G-1H,  and  is  designated  by  the  same  numerals  previously  used  in 

FIGS.  1G  and  1H. 



A  lower  end  of  a  lowermost  inner  tubular  compression  housing 

sect ion  98  has  its  external   c y l i n d r i c a l   surface  110,  as  seen  in 

FIGS.  4F  and  4G,  closely  received  within  a  cy l indr ica l   i n t e r n a l  

surface  424  of  an  upper  inner  check  valve  housing  adapter  426 

with  a  seal  being  provided  therebetween  by  r e s i l i e n t   O-ring  s e a l  

means  428. 

An  inner  check  valve  housing  430  has  its  upper  end  t h r e a d e d l y  

connected  to  upper  inner  check  valve  housing  adapter  426  a t  

threaded  connection  432. 

A  lower  portion  of  an  ex terna l   cy l ind r i ca l   surface  434  of  

inner  check  valve  housing  430  is  c losely  and  s l idably  r ece ived  

within  an  upper  inner  bore  436  of  modified  tube  receiving  a d a p t e r  

416  with  a  seal  being  provided  therebetween  by  r e s i l i e n t   0 - r i n g  

seal  means  438. 

Between  the  outer  check  valve  housing  408  and  the  inner  check 

valve  housing  430,  there  is  defined  an  annular  check  va lve  

chamber  port ion  440  of  compression  chamber  232.  The  annu la r  

check  valve  chamber  portion  440  is  communicated  at  its  lower  end 

with  the  longi tudina l   passageways  270  disposed  through  modif ied  

tube  receiving  adapter  416,  and  is  communicated  at  i ts  upper  end 

with  annular  spaces  442  and  444  of  compression  chamber  232. 

The  upper  inner  check  valve  housing  adapter  426  i s  

cons t ruc ted   in  a  fashion  s imi la r   to  that  for  the  upper  inne r  

compression  housing  adapter  100  previously   described,  and  in -  

cludes  a  notch  446  in  its  lower  end  which  engages  an  upward 



facing  shoulder  448  of  upper  outer  check  valve  housing  a d a p t e r  

402.  The  notches  446  allow  fluid  to  flow  between  the  upper  i nne r  

check  valve  housing  adapter  446  and  the  upper  outer  check  va lve  

housing  adapter   402. 

Disposed  in  the  annular  check  valve  chamber  portion  440  is  a 

check  valve  means  450  for  i n i t i a l l y   sealing  pressur ized   gas 

within  the  compression  chamber  232  at  an  i n i t i a l   pressure  g r e a t e r  

than  a  pressure   in  f i l l   passage  means  234,  and  for  subsequen t ly  

permi t t ing   well  f luid  to  flow  through  the  f i l l   passage  means  234 

into  the  compression  chamber  232  to  d i rec t ly   contact  the  

p ressu r i zed   gas  within  compression  chamber  232  when  t h e  p r e s s u r e  

in  the  f i l l   passage  means  234  exceeds  an  i n i t i a l   pressure  of  the  

p ressu r i zed   gas  within  the  compression  chamber  232. 

The  check  valve  means  450  is  an  annular  valve  ring,  or  may 

also  be  r e fe r r ed   to  as  an  annular  valve  piston,   s l idably  d i sposed  

in  the  annular  check  valve  chamber  portion  440  of  compression 

chamber  232. 

The  check  valve  ring  450  includes  a  pair  of  annular  i n n e r  

o-ring  seals  452  which  provide  a  s l id ing  seal  between  check  va lve  

ring  450  and  inner  check  valve  housing  430.  Check  valve  ring  450 

also  includes  a  pair  of  outer  0-r ings  454  which  provide  a  s l i d i n g  

seal  between  check  valve  ring  450  and  outer  check  valve  housing 

408. 

Check  valve  ring  450  is  shown  in  FIG.  4G  in  its  i n i t i a l   p o s i -  

tion  in  which  it  is  located  when  the  compression  chamber  232  has  



been  f i l l e d   with  an  i n i t i a l   charge  of  pressurized  air ,   before  any 
well  f luid  has  entered  the  compression  chamber  232  to  d i r e c t l y  

contact   that  pressur ized  air.  In  this  i n i t i a l   pos i t ion ,   the 

check  valve  ring  450  abuts  an  upper  end  456  of  modified  tube 

rece iv ing  adapter  416.  The  upper  end  456  may  be  re fer red   to  as  a 

stop  means  456,  engaging  the  annular  check  valve  ring  450,  f o r  

prevent ing  movement  of  the  annular  check  valve  ring  450  toward 

the  f i l l   passage  means  234. 

So  long  as  the  pressure  of  the  pressur ized  air  wi th in  

compression  chamber  232  above  the  annular  check  valve  ring  450 

exceeds  pressure  within  the  f i l l   passage  234  which  is  com- 

municated  with  the  very  lowermost  portion  of  compression  chamber 

232  below  annular  check  valve  ring  450,  the  annular  check  valve 

ring  450  will  remain  in  the  posi t ion  i l l u s t r a t e d   in  FIG.  4G 

abut t ing   the  stop  means  456. 

As  the  apparatus  400  is  lowered  into  a  well,  the  well  annulus 

pressure   which  is  communicated  with  the  lower  end  of  check  valve 

ring  450  through  the  f i l l   passage  means  234  will  soon  exceed  the 

i n i t i a l   pressure  of  the  pressurized  air  within  compression 

chamber  232  above  check  valve  ring  450,  and  then  the  check  valve 

ring  450  will  be  pushed  upward  within  the  annular  check  valve 

chamber  portion  440  by  this  upward  pressure  d i f f e r e n t i a l .  

Check  valve  ring  450  includes  a  p l u r a l i t y   of  l o n g i t u d i n a l l y  

extending  rad ia l ly   outer  grooves  458  in  its  ex te r io r   su r face  

below  outer  O-rings  454,  which  grooves  458  may  be  referred  to  as 

f lu id   f i l l   bypass  grooves  458. 



As  the  annular  check  valve  ring  450  moves  upward  within  annu- 

lar  check  valve  chamber  portion  440,  the  lowermost  outer  O-r ing  

454  will   move  upward  past  an  in ternal   upset  diameter  460  of  o u t e r  

check  valve  housing  408  so  that  the  f i l l   fluid  bypass  grooves  458 

will  be  communicated  with  an  enlarged  in terna l   diameter  462  of 

outer  check  valve  housing  408,  thus  allowing  well  fluid  to  flow 

f r o m   f i l l   passage  means  234  past  the  annular  check  valve  ring  450 

and  into  the  compression  chamber  232  af ter   the  annular  check 

valve  ring  450  is  moved  a  predetermined  distance  away  from  the  

stop  means  456.  This  allows  the  well  fluid  to  d i rec t ly   c o n t a c t  

the  p r e s su r i zed   gas  previously  injected  into  compression  chamber 

232,  at  a  gas-well   fluid  in ter face   such  as  386  i l l u s t r a t e d   in 

FIG.  3.  

A  la tch  means  464  is  provided  for  la tching  annular  check 

valve  ring  450  in  a  f inal   posi t ion  wherein  the  fluid  f i l l   bypass  

grooves  458  are  communicated  with  enlarged  in te rna l   diameter  462 

of  outer  check  valve  housing  408,  which  may  be  defined  as  an  open 

pos i t ion   of  the  f i l l   f luid  bypass  grooves  458. 

The  la tch  means  464  includes  a  p l u r a l i t y   of  upward  ex tend ing  

spring  c o l l e t   f ingers   466  attached  to  annular  check  valve  r i n g  

450,  and  includes  an  annular  latching  co l la r   468  which  i s  

threadedly  connected  at  470  to  the  lower  end  of  upper  outer  check 

valve  housing  adapter  402. 

After  the  annular  check  valve  ring  450  moves  upward  a 

d is tance   s u f f i c i e n t   that  the  f i l l   fluid  bypass  grooves  458 



thereof   are  communicated  with  the  enlarged  internal   diameter  462 

of  outer  check  valve  housing  408,  a  p l u r a l i t y   of  r ad ia l ly   outward 

extending  lugs  472,  one  of  which  is  located  on  each  of  the  s p r i n g  

co l l e t   f ingers   466,  snap  over  a  r ad ia l ly   inwardly  extending  annu- 

lar  l a t ch ing   lug  474  of  latch  col lar   468,  to  latch  the  check 

valve  ring  450  in  i ts  open  p o s i t i o n .  

Manner  Of  Operation  Of  The Embodiment  of  FIGS.  4F-4I  

The  downhole  tool  apparatus  10  previously  described  w i th  

regard  to  FIGS.  lA-IH,  as  previously  mentioned  p re fe rab ly   has 

eight  i n t e r connec t ed   tubular  outer  compression  housing  s e c t i o n s  

78,  each  having  a  length  of  approximately  ten  feet  (3.0m),  so  t h a t  

the  t o t a l   length  of  the  apparatus  10  is  on  the  order  of  n i n e t y  

feet  (27m)  or  more. 

Although  a  large  conventional  oil  and  gas  d r i l l i n g   rig  can 

handle  a  tool  having  a  ninety-foot   (27m)  length,   some  smaller   d r i l l i n g  

rigs  simply  are  not  capable  of  handling  a  tool  of  that  l e n g t h .  

The  apparatus   400  of  FIGS.  4F-4I  preferably  has  only  four  o f  

the  i n t e r connec t ed   tubular   outer  housing  sect ions  78,  each  having 

a  length  of  approximately  ten  feet  (3.0m),  so  that  the  overa l l   l e n g t h  

of  the  appara tus   400  is  more  on  the  order  of  approximately  f i f t y  

feet  (15m).  This  shor ter   apparatus  can  be  handled  by  many  s m a l l e r  

d r i l l i n g   r igs  which  could  not  handle  a  n ine ty - foo t   (27m)  t o o l .  

By  reducing  the  overall   length  of  the  apparatus,   however,  the  

volume  of  the  compression  chamber  232  is  so  reduced  that  t h i s  



volume  is  general ly   not  large  enough  that  the  tool  can  be 

operated  based  upon  compress ib i l i t y   of  well  f luid  trapped  in  the 

compression  chamber  232. 

Also,  it  would  not  general ly   be  possible   to  provide  a  su f -  

f i c i e n t   mass  of  air  within  the  compression  chamber  232  of  appara-  

tus  400  to  operate  the  tool  based  on  air  compression  in  a  manner 

like  that   described  for  the  second  mode  of  operat ion  of  the  

appara tus   10.  This  is  because  the  length  of  the  compression 

chamber  has  been  cut  approximately  in  half ,   thus  s i m i l a r l y  

cu t t ing   the  pressure  which  could  be  provided  by  merely  i n j e c t i n g  

air  to  force  the  fluid  out  of  the  compression  chamber  in  h a l f .  

With  this  reduced  length  of  the  apparatus  400,  as  compared  to  

the  appara tus   10,  it  is  necessary  to  provide  a  means  for  a l lowing 

p r e s s u r i z e d   air  to  be  injected  into  the  compression  chamber  232 

at  an  i n i t i a l   pressure  greater   than  the  pressure  which  will  be 

presen t   in  the  f i l l   passage  means  234  which  is communicated  with 

the  well  annulus  ex ter ior   of  the  tool.   This  is  provided  by  the  

check  valve  means  450  previously  d i s c u s s e d .  

The  check  valve  means  450  allows  the  compression  chamber  232 

to  be  i n i t i a l l y   pressurized  to  a  pressure  in  excess  of  the  

p ressure   within  f i l l   passage  234.  Subsequently,  as  the  tool  i s  

f u r t h e r   lowered  into  a  well,  the  check  valve  means  250  will  allow 

well  f lu id   to  move  upward  into  the  compression  chamber  234  t o  

d i r e c t l y   contact   this  mass  of  i n i t i a l l y   pressur ized  a i r ,   when  the  

pressure   within  f i l l   passage  234  exceeds  the  i n i t i a l   pressure  of 

the  p r e s s u r i z e d   air  within  compression  chamber  232. 



A  more  de ta i led   desc r ip t ion   of  the  manner  in  which  the 

downhole  apparatus  400  operates   will  now  be  g iven.  

The  operat ion  of  the  apparatus  400  can  best  be  unders tood  

with  re ference   both  to  FIGS.  4F-4I  and  FIG.  3.  When  r e f e r r i n g   to  

FIG.  3,  however,  it  must  be  remembered  that  the  apparatus  400  has 

only  four  in te rconnec ted   tubular   outer  compression  housing  sec -  

t ions  78,  rather   than  the  eight  in terconnected  sec t i ' ons  

i l l u s t r a t e d   in  FIG.  3. 

The  apparatus  400  is  f i r s t   pa r t i a l ly   lowered  into  the  wel l  

238  to  an  in termedia te   pos i t ion  wherein  a  lower  port ion  of  the 

apparatus   400  is  within  the  well  238  and  is  immersed  in  well  

f luid  in  a  manner  like  that  i l l u s t r a t e d   in  FIG.  3  for  the  appara -  

tus  10.  An  upper  port ion  of  the  apparatus  400  will  extend  above 

the  ground  surface  388,  again  in  a  manner  s imilar   to  that  shown 

in  FIG.  3  for  the  apparatus  10. 

The  apparatus  400  will   have  its  annular  check  valve  ring  450 

i n i t i a l l y   pos i t ioned  as  shown  in  FIG.  4G.  The  check  valve  r i n g  

450  has  s u f f i c i e n t   f r i c t i o n a l   engagement  with  the  inner  and  o u t e r  

check  valve  housings  430  and  408  that  the  upward  pressure   d i f -  

f e r e n t i a l   caused  by  the  i n i t i a l   lowering  of  the  apparatus  400 

within  the  well  238  will  not  move  the  check  valve  ring  450  up  to  

a  latched  p o s i t i o n .  

With  the  apparatus  400  in  an  i n i t i a l   p a r t i a l l y   lowered  p o s i -  

tion  s imi la r   to  that  shown  in  FIG.  3  for  the  apparatus  10,  the  

rig  air  system  294  is  connected  through  the  rig  air  line  292  t o  

the  in le t   288  of  air  i n j ec t ion   passage  means  286. 



Then  the  needle  valve  296  is  opened  and  the  valve  390  in  r i g  

air  line  292  is  opened  so  that  the  compressed  air  from  the  r i g  

air  source  294  is  communicated  with  the  l o n g i t u d i n a l   passageway 
254  of  compression  chamber  232. 

Then  that   port ion  of  the  compression  chamber  232  above  check 

valve  ring  450,  which  of  course  is  the  vast  major i ty   volume-wise 

of  the  compression chamber  232,  will  be  f i l l e d   with  p r e s s u r i z e d  

air  from  the  rig  air  source  294.  The  i n i t i a l   pressure   applied  t o  

compression  chamber  232  will  p referab ly   be  in  the  range  of  

approximately  100  to  140  p s i .  

This  i n i t i a l   pressure  will  exceed  the  pressure  then  p r e s e n t  

in  f i l l   passage  means  234. 

Then,  the  rig  air  source  294  is  d isconnected  from  compress ion 

chamber  232,  and  the  apparatus  400  may  be  fu r the r   lowered  i n t o  

the  well  to  its  f inal   desired  l o c a t i o n .  

As  the  apparatus  400  is  fur ther   lowered  from  its  p a r t i a l l y  

lowered  pos i t i on   like  that  shown  in  FIG.  3,  the  well  annulus  

pressure   which  is  present  in  f i l l   passage  means  234  and  com- 

municated  with  the  lower  side  of  annular  check  valve  ring  450 

will  soon  exceed  the  i n i t i a l   pressure  of  p r e s su r i zed   air  w i t h i n  

compression  chamber  232  above  annular  check  valve  ring  450,  so 

that  the  upward  pressure  d i f f e r e n t i a l   causes  annular  check  va lve  

ring  450  to  move  upward  until   the  f i l l   f luid  bypass  grooves  458 

are  la tched  in  an  open  posi t ion  by  latch  means  464,  thus  p e r -  

mit t ing  the  well  f luid  to  flow  through  the  f i l l   passage  means  234 



upward  past  annular  check  valve  ring  450  into  the  main  p o r t i o n  

244  of  compression  chamber  '232,  so  that  the  well  f luid  d i r e c t l y  

contacts   the  i n i t i a l   mass  of  pressurized  air  at  a  gas-well  f l u i d  

in t e r f ace   such  as  386  seen  in  FIG.  3. 

The  i n i t i a l   charge  of  pressur ized  air  in jec ted   i n t o  

compression  chamber  232  above  annular  check  valve  ring  450  has  a 

mass  s u f f i c i e n t   that  when  the  f i l l   passage  means  234  is  closed  by 

i so l a t i on   valve  means  240,  and  the  actuat ing  piston  means  140 

moves  between  f i r s t   and  second  pos i t ions   thereof  r e l a t i v e   to  the  

housing  12  in  order  to  operate  the  ball  valve  162,  a  volume  of 

said  i n i t i a l   mass  of  compressed  air  changes  by  a  f i r s t   amount 

g rea te r   than  one-half   of  a  second  amount  by  which  a  to ta l   volume 

of  the  compression  chamber  232  changes.  

Thus,  a  majori ty  of  the  fluid  pressure  energy  stored  in 

compression  chamber  232  when  the  actuating  piston  means  140  moves 

from  its  f i r s t   to  i ts  second  pos i t ion ,   is  stored  in  compression 

of  the  p ressur ized   air ,   r a ther   than  in  compression  of  the  wel l  

f l u i d .  

Summary  Of  ope ra t ion  

Thus,  three  basic  modes  of  operation  of  the  present  i nven t i on  

have  been  disclosed  and  d e s c r i b e d .  

The  f i r s t   mode  of  operat ion  is  provided  by  the  use  of  the  

apparatus  10  of  FIGS.  1A-1H,  without  the  in jec t ion   of  any 

pressur ized   air  into  the  compression  chamber  232  t h e r e o f .  



The  second  mode  is  provided  by  u t i l i z i n g   the  apparatus  10  of  

FIGS.  lA-lH,  in  combination  with  the  procedure  of  i n j e c t i n g  

p r e s s u r i z e d   air  into  the  compression  chamber  232  af ter   the  

appara tus   has  been  p a r t i a l l y   lowered  into  a  well,  so  that  the  

i n i t i a l   pressure  of  the  p ressur ized   air  within  compression 

chamber  232  is  equal  to  the  hyd ros t a t i c   pressure  of  a  column  of 

well  f luid  having  a  height  s u b s t a n t i a l l y   equal  to  a  length  of  the  

compression  chamber .  

The  third  mode  is  provided  by  the  modified  shortened  appa ra -  

tus  shown  in  FIGS.  4F-4I  which  u t i l i z e s   the  check  valve  ring  450 

to  i n i t i a l l y   hold  a  mass  of  p ressur ized   air  within  the  t o o l .  

In  each  of  these  three  embodiments,  a  compression  chamber 

provides  a  trapped  reference  pressure  for  the  ac tuat ing  p i s t o n  

140,  and  also  provides  a  compressible  f luid  spring  for  aid  in 

r e tu rn ing   the  actuat ing  piston  140  to  i ts  i n i t i a l   p o s i t i o n .  

In  each  instance,   this  compression  chamber  is  a  r e l a t i v e l y  

large  compression  chamber  which  is  to  some  extent  f i l l e d   wi th  

well  f lu id   as  the  apparatus  is  lowered  into  the  well,  with  t h a t  

well  f lu id   d i r ec t ly   contacting  any  gas  present   within  the  chamber 

at  a  gas-well   fluid  i n t e r f ace .   This  gas-well   f luid  i n t e r f a c e  

moves  upwardly  through  the  elongated  compression  chamber  past  a 

number  of  i r r egu la r   diameters  thereof  as  the  tool  is  lowered  i n t o  

the  w e l l .  

The  apparatus  of  the  present  invent ion,   in  its  various  embo- 

diments,   provides  a  downhole  tool  having  a  trapped  r e f e r e n c e  



pressure   and  providing  a  compressible  fluid  spring,  without  the 

use  of  e i the r   an  i n i t i a l   highly  pressur ized  volume  of  gas  such  as 

that  cu r ren t ly   used  in  the  pr ior   art  in  pressur ized  n i t r o g e n  

too ls ,   and  without  the  use  of  a  large  volume  of  s i l icone  o i l .  

Ins tead,   e i ther   the  r e l a t i v e l y   low  pressure  rig  air ,   or  the 

well  f luid  i t s e l f ,   both  of  which  are  present  at  any  well  d r i l l i n g  

s i t e ,   are  u t i l i z e d   as  the  working  f l u i d s  w i t h i n   the  compression 

chamber. 

This  provides  an  apparatus  which  can  be  u t i l i z ed   at  remote 

well  l oca t ions   where  compressed  nitrogen  or  s i l icone  oil  might 

not  r ead i ly   be  ava i lab le .   Furthermore,  it  provides  a  very  much 

s imp l i f i ed   apparatus  and  safer  manner  of  operation  than  many  of 

the  pr ior   art  d ev i ce s .  

Thus,  it  is  seen  that  the  apparatus  and  methods  of  the  p r e -  

sent  invention  readily  achieve  the  ends  and  advantages  mentioned 

as  well  as  those  inherent  the re in .   While  cer ta in  p e r f e r r e d  

embodiments  of  the  invention  have  been  i l l u s t r a t e d   for  the  pur -  

poses  of  the  present  d i s c lo su re ,   numerous  changes  in  the  a r r a n g e -  

ment  and  cons t ruc t ion   of  parts   and  steps  may  be  made  by  those  

sk i l l ed   in  the  a r t .  



1.  A  d o w n h o l e   t o o l   a p p a r a t u s ,   c o m p r i s i n g :   a  h o u s i n g  

( 1 2 ) ,   h a v i n g   a  c o m p r e s s i o n   c h a m b e r   (232)   d e f i n e d   t h e r e i n  

and  h a v i n g   f i l l   p a s s a g e   means   (234)   d i s p o s e d   t h r o u g h   s a i d  

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

f l u i d   c o m m u n i c a t i o n   w i t h   a  w e l l   a n n u l u s   (236)   e x t e r i o r   o f  

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

c o m p r e s s i o n   c h a m b e r   c o n t a i n i n g   a i r   or  gas  a d a p t e d   to   c o n t a c t  

d i r e c t l y   t h e   w e l l   f l u i d   a t   an  a i r   or  g a s / w e l l   f l u i d  

i n t e r f a c e   w i t h i n   t h e   c h a m b e r ;   i s o l a t i o n   v a l v e   means   ( 2 4 8 )  

f o r   s e l e c t i v e l y   c l o s i n g   s a i d   f i l l   p a s s a g e   means   ( 2 3 4 )   t o  

t r a p   s a i d   a i r   or  gas   and  w e l l   f l u i d   in  s a i d   c o m p r e s s i o n  
c h a m b e r   ( 2 3 2 ) ;   an  o p e r a t i n g   e l e m e n t   (162)   d i s p o s e d   in  s a i d  

h o u s i n g ;   an  a c t u a t i n g   p i s t o n   means   (140)   s l i d a b l y   d i s p o s e d  
in  s a i d   h o u s i n g ,   s a i d   a c t u a t i n g   p i s t o n   means   b e i n g   o p e r a b l y  

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

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

p o s i t i o n s   t h e r e o f   d e c r e a s e s   t h e   vo lume   of  s a i d   c o m p r e s s i o n  

c h a m b e r .  

2.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e  

v o l u m e   of  s a i d   c o m p r e s s i o n   c h a m b e r   (232)   i s   s u f f i c i e n t l y  

l a r g e   t h a t   an  e q u a l   v o l u m e   of  w a t e r   c o n t a i n i n g   no  a b s o r d e d  

g a s e s   w o u l d   have   a  v o l u m e   d e c r e a s e   when  s u b j e c t e d   to   a  

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

p r e s s u r e   of  s a i d   a c t u a t i n g   p i s t o n   means   ( 1 4 0 ) ,   a t   l e a s t   a s  

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

when  s a i d   a c t u a t i n g   p i s t o n   means   i s   moved  b e t w e e n   i t s   f i r s t  

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

3.  An  a p p a r a t u s   as  c l a i m e d   in  e i t h e r   c l a i m   1,  o r  

c l a i m   2,  f u r t h e r   c o m p r i s i n g   r e s i l i e n t   m e c h a n i c a l   s p r i n g  

b i a s i n g   means   ( 2 5 8 ) ,   p r e f e r a b l y   d i s p o s e d   in  s a i d   c o m p r e s s i o n  



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

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

4.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   3,  f u r t h e r  

c o m p r i s i n g :   an  a n n u l a r   f l o a t i n g   p i s t o n   ( 2 6 0 )   d i s p o s e d  

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

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

s a i d   r e s i l i e n t   m e c h a n i c a l   s p r i n g   b i a s i n g   means   (258)   i s  

d i s p o s e d   in  s a i d   f i r s t   c h a m b e r   p o r t i o n   ( 2 5 6 ) ;   w h e r e i n   s a i d  

f i r s t   c h a m b e r   p o r t i o n   ( 2 5 6 )   i s   f i l l e d   w i t h   a  r e l a t i v e l y  

n o n - c o r r o s i v e   f l u i d   and  i s   i s o l a t e d   f rom  open  f l o w   f l u i d  

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

f l o a t i n g   p i s t o n   ( 2 6 0 ) ;   and  w h e r e i n   s a i d   f i l l   p a s s a g e  

means   (234)   c o m m u n i c a t e s   s a i d   s e c o n d   c h a m b e r   p o r t i o n   w i t h  

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

5.  An  a p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n :   a  m a j o r i t y   of  t h e   v o l u m e   of  s a i d  

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

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

o u t e r   h o u s i n g   s e c t i o n s   ( 4 6 , 5 0 , 5 6 , 6 6 , 7 8 , 9 2 , 1 1 4 )   and  by  

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

( 6 0 , 7 2 , 9 8 , 1 0 2 ) .  

6.  An  a p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s ,   f u r t h e r   c o m p r i s i n g :   a  b y p a s s   p a s s a g e   means   ( 3 1 2 )  

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

p a s s a g e   (308)   of  s a i d   h o u s i n g   w i t h   s a i d   w e l l   a n n u l u s  

e x t e r i o r   of  s a i d   h o u s i n g ;   and  a  b y p a s s   v a l v e   means   ( 3 1 4 )  

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

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

w i t h   s a i d   i s o l a t i o n   v a l v e   means   (240)   so  t h a t   t h e y   are   b o t h  

open  at  t he   same  t i m e   and  a r e   b o t h   c l o s e d   at   t h e   s a m e  

t i m e .  



7.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   6,  w h e r e i n :  

a  f i r s t   p o r t i o n   of  s a i d   f i l l   p a s s a g e   means  ( 2 3 4 )   i s  

c o i n c i d e n t   w i t h   a  p o r t i o n   of  s a i d   f low  p a s s a g e   ( 3 0 8 ) ;  

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

w i t h   s a i d   b y p a s s   p a s s a g e   means   ( 3 1 2 ) ;   s a i d   i s o l a t i o n   v a l v e  

means   ( 2 4 0 )   i s   l o c a t e d   b e t w e e n   s a i d   c o m p r e s s i o n   c h a m b e r  

(232)   and  s a i d   f i r s t   p o r t i o n   of  s a i d   f i l l   p a s s a g e   m e a n s ;  
and  s a i d   b y p a s s   v a l v e   means   ( 3 1 4 )   i s   l o c a t e d   b e t w e e n   s a i d  

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

8.  An  a p p a r a t u s   as  c l a i m e d   in  e i t h e r   c l a i m   6  or  c l a i m  

7,  w h e r e i n :   s a i d   i s o l a t i o n   v a l v e   means  (240)   and  s a i d  

b y p a s s   v a l v e   means   (314)   a r e   b o t h   s l e e v e - t y p e   v a l v e s   o p e r a t e d  

by  a  s i n g l e   common  v a l v e   m a n d r e l   s l e e v e   (242)   s l i d a b l y   d i s -  

p o s e d   in  s a i d   h o u s i n g ;   and  s a i d   i s o l a t i o n   v a l v e   m e a n s  

and  s a i d   b y p a s s   v a l v e   means   a r e   b o t h   a d a p t e d   to   be  o p e r a t e d  

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

s a i d   a p p a r a t u s .  

9.  An  a p p a r a t u s   as  c l a i m e d   in  any  of  t h e   p r e c e d i n g  

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

s a i d   o p e r a t i n g   e l e m e n t   i s   a  f l o w   v a l v e   (162)   d i s p o s e d   i n  

a  f l o w   p a s s a g e   (308)   of  s a i d   h o u s i n g   to  s e l e c t i v e l y   o p e n  
and  c l o s e   s a i d   f l o w   p a s s a g e .  

10.  An  a p p a r a t u s   as  c l a i m e d   in  any  of  t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n :   s a i d   a c t u a t i n g   p i s t o n   means   ( 1 4 0 )   i s  

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

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

h o u s i n g   has   a  power   p a s s a g e   means   (276)   d i s p o s e d   t h e r e -  

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

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

m e a n s ,   so  t h a t   s a i d   a c t u a t i n g   p i s t o n   means  moves   b e t w e e n   i t s  

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

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



11.  An  a p p a r a t u s   as  c l a i m e d   in  any  of  c l a i m s   1  t o  

10,  f u r t h e r   c o m p r i s i n g :   means   (286)   f o r   i n t r o d u c i n g   a  g a s  
i n t o   s a i d   c o m p r e s s i o n   c h a m b e r   as  or  b e f o r e   s a i d   a p p a r a t u s  

i s   l o w e r e d   i n t o   s a i d   w e l l .  

12.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   11,  f u r t h e r  

c o m p r i s i n g :   c h e c k   v a l v e   means   ( 4 5 0 )   f o r   s e a l i n g   i n i t i a l l y  

s a i d   i n j e c t e d   a i r   or  gas   w i t h i n   s a i d   c o m p r e s s i o n   c h a m b e r  

(232)   a t   an  i n i t i a l   p r e s s u r e   g r e a t e r   t h a n   a  p r e s s u r e   i n  

s a i d   f i l l   p a s s a g e   means   ( 2 3 4 ) ,   and  s u b s e q u e n t l y   f o r  

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

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

s a i d   p r e s s u r i z e d   gas   or  a i r   when  t h e   p r e s s u r e   in   s a i d   f i l l  

p a s s a g e   means   e x c e e d s   s a i d   i n i t i a l   p r e s s u r e   of  s a i d  

i n j e c t e d   gas  or  a i r .  

13.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   12,  w h e r e i n :  

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

(440)   d e f i n e d   b e t w e e n   an  o u t e r   c y l i n d r i c a l   member   a n d  

an  i n n e r   c y l i n d r i c a l   member  of  s a i d   h o u s i n g ;   s a i d   c h e c k  

v a l v e   means   ( 4 5 0 )   c o m p r i s e s   an  a n n u l a r   v a l v e   r i n g   s l i d a b l y  

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

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

h o u s i n g ;   s a i d   h o u s i n g   c o m p r i s e s   a  s t o p   means   ( 4 5 6 ) ,  

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

of  s a i d   v a l v e   r i n g   t o w a r d   s a i d   f i l l   p a s s a g e   means   ( 2 3 4 ) ;  

and  s a i d   c h e c k   v a l v e   means   (450)   f u r t h e r   c o m p r i s e s   f i l l  

f l u i d   b y p a s s   means   ( 4 5 8 , 4 6 0 ) ,   o p e r a t i v e l y   a s s o c i a t e d   w i t h  

s a i d   a n n u l a r   v a l v e   r i n g ,   f o r   a l l o w i n g   w e l l   f l u i d   to   f l o w  

f rom  s a i d   f i l l   p a s s a g e   means   p a s t   s a i d   a n n u l a r   v a l v e   r i n g  

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

r i n g   i s   moved  a  p r e d e t e r m i n e d   d i s t a n c e   away  f rom  s a i d  

s t o p   means   ( 4 5 6 ) .  



14.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   13,  w h e r e i n :  

s a i d   f i l l   f l u i d   b y p a s s   means   is   an  u p s e t   d i a m e t e r   ( 4 6 0 )  

on  one  of  s a i d   o u t e r   and  i n n e r   c y l i n d r i c a l   m e m b e r s   o f  

s a i d   h o u s i n g .  

15.  "An  a p p a r a t u s   as  c l a i m e d   in  e i t h e r   c l a i m   13  o r  
c l a i m   14,  f u r t h e r   c o m p r i s i n g :   l a t c h   means   ( 4 6 4 )   f o r  

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

w h e r e i n   s a i d   f i l l   f l u i d   b y p a s s   means  ( 4 5 8 ,   460)  i s   o p e n .  

16.  An  a p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   11  t o  

15,  w h e r e i n ,   in  u s e ,   s a i d   c o m p r e s s i o n   c h a m b e r   ( 2 3 2 )   c o n t a i n s  

a  mass   of  i n j e c t e d   a i r   or  gas  s u f f i c i e n t   t h a t   when  s a i d  

f i l l   p a s s a g e   means   i s   c l o s e d   by  s a i d   i s o l a t i o n   v a l v e  

means   (240)   and  s a i d   a c t u a t i n g   p i s t o n   means   ( 1 4 0 )   m o v e s  

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

s a i d   mass   of  gas   or  a i r   c h a n g e s   by  a  f i r s t   a m o u n t   g r e a t e r  

t h a n   o n e - h a l f   of  t h e   amoun t   by  which   t h e   v o l u m e   of  s a i d  

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

17.  A  m e t h o d   of  o p e r a t i n g  a   d o w n h o l e   t o o l   h a v i n g  

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

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

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

t h e   s t e p s   o f :   i n j e c t i n g   p r e s s u r i z e d   gas   i n t o   s a i d   c o m p r e s s i o n  

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

t h a t   s a i d   i n j e c t e d   gas  w i l l   d i r e c t l y   c o n t a c t   a t   a  g a s - w e l l  

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

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

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

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

a  w e l l   a n n u l u s   d e f i n e d   b e t w e e n   s a i d   t u b i n g   s t r i n g   and  a  w e l l  

b o r e   of  s a i d   w e l l ;   a l l o w i n g   w e l l   f l u i d   f rom  s a i d   w e l l  

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

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



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

p r e s s u r e   of  w e l l   f l u i d   in  s a i d   w e l l   a n n u l u s   a t   s a i d  

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

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

b e t w e e n   f i r s t   and  s e c o n d   p o s i t i o n s   to   o p e r a t e   s a i d  

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

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

gas   and  w e l l   f l u i d   t r a p p e d   t h e r e i n ,   t h e   v o l u m e   of  s a i d  

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

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

c h a m b e r   i s   d e c r e a s e d ,   so  t h a t   a  m a j o r i t y   of  a  t o t a l  

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

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

18.  A  m e t h o d   as  c l a i m e d   in  c l a i m   17,  w h e r e i n   t h e  

p r e s s u r i z e d   gas   i s . p r e s s u r i z e d   a i r ,   wh ich   may  be  p r o v i d e d  

f rom  a  r i g   a i r   s y s t e m   of  a  d r i l l i n g   r i g .  

19.  A  m e t h o d   as  c l a i m e d   in  e i t h e r   c l a i m   17  or  c l a i m  

c l a i m   18,  w h e r e i n :   s a i d   c o m p r e s s i o n   c h a m b e r   i s   e l o n g a t e  

and  has   a  f i l l   p a s s a g e   c o m m u n i c a t i n g   t h e   a n n u l u s   w i t h   a 

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

c o m m u n i c a t e d   w i t h   an  u p p e r   end  t h e r e o f ,   w h e r e i n   t h e   t o o l  

i s   f i r s t   p a r t i a l l y   l o w e r e d   i n t o   s a i d   w e l l   to   an  i n t e r m e d i a t e  

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

s a i d   w e l l   and  i s   i m m e r s e d   in  w e l l   f l u i d   and  an  u p p e r  

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

and  i n j e c t i n g   s a i d   p r e s s u r i z e d   gas   i n t o   s a i d   c o m p r e s s i o n  

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

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

gas  in  s a i d   c o m p r e s s i o n   c h a m b e r   i s   t h e n   at  a  p r e s s u r e  

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

f l u i d   in  s a i d   w e l l   at  an  e l e v a t i o n   t he   same  as  t h e  

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



20.  A  m e t h o d   as  c l a i m e d   in  e i t h e r   c l a i m   17  o r  

c l a i m   18,  f u r t h e r   c o m p r i s i n g   the   s t e p s ,   p r i o r   t o  

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

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

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

d i r e c t l y   s a i d   p r e s s u r i z e d   gas   and  f o r m  s a i d   g a s - w e l l   f l u i d  

i n t e r f a c e   when  w e l l   a n n u l u s   p r e s s u r e   e x c e e d s   an  i n i t i a l  

p r e s s u r e   of  s a i d   p r e s s u r i z e d   g a s .  

21.  A  m e t h o d   as  c l a i m e d   in  c l a i m   20,  w h e r e i n :  

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

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

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

w e l l   f l u i d   h a v i n g   a  h e i g h t   e q u a l   to  a  l e n g t h   of  s a i d  

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

22.  A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   17  t o  

21,  w h e r e i n :   s a i d   a c t u a t i n g   p i s t o n   i s   moved  by  c o m m u n i -  

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

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

moved  in  r e s p o n s e   to  a  p r e s s u r e   d i f f e r e n t i a l   b e t w e e n  

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