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Setting  device  for  zone  gravel  packing  system. 

@  A  setting  device  (12)  for  a  gravel  packing  system  com- 
prises  a  housing  (32)  having  a  slurry  supply  passage  (1  06)  and 
a  fluid  return  passage  (108)  defined  therein,  and  having  a 
gravel  packing  port  (88)  disposed  through  a  wall  thereof; 
connecting  means  (126)  for  connecting  an  upper  end  of  said 
setting  device  to  a  work  string  (14);  weight  responsive  return 
valve  means  (1  14),  operatively  associated  with  said  housing, 
for  communicating  an  upper  portion  (116)  of  said  return 
passage  with  a  well  annulus  exterior  of  said  housing  in 
response  to  reciprocation  of  said  work  string;  hydraulic 
setting  piston  means  (150),  operatively  associated  with  said 
housing  and  communicated  with  said  supply  passage,  for 
setting  a  liner  hanger  (18)  of  said  gravel  packing  system  in 
response  to  a  first  increase  in  fluid  pressure  in  said  supply 
passage  to  a  first  value;  hydraulically  actuated  supply  valve 
means  (188),  operatively  associated  with  said  housing,  for 
communicating  said  gravel  packing  port  with  said  supply 
passage  in  response  to  a  second  increase  in  fluid  pressure in  said  supply  passage  to  a  second  value  greater  than  said 
first  value,  said  supply  valve  means  including  a  sliding  supply 
valve  sleeve  (190)  having  an  open  central  passageway  ex- 
tending  therethrough  and  open  at  both  lower  and  upper  end  of 
said  sleeve,  said  passageway  communicating  with  said  slurry 
supply  passage;  and  check  valve  means  (220),  disposed  in  a lower  portion  of  said  housing  below  said  supply  valve  means, for  permitting  flow  of  return  fluid  upward  therethrough  and 
for  preventing  downward  flow  therethrough. 
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SETTING  DEVICE  FOR  ZONE  GRAVEL  PACKING  SYSTEM 

T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   "to  s y s t e m s   f o r  

g r a v e l   p a c k i n g   a  p r o d u c t i o n   zone  of  a  w e l l ,   and  m o r e  

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

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

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

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

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

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

10  t h r o u g h .   T h i s   m i g r a t i o n   of  p a r t i c l e s   may  e v e n t u a l l y  

c l o g   t h e   f l o w   p a s s a g e s   in   t h e   p r o d u c t i o n   s y s t e m   of  t h e   w e l l ,  
and  can   s e r i o u s l y   e r o d e   t h e   e q u i p m e n t .   In  some  i n s t a n c e s ,  
t h e   c l o g g i n g   of  t h e   p r o d u c t i o n   s y s t e m   may  l e a d   to   a  c o m p l e t e  

c e s s a t i o n   of  f l o w ,   or  k i l l i n g   of  t h e   w e l l .  

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

b o r e   c o n s i s t s   of  p l a c i n g   a  p a c k   of  g r a v e l   on  t h e   e x t e r i o r  

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

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

t h e   m i g r a t i n g   s a n d   f rom  t h a t   f o r m a t i o n   w h i l e   s t i l l   p e r -  
20  m i t t i n g   f l u i d   f l o w .   The  g r a v e l   i s   c a r r i e d   to   t h e   f o r m a t i o n  

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

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

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

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

25  so  t h a t   t h e   g r a v e l   w i l l   s e t t l e   ou t   on  i t s   e x t e r i o r ,   w i t h  
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t h e   s l u r r y   f l u i d   c a r r y i n g   t h e   g r a v e l   e n t e r i n g   t h e   l i n e r   o r  
s c r e e n   f r o m   i t s   e x t e r i o r   and  b e i n g   c i r c u l a t e d   back   to   t h e  
s u r f a c e   . 

P r i o r   to   e f f e c t i n g   t h e   g r a v e l   p a c k ,   d r i l l i n g   mud 
5  and   o t h e r   c o n t a m i n a n t s   may  be  w a s h e d   f rom  t h e   w e l l   b o r e ,  

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

10  S u b s e q u e n t   to   e f f e c t i n g   t h e   g r a v e l   p a c k ,   a  r e v e r s e  
c i r c u l a t i o n   t e c h n i q u e   may  be  u t i l i z e d   to   r emove   r e m a i n i n g  
g r a v e l   l a d e n   s l u r r y   f rom  t h e   o p e r a t i n g   s t r i n g   u t i l i z e d  
t o   c o n d u c t   t h e   s l u r r y .   With   s u c h   r e v e r s e   c i r c u l a t i o n   t e c h -  
n i q u e ,   t h e   d i r e c t i o n   of  c i r c u l a t i o n   i s   r e v e r s e d   and  a  c l e a n  

15  f l u i d   i s   pumped   down  t h e   p a t h   p r e v i o u s l y   u t i l i z e d   f o r  
r e t u r n i n g   t h e   s l u r r y   f l u i d ,   and  t h e   r e m a i n i n g   g r a v e l   l a d e n  
s l u r r y   w i l l   be  f o r c e d   b a c k   up  t h e   p a t h   o r i g i n a l l y   u s e d   t o  
c o n d u c t   t h e   g r a v e l   l a d e n   s l u r r y   down  to   t h e   w e l l .  

A  t y p i c a l   p r i o r   a r t   g r a v e l   p a c k i n g   s y s t e m   i s   s h o w n  
20  in   U . S .   P a t e n t   No.  4 , 1 8 0 , 1 3 2   to   Young,   and  a s s i g n e d   t o  

O t i s   E n g i n e e r i n g   C o r p o r a t i o n .   T h i s   p a t e n t   d i s c l o s e s   a  
s e t t i n g   d e v i c e   f o r   a  g r a v e l   p a c k i n g   s y s t e m   w h i c h   i n c l u d e s  
a  h y d r a u l i c a l l y   a c t u a t e d   p i s t o n   192  f o r   s e t t i n g   t h e   c o m -  
p r e s s i b l e   p a c k i n g   e l e m e n t   of  t h e   p a c k e r   l o c a t e d   t h e r e b e l o w  

25  as  s e e n   in   FIGS.   1 0 A - I 0 E   t h e r e o f .   T h i s   d e v i c e   a l s o   i n c l u d e s  
a  l i n e r   v a l v e   l o c a t e d   b e l o w   t h e   p a c k e r   as  s e e n   in   FIG.  1 0 E .  
The  s e t t i n g   d e v i c e   i n c l u d e s   a  v a l v e   s l e e v e   230  h a v i n g   a  
c l o s e d   l o w e r   e n d .   The  v a l v e   s l e e v e   230  can  be  pumped  o p e n  
to   d i r e c t   g r a v e l   l a d e n   s l u r r y   to   t h e   l i n e r   v a l v e   p o r t s  

30  100  as  s e e n   in   FIGS.   HE  and  11F.  The  s e t t i n g   d e v i c e  
a l s o   i n c l u d e s   a  s l i d i n g   s l e e v e   t y p e   r e t u r n   v a l v e   at   i t s  
u p p e r   e n d ,   w h i c h   i s   a r r a n g e d   to   be  c l o s e d   when  w e i g h t   i s  
s e t   down  on  t h e   s e t t i n g   d e v i c e .  

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

shown  in  U .S .   P a t e n t   No.  3 , 9 8 7 , 8 5 4   to   C a l l i h a n   e t   al   .  , 
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and  a s s i g n e d   "bo  B a k e r   Oi l   T o o l s ,   I n c .   The  d e t a i l s   o f  

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

C a l l i h a n   e t   a t .   p a t e n t   a r e   b e s t   s e e n   in   FIGS.   4A-4E  a n d  

5A-5E  t h e r e o f .  

5  U .S .   P a t e n t   No.  3 , 6 7 8 , 9 9 8   to   C o c k r e l l   e t   a l . ,   a n d  

a s s i g n e d   to   B a k e r   O i l   T o o l s ,   I n c . ,   d i s c l o s e s   a  r e t r i e v a b l e  

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

a s p e c t s   to   t h e   p a c k e r   d i s c l o s e d   in  t h e   C a l l i h a n   e t   a l .   ' 8 5 4  

p a t e n t ,   and  w h i c h   i s   c o n s t r u c t e d   to   be  r e t r i e v e d   by  m e a n s  

10  of  a  r e t r i e v i n g   t o o l .  

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

shown  in  U .S .   P a t e n t   No  ..  4  ,  049  ,  055  to   Brown,   and  a s s i g n e d  

to   Brown  O i l   T o o l s ,   I n c .   T h i s   s y s t e m   i n c l u d e s   a  h y d r a u l i c  

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

15  g r a v e l   p a c k i n g   s y s t e m .   The  p a c k e r   can  s u b s e q u e n t l y   b e  

r e l e a s e d   and  r e t r i e v e d   by  t h e   u se   of  a  r e t r i e v i n g   t o o l   s e e n  

in  FIG.  3 .  

We  h a v e   now  d e v i s e d   a  s e t t i n g   d e v i c e   f o r   a  g r a v e l  

p a c k i n g   s y s t e m   w h i c h ,   w h i l e   s i m i l a r   in  some  r e s p e c t s   to   t h e  

20  p r i o r   a r t   d e v i c e s   d e s c r i b e d   a b o v e ,   i n c l u d e s   a  number   o f  

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

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

l i n e r   v a l v e   means   l o c a t e d   b e l o w   t h e   p a c k e r .   A l s o ,   i m p r o v e d  

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

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

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

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

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

A  w e i g h t   r e s p o n s i v e   r e t u r n   v a l v e   means   i s   o p e r a t i v e l y  

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

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

t h e   h o u s i n g   in  r e s p o n s e   to   r e c i p r o c a t i o n   of  a  work  s t r i n g  

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

means   i s   in   an  open  p o s i t i o n   when  w e i g h t   i s   s e t   down  on  t h e  

35  s e t t i n g   d e v i c e ,   and  i s   in  a  c l o s e d   p o s i t i o n   when  a  t e n s i o n  
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l o a d   i s   p l a c e d   a c r o s s   t h e   s e t t i n g   d e v i c e .  

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

5  a  l i n e r   h a n g e r   or  p a c k e r   of  t h e   g r a v e l   p a c k i n g   s y s t e m   i n  

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

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

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

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

p a s s a g e .   The  s u p p l y   v a l v e   means   i n c l u d e s   a  s l i d i n g   s u p p l y  
v a l v e   s l e e v e   h a v i n g   an  open   c e n t r a l   p a s s a g e w a y   e x t e n d i n g  

15  t h e r e t h r o u g h   and  open   a t   b o t h   t h e   l o w e r   and  u p p e r   ends   o f  
t h e   s l e e v e .   T h i s   p a s s a g e w a y   i s   c o m m u n i c a t e d   w i t h   t h e   s l u r r y  
s u p p l y   p a s s a g e   of  t h e   h o u s i n g .  

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

20  f l o w   of  r e t u r n   f l u i d   u p w a r d   t h e r e t h r o u g h   and  f o r   p r e v e n t i n g  
d o w n w a r d   f l o w   t h e r e t h r o u g h .  

The  g r a v e l   p a c k i n g   s y s t e m   a l s o   i n c l u d e s   a  l i n e r  

h a n g e r   r e l e a s a b l y   c o n n e c t e d   to   t h e   s e t t i n g   d e v i c e ,   and  a  
l i n e r   v a l v e   means   c o n n e c t e d   to   a  l o w e r   end  of  t h e   l i n e r  

25  h a n g e r .   The  l i n e r   v a l v e   means   has   a  l o w e r   p o r t i o n   of  t h e  

h o u s i n g   r e c e i v e d   t h e r e i n   so  t h a t   t h e   g r a v e l   p a c k i n g   p o r t  
of  t h e   s e t t i n g   d e v i c e   i s   in  r e g i s t r y   w i t h   a  l i n e r   v a l v e   p o r t .  

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

30  in   w h i c h :  

FIGS.   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 e w   of  one  e m b o d i m e n t   of  g r a v e l   p a c k i n g  
s y s t e m   of  t h e   p r e s e n t   i n v e n t i o n .   In  FIG.  1A,  t h e   s e t t i n g  
d e v i c e   i s   shown  w i t h   i t s   u p p e r   end  a t t a c h e d   to   a  l o w e r   e n d  

35  of  a  work  s t r i n g   and  w i t h   i t s   l o w e r   end  in  p l a c e   w i t h i n   a  
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l i n e r   h a n g e r   and  a  l i n e r   v a l v e   means   of  a  l i n e r   s t r i n g ,  

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

n o r m a l l y   be  in   when  t h e   work  s t r i n g ,   s e t t i n g   d e v i c e   a n d  

l i n e r   s t r i n g   a r e   i n i t i a l l y   a s s e m b l e d .  

FIGS.   2A-2B  c o m p r i s e   an  e l e v a t i o n   s e c t i o n e d   v i e w  

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

of  FIG.  1 .  

FIGS.   3A-3B  c o m p r i s e   an  e l e v a t i o n   s e c t i o n e d   v i e w  

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

of  FIGS.  2A  and  2 B .  10 
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FIGS.  A,  5  and  6  are  a  s equen t i a l   se r ies   of  i l l u s t r a -  

t ions   of  the  r e t r i e v i n g   apparatus   of  FIGS.  3A-3B  in  o p e r a -  

t ive  engagement  with  the  packer  apparatus  of  FIGS.  2A-2B. 

FIG.  4  shows  the  r e t r i e v i n g   apparatus   a f t e r   it  has  been 

5  i n se r t ed   within  the  packing  apparatus  and  is  ready  t o  

r e l ea se   the  packing  a p p a r a t u s .  

FIG.  5  shows  the  r e t r i e v i n g   apparatus   moved  upward 

r e l a t i v e   to  the  packing  appara tus .   The  r e l eas ing   sleeve  has 

been  pulled  upward  to  a  pos i t i on   wherein  fu r the r   upward 

10  motion  of  the  r e t r i e v i n g   appara tus   will   cause  the  packe r  

appara tus   to  be  r e l e a s e d .  

FIG.  6  i l l u s t r a t e s   the  use  of  a  d i f f e r e n t i a l   area  p i s t o n  

of  the  r e l ea s ing   c o l l e t   of  the  r e t r i e v i n g   apparatus  t o  

r e l e a s e   the  r e t r i e v i n g   appara tus   from  the  packer  a p p a r a t u s  

15  in  the  event  that  the  packer  apparatus   is  stuck  in  the  we l l  

and  cannot  be  re leased   by  the  r e t r i e v i n g   a p p a r a t u s .  

Refe r r ing   now  to  the  drawings  and  p a r t i c u l a r l y   to  FIGS. 

20  1A-1H,  the  gravel   packing  system  of  the  present   invention  i s  

shown  and  qene ra l ly   des igna ted   by  the  numeral  10. 

As  shown  in  FIG.  1A,  the  system  10  includes  a  s e t t i n g  

device  genera l ly   des igna ted   by  the  numeral  12  which  i s  

a t t ached   to  a  lower  end  of  a  work  s t r ing   14  at  threaded  con- 

25  nect ion  16. 
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As  seen  in  FIGS.  1C-1H,  the  se t t ing   device  12  i s  

assembled  with  a  packer  apparatus  genera l ly   designated  by 

the  numeral  18.  The  packer  apparatus  18  is  often  r e f e r r e d  

to  as  a  l i ne r   hanger  because  it  i n i t i a l l y   serves  to  hang  a 

5  l ine r   s t r ing   within  a  well  bore .  

As  seen  in  FIG.  IF,  the  system  10  also  includes  a  l i n e r  

valve  means  20  connected  to  a  lower  end  of  packer  a p p a r a t u s  

18  at  threaded  connection  22. 

As  seen  in  FIG.  1H,  the  system  10  also  includes  a  g r a v e l  

10  packing  screen  24  which  is  only  schemat ica l ly   i l l u s t r a t e d .  

The  screen  24  is  connected  to  a  lower  end  of  l i ne r   va lve  

means  20  at  threaded  connection  26. 

As  is  also  shown  in  FIG.  1H  ,  the  system  10  includes  a 

t a i l   pipe  28  connected  to  a  lower  end  of  se t t ing   device  12 

15  at  threaded  connection  30. 

The  packer  apparatus   or  l ine r   hanger  18,  the  l ine r   va lve  

means  20,  and  the  screen  24  may  be  c o l l e c t i v e l y   r e f e r r ed   to  

as  a  l ine r   s t r i n g .  

20  Detai led  Desc r ip t ion   Of  The  Set t ing  Device 

The  s e t t i ng   device  12  includes  a  housing  32  comprised  of  

an  outer  housing  assembly  34,  a  lower  inner  housing  assembly 

36,  and  a  cen t r a l   flow  tube  38. 

The  outer  housing  assembly  34  includes  a  return  va lve  

25  housing  sec t ion   40,  a  pis ton  adapter  housing  sect ion  42,  a 
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connect ing  co l l e t   housing  sec t ion   44,  a  packer  housing  s e c -  
t ion  46,  a  supply  valve  housing  sec t ion   48,  a  l iner   va lve  
housing  sec t ion   50,  and  a  check  valve  housing  sec t ion   52. 

Return  valve  housing  sec t ion   40  and  piston  a d a p t e r  
5  housing  sec t ion   4  2  are  th readed ly   connected  at  threaded  con- 

nec t ion   54  with  a  seal  being  provided  therebetween  by  0 - r i n g  
56. 

The  connecting  c o l l e t   housing  sec t ion   44  and  p i s t o n  
adapter   housing  sec t ion   42  are  connected  together   a t  

10  threaded  connection  58  with  a  seal  being  provided  t h e r e b e -  
tween  by  O-rinq  60. 

The  packer  housing  sec t ion   46  and  connecting  c o l l e t  

housing  sec t ion   44  are  connected  t oge the r   at  threaded  con- 
nec t ion   62  with  a  seal  being  provided  therebetween  by  O-r ing  

15  64. 

The  supply  valve  housing  sec t ion   48  and  packer  housing 
s ec t i on   4  6  are  connected  toge the r   at  threaded  connection  66 
with  a  seal  being  provided  therebetween  by  O-ring  68. 

The  l i ne r   valve  housing  sec t ion   50  and  supply  va lve  
20  housing  sec t ion   48  are  connected  toge the r   at  threaded  con- 

nec t ion   70  with  a  seal  being  provided  therebetween  by  O-r ing  
72. 

The  check  valve  housing  sec t ion   52  and  l iner   valve 

housing  sec t ion   50  are  connected  toge the r   at  threaded  con- 
25  nect ion  74  with  a  seal  beinq  provided  therebetween  by  O-r ing 

76. 
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The  lower  inner  housing  assembly  36  includes  an  upper 

member  78  and  a  lower  member  80  connected  together   a t  

threaded  connection  82. 

The  lower  inner  housing  assembly  36  is  c e n t r a l l y  

5  received  within  the  outer  housing  assembly  34  and  f i x e d l y  

a t tached  the re to   by  weld  86. 

The  housing  32  has  a  gravel  packing  port  88  d i sposed  

through  a  wall  the reof .   The  gravel  packing  port  88  i n c l u d e s  

an  inner  por t ion   90  disposed  through  upper  member  78  of 

10  lower  inner  housing  assembly  36,  and  an  outer  port ion  92 

disposed  through  supply  valve  housing  sect ion  48  of  o u t e r  

housing  assembly  34.  The  inner  and  outer  port ions  90  and  92 

are  in  r e g i s t r y   with  each  o ther ,   and  the  weld  86  c i r -  

cumscribes  the  junct ion   between  inner  and  outer  por t ions   90 

15  and  92  of  gravel  packing  port  88. 

The  cen t ra l   flow  tube  38  of  housing  32  has  an  upper  end 

94  s ea l ing ly   received  in  an  upper  bore  96  of  return  va lve  

housing  sect ion  40  of  outer  housing  assembly  34  with  a  s e a l  

being  provided  therebetween  by  O-ring  98. 

20  Central   flow  tube  38  has  a  lower  end  100  s e a l i n g l y  

received  in  a  bore  102  of  upper  member  78  of  lower  i n n e r  

housing  assembly  36  with  a  seal  being  provided  t he r ebe tween  

by  O-ring  104. 

The  housing  32  has  a  s lu r ry   supply  passage  106  and  a 

25  f lu id   return  passage  108  defined  t h e r e i n .  

;*$« 
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A  major i ty   por t ion   of  the  s lu r ry   supply  passage  106  i s  
def ined  by  a  bore  110  of  the  cen t r a l   flow  tube  38. 

The  f lu id   re turn   passage  108  is  for  the  most  part  an 
annular   f lu id   re turn  passage,  and  a  major i ty   por t ion  of  the  

5  r e tu rn   passage  108  is  defined  between  an  outer  surface  112 
of  the  cen t r a l   flow  tube  38  and  the  outer  housing  assembly 
34. 

The  gravel  packing  port  88  of  housing  3  2  extends  t r a n s -  
ve r se ly   through,  but  is  i s o l a t e d   from,  the  annular  r e t u r n  

10  passage  108. 

The  s e t t i ng   device  12  includes  a  weight  r e s p o n s i v e  
r e tu rn   valve  means  114  (see  FIGS.  1A-1B)  o p e r a t i v e l y   a s s o -  
c i a t ed   with  the  outer  housing  assembly  134  of  housing  32  f o r  
communicating  an  upper  por t ion   116  of  f lu id   re turn  passage  

15  108  with  a  well  annulus  e x t e r i o r   of  the  housing  32  in  

response  to  r e c i p r o c a t i o n   of  the  work  s t r ing   14. 

The  re turn   valve  means  114  includes   a  re turn   va lve  
s leeve  118  s l i dab ly   disposed  about  an  outer  c y l i n d r i c a l   s u r -  
face  120  of  re turn   valve  housing  sec t ion   40.  The  r e t u r n  

20  valve  s leeve  118  has  a  sleeve  port  122  disposed  t h e r e -  
t h r o u g h .  

The  re turn   valve  housing  sec t ion   40  has  a  housing  p o r t  
124  disposed  t he re th rough ,   which  may  be  considered  to  be  a 
par t   of  the  re turn   valve  means  114.  The  housing  port  124  i s  

25  communicated  with  the  upper  por t ion   116  of  re turn   passage  
108. 
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An  upper  adapter  126  is  threadedly   connected  to  r e t u r n  

valve  sleeve  118  at  threaded  connection  128  with  a  s e a l  

beinq  provided  therebetween  by  O-ring  130.  The  upper 

adapter   126  provides  a  connecting  means  for  connecting  an 
5  upper  end  of  the  s e t t i ng   device  12  to  the  work  s t r ing   14  a t  

threaded  connection  16  p rev ious ly   ment ioned .  

Return  valve  means  114  f u r the r   includes  a  spl ined  con- 

nector   cap  132  threadedly   connected  to  re turn  valve  s l e e v e  

118  at  threaded  connection  134.  Connector  cap  132  i n c l u d e s  

10  a  p l u r a l i t y   of  r a d i a l l y   inward  extending  sp l ines   136  which 

are  meshed  with  a  p l u r a l i t y   of  r a d i a l l y   outward  ex tend ing  

sp l ines   138  of  re turn  valve  housing  sec t ion   40  so  t h a t  

r e l a t i v e   l o n g i t u d i n a l   movement  of  re turn   valve  sleeve  118 

r e l a t i v e   to  outer  housing  assembly  34  is  pe rmi t t ed ,   whi le  

15  r e l a t i v e   r o t a t i o n a l   movement  therebetween  is  p r e v e n t e d .  

In  FIGS.  1A-1B,  the  return  valve  sleeve  is  shown  in  an 

uppermost  closed  pos i t ion   r e l a t i v e   to  outer  housing  assembly 

34.  This  uppermost  pos i t ion   is  defined  by  abutment  of  an 

upper  end  140  of  connector  cap  132  with  a  downward  f a c i n g  

20  annular   shoulder  142  of  re turn  valve  housing  sec t ion   40. 

Return  valve  means  114  includes  f i r s t ,   second  and  t h i r d  

O-ring  seal  means  144,  146  and  148,  r e s p e c t i v e l y ,   f o r  

sea l ing   between  return  valve  housing  sec t ion   40  and  r e t u r n  

valve  sleeve  118. 

25  When  return  valve  sleeve  118  is  in  i ts  uppermost  c losed  

p o s i t i o n   r e l a t i v e   to  outer  housing  assembly  34,  the  s l e e v e  
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port   122  is  located  between  seals  144  and  146,  and  t he  

housing  port  124  is  located  between  seals   146  and  148,  so 

that   sleeve  port  122  is  i so l a t ed   from  housing  port  124. 

When  weight  is  set  down  upon  the  s e t t i n g   device  12  by 
5  means  of  the  work  s t r ing   14,  the  return  valve  sleeve  118 

wi l l   move  downward  to  a  lower  pos i t i on   r e l a t i v e   to  o u t e r  

housing  assembly  34  in  which  the  sleeve  port  122  is  in  

r e g i s t r y   with  the  housing  port  124  so  as  to  communicate  the  

r e tu rn   passage  108  with  the  well  annulus  e x t e r i o r   of  t he  

10  s e t t i n g   device  12. 

The  s e t t i n g   device  12  fu r the r   includes  a  h y d r a u l i c  

s e t t i n g   p is ton  means  150,  o p e r a t i v e l y   a s soc ia t ed   with  the  

housing  3  2  and  communicated  with  the  cen t r a l   supply  passage  
106  for  s e t t i n g   the  packer  apparatus  18  of  the  g r a v e l  

15  packing  system  10  in  response  to  a  f i r s t   increase   in  f l u i d  

p res su re   in  the  supply  passage  106  to  a  f i r s t   v a l u e .  

The  s e t t i n g   pis ton  150  has  a  bore  152  and  a  c o u n t e r b o r e  

154  within  which  are  c lose ly   received  c y l i n d r i c a l   outer  s u r -  

faces  156  and  158  of  connecting  co l l e t   housing  sec t ion   44 

20  and  p is ton   adapter   housing  sect ion  42,  r e s p e c t i v e l y .  

A  smaller   diameter  O-ring  seal  160  ca r r ied   by  pis ton  150 

sea ls   agains t   connecting  c o l l e t   housing  sect ion  44,  and  a 

l a rge r   diameter  seal  162  seals  between  p is ton  a d a p t e r  

housing  sec t ion   44  and  counterbore  154.  The  e f f e c t i v e   d i f -  

25  f e r e n t i a l   area  of  s e t t i ng   piston  150  is  defined  between 

sea ls   160  and  162. 
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An  annular  power  chamber  164  is  defined  between  con- 

necting  co l l e t   housing  sect ion  44  of  outer  housing  assembly 

34  of  housing  32  and  the  s e t t i ng   pis ton  150. 

Housing  32  includes  a  t r ansve r se   passage  166  which  com- 

5  municates  cent ra l   supply  passage  106  with  the  annular  power 

chamber  164. 

Transverse  passage  166  includes  a  f i r s t   port ion  168 

disposed  r ad i a l l y   through  an  enlarged  diameter  port ion  172 

of  cen t ra l   flow  tube  38,  and  a  second  por t ion  170  d i s p o s e d  

10  through  connecting  co l l e t   housing  sect ion  44. 

The  f i r s t   and  second  por t ions   168  and  170  are  in  

r e g i s t r y   with  each  other  and  a  weld  174  c i rcumscr ibes   t he  

junct ion  the rebe tween .  

Thus,  the  t r ansverse   passage  166  extends  t r a n s v e r s e l y  

15  through,  but  is  i so la t ed   from,  the  annular  return  pas sage  

108. 

Fluid  pressure  from  within  cen t ra l   supply  passage  106  i s  

t r a n f e r r e d   through  t r ansve r se   passage  166  to  the  a n n u l a r  

power  chamber  164  above  s e t t i ng   .piston  150,  so  that  t h e  

20  s e t t i ng   piston  150  can  be  forced  downward  r e l a t i v e   t o  

housing  32  in  response  to  an  increase  in  pressure   within  t he  

supply  passaae  106  to  a  predetermined  f i r s t   v a l u e .  

A  c y l i n d r i c a l   tubular   s e t t i n g   sleeve  176  is  connected  to  

the  lower  end  of  s e t t inq   piston  150  at  threaded  c o n n e c t i o n  

25  178.  A  r e l i e f   port  180  is  disposed  through  sleeve  176. 
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Se t t ing   sleeve  176  has  a  lower  end  182  arranged  f o r  

engagement  with  the  packer  apparatus  18  to  set  the  packe r  

appara tus   18  in  a  manner  that  will  be  fur ther   d e s c r i b e d  

below.  

5  Se t t ing   sleeve  176  is  i n i t i a l l y   re ta ined  in  p o s i t i o n  

r e l a t i v e   to  the  packer  apparatus  18  by  a  p l u r a l i t y   of  s h e a r  

pins  184  disposed  through  the  sleeve  176  and  received  in  an 

annular   groove  18  6  of  the  packer  apparatus  18. 

The  s e t t i n g   device  12  also  includes  a  h y d r a u l i c a l l y  

10  ac tua ted   supply  valve  means  188  ope ra t ive ly   a ssoc ia ted   w i t h  

the  lower  inner  housing  assembly  36  of  housing  32  for  com- 

munica t ing   the  gravel  packing  port  88  of  housing  32  with  t h e  

c e n t r a l   supply  passage  106  of  housing  32  in  response  to  a 

second  increase   in  f lu id   pressure   in  the  cent ra l   supp ly  

15  passage  106  to  a  second  value  g rea te r   than  the  p r e v i o u s l y  

mentioned  f i r s t   v a l u e .  

The  supply  valve  means  188  includes  a  s l id ing   supp ly  

valve  s leeve  190  having  an  open  cent ra l   passageway  192 

extending  the re th rough   and  open  at  both  a  lower  end  194  and 

20  an  upper  end  196  of  supply  valve  sleeve  190.  The  open 

c e n t r a l   passageway  192  of  supply  valve  sleeve  190  is  com- 

municated  with  the  cen t r a l   s lu r ry   supply  passage  106. 

An  annular   seat  198  c i rcumscr ibes   an  upper  end  of  open 

c e n t r a l   passageway  192  for  receiving  a  closure  ball  200 

25  t h e r e i n .  
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A  r e t a in inq   caqe  202  is  disposed  in  bore  102  of  upper  
member  78  of  lower  inner  housing  assembly  36  to  keep  the  

closure  ball  200  in  place  near  the  supply  valve  sleeve  190. 

An  0-ring  203  seals  between  upper  member  78  of  lower  

5  inner  housing  assembly  36  and  supply  valve  sleeve  190. 

When  f luid  pressure   is  increased  in  the  c en t r a l   s l u r r y  

supply  passage  106,  a  downward  pressure   d i f f e r e n t i a l   a c r o s s  

c losure  ball  200  causes  ball  200  to  seal  on  seat  198  so  t h a t  

a  downward  pressure  d i f f e r e n t i a l   is  imposed  on  supply  v a l v e  

10  sleeve  190. 

The  supply  valve  sleeve  190  is  i n i t i a l l y   r e t a ined   in  an 

upper  closed  pos i t ion   r e l a t i v e   to  lower  inner  hous ing  

assembly  36  by  one  or  more  shear  pins  204  as  seen  in  FIG. 

1G. 

15  When  fluid  pressure   within  cen t ra l   s lurry  supply  pas sage  
106  reaches  a  predetermined  value,  the  downward  f o r c e  

exer ted  on  supply  valve  sleeve  190  will  shear  the  pins  204 

and  the  supply  valve  sleeve  190  will  move  down  to  a  lower  

open  pos i t ion   defined  by  abutment  of  lower  end  194  of  supp ly  

20  valve  sleeve  190  with  a  r a d i a l l y   inward  extending  flange  206 

of  lower  member  8  0  of  lower  inner  housing  assembly  36. 

When  supply  valve  sleeve  190  is  in  this  lower  p o s i t i o n ,  

an  O-ring  207  seals  between  upper  member  78  of  lower  i n n e r  

housing  assembly  36  and  supply  valve  sleeve  190  below  the  

25  gravel   packing  port  88. 
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The  shear  pins  204  can  genera l ly   be  re fer red   to  as  a 
r e l e a s a b l e   r e t a in ing   means  204,  ope ra t ive ly   assoc ia ted   wi th  

the  supply  valve  sleeve  190  and  the  lower  inner  housing 

assembly  36  of  housing  32,  for  i n i t i a l l y   r e t a in ing   the  
5  supply  valve  sleeve  190  in  a  closed  pos i t ion   blocking  t he  

gravel   packing  port  88. 

When  the  supply  valve  sleeve  190  is  moved  downward  t o  
i t s   lower  open  pos i t i on ,   a  locking  means  208,  o p e r a t i v e l y  
a s s o c i a t e d   with  the  supply  valve  sleeve  190  and  the  lower 

10  inner  housing  assembly  36  of  housing  32  locks  the  supply  
valve  s leeve  190  in  i ts   lower  open  pos i t ion .   Locking  means 
208  inc ludes   a  p l u r a l i t y   of  separa te   locking  dogs  210 

surrounded  by  an  annular  r e s i l i e n t   band  212  which  biases  t he  

dogs  210  r a d i a l l y   inward.  As  seen  in  FIG.  1G,  the  l o c k i n g  

15  dogs  208  are  i n i t i a l l y   located  within  a  groove  214  d e f i n e d  

between  upper  and  lower  members  78  and  80  of  lower  i n n e r  

housing  assembly  36. 

When  the  supply  valve  sleeve  190  is  moved  downward  r e l a -  

t ive   to  lower  inner  housing  assembly,  the  locking  dogs  210 

20  wi l l   move  r a d i a l l y   inward  into  engagement  with  a  groove  214 

of  supply  valve  sleeve  190  thus  prevent ing  supply  va lve  

s leeve  190  from  moving  back  upward. 

Supply  valve  sleeve  190  has  a  run-in  f i l l   port  216 

disposed  through  a  wall  the reof .   Port  216  communicates  wi th  

25  g rave l   packing  port  83,  when  sleeve  190  is  in  i ts   i n i t i a l  
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upper  pos i t i on ,   to  allow  the  work  s t r ing   14  to  f i l l   wi th  

well  f luid  as  the  gravel  packing  system  10  is  lowered  into  a 

well.  The  well  f luid  flows  in  through  gravel  packing  p o r t  

88  and  f i l l   port  216,  then  up  around  ball  200  and  th rough  

5  supply  passaqe  106.  Well  f luid  can  also  enter  th rough  

screen  24  to  f i l l   the  work  s t r ing   14. 

When  supply  valve  sleeve  190  is  in  its  lowermost  open 

p o s i t i o n ,   the  run-in  f i l l   port  216  through  supply  v a l v e  

sleeve  190  is  communicated  with  a  port  218  disposed  th rough  

10  upper  member  78  of  lower  inner  housing  assembly  36  to  aid  in  

the  flow  of  clean  f luid  from  return  passage  108  to  supp ly  

passage  106  during  reverse  c i r c u l a t i o n .   This  also  p r o v i d e s  

a  safe ty   feature  in  the  event  the  check  valve  ball  224  were 

to  become  stuck  against   the  open  lower  end  of  lower  member 

15  80  of  lower  inner  housing  assembly  36,  or  in  the  event  the  

open  lower  end  of  lower  member  80  became  plugged  in  some 

other  manner. 

The  se t t ing   device  12  fu r the r   includes  a  check  va lve  

means  220,  disposed  in  a  lower  port ion  of  the  housing  32 

20  below  the  supply  valve  means  188  for  permi t t ing   flow  of  

re turn   fluid  upward  there through  and  for  prevent ing  downward 

flow  t h e r e t h r o u g h .  

The  check  valve  means  220  includes  an  annular  check 

valve  seat  222  and  a  check  valve  ball  224. 

25  The  annular  check  valve  seat  222  c i rcumscr ibes   an  upper  

end  of  a  cent ra l   bore  226  of  check  valve  housing  sec t ion   52. 
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Bore  226  def ines   a  por t ion   of  the  return  passage  108  of  

housing  32.  

As  wil l   be  f u r t he r   explained  below,  the  check  va lve  

means  220  provides  a  means  for  d i r ec t ing   reverse  c i r c u l a t i o n  

5  f l u id   t r a v e l l i n g   down  through  those  port ions  of  r e t u r n  

passage  108  above  check  valve  means  220,  up  through  the  open 
c e n t r a l   passageway  192  of  supply  valve  sleeve  190  and  up 

through  the  cen t r a l   s lu r ry   supply  passage  106  of  housing  32 

to  remove  excess  s lu r ry   from  the  s e t t ing   device  12. 

10  S e t t i n g   device  12  includes   a  r e l easab le   connecting  means 

268  o p e r a t i v e l y   a s soc i a t ed   with  connecting  co l le t   housing 

sec t ion   44  for  r e l ea sab ly   connecting  the  se t t ing   device  12 

to  an  i n t e r n a l   l e f t -handed   thread  266  of  packer  appa ra tu s  

18. 

15  P r io r   to  lowering  the  work  s t r ing   14,  s e t t ing   device  12, 

packer  appara tus   18,  l i ne r   valve  means  20  and  screen  24  i n t o  

a  well ,   the  r e l e a s a b l e   connecting  means  268  will  be  connec-  

ted  to  the  packer  apparatus   18  as  shown  in  FIG.  1C. 

The  r e l e a s a b l e   connect ing  means  268  includes  an  upper 

20  c o l l e t   ring  por t ion  270  having  a  p l u r a l i t y   of  connec t ing  

c o l l e t   spring  f ingers   272  extending  downward  the re f rom.  

Bach  of  the  spring  f ingers   272  includes  a  r ad i a l ly   o u t e r  

l e f t - h a n d   threaded  surface  274  for  threadedly  engaging  t he  

i n t e r n a l   l e f t -hand   threaded  surface  266  of  the  packer  

25  appara tus   18. 
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A  p l u r a l i t y   of  lugs  276  extend  r ad i a l l y   outward  from 

connect ing  co l l e t   housing  sect ion  44  through  the  spaces  be-  

tween  adjacent   connecting  co l l e t   spring  f ingers   272  so  t h a t  

the  r e l e a s a b l e   connecting  co l l e t   means  268  is  r o t a t i o n a l l y  

5  fixed  r e l a t i v e   to  the  connecting  co l l e t   housing  sect ion  44. 

Some  l o n g i t u d i n a l   movement  of  r e l ea sab l e   c o n n e c t i n g  

c o l l e t   268  r e l a t i v e   to  connecting  co l le t   housing  sec t ion   44 

is  permi t ted .   A  bore  278  of  ring  port ion  270  is  s l i d a b l y  

received  about  an  outer  c y l i n d r i c a l   surface  280  of  con-  

10  nect inq  co l l e t   housing  sect ion  44.  A  l imit   ring  282  i s  

th readed ly   connected  to  connecting  co l le t   housing  sec t ion   44 

above  outer  c y l i n d r i c a l   surface  280  at  threaded  c o n n e c t i o n  

284.  The  l imit   ring  282  l imits   upward  movement  of  

r e l e a s a b l e   connecting  co l l e t   268  r e l a t i v e   to  c o n n e c t i n g  

15  c o l l e t   housing  sect ion  44.  An  upward  facing  a n n u l a r  

shoulder   286  of  connecting  co l l e t   housing  sect ion  44  w i l l  

abut  ring  port ion  270  of  r e l ea sab l e   connecting  c o l l e t   268  t o  

l imi t   downward  movement  of  connecting  co l l e t   268  r e l a t i v e   t o  

connect ing  co l l e t   housing  sect ion  44. 

20  In  FIG.  1C,  the  ring  port ion  270  of  co l le t   268  is  shown 

abu t t ing   the  l imit   ring  282  as  it  would  when  the  s e t t i n g  

device  12  is  stabbed  into  the  packer  apparatus  18  to  make  up 

the  l e f t -hand   threads  266  and  274.  When  the  gravel  pack ing  

system  10  is  being  lowered  into  the  well,  the  packer  a p p a r a -  

25  tus  18  and  co l l e t   268  will  drop  down  r e l a t i v e   to  housing  32 

c^*s?M<M 
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of  s e t t i n g   device  12  un t i l   ring  por t ion  270  abuts  shou lde r  

286.  In  that   p o s i t i o n ,   the  lower  por t ions   of  f ingers  272 

engage  an  enlarged  diameter  outer   surface  233  of  connec t ing  

c o l l e t   housing  sec t ion   44  to  prevent   the  f ingers   272  from 

5  being  biased  inward.  

As  is  f u r t h e r   descr ibed  below,  a f t e r   the  packing  a p p a r a -  
tus  18  has  been  set  in  a  well  bore,  the  s e t t ing   device  12  i s  

d i s connec t ed   from  packing  apparatus   18  by  r ight -hand  r o t a -  

t ion  of  the  work  s t r ing   14  and  s e t t i n g   device  12  which 

10  d i s c o n n e c t s   the  l e f t -hand   threaded  outer  surfaces  274  of  

connec t ing   c o l l e t   spring  f ingers   272  from  the  i n t e rna l   l e f t -  

handed  thread  266  of  packing  appara tus   18. 

Deta i led   Desc r ip t ion   Of  The  Liner  Valve  Means 

15  As  seen  in  FIGS.  1F-1G,  the  l i ne r   valve  means  20  of  the  

gravel   packing  system  10  has  a  lower  port ion  of  the  housing 

32  of  s e t t i n g   device  12  received  t he re in   so  that  the  g r a v e l  

packing  port   88  of  the  s e t t i n g   device  12  is  in  v e r t i c a l  

r e g i s t r y   with  a  l ine r   valve  port  228  of  l iner   valve  means 

20  20. 

The  l i ne r   valve  means  20  includes   a  l iner   valve  body  230 

and  a  l i ne r   valve  sleeve  232  s l i d a b l y   disposed  in  the  l i n e r  

valve  body  230. 

The  l i ne r   valve  body  230  includes   an  upper  body  s e c t i o n  

25  234  and  a  lower  body  sect ion  236  connected  together   a t  
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threaded  connection  238  with  a  seal  being  provided  t h e r e -  

between  by  O-ring  240.  An  O-ring  seal  229  seals  between  a 

bore  231  of  upper  body  sect ion  234  and  an  outer  surface  233 

of  supply  valve  housing  sect ion  48. 

5  The  l ine r   valve  port  228  is  disposed  through  the  upper  

body  sec t ion   234. 

The  l iner   valve  sleeve  232  is  operably  assoc ia ted   wi th  

the  l i ne r   valve  housing  sect ion  50  of  outer  housing  assembly 

34  of  housing  32  so  that  when  the  housing  32  is  received  in  

10  the  l ine r   valve  means  20  as  seen  in  PIGS.  1F-1H,  the  l i n e r  

valve  sleeve  232  is  located  below  the  l iner   valve  port  228, 

so  that   the  gravel  packing  port  88  of  housing  32  is  com- 

municated  with  the  l iner   valve  port  228. 

The  l iner   valve  sleeve  232  includes  a  c y l i n d r i c a l   t u b u -  

15  lar  seal ing  por t ion  242  having  f i r s t   and  second  l o n g i t u d i -  

nal ly  spaced  O-ring  seals  244  and  246  disposed  in  r a d i a l l y  

outer   grooves  thereof .   Liner  valve  sleeve  232  also  i n c l u d e s  

a  p l u r a l i t y   of  downward  extending  spring  co l le t   f ingers   248, 

each  having  a  lower  head  250  including  both  a  r a d i a l l y  

20  inward  extending  lug  252  and  a  r ad i a l l y   outward  e x t e n d i n g  

lug  254. 

The  se t t ing   device  12  and  l iner   valve  means  20  are  so 

arranged  and  cons t ruc ted   that  when  the  housing  32  of  s e t t i n g  

device  12  is  received  within  the  l iner   valve  means  20  w i t h  

25  the  gravel  packing  port  88  in  r e g i s t r y   with  the  l iner   va lve  

-"•"  i*.* 
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port  228,  the  spring  co l l e t   f ingers   248  are  cammed  r a d i a l l y  
inward  as  seen  in  FIGS.  1G  and  1H  so  that  the  inward 

extending  lugs  252  are  la tched  in  an  annular  outer  groove 
256  of  l i ne r   valve  housing  sec t ion   50  of  housing  32  so  t h a t  

5  the  l i ne r   valve  sleeve  232  is  r e l easab ly   l o n g i t u d i n a l l y  
f ixed  r e l a t i v e   to  the  housing  32. 

When  the  housing  32  of  s e t t i ng   device  12  is  l a t e r   w i t h -  

drawn  from  the  l i ne r   valve  means  20,  the  l ine r   valve  s l e e v e  
232  is  pul led  upward  with  the  housing  32  r e l a t i v e   to  t he  

10  l i n e r   valve  body  230  un t i l   the  l ine r   valve  sleeve  reaches  an 

upper  closed  pos i t i on   wherein  l ine r   valve  port  228  i s  

loca ted   l o n g i t u d i n a l l y   between  O-ring  seals  244  and  246  t h u s  

c los ing   l i n e r   valve  port  228.  When  the  l iner   valve  s l e e v e  

232  is  in  this   upper  closed  p o s i t i o n ,   the  spring  c o l l e t  
15  f i n g e r s   248  spring  r a d i a l l y   outward  to  disengage  from  t h e  

l i n e r   valve  housing  sec t ion   50  of  housing  32  and  to  engage  a 

r a d i a l l y   inward  facing  annular  groove  258  defined  between 

upper  and  lower  body  sec t ions   234  and  236  of  l iner   va lve  

body  230  to  thus  r e l e a s a b l y   latch  the  l ine r   valve  sleeve  232 

20  in  i ts   upper  closed  p o s i t i o n   blocking  the  l iner   valve  p o r t  
228. 

Deta i led   Desc r ip t ion   Of  The  Packer  Appara tus  

The  packer  apparatus   18  is  shown  by  i t s e l f   in  FIGS. 

25  2A-2B,  and  is  shown  assembled  with  the  s e t t ing   device  12  and 

l i n e r   valve  apparatus   20  in  FIGS.  1C-1F. 
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The  packer  apparatus  18  includes  a  packer  mandrel  means 
260. 

A  mandrel  connecting  sleeve  262  is  threadedly  connec ted  

to  packer  mandrel  means  260  at  threaded  connection  264. 
5  Mandrel  connecting  sleeve  262  includes  an  i n t e rna l   l e f t -  

handed  thread  266. 

The  groove  186  of  packer  apparatus  18  within  which  t he  

shear  pins  184  are  received  to  i n i t i a l l y   re ta in   s e t t i n g  
sleeve  176  of  s e t t i n g   device  12  in  pos i t ion   r e l a t i v e   to  the  

10  packer  apparatus   18  is  defined  within  an  outer  surface  of  

the  mandrel  connecting  sleeve  262. 

Packer  apparatus   18  includes  an  expandable  packing  means 
286  inc luding   f i r s t ,   second  and  third  annular  packing  e l e -  

ments  288,  290  and  292  disposed  about  the  mandrel  means  260. 

15  An  upper  shoe  means  294  is  received  about  the  mandrel  

means  260  above  the  packing  means  286  for  c o m p r e s s i b l y  

engaging  an  upper  end  296  of  packing  means  286. 

A  lower  shoe  means  298  is  received  about  mandrel  means 

260  for  compressibly  engaging  a  lower  end  300  of  pack ing  

20  means  286. 

A  s l ip   means  302  is  received  about  mandrel  means  260  f o r  

anchoring  the  packer  apparatus  18  within  a  well  bore .  

An  upper  wedge  means  304  is  received  about  mandrel  means 

260  above  the  s l ip   means  302  for  wedging  the  s l ip  means  302 

25  r a d i a l l y   outward  upon  l ong i tud ina l   compression  of  t he  

packing  means  286. 
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A  lower  wedge  means  306  is  also  received  about  the 
mandrel  means  260  below  the  s l ip   means  302  for  wedging  the  

s l ip   means  302  r a d i a l l y   outward  upon  l o n g i t u d i n a l  

compression  of  packing  means  286. 

5  A  n o n - r o t a t i o n a l   connecting  means  308  is  o p e r a t i v e l y  
connected  between  the  mandrel  means  260  and  each  of  t he  

upper  shoe  means  294,  lower  shoe  means  298,  upper  wedge 
means  304,  and  lower  wedge  means  306  for  prevent ing  r o t a t i o n  
of  each  of  the  upper  shoe  means  294,  lower  shoe  means  298, 

10  upper  wedge  means  304  and  lower  wedge  means  306  r e l a t i v e   to  
the  mandrel  means  260.  As  is  f u r t he r   explained  below,  one 
important   purpose  of  the  n o n - r o t a t i o n a l   connecting  means  308 

is  to  prevent   r o t a t i o n   of  the  various  elements  of  the  packer  

means  18  if  the  packer  means  18  becomes  stuck  in  a  well  bore 
15  and  must  be  milled  out  of  the  well  bore.  As  will  be 

unders tood  by  those  s k i l l e d   in  the  a r t ,   if  the  various  e l e -  

ments  of  the  packer  means  18  are  allowed  to  ro t a t e ,   it  can 
be  very  d i f f i c u l t   to  mill  the  packer  apparatus   18  out  of  the 

well  b o r e .  

20  The  n o n - r o t a t i o n a l   connecting  means  308  includes  f i r s t ,  

second  and  th i rd   r a d i a l l y   inward  extending  pins  or  lugs  310, 
312  and  314,  r e s p e c t i v e l y ,   which  are  s l i dab ly   received  in  

f i r s t ,   second  and  th i rd   l o n g i t u d i n a l l y   extending  s lo ts   316, 

318  and  320,  r e s p e c t i v e l y ,   disposed  in  the  mandrel  means 

25  260. 
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As  seen  in  FIG.  ID,  the  lower  shoe  means  298  and  the  

upper  s l ip   means  304  are  separable   non- in teg ra l   s t r u c t u r e s  

which  are  f ixedly   connected  together   at  threaded  c o n n e c t i o n  

322  so  as  to  be  l o n g i t u d i n a l l y   fixed  r e l a t i ve   to  each  o t h e r .  

5  This  provides  a  combined  lower  shoe  and  upper  wedge  means 

324. 

The  combined  lower  shoe  and  upper  wedge  means  324  i n -  

cludes  a  p l u r a l i t y   of  shear  pins  (not  shown)  ,  r o t a t i o n a l l y  

o f f s e t   from  the  pins  3i2,  which  i n i t i a l l y   re ta in   the  com- 

10  bined  lower  shoe  and  upper  wedqe  means  324  in  place  r e l a t i v e  

to  the  mandrel  means  260.  These  shear  pins  engage  f l a t   b o t -  

tom  holes  (not  shown)  in  mandrel  means  260,  and  are  des igned  

to  prevent   the  packer  means  18  from  prematurely  s e t t i ng   as 

it  is  run  into  the  w e l l .  

15  An  upper  por t ion  326  of  upper  wedge  means  304  and  p a r -  

t i c u l a r l y   an  upper  annular  surface  328  thereof  which  engages 

the  lower  end  300  of  packing  means  286  can  be  g e n e r a l l y  

r e f e r r e d   to  as  being  a  por t ion   of  the  lower  shoe  means  298 

which  compressibly  engages  the  lower  end  300  of  packing  

20  means  286. 

The  upper  shoe  means  294  includes  a  main  shoe  housing 

member  330  having  an  inner  bore  332  s l idab ly   received  about  

an  outer  c y l i n d r i c a l   surface  334  of  mandrel  means  260. 

The  main  shoe  housing  member  330  has  a  tapered  wedging 

25  shoulder   336  defined  on  an  upper  end  t h e r e o f .  

■M 
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Main  shoe  housing  member  330  includes  a  lower  a n n u l a r  
end  surface   338  compress ib ly   engaging  the  upper  end  296  of  

packing  means  286. 

Also,  main  shoe  housing  member  330  includes  t h r e a d e d  
5  upper  and  lower  c y l i n d r i c a l   outer  surfaces   340  and  342, 

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

Upper  shoe  means  294  also  includes  a  dog  housing  344 

having  a  c y l i n d r i c a l   por t ion   34  6  threadedly   connected  t o  

threaded  upper  outer  sur face   340  of  main  shoe  housing  member 
10  330. 

Dog  housing  344  also  includes  an  annular  flange  348 

extending  r a d i a l l y   inward  from  an  upper  end  of  the  c y l i n d r i -  

cal  por t ion   346. 

A  dog  r ece iv ing   groove  3  50  is  defined  within  upper  shoe 
15  means  294  by  the  f lange  348,  the  c y l i n d r i c a l   por t ion   346, 

and  the  tapered  wedging  shoulder   3  36. 

Upper  shoe  means  294  also  includes  an  annular  upper  shoe 

ring  352  th readed ly   connected  to  threaded  lower  outer  s u r -  

face  342  of  main  shoe  housing  member  330.  The  upper  shoe 

20  ring  352  has  a  lower  annular   surface  354  s u b s t a n t i a l l y   f l u s h  

with  the  lower  end  sur face   338  of  main  shoe  housing  member 

330  and  compressibly  engaged  with  the  upper  end  296  o f  

packing  means  286. 

The  packer  appara tus   13  also  includes  a  locking  means 

25  356,  o p e r a t i v e l y   a s s o c i a t e d   with  the  mandrel  means  260  and 
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the  upper  shoe  means  294  for  locking  the  packing  means  286 

in  a  r a d i a l l y   expanded  pos i t i on   wherein  the  packing  means 

286  is  sealed  aga ins t   a  well  bo re .  

The  locking  means  356  includes  a  p l u r a l i t y   of  i n d i v i d u a l  

5  locking  dogs  353  received  in  the  dog  receiving  groove  350  o f  

upper  shoe  means  294.  Each  of  the  locking  dogs  358  has  a 

r a d i a l l y   inner  gr ipping  surface  means  360  s l idab ly   engaging 

the  c y l i n d r i c a l   outer  surface  334  of  mandrel  means  260  f o r  

opposing  upward  motion  of  the  dogs  358  r e l a t i v e   to  mandrel  

10  means  260.  The  gr ipping  surface  means  360  includes  a 

p l u r a l i t y   of  upwardly  d i r ec ted   teeth  which  bite  into  t he  

outer  surface  334  of  mandrel  means  260  and  oppose  upward 

motion  of  dogs  358  r e l a t i v e   to  mandrel  means  260  whi l e  

allowing  downward  motion  of  dogs  358  r e l a t i v e   to  mandrel  

15  means  260. 

Each  of  the  dogs  358  has  a  lower  tapered  end  surface  362 

engaging  the  tapered  wedging  shoulder  336  of  upper  shoe 

means  294  so  that   the  dogs  358  are  wedged  r a d i a l l y   inward 

aga ins t   mandrel  means  260  upon  l ong i tud ina l   compression  of 

20  the  packing  means  286. 

A  r e s i l i e n t   annular  band  364  extends  around  the  l o c k i n g  

dogs  358  to  hold  them  in  pos i t i on   against   the  outer  s u r f a c e  

334  of  mandrel  means  260. 

A  s ingle   B e l l e v i l l e   spring  366  is  located  between  an 

25  upper  end  of  locking  dogs  358  and  the  flange  348  of  dog 
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housing  344  to  bias  the  locking  dogs  358  downward  i n t o  

engaqement  with  the  tapered  wedging  shoulder   336. 

A  c y l i n d r i c a l   outer  surface  367  of  packer  housing  s e c -  

t ion  46  of  outer  housing  assembly  34  of  s e t t i n g   device  12  i s  

5  c lose ly   received  within  a  bore  368  of  mandrel  means  260  w i th  

a  seal   being  provided  therebetween  by  O-ring  seal  means  370. 

The  s l ip   means  302  includes  a  p l u r a l i t y   of  i n d i v i d u a l  

s l ip   segments  which  are  located  about  the  c i rcumference  of  

the  mandrel  means  260,  and  only  one  of  the  s l ip   means  302  i s  

10  v i s i b l e   in  FIGS.  ID  and  IE.  

A  c y l i n d r i c a l   s l ip   housing  372  is  c o n c e n t r i c a l l y  

disposed  about  the  s l ip   segments  302.  Slip  housing  372  has 

a  p l u r a l i t y   of  windows  or  s lo t s   such  as  546  cut  t h e r e i n  

through  which  the  s l ip   segments  302  may  e x t e n d .  

15  Associa ted   with  each  of  the  s l ip   segments  302  is  an 

arched  r e t r a c t i n g   spring  374  which  is  held  in  place  between 

the  s l ip   segment  302  and  the  s l ip   housing  372  to  bias  the  

s l ip   segments  302  r a d i a l l y   inward  r e l a t i v e   to  s l ip   hous ing 

372.  The  s l ip   housing  372  is  a t tached  to  the  upper  wedge 

20  means  304  by  a  p l u r a l i t y   of  threaded  connecting  screws  such 

as  376. 

Each  of  the  s l ip   segments  302  includes   a  r a d i a l l y   i n n e r  

upper  tapered  surface  378  for  engaging  an  annular  wedging 

sur face   380  of  upper  wedge  means  304. 

25  Lower  wedge  means  306  includes  upper  and  lower  s e c t i o n s  

382  and  384  th readedly   connected  toge ther   at  threaded  con-  
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nection  386  with  a  seal  being  provided  therebetween  by  0-  

ring  seal  means  388. 

The  upper  sec t ion   382  of  lower  wedge  means  306  i n c l u d e s  

a  p l u r a l i t y   of  upward  extending  wedge  co l l e t   f ingers   390, 

5  each  having  a  r a d i a l l y   outer  lower  wedge  surface  392  d e f i n e d  

on  upper  ends  thereof   for  engagement  with  a  r a d i a l l y   i n n e r  

lower  tapered  surface  393  of  each  s l ip   segment  302. 

The  mandrel  means  260  includes   an  in te rmedia te   c y l i n d r i -  

cal  outer  holding  surface  394  i n i t i a l l y   located  r a d i a l l y  

10  inward  of  and  engaging  the  upper  por t ions   of  wedge  c o l l e t  

f ingers   390  as  seen  in  FIG.  IE  for  holding  the  lower  wedge 

surface  392  in  wedging  engagement  with  the  s l ip  means  302 

a f t e r   the  expandable  packing  means  286  has  been  l o n g i t u d i -  

nal ly  compressed  to  expand  the  packing  means  286  into  en-  

15  gagement  with  the  well  bo re .  

The  mandrel  means  260  also  includes  a  lower  reduced 

diameter  outer  r e l e a s i n g   surface  396  located  below  i n t e r -  

mediate  c y l i n d r i c a l   outer  holding  surface  394  for  a l lowing  

the  wedge  co l l e t   f inqers   390  to  de f l ec t   r ad i a l l y   inward  and 

20  re lease   the  s l ip   means  302  from  the  well  bore  upon  upward 

movement  of  the  mandrel  means  260  r e l a t i v e   to  the  lower 

wedqe  means  306  as  is  f u r t he r   descr ibed  below. 

The  packer  apparatus   18  f u r the r   includes  a  s e l e c t i v e  

r e l ea s inq   means  398  o p e r a t i v e l y   a s soc i a t ed   with  the  mandrel  

25  means  260  and  the  lower  wedge  means  306  for  re leas ing   the  
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packing  means  286  from  an  expanded  pos i t i on   wherein  the  

packing  means  286  is  sealed  agains t   a  well  bo re .  

The  s e l e c t i v e   r e l e a s i n g   means  398  includes  a  r e l e a s i n g  
c o l l e t   400  connected  at  threaded  connection  402  to  a  lower 

5  end  of  mandrel  means  260  with  a  seal  being  provided  t h e r e -  

between  by  O-ring  404. 

The  r e l ea s ing   c o l l e t   400  includes  a  p l u r a l i t y   of  s p r i n g  

f ingers   such  as  406  and  408  extending  downward  t h e r e f r o m ,  
each  of  which  includes  a  r a d i a l l y   outward  extending  l ock ing  

10  lug  410  defined  t h e r e o n .  

Se l ec t i ve   r e l ea s ing   means  398  f u r t h e r   includes  a 

r a d i a l l y   inner  annular  lug  rece iv ing   groove  412  defined  in  

lower  wedge  means  306  between  i ts   upper  and  lower  s e c t i o n s  

382  and  384. 

15  The  locking  lugs  410  of  spring  f ingers   such  as  406  and 

408  are  normally  received  in  the  groove  412  as  seen  in  FIG. 

IF  to  l o n g i t u d i n a l l y   lock  the  mandrel  means  260  r e l a t i v e   t o  

the  lower  wedge  means  306. 

The  s e l e c t i v e   r e l e a s i n g   means  398  f u r the r   includes  a 

20  r e l e a s i n g   sleeve  414  which  is  i n i t i a l l y   r e l e a s a b l y   held  by 
shear  pins  416  in  a  lower  pos i t ion   r a d i a l l y   within  t h e  

spring  f ingers   such  as  406  and  408  of  r e l eas ing   c o l l e t   400 

to  hold  the  locking  lugs  410  in  the  lug  r ece iv ing   groove 
412. 

25  As  is  f u r the r   expla ined  below,  the  r e l ea s ing   sleeve  414 

opera tes   in  connection  with  a  r e t r i e v i n g   apparatus   g e n e r a l l y  

des igna ted   by  the  numeral  418  and  shown  in  FIGS.  3A-3B. 
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The  r e l eas ing   sleeve  414  is  movable  to  an  upper  p o s i t i o n  

(see  FIG.  5)  r e l a t i v e   to  the  r e l eas ing   co l l e t   400  where in  

the  spring  f ingers   such  as  406  and  408  can  de f lec t   r a d i a l l y  

inward  to  allow  the  mandrel  means  260  to  move  upward  r e l a -  

5  t ive  to  the  lower  wedge  means  306  and  thereby  re lease   t he  

packing  means  286  from  seal ing  engagement  with  the  well  bore 

so  that  the  packer  apparatus  18  can  be  r e t r i eved   in  a  manner 

fu r the r   descr ibed  below. 

An  outer  c y l i n d r i c a l   surface  420  of  r e l eas ing   co l l e t   400 

10  is  c losely  and  s l idab ly   received  within  a  bore  422  of  upper  

sec t ion   382  of  lower  wedge  means  306  with  a  seal  being  pro-  ' 

vided  therebetween  by  O-ring  seal  means  424. 

Methods  Of  Se t t ing   The  Packer  
Apparatus  And  Placing  Gravel  Therebelow 

15  To  u t i l i z e   the  gravel  packing  system  10  to  gravel  pack  a 

subsurface   formation  of  a  well,   the  work  s t r ing   14,  s e t t i n g  

device  12,  packer  ap'paratus  18,  l i ne r   valve  means  20,  s c r e e n  

24  and  t a i l   pipe  28  are  assembled  as  shown  in  FIGS.  1A-1F. 

Then,  the  work  s t r ing   with  the  various  at tached  s t r u c -  

20  tures  is  lowered  into  place  to  a  desired  locat ion  in  t he  

well  with  the  screen  24  adjacent   a  subsurface  f o rma t ion  

which  is  to  be  gravel   packed.  

Then,  i n t e r n a l   pressure   within  the  work  s t r ing   14  and 

the  cen t r a l   s lur ry   supply  passage  106  of  se t t ing   device  12 

25  is  increased  to  a  f i r s t   value  s u f f i c i e n t   to  shear  the  s h e a r  
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pins  184  (see  FIG.  1C)  holding  s e t t i n g   sleeve  176  so  t h a t  

s e t t i n g   sleeve  176  is  moved  downward  by  s e t t i n g   p is ton  150 
into  engagement  with  the  upper  end  of  dog  housing  344  o f  

upper  shoe  means  294  of  packer  apparatus   18. 

5  It  is  noted  that  the  c losure  ball   200  wil l   i n i t i a l l y  

prevent   flow  of  f lu ids   out  of  the  s lu r ry   supply  passage  106 

so  that   this   f i r s t   increased  f lu id   pressure   within  the  work 

s t r i ng   14  is  d i rec ted   through  the  t r ansve r se   passage  166  t o  

the  annular   power  chamber  164  ad jacent   s e t t i ng   pis ton  150. 

1°  Althouqh  in  the  p r e f e r r ed   embodiment  i l l u s t r a t e d   in  FIG. 

IF,  the  c losure  ball   200  is  i n i t i a l l y   assembled  with  the  

s e t t i n g   device  12  and  held  in  place  t he re in   by  the  cage  202, 

it   is  poss ib le   to  delete   the  cage  202  and  i n i t i a l l y   d e l e t e  

the  c losure   ball   200  so  that  the  s e t t i n g   device  12  is  i n i -  

15  t i a l l y   run  into  the  well  without  the  c losure   ball   200.  Then 

the  c losure   ball   200  may  be  dropped  from  the  surface  down 

through  the  work  s t r ing   14  into  engagement  with  the  seat  198 

a f t e r   the  s e t t i n g   device  12  has  been  lowered  to  the  d e s i r e d  

l o c a t i o n   within  the  w e l l .  

20  In  a  t yp ica l   embodiment  of  the  present   invent ion  t h e  

p res su re   required   to  be  applied  to  the  s e t t i n g   p is ton  150  t o  

set  the  packer  apparatus  18  is  approximately  2,000  p s i .  

The  p rev ious ly   mentioned  shear  pins  (not  shown)  between 

the  combined  lower  shoe  and  upper  wedge  means  324  and  the  

25  mandrel  means  260  will  shear  as  soon  as  pressure   is  a p p l i e d  
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to  the  s e t t inq   piston  150.  A  pressure   of  about  200  to  300 

psi  is  s u f f i c i e n t   to  shear  those  p i n s .  

As  the  s e t t i ng   sleeve  176  moves  downward  the  upper  shoe 

means  294,  packing  means  286,  lower  shoe  means  298,  upper  
5  wedge  means  304  and  s l ip   means  302  will   be  l o n g i t u d i n a l l y  

compressed  between  the  s e t t i n g   sleeve  176  and  the  lower  shoe 

means  306. 

During  this  l o n g i t u d i n a l   compression,   the  s l ips   302  w i l l  

f i r s t   be  wedged  r a d i a l l y   outward  by  upper  and  lower  wedge 
10  means  304  and  306  to  anchor  the  packer  apparatus  18  w i t h i n  

the  well  bore.  Then,  f u r t h e r   l o n g i t u d i n a l   compression  w i l l  

squeeze  the  elements  288,  290  and  292  of  packing  means  286 

between  upper  shoe  means  294  and  lower  shoe  means  298  t o  

cause  the  e las tomer ic   packing  means  286  to  expand  r a d i a l l y  

15  outward  and  seal  aga ins t   the  bore  of  the  we l l .  

After  the  packer  apparatus   18  has  been  set,   s e t t i n g  

pressure   can  be  r e l i eved   and  the  packer  apparatus  18  i s  

locke^  in  its  expanded  pos i t i on   by  the  action  of  the  l o c k i n g  

dogs  358  of  locking  means  356. 

20  The  packer  apparatus  18  can  then  be  t es ted .   F i r s t ,  

approximately  10,000  pounds  is  pulled  against   the  packe r  

apparatus   18  by  means  of  the  work  s t r ing   14  to  tes t   whether  

the  s l ips   302  are  adequately   anchored  within  the  well  bore .  

Then,  pressure  is  applied  to  the  well  annulus  between  the  

25  well  casing  and  the  work  s t r ing   14  above  the  packer  a p p a r a -  
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tus  18  to  t es t   whether  the  packing  means  286  is  c o m p l e t e l y  
sealed  aqa ins t   the  well  bo re .  

Once  the  packer  apparatus   18  has  been  set  and  t e s t e d ,  

the  supply  valve  means  188  must  be  opened.  F i r s t   about  

5  10,000  pounds  of  weight  is  set  down  on  the  packer  a p p a r a t u s  
18  by  means  of  the  work  s t r ing   14  to  open  re turn   valve  means 
114.  This  moves  re turn   valve  sleeve  118  downward  r e l a t i v e  

to  outer   housing  assembly  34  to-  move  sleeve  port  122  i n t o  

r e g i s t r y   with  housing  port  124  so  that  the  re turn   pas sage  
10  108  of  s e t t i n g   device  12  is  communicated  with  the  well  annu-  

lus  e x t e r i o r   of  the  housing  32  above  the  packing  e l ements  

286. 

Then,  i n t e r n a l   pressure   within  the  work  s t r ing   14  and 

the  c e n t r a l   s lur ry   supply  passage  106  is  increased  to  a 
15  second  value  higher  than  the  p rev ious ly   mentioned  f i r s t  

value.   In  a  p re fe r r ed   embodiment  of  the  inven t ion ,   t he  

second  value  is  approximately  3,000  ps i ,   and  as  p r e v i o u s l y  

mentioned,   the  f i r s t   value  is  approximately  2,000  psi.   This  

second  p ressure   increase   acts  downward  across  c losure  b a l l  

20  200  and  downward  on  supply  valve  sleeve  190  to  shear  t h e  

shear  pins  204  and  move  the  supply  valve  sleeve  190  downward 

to  an  open  pos i t i on   wherein  i ts  upper  end  196  is  l o c a t e d  

below  gravel  packing  port  83  of  housing  32  thus  com- 

municat ing  an  i n t e r n a l   bore  of  the  work  s t r ing   14  with  t he  

25  open  gravel   packing  port  88  and  with  the  open  l ine r   va lve  

por t   228  of  the  l ine r   valve  means  220. 
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Supply  valve  sleeve  190  is  locked  in  its  lower  open 

pos i t ion   by  engagement  of  locking  dogs  210  with  groove  214. 

The  gravel  s lurry   can  now  be  pumped  in  place  around  the  

screen  24.  As  will  be  understood  by  those  sk i l l ed   in  t he  

5  a r t ,   the  gravel  included  in  this   s lurry   is  a c tua l l y   normal ly  

of  very  small  size  and  in  layman's  terms  would  genera l ly   be 

r e f e r r e d   to  as  sand.  This  sand  or  gravel  s lu r ry   is  pumped 

downward  through  the  inner  bore  of  work  s t r ing   14  and 

through  the  cen t ra l   s lurry  supply  passage  106  of  s e t t i n g  

10  device  12,  then  r a d i a l l y   outward  through  gravel  packing  p o r t  

88  and  l iner   valve  port  228  into  the  well  annulus  between 

the  screen  24  and  the  well  bore .  

The  sand  or  gravel  will   be  deposi ted  in  the  well  annulus  

between  the  screen  24  and  the  well  bore,  and  the  c a r r i e r  

15  f lu id   from  the  s lurry   will  flow  inward  through  openings  

schemat i ca l ly   i l l u s t r a t e d   and  des ignated  by  the  numeral  426 

as  seen  in  FIG.  1H. 

This  return  f luid  will  then  flow  upward  through  the  bore 

of  t a i l   pipe  108,  and  throuqh  the  bore  226  of  check  va lve  

20  housing  sect ion  52  past  check  valve  means  220  and  upward 

into  the  annular  return  passage  108  through  the  s e t t i n g  

device  12,  then  f i n a l l y   r a d i a l l y   outward  through  housing 

port  124  and  sleeve  port  122  of  return  valve  means  114  i n t o  

the  well  annulus  above  the  packing  means  286  where  it  f lows 

25  back  upward  to  the  e a r t h ' s   s u r f a c e .  
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Once  the  sand  or  gravel  has  been  c i r c u l a t e d   into  p l a c e ,  
i t   can  be  squeezed  into  the  formation.  This  is  done  by- 
f i r s t   p lacing  a  tension  load  on  the  s e t t ing   device  12  by 

pu l l i ng   about  10,000  pounds  with  the  work  s t r ing   14  t o  
5  r e tu rn   the  re turn   valve  means  114  to  i ts  closed  pos i t ion   as 

seen  in  FIGS.  1A  and  IB. 

Then  with  the  re turn   valve  means  114  closed,   i n t e r n a l  

p re s su re   is  once  again  applied  to  the  work  s t r ing   14  and  t he  

s l u r r y   supply  passage  106  to  squeeze  the  gravel  or  sand  i n t o  

10  the  subsurface   formation.  Pump  pressure   is  applied  u n t i l  

sand-out   is  a ch i eved .  

Then,  excess  s lurry   can  be  reversed  out  of  the  work 

s t r i n g   14.  This  is  accomplished  as  f o l l o w s .  

The  re turn   valve  means  114  is  again  opened  by  s e t t i n g  
15  down  10,000  pounds  on  the  work  s t r ing   14. 

Subsequent ly ,   clean  f lu id   is  pumped  down  the  well  annu- 

lus  between  the  work  s t r ing   14  and  the  well  bore  above  t h e  

packing  means  286.  This  clean  f luid  flows  r a d i a l l y   inward 

from  the  well  annulus  through  sleeve  port  122  and  hous ing  
20  port   124  into  the  upper  por t ion   116  of  re turn   passage  108. 

The  clean  f luid  then  flows  downward  through  the  a n n u l a r  

r e tu rn   passage  108. 

The  check  valve  means  220  prevents   flow  of  this   c l e a n  

f l u id   downward  through  the  bore  226  of  check  valve  hous ing  

25  s ec t ion   52  and  d i r ec t s   the  clean  f luid  upward  through  t he  
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open  cen t ra l   passageway  192  of  supply  valve  sleeve  190,  then  

up  past  closure  ball   200  and  upward  through  the  s l u r r y  

supply  passage  106  and  the  bore  of  work  s t r ing   14  to  c i r -  

culate   any  remaining  s lurry  out  of  the  s e t t i ng   device  12  and 

5  the  work  s t r ing   14. 

The  se t t ing   device  12  can  now  be  r e t r i eved   leaving  the  

packer  apparatus  18,  l ine r   valve  means  20  and  screen  24  in  

p l a c e .  

This  is  done  by  taking  a  s l i gh t   pull  with  the  work 

10  s t r ing   14  agains t   the  packer  apparatus  18  of  a p p r o x i m a t e l y  

1,000  pounds.  Right-hand  r o t a t i o n   is  then  applied  to  the  

work  s t r ing   14  to  back  off  the  l e f t -hand   r a t che t   t h r e a d s  

connecting  threaded  outer  surfaces   274  of  connecting  c o l l e t  

268  to  the  i n t e rna l   l e f t -hand   threaded  surface  266  of  

15  mandrel  connecting  sleeve  262. 

Then  the  s e t t ing   device  12  with  the  a t tached  t a i l   p ipe  

28  can  be  pulled  out  of  engagement  with  the  packer  a p p a r a t u s  
18  and  out  of  the  w e l l .  

As  the  se t t ing   device  12  is  pulled  out  of  the  packe r  

20  apparatus  18,  the  l iner   valve  sleeve  232  is  pulled  up  t o  

seal  across  the  l iner   valve  port  228  with  the  r a d i a l l y   o u t -  

ward  extendinq  lugs  254  of  co l l e t   f ingers   248  r e l e a s a b l y  

latched  within  groove  258  of  l ine r   valve  body  230. 

If  necessary,   the  s e t t ing   device  12  can  be  lowered  back 

25  into  engagement  with  the  packer  apparatus  18  reopening  the  
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l i n e r   valve  means  20  so  that  add i t iona l   sand  or  gravel  can 

be  placed  about  the  screen  24.  When  the  s e t t ing   device  12 

is  lowered  back  into  engagement  with  the  packer  a p p a r a t u s  

18  r  the  connecting  co l l e t   spring  f ingers  272  will  a l low 

5  t h e i r   r a d i a l l y   outer  l e f t -hand   threaded  surfaces   274  t o  

r a t c h e t   downwardly  into  engagement  with  the  i n t e rna l   l e f t -  

hand  threaded  surface  266  of  mandrel  connecting  sleeve  262. 

Detai led  Descr ip t ion   Of  The 
Ret r iev ing   Tool  Of  FIGS.  3A-3B 

10  After   the  packer  apparatus  13  has  been  set  in  a  well  as 

jus t   de sc r ibed ,   and  a f t e r   the  se t t ing   device  12  has  been 

—  withdrawn  therefrom  closing  the  l iner   valve  means  20,  a  p r o -  

duct ion  s t r i ng   (not  shown)  will   general ly   be  lowered  i n t o  

engagement  with  the  packer  apparatus  18. 

15  The  product ion   s t r ing   will  include  a  seal  means  on  i t s  

lower  end  which  will  seal  within  the  mandrel  means  260  o f  

packer  means  18  in"  a  manner  s imilar   to  that  in  which  t he  

seal   means  370  (see  the  upper  end  of  FIG.  ID)  of  packe r  

housing  sec t ion   46  of  s e t t ing   device  12  sealed  within  t h a t  

20  mandrel  means. 

The  product ion   s t r ing   will  be  open  on  its  lower  end  so 

tha t   formation  f luid  from  the  subsurface  formation  which  has 

been  gravel   packed  can  flow  through  the  gravel  pack  and 

inward  through  the  screen  24  and  upward  into  the  p r o d u c t i o n  

25  s t r i n g .  
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At  this  point ,   the  packer  apparatus  18  can  be  said  to  

funct ion  as  a  production  packe r .  

Subsequently  at  some  point  during  the  l i f e   of  the  w e l l ,  

it  may  be  desired  to  remove  the  packer  apparatus  18  from  the  

5  well.  This  may  occur  a f te r   the  packer  apparatus  18  has  been 

set  within  the  well  for  an  extended  period  of  time  of 

perhaps  several   years  or  more. 

The  r e t r i e v i n g   apparatus  413  shown  in  FIGS.  3A  and  3B  i s  

designed  to  r e t r i e v e   the  previously   set  packer  apparatus   18 

10  from  the  w e l l .  

The  r e t r i e v i n g   apparatus  418  includes  an  e longated  body 

means  428  comprised  of  a  main  body  member  assembly  4  30  and  a 

back-up  ring  432  r e leasab ly   at tached  to  main  body  member 

assembly  430  by  a  l e f t -hand   thread  means  434. 

15  The  elongated  body  means  428  has  a  back-up  shoulder   436 

defined  on  the  back-up  ring  432  thereof ,   and  has  a  c e n t r a l  

passage  438  disposed  in  the  main  body  member  assembly  430 

t h e r e o f .  

Main  body  member  assembly  430  includes  a  top  coup l ing  

20  440,  upper  mandrel  442,  cen t ra l   mandrel  444,  c e n t r a l  

coupling  446,  lower  mandrel  448,  and  a  shoe  450. 

The  top  coupling  440  has  an  i n t e rna l   threaded  s u r f a c e  

4  52  for  connection  to  a  work  s t r ing   (not  shown)  on  which  the  

r e t r i e v i n g   apparatus  418  would  be  lowered  into  the  w e l l .  

25  Top  coupling  440  is  connected  to  upper  mandrel  442  a t  

threaded  connection  454  with  a  seal  being  provided  t h e r e b e -  

tween  by  O-ring  456. 
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Upper  mandrel  442  is  connected  to  cent ra l   mandrel  444  a t  

threaded  connection  4  53  with  a  seal  being  provided  t h e r e b e -  

tween  by  O-ring  460. 

Central   mandrel  444  is  connected  to  center  coupling  446 

5  at  threaded  connection  462  with  a  seal  being  provided  t h e r e -  

between  by  O-ring  464. 

Center  coupling  446  is  connected  to  lower  mandrel  448  a t  

threaded  connection  466  with  a  seal  being  provided  t h e r e b e -  

tween  by  O-ring  4  68. 

10  The  l e f t -hand   thread  434  previously   mentioned  which 

r e l e a s a b l y   connects  back-up  ring  432  to  main  body  member 

assembly  430  is  defined  on  the  lower  mandrel  448  of  main 

body  member  assembly  430. 

Lower  mandrel  448  is  connected  to  shoe  4  50  at  t h r eaded  

15  connect ion  470  with  a  seal  being  provided  therebetween  by  O- 

rincj  472. 

The  r e t r i e v i n g   apparatus   418  includes  a  r e leas ing   c o l l e t  

474  s l i d a b l y   disposed  about  lower  mandrel  448  of  main  body 

member  assembly  430. 

20  Releasinq  c o l l e t   474  includes  a  p l u r a l i t y   of  downward 

extending  spring  f ingers   such  as  476  and  478,  each  of  which 

inc ludes   a  r a d i a l l y   outward  extending  re leas ing   lug  such  as 

480  and  482  defined  on  a  lower  end  t h e r e o f .  

The  r e l eas ing   c o l l e t   474  is  s l idab le   r e l a t i v e   to  lower 

25  mandrel  448  between  a  lower  pos i t ion   i l l u s t r a t e d   in  FIGS. 
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3B,  4  and  5  wherein  lower  ends  of  the  co l l e t   f ingers   476  and 

478  are  engaged  by  the  back-up  shoulder  436  of  back-up  r i n g  

432  to  prevent  r a d i a l l y   inward  de f lec t ion   of  the  s p r i n g  

f ingers   476  and  478,  and  an  upper  pos i t ion   (see  FIG.  6) 

5  wherein  the  lower  ends  of  the  spring  f ingers  are  l o c a t e d  

above  the  back-up  shoulder  436. 

When  the  spring  f ingers   476  and  478  are  located  in  t h e i r  

upper  pos i t ion   above  the  back-up  surface  436,  they  are  f r e e  

to  be  de f lec ted   r a d i a l l y   inward  to  allow  the  r e t r i e v i n g  

10  apparatus  418  to  pass  through  the  cent ra l   bore  368  of 

mandrel  means  260  of  packer  apparatus  18. 

The  r e l eas ing   co l l e t   474  has  a  d i f f e r e n t i a l   area  p i s t o n  

means  484  defined  thereon  and  communicated  with  c e n t r a l  

passage  438  through  a  p l u r a l i t y   of  radial   bores  486  f o r  

15  moving  the  co l l e t   474  to  i ts  upper  posi t ion  (see  PIG.  6) 

r e l a t i v e   to  the  lower  mandrel  448  in  response  to  an  i n c r e a s e  

in  f lu id   pressure   within  the  cent ra l   passage  438.  The 

r ad ia l   bores  486  may  also  be  genera l ly   referred  to  as  t r a n s -  

verse  ports  486. 

20  The  shoe  450  of  body  means  438  has  an  inner  a n n u l a r  

tapered  ball  receiving  seat  means  488  defined  there in   below 

the  t ransverse   ports  486  for  receiving  a  ball  490  to  b lock  

the  cen t ra l   passageway  438. 

The  ball  490  and  ball  rece iv ing  seat  488  may  c o l l e c -  

25  t ive ly   be  r e fe r red   to  as  a  valve  means  for  blocking  the  

cen t r a l   passage  438  of  the  body  means  428. 
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The  lower  mandrel  448  includes  a  f i r s t   c y l i n d r i c a l   o u t e r  

surface   492  and  a  second  enlarged  diameter  c y l i n d r i c a l   o u t e r  

surface   494. 

Releasing  c o l l e t   474  has  a  f i r s t   c y l i n d r i c a l   inner  bore  

5  496  and  a  second  enlarged  diameter  c y l i n d r i c a l   inner  bore  

498.  The  f i r s t   and  second  c y l i n d r i c a l   outer  surfaces  492 

and  494  of  lower  mandrel  448  are  c losely   received  within  the  

f i r s t   and  second  inner  bores  496  and  493,  r e s p e c t i v e l y ,   of  

r e l e a s i n g   c o l l e t   474  so  that   an  annular  power  chamber  500  i s  

10  defined  between  lower  mandrel  448  and  re leas ing   co l l e t   474. 

The  t r a n s v e r s e   ports   486  communicate  the  cent ra l   passage  

438  with  the  annular  power  chamber  500. 

An  upper  O-ring  seal  502  carr ied   in  a  groove  of  

r e l e a s i n g   c o l l e t   474  seals   between  f i r s t   outer  surface  492 

15  of  lower  mandrel  448  and  f i r s t   inner  bore  496  of  r e l e a s i n g  

c o l l e t   474  above  annular  power  chamber  500.  A  lower  O- r ing  

seal   504  disposed  in  an  outer  groove  of  lower  mandrel  448 

sea ls   between  second  outer  surface  494  of  lower  mandrel  448 

and  second  inner  bore  498  of  r e l eas ing   co l le t   474  below  t h e  

20  annular   power  chamber  500. 

The  r e t r i e v i n g   apparatus   418  also  includes  a  compression 

sprinq  biasing  means  506  disposed  about  lower  mandrel  448 

between  a  lower  end  508  of  center   coupling  446  and  an  upper  

end  510  of  r e l e a s i n g   c o l l e t   474.  The  spring  biasing  means 

25  506  cont inuous ly   biases  the  r e l eas ing   co l l e t   474  downward 
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toward  its  lower  pos i t ion   as  seen  in  FIG.  3B  r e l a t i v e   to  the  

lower  mandrel  448. 

The  r e t r i e v i n g   apparatus  418  fu r the r   includes  a 

r e l e a s a b l e   connecting  means  512  operably  assoc ia ted   with  the  

5  body  means  438  for  r e l easab ly   connecting  the  body  means  438 

to  the  packer  apparatus  18  upon  downward  i n se r t i on   of  t he  

body  means  428  of  r e t r i e v i n g   apparatus  418  into  the  c e n t r a l  

bore  368  of  mandrel  260  of  packer  apparatus  18. 

The  r e l easab le   connecting  means  512  is  a  c o n n e c t i n g  

10  c o l l e t   512  having  a  p l u r a l i t y   of  downward  extending  con-  

nect ing  spring  f ingers   such  as  514  and  516,  each  of  which 

includes  a  r a d i a l l y   outer  l e f t -hand   threaded  surface  such  as 

518  and  520  for  threadedly  engaging  the  in te rna l   l e f t - h a n d  

threaded  surface  266  (see  FIG.  1C)  of  mandrel  c o n n e c t i n g  

15  sleeve  262  of  packer  apparatus  18. 

The  connecting  co l le t   512  has  a  p l u r a l i t y   of  r a d i a l l y  

inward  extending  spl ines   520  which  are  meshed  with  a  p l u r a -  

l i t y   of  r a d i a l l y   outward  extending  spl ines  522  of  upper  

mandrel  442.  Thus,  connecting  co l l e t   512  can  sl ide  r e l a t i v e  

20  to  upper  mandrel  442  between  a  lower  end  524  of  top  c o u p l i n g  

440  and  an  upward  facing  annular  shoulder  526  of  upper  

mandrel  442,  but  the  connecting  co l l e t   512  is  r o t a t i o n a l l y  

fixed  r e l a t i v e   to  upper  mandrel  442  by  the  spl ines  520  and 

522. 

25  The  connecting  co l l e t   512  is  e s s e n t i a l l y   i d e n t i c a l   to  

the  connecting  co l l e t   272  of  FIG.  1C,  and  works  in  a  s i m i l a r  

manner  as  previously   d e s c r i b e d .  
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When  the  r e t r i e v i n g   apparatus   418  is  lowered  into  en-  

gagement  with  the  packer  apparatus   18,  the  connecting  c o l l e t  

spring  f ingers   512  and  516  de f l ec t   inwardly  so  that  t h e i r  

l e f t - h a n d   threaded  outer  sur faces   518  and  520  r a t che t   down- 

5  wardly  into  threaded  engagement  with  the  l e f t -hand   t h r eaded  

inner  surface  266  of  packer  apparatus  18.  Thus,  the  con- 

nect ing  co l l e t   512  of  FIG.  3A  will   engage  the  i n t e rna l   l e f t -  

hand  threaded  surface  266  of  packer  apparatus  18  in  a  manner 

e s s e n t i a l l y   like  that   shown  for  the  connecting  co l l e t   272  i n  

10  FIG.  1C. 

The  connecting  co l l e t   512  can  genera l ly   be  described  as  

a  r e l e a s a b l e   connecting  means  512_for  r e l ea sab ly   connec t ing  

the  main  body  member  assembly  430  of  body  means  428  to  the  

packer  apparatus  18  upon  downward  i n se r t i on   of  the  main  body 

15  member  assembly  430  into  the  cen t ra l   bore  3  68  of  mandrel  

means  260  of  packer  apparatus   18,  and  for  d isconnect ing   t h e  

main  body  member  assembly  430  from  the  packer  apparatus  18 

upon  r igh t -hand   r o t a t i o n   of  the  main  body  member  assembly 

430  r e l a t i v e   to  the  packer  apparatus   18. 

20 

Methods  Of  Re t r i ev ing   The  Packer  Appara tus  

The  methods  of  using  the  r e t r i e v i n g   apparatus  418  of  

FIGS.  3A-3B  to  r e t r i e v e   the  packer  apparatus  18  will   now  be 

desc r ibed   with  re ference   to  FIGS.  4-6.  It  is  noted  that  in 

25  FIGS.  4-6  the  l ine r   valve  means  20  connected  to  the  lower 
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end  of  the  packer  apparatus  18  is  not  shown,  but  in  f a c t  

the  l iner   valve  means  20  will  be  connected  to  the  lower  end 

thereof   as  seen  in  FIG.  IF.  

To  r e t r i eve   the  previous ly   set  packer  apparatus  18  from 

5  a  well  bore,  the  r e t r i e v i n g   apparatus  418  of  FIGS.  3A-3B  i s  

connected  to  a  lower  end  of  a  work  s t r ing   of  d r i l l   pipe  and 

lowered  into  engagement  with  the  packer  apparatus  18.  By 

merely  se t t ing   down  weight  upon  the  r e t r i e v i n g   a p p a r a t u s  

418,  it  will  be  pushed  downward  through  the  cent ra l   bore  368 

10  of  the  packer  apparatus  18  un t i l   the  r e t r i e v i n g   a p p a r a t u s  

418  reaches  the  pos i t ion   shown  in  FIG.  4  r e l a t i v e   to  packe r  

apparatus   18. 

It  is  noted  that  the  r e l eas ing   sleeve  414  of  packe r  

apparatus   18  has  an  inner  bore  528  of  s u b s t a n t i a l l y   the  same 
15  diameter  as  inner  bore  368  of  mandrel  means  260  of  packe r  

apparatus   18. 

As  is  apparent  in  FIG.  4,  when  the  re leas ing   c o l l e t   474 

of  r e t r i e v i n g   apparatus  418  is  in  its  lower  pos i t ion   r e l a -  

t ive  to  lower  mandrel  448,  the  r e leas ing   lugs  480  of  the  

20  lower  ends  of  the  r e leas ing   co l l e t   spring  f inger  476  span  a 

l a rger   diameter  than  the  bore  368  of  packer  apparatus  18  and 

are  located  below  a  lower  end  530  of  re leas ing   sleeve  414  o f  

packer  apparatus  18. 

Thus  it  is  apparent  that  the  r e leas ing   co l l e t   474  canno t  

25  be  in  i ts  lower  pos i t ion   as  the  r e t r i e v i n g   apparatus  418  i s  
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i n se r t ed   downwardly  through  the  cen t r a l   bore  368  of  packer  

appara tus   18. 

As  the  r e t r i e v i n g   apparatus   418  is  being  downwardly 

i n s e r t e d   into  the  packer  apparatus   18,  lower  tapered  s u r -  

5  faces  532  of  the  r e l e a s i n g   c o l l e t   spring  f ingers   such  as  476 

wi l l   f i r s t   engage  an  upward  facing  annular  tapered  s u r f a c e  

534  (see  FIG.  1C)  defined  on  mandrel  connecting  sleeve  262. 

This  wi l l   cause  the  r e l e a s i n g   c o l l e t   474  to  be  pushed  upward 

r e l a t i v e   to  lower  mandrel  448  compressing  the  spring  b i a s i n g  

10  means  506  u n t i l   the  spring  c o l l e t   f ingers   such  as  476  a r e  

moved  to  a  pos i t i on   above  the  back-up  shoulder  436  of  back-  

up  rinq  432  in  a  manner  s imi l a r   to  that   i l l u s t r a t e d   in  FIG. 

6,  and  then  the  r e l e a s i n g   c o l l e t   spring  f ingers   such  as  476 

are  de f l ec t ed   r a d i a l l y   inward  so  that  the  r e leas ing   lugs  

15  such  as  480  are  received  within  the  cent ra l   bore  368  of  

packer  apparatus   18  and  the  r e t r i e v i n g   apparatus  418  i s  

allowed  to  s l ide   downwardly  through  the  packer  apparatus  18. 

During  this  downward  i n s e r t i o n   of  the  r e t r i e v i n g   a p p a r a -  

tus  418,  the  r e l ea s ing   c o l l e t   474  will   spring  back  downward 

20  to  i ts   lower  pos i t i on   r e l a t i v e   to  lower  mandrel  448  when  t he  

r e l e a s i n g   lugs  480  reach  a  point   below  a  downward  f a c i n g  

tapered   surface  536  (see  FIG.  IF)  of  r e leas ing   co l l e t   400  o f  

packer  means  18,  and  the  r e l e a s i n g   co l l e t   474  will   again  be 

pushed  upward  compressing  the  b ias ing  spring  506  when  the  

25  lower  tapered  sur faces   such  as  532  of  r e l eas ing   lugs  such  as 
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480  of  r e l e a s i n g   co l l e t   spring  f ingers   476  engage  an  upward 

facing  annular  tapered  surface  538  of  re leas ing   sleeve  414. 

Once  the  r e l eas ing   lugs  such  as  480  reach  a  point  below 

the  lower  end  530  of  r e l eas ing   sleeve  414,  they  will  be 

5  moved  downward  r e l a t i v e   to  lower  mandrel  448  by  the  s p r i n g  

b ias ing   means  506  so  that  the  back-up  shoulder  436  will  be 

located  r a d i a l l y   within  the  lower  ends  of  the  r e l e a s i n g  

c o l l e t   spring  f ingers   such  as  476  to  hold  the  re leas ing   lugs  

4  80  r a d i a l l y   outward  below  the  lower  end  530  of  r e l e a s i n g  

10  s leeve  414  as  shown  in  PIG.  4. 

Then  to  re lease   and  r e t r i e v e   the  packer  apparatus  18, 

the  r e t r i e v i n g   apparatus  418  is  pulled  upward  thus  e x e r t i n g  

an  upward  force  on  re leas ing   sleeve  414  to  shear  the  s h e a r  

pins  416  which  i n i t i a l l y   hold  the  re leas ing   sleeve  414  in  

15  p l a c e .  

Then,  the  r e t r i e v i n g   apparatus  418  and  r e leas ing   s l e e v e  

414  are  pulled  upward  r e l a t i v e   to  the  packer  apparatus  18  t o  

the  p o s i t i o n   shown  in  FIG.  5. 

As  the  r e t r i e v i n g   apparatus  418  is  pulled  fu r the r   upward 

20  from  the  pos i t i on   shown  in  FIG.  5,  the  spring  f ingers   such 

as  406  of  r e l eas ing   co l l e t   400  of  packer  apparatus  18  a r e  

allowed  to  de f l ec t   r a d i a l l y   inward  so  that  the  locking  lugs  

410  are  moved  out  of  engagement  with  the  groove  412  of  lower 

wedge  means  306  of  packer  apparatus  18  thus  allowing  the  

25  mandrel  means  260  of  packer  apparatus  18  to  begin  to  move 
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upward  r e l a t i v e   to  the  lower  shoe  means  306  of  packer  

appara tus   18. 

As  the  mandrel  means  260  of  packer  apparatus  13  moves 

upward,  the  in te rmedia te   c y l i n d r i c a l   outer  holding  s u r f a c e  

5  394  of  mandrel  means  260  (see  FIG.  IE)  will   be  moved  out  

from  under  the  wedge  co l l e t   f ingers   390  allowing  the  wedge 

c o l l e t   f inqers   390  to  de f l ec t   r a d i a l l y   inwardly  to  beg in  

r e l e a s i n g   the  s l ips   302  from  anchoring  engagement  with  t he  

well  b o r e .  

10  Add i t iona l   upward  movement  of  mandrel  means  260  of 

packer  appara tus   18  will   cause  the  f i r s t   pin  310  of  non- 

r o t a t i o n a l   connecting  means  308  (see  FIG.  1C)  to  bottom  o u t  

in  a  lower  end  540  of  f i r s t   s lot   316  of  n o n - r o t a t i o n a l   con- 

nec t ing   means  308.  This  will   then  pull  the  upper  shoe  means 

15  294  upward  allowing  the  packer  elements  288,  290  and  292  o f  

packing  means  286  to  unset  from  the  well  bore .  

As  the  mandrel  260  cont inues   moving  upward,  -the  second 

pin  312  of  n o n - r o t a t i o n a l   connecting  means  308  (see  FIG.  ID) 

wi l l   bottom  out  agains t   a  lower  end  542  (see  FIG.  IE)  o f  

20  second  s lo t   318  of  n o n - r o t a t i o n a l   connecting  means  308  t o  

pull   the  combined  upper  shoe  and  lower  wedge  means  324  froin 

beneath  the  s l ips   302. 

The  f i r s t   and  second  pins  310  and  312  and  f i r s t   and 

second  s lo t s   316  and  318  of  n o n - r o t a t i o n a l   connecting  means 

25  308  can  genera l ly   be  descr ibed  as  being  so  arranged  and 
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cons t ruc t ed   that  a  l o n g i t u d i n a l   t ravel   of  f i r s t   pin  310  in  

f i r s t   s lo t   316  is  shor te r   than  a  l ong i tud ina l   t ravel   of 

second  pin  312  in  second  slot   318,  so  that  when  the  packing 

means  286  is  being  re leased  from  an  expanded  pos i t ion   and 

5  the  packer  apparatus  18  is  being  r e t r i e v e d ,   the  f i r s t   p in  

310  wil l   bottom  out  in  the  f i r s t   s lot   316  to  pull  the  upper 

shoe  means  294  away  from  the  packing  means  286  before  the  

second  pin  312  bottoms  out  in  the  second  slot  318  to  p u l l  

the  upper  wedge  means  304  from  beneath  the  s l ip  means  302. 

10  Fur ther   upward  movement  of  mandrel  260  shoulders  a  lower 

end  544  of  a  s lot   546  of  s l ip  housing  372  with  a  lower  end 

548  of  s l ips   302  pu l l ing   the  s l ips   302  from  the  lower  wedge 

means  306. 

The  s l ips   302  are  then  forced  inward  by  the  springs  374. 

15  An  upper  tapered  annular  end  surface  550  of  r e l e a s i n g  

c o l l e t   400  of  packer  means  18  then  shoulders  on  a  downward 

facing  annular  tapered  surface  552  (see  FIG.  IE)  of  lower 

shoe  means  306.  The  packer  apparatus  18  can  then  be 

r e t r i e v e d   from  the  w e l l .  

20  Usually  a  shear  mechanism  is  i n s t a l l e d   at  some  point  in 

the  l ine r   s t r ing   between  the  packer  apparatus  18  and  the 

screen  24  so  that  as  the  packer  apparatus  13  is  r e t r i e v e d ,  

the  shear  mechanism  (not  shown)  shears  leaving  the  screen  24 

in  place.   The  screen  24  can  then  be  r e t r i eved   s e p a r a t e l y .  

25  If  the  packer  apparatus  13  has  been  in  place  in  the  wel l  

bore  for  several   years ,   it  may  not  re lease  in  the  manner 
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jus t   descr ibed   because  corros ion  and  foreign  p a r t i c l e s   may 

prevent   the  var ious   pieces  of  the  packer  apparatus  from 

moving  as  i n t e n d e d .  

If  the  packer  apparatus  18  is  stuck  in  the  well  bo re ,  

5  the  r e t r i e v i n g   apparatus  418  has  two  separate   s a f e t y  

f e a t u r e s   which  allow  it  to  be  re leased   from  the  stuck  packer  

appara tus   18. 

The  f i r s t   of  these  safety  re lease   f ea tu res   is  p rov ided  

by  the  d i f f e r e n t i a l   area  piston  means  484  of  r e l e a s i n g  

10  c o l l e t   474  of  r e t r i e v i n g   apparatus  413. 

In  the  event  that  the  packer  apparatus  18  is  stuck  in  

the  well  bore  and  cannot  be  re leased ,   f lu id   pressure   w i t h i n  

the  c en t r a l   passage  438  of  r e t r i e v i n g   apparatus  418  can  be 

inc reased   and  t r a n s m i t t e d   through  the  t r ansverse   ports  486 

15  to  the  annular  power  chamber  500  a s soc ia ted   with  the  d i f -  

f e r e n t i a l   area  p is ton  means  484.  This  will  cause  an  upward 

force  on  the  r e l ea s ing   co l l e t   474  which  will  move  it  to  an 

upward  pos i t i on   r e l a t i v e   to  lower  mandrel  448  as  seen  in 

FIG.  6.  As  is  apparent  in  FIG.  6,  it  will   probably  be  the  

20  case  that   the  lower  mandrel  448  will   ac tua l ly   move  downward 

r e l a t i v e   to  the  r e l e a s i n q   co l l e t   474. 

With  the  r e l e a s i n g   c o l l e t   474  held  in  i ts  upper  p o s i t i o n  

as  i l l u s t r a t e d   in  FIG.  6  by  the  increased  f luid  p r e s s u r e  

wi thin   the  c en t r a l   passage  438  of  r e t r i e v i n g   apparatus  418, 

25  the  r e t r i e v i n g   apparatus   418  can  be  pulled  upward  and  the  
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r e l e a s i n q   c o l l e t   spring  f ingers   such  as  476  will  be 
de f l ec t ed   r a d i a l l y   inward  so  that  the  r e t r i e v i n g   a p p a r a t u s  
418  is  allowed  to  be  pulled  upward  through  the  cent ra l   bore 
368  of  packer  apparatus   18  out  of  engagement  with  the  packer  

5  appara tus   18. 

It  is  noted  that  the  ball  490  closes  the  cent ra l   passage  
438  of  r e t r i e v i n g   apparatus  418  below  the  t ransverse   p o r t s  
486.  The  ball   490  may  e i the r   be  run  into  the  well  with  the  
r e t r i e v i n g   apparatus   418  or  it  may  be  dropped  through  the  

10  work  s t r ing   a t tached  to  the  r e t r i e v i n g   apparatus  418  if  i t  
becomes  necessary  to  u t i l i z e   the  safety  release  fea ture   p r o -  
vided  by  the  d i f f e r e n t i a l   area  piston  means  484. 

When  using  the  safe ty   re lease   feature   just  descr ibed,   i t  
is  also  necessary  to  d isconnect   connecting  co l le t   512  of  

15  r e t r i e v i n g   apparatus   418  from  l e f t -hand   thread  266  of  packe r  
appara tus   18.  To  do  th is ,   r iqh t -hand  ro ta t ion   must  be 
applied,  to  the  work  s t r ing   and  to  the  r e t r i e v i n g   a p p a r a t u s  
418  to  d i sconnec t   the  l e f t -hand   threads  such  as  518  and  520 
of  connect ing  co l l e t   512  from  the  in te rna l   l e f t - h a n d  

20  threaded  surface  266  of  packer  apparatus  18. 

A  second  safe ty   re lease   fea ture   is  provided  by  the  l e f t -  
hand  threaded  connection  434  of  back-up  ring  432  to  the  
lower  mandrel  448  of  body  means  428. 

If  the  packer  apparatus  18  is  stuck  in  the  well,  and  the  , 
25  r e t r i e v i n g   apparatus   418  cannot  be  pulled  upward  from  the  
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p o s i t i o n   i l l u s t r a t e d   in  FIG.  5  to  re lease   the  packer  a p p a r a -  

tus  18,  r i gh t -hand   r o t a t i o n   can  be  applied  to  the  work 

s t r i n g   and  to  the  r e t r i e v i n g   apparatus  413  while  m a i n t a i n i n g  

an  upward  pull  on  the  work  s t r ing .   This  will   ro ta te   the  

5  main  body  member  assembly  430  and  the  lower  mandrel  448 

the reof   r e l a t i v e   to  the  back-up  ring  432  to  d isconnect   lower 

mandrel  448  from  back-up  ring  432  at  l e f t -hand   threaded  con-  

nec t ion   434  thus  allowing  the  back-up  ring  432  to  drop  down- 

wardly  r e l a t i v e   to  the  lower  mandrel  448  so  that  the  

10  r e l e a s i n g   c o l l e t   spring  f ingers   such  as  476  may  then  d e f l e c t  

r a d i a l l y   inward  allowing  the  r e t r i e v i n g   apparatus  418  to  be 

pu l led   upward  out  of  engagement  with  the  packer  a p p a r a t u s  

18. 

As  the  l e f t -hand   threaded  connection  434  is  being 

15  unthreaded  during  r igh t -hand   ro ta t ion   of  the  r e t r i e v i n g  

appara tus   418,  the  l e f t -hand   threaded  connection  between 

connect ing   co l l e t   512  and  i n t e rna l   l e f t -hand   surface  266  o f  

packer  apparatus   18  will   also  be  d i s c o n n e c t e d .  

After   the  r e t r i e v i n g   apparatus  418  has  been  d i s c o n n e c t e d  

20  from  the  stuck  packer  apparatus   13  in  e i ther-   of  the  manners 

jus t   desc r ibed ,   the  packer  apparatus  18  can  be  milled  out  of  

the  well.   Mill ing  is  a  convent ional   technique  which  is  we l l  

known  to  those  s k i l l e d   in  the  art ,   by  means  of  which  an 

annular   mi l l ing   tool  is  lowered  into  engagement  with  t he  

25  packer  appara tus   18  and  ro ta ted   to  cut  the  packer  a p p a r a t u s  

18  out  of  the  well  bore .  
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The  n o n - r o t a t i o n a l   connecting  means  308  of  packer  

apparatus   18,  inc luding   f i r s t ,   second  and  third  pins  310, 

312  and  314  received  in  f i r s t ,   second  and  third  s lots   316, 

318  and  320,  r e s p e c t i v e l y ,   will  keep  the  various  parts  of  

5  the  packer  appara tus   18  from  ro ta t ing   during  the  m i l l i n g  

procedure  thus  inc reas inq   the  ease  of  mil l ing  the  packer  

apparatus  18  out  of  the  well  bore .  

Thus  it  is  seen  that  the  apparatus  and  methods  of  the 

present   invent ion   r ead i ly   achieve  the  ends  and  advantages  

10  mentioned  as  well  as  those  inherent   there in .   While  c e r t a i n  

p re fe r r ed   embodiments  of  the  invent ion  have  been  i l l u s t r a t e d  

and  descr ibed  for  the  purposes  of  the  present  d i s c l o s u r e ,  

numerous  changes  in  the  arrangement  and  cons t ruc t ion   of  

parts   and  steps  may  be  made  by  those  sk i l led   in  the  a r t  

15  which  changes  are  encompassed  within  the  scope  and  s p i r i t   of 

the  present   i n v e n t i o n .  
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CLAIMS  : 

1.  A  s e t t i n g   d e v i c e   (12)   f o r   a  g r a v e l   p a c k i n g   s y s t e m ,  

c o m p r i s i n g :   a  h o u s i n g   (32)   h a v i n g   a  s l u r r y   s u p p l y   p a s s a g e  

( 1 0 6 )   and  a  f l u i d   r e t u r n   p a s s a g e   (108)   d e f i n e d   t h e r e i n ,   a n d  

h a v i n g   a  g r a v e l   p a c k i n g   p o r t   (88)   d i s p o s e d   t h r o u g h   a  w a l l  

5  t h e r e o f ;   c o n n e c t i n g   means   (126)   f o r   c o n n e c t i n g   an  u p p e r  

end  of  s a i d   s e t t i n g   d e v i c e   to   a  work  s t r i n g   ( 1 4 ) ;   w e i g h t  

r e s p o n s i v e   r e t u r n   v a l v e   means   (114)   ,  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   h o u s i n g ,   f o r   c o m m u n i c a t i n g   an  u p p e r   p o r t i o n   ( 1 1 6 )  

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

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

s t r i n g ;   h y d r a u l i c   s e t t i n g   p i s t o n   means   ( 1 5 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   h o u s i n g   and  c o m m u n i c a t e d   w i t h   s a i d  

s u p p l y   p a s s a g e ,   f o r   s e t t i n g   a  l i n e r   h a n g e r   ( l 8 )   of  s a i d  

g r a v e l   p a c k i n g   s y s t e m   in  r e s p o n s e   to  a  f i r s t   i n c r e a s e   i n  

15  f l u i d   p r e s s u r e   in   s a i d   s u p p l y   p a s s a g e   to   a  f i r s t   v a l u e ;  

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

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

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

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

v a l v e   means   i n c l u d i n g   a  s l i d i n g   s u p p l y   v a l v e   s l e e v e   ( 1 9 0 )  

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

and  open   a t   b o t h   a  l o w e r   end  and  u p p e r   end  of  s a i d   s l e e v e ,  

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

25  and  c h e c k   v a l v e   means   ( 2 2 0 ) ,   d i s p o s e d   in  a  l o w e r   p o r t i o n   o f  

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

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

d o w n w a r d   f l o w   t h e r e t h r o u g h   . 

30  2.  A  d e v i c e   a c c o r d i n g   to   c l a i m   1,  w h e r e i n :   s a i d  

s l i d i n g   s u p p l y   v a l v e   s l e e v e   ( 1 9 0 )   has   a  b a l l   r e c e i v i n g   s e a t  

means   ( 1 9 8 ) ,   d e f i n e d   upon  s a i d   u p p e r   end  t h e r e o f ,   f o r  

r e c e i v i n g   a  c l o s u r e   b a l l   ( 2 0 0 )   t h e r e o n   to   c l o s e   s a i d   o p e n  
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c e n t r a l   p a s s a g e w a y   and  to   a l l o w   s a i d   s l e e v e   to   be  f o r c e d  

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

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

r  3.  A  d e v i c e   a c c o r d i n g   to   c l a i m   1  or  2,  w h e r e i n   s a i d  

c h e c k   v a l v e   means   ( 2 2 0 )   i s   a r r a n g e d   to   d i r e c t   r e v e r s e  

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

of  s a i d   s u p p l y   v a l v e   s l e e v e   and  up  t h r o u g h   s a i d   s l u r r y  

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

10  d e v i c e .  

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

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

means   ( 2 0 4 ) ,   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   s u p p l y  

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

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

g r a v e l   p a c k i n g   p o r t   , 

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

20  s a i d   s u p p l y   v a l v e   means   f u r t h e r   i n c l u d e s   l o c k i n g   means   ( 2 0 8 ) ,  

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   s u p p l y   v a l v e   s l e e v e   a n d  

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

i t s   s a i d   open   p o s i t i o n .  

25  6.  A  d e v i c e   a c c o r d i n g   to   any  of  c l a i m s   1  to   5;  w h e r e i n  

s a i d   w e i g h t   r e s p o n s i v e   r e t u r n   v a l v e   means   (114)   i s   a r r a n g e d  

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

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

s e t t i n g   w e i g h t   down  on  s a i d   s e t t i n g   d e v i c e .  

30 

7.  A  d e v i c e   a c c o r d i n g   to   c l a i m   6,  w h e r e i n   s a i d   r e t u r n  

v a l v e   means   i n c l u d e s   a  r e t u r n   v a l v e   s l e e v e   (118)   s l i d a b l y  

d i s p o s e d   a b o u t   an  u p p e r   o u t e r   s u r f a c e   (120)   of  s a i d   h o u s i n g  

and  h a v i n g   a  s l e e v e   p o r t   (122)   d i s p o s e d   t h e r e t h r o u g h ;   a  

35  h o u s i n g   p o r t   ( 1 2 4 )   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   and  c o m m u n i -  
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c a t e d   w i t h   s a i d   u p p e r   p o r t i o n   of  s a i d   r e t u r n   p a s s a g e ,  

s a i d   h o u s i n g   p o r t   b e i n g   a r r a n g e d   to   be  in  r e g i s t r y   w i t h  

s a i d   s l e e v e   p o r t   when  w e i g h t   i s   s e t   down  on  s a i d   s e t t i n g  

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

r e l a t i v e   to   s a i d   h o u s i n g ;   and  s e a l   means   ( 1 4 6 ) ,   d i s p o s e d  

5  b e t w e e n   s a i d   h o u s i n g   and  s a i d   r e t u r n   v a l v e   s l e e v e ,   f o r  

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

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

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

10  8.  A  d e v i c e   a c c o r d i n g   to   any  of  c l a i m s   1  to   7,  w h e r e i n  

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

p a s s a g e ;   and  s a i d   r e t u r n   p a s s a g e   i s   an  a n n u l a r   r e t u r n  

p a s s a g e   c o n c e n t r i c a l l y   d i s p o s e d   a b o u t   s a i d   s u p p l y   p a s s a g e ;  
and  w h e r e i n   s a i d   s e t t i n g   p i s t o n   means   (150)   i s   s l i d a b l y  

15  r e c e i v e d   a b o u t   an  o u t e r   s u r f a c e   (156)   of  s a i d   h o u s i n g  

s u c h   t h a t   an  a n n u l a r   p o w e r   c h a m b e r   (164)   i s   d e f i n e d  

b e t w e e n   s a i d   h o u s i n g   and  s a i d   s e t t i n g   p i s t o n   m e a n s ;  

s a i d   h o u s i n g   h a s   a  t r a n s v e r s e   p a s s a g e   (166)   d e f i n e d  

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

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

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

a n n u l a r   r e t u r n   p a s s a g e   ( 1 0 8 ) ,   and  s a i d   g r a v e l   p a c k i n g   p o r t  

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

a n n u l a r   r e t u r n   p a s s a g e .  

25  

9.  A  d e v i c e   a c c o r d i n g   to   c l a i m   8,  w h e r e i n   s a i d  

h o u s i n g   i n c l u d e s   an  o u t e r   h o u s i n g   a s s e m b l y   ( 3 4 ) ;   a  l o w e r  

i n n e r   h o u s i n g   member   (36)   c e n t r a l l y   r e c e i v e d   w i t h i n   s a i d  

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

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

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

and  a  c e n t r a l   f l o w   t u b e   ( 3 8 ) ,   h a v i n g   an  u p p e r   end  ( 9 4 )  

s e a l i n g l y   r e c e i v e d   in  an  u p p e r   b o r e   (96)   of  s a i d   o u t e r  

h o u s i n g   a s s e m b l y ,   and  h a v i n g   a  l o w e r   end  ( 1 0 0 )   s e a l i n g l y  
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r e c e i v e d   in   a  b o r e   ( 1 0 2 )   of  s a i d   l o w e r   i n n e r   h o u s i n g  
member ,   a  m a j o r i t y   p o r t i o n   of  s a i d   c e n t r a l   s u p p l y   p a s s a g e  
b e i n g   d e f i n e d   by  a  b o r e   of  s a i d   f l o w   t u b e ,   and  a  m a j o r i t y  
p o r t i o n   of  s a i d   a n n u l a r   r e t u r n   p a s s a g e   b e i n g   d e f i n e d  

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

10.  A  g r a v e l   p a c k i n g   s y s t e m   i n c l u d i n g   a  s e t t i n g   d e v i c e  
as  c l a i m e d   in  any  of  c l a i m s   1  to   9,  and  w h e r e i n   s a i d  

10  l i n e r   h a n g e r   i s   r e l e a s a b l y   c o n n e c t e d   to   s a i d   s e t t i n g   d e v i c e   ; 
and  t h e   s y s t e m   i n c l u d e s   a  l i n e r   v a l v e   means   ( 2 0 ) ,   c o n n e c t e d  
to  a  l o w e r   end  of  s a i d   l i n e r   h a n g e r ,   and  h a v i n g   a  l o w e r  
p o r t i o n   of  s a i d   h o u s i n g   r e c e i v e d   t h e r e i n   so  t h a t   s a i d  
g r a v e l   p a c k i n g   p o r t   of  s a i d   s e t t i n g   d e v i c e   i s   in  r e g i s t r y  

15  w i t h   a  l i n e r   v a l v e   p o r t .  

11  •  A  s y s t e m   a c c o r d i n g   to   c l a i m   10,  w h e r e i n   s a i d   l i n e r  
v a l v e   means   i n c l u d e s   a  l i n e r   v a l v e   body   (230)   and  a  l i n e r  
v a l v e   s l e e v e   ( 2 3 2 )   s l i d a b l y   d i s p o s e d   in  s a i d   l i n e r   v a l v e   b o d y :  

20  and  s a i d   l i n e r   v a l v e   s l e e v e   i s   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   h o u s i n g   of  s a i d   s e t t i n g   d e v i c e ,   so  t h a t   when  s a i d   h o u s i n g  
i s   r e c e i v e d   in   s a i d   l i n e r   v a l v e   m e a n s ,   s a i d   l i n e r   v a l v e -  

s l e e v e   i s   l o c a t e d   b e l o w   s a i d   l i n e r   v a l v e   p o r t   and  s a i d  

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

25  p o r t ,   and  so  t h a t   when  s a i d   h o u s i n g   i s   w i t h d r a w n   f rom  s a i d  

l i n e r   v a l v e   m e a n s ,   s a i d   l i n e r   v a l v e   s l e e v e   i s   moved  to   a n  

u p p e r   p o s i t i o n   r e l a t i v e   to   s a i d   l i n e r   v a l v e   body  b l o c k i n g  
s a i d   l i n e r   v a l v e   p o r t ;   and  w h e r e i n   s a i d   l i n e r   v a l v e   m e a n s  
f u r t h e r   i n c l u d e s   r e l e a s a b l e   l a t c h i n g   means   (248)   f o r   r e l e a s a b l y  

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

l a t c h i n g   means   c o m p r i s i n g   a  p l u r a l i t y   of  downward   e x t e n d i n g  
s p r i n g   c o l l e t   f i n g e r s   ( 2 4 8 ) ,   e a c h   h a v i n g   a  l o w e r   h e a d   ( 2 5 0 )  

i n c l u d i n g   b o t h   a  r a d i a l l y   i n w a r d   (252)   and  a  r a d i a l l y  
o u t w a r d   ( 2 5 4 )   e x t e n d i n g   l u g ;   and  s a i d   s e t t i n g   d e v i c e   a n d  

35  s a i d   l i n e r   v a l v e   means   a r e   so  a r r a n g e d   and  c o n s t r u c t e d   t h a t  

when  s a i d   h o u s i n g   i s   r e c e i v e d   in  s a i d   l i n e r   v a l v e   means   w i t h  
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s a i d   g r a v e l   p a c k i n g   p o r t   in   r e g i s t r y   w i t h   s a i d   l i n e r   v a l v e  

p o r t ,   s a i d   c o l l e t   f i n g e r s   a r e   cammed  r a d i a l l y   i n w a r d   so  t h a t  

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

g r o o v e   ( 2 5 6 )   of  s a i d   h o u s i n g   so  t h a t   s a i d   l i n e r   v a l v e   s l e e v e  

5  i s   r e l e a s a b l y   l o n g i t u d i n a l l y   f i x e d   r e l a t i v e   to   s a i d   h o u s i n g ,  

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

m e a n s ,   s a i d   l i n e r   v a l v e   s l e e v e   i s   p u l l e d   u p w a r d   w i t h   s a i d  

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

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

10  h o u s i n g .  
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