
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0   0 3 8   0 3 4  
A 2  

©  E U R O P E A N  

@  Application  number  :  81  1  0271  1  .9 

@  Date  of  filing:  09.04.81 

PATENT  APPLICATION 

®  mt.ci.-E21  B  34/16,  F  15  B  1 / 0 2  

(§)  Priority:  11.04.80  US  139502 

Date  of  publication  of  application:  21.10.81 
Bulletin  81/42 

Designated  Contracting  States:  DE  FR  GB  IT 

©  Applicant:  FMC  CORPORATION,  200  E.  Randolph  Drive, 
Chicago  Illinois  (US) 

Inventor:  Talafuse,  Larry  James,  P.O.  Box  27790,  Denver 
Colorado  (US) 

Representative:  Bardehle,  Heinz,  Dlpl.-lng., 
Herrnstrasse  15  Postfach  260251, 
D-8000  Munchen  26  (DE) 

<  

CO 
o  

CO 
CO 
o  

@  Safety  valve  manifold  system. 

A  hydraulic  safety  valve  manifold  system  for  provid- 
ing  positive  opening  and  closing  of  a  surface-controlled, 
sub-surface  safety  valve  in  a  subsea  well,  including  a 
shut-off  valve  which  prevents  leakage  of  well  fluids  to  the 
outside  environment  if  a  leak  should  occur  in  the  safety 
valve  or  in  hydraulic  lines  which  are  connected  to  the 
hydraulic  actuator  of  the  safety  valve.  A  hydraulic  con- 
trol  line  is  connected  to  the  safety  valve  actuator  through 
a  normally  closed  shut-off  valve,  and  this  line  is  also 
connected  to  the  actuator  of  the  shut-off  valve  to  hold 
both  the  shut-off  valve  and  the  safety  valve  open  when 
the  line  is  pressurized.  The  hydraulic  line  is  also  con- 
nected  to  an  actuator  of  a  variable  volume  accumulator 
to  empty  the  accumulator  when  the  line  is  pressurized. 
When  pressure  in  the  hydraulic  line  is  relieved  the  shut- 
off  valve  closes  and  the  accumulator  accepts  fluid  from 
the  hydraulic  actuator  of  the  safety  valve  to  insure  that 
the  safety  valve  closes. 



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

and  more   p a r t i c u l a r l y   to   v a l v e   o p e r a t i n g   c i r c u i t s   f o r   p r o -  

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

s u b - s u r f a c e   s a f e t y   v a l v e s   w h i l e   p r e v e n t i n g   l e a k a g e   of  f u e l  

to   t h e   o u t s i d e   e n v i r o n m e n t .  

C r u d e   o i l   and  gas   w e l l s   a r e   o f t e n   d r i l l e d   and  t u b i n g   i s  

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

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

be  t a k e n   to  p r e v e n t   a  b l o w o u t   of  t h e   w e l l .   Such   b l o w o u t s  

a r e   n o t   o n l y   c o s t l y   in  t e r m s   of  l o s s   of  o i l   or   gas   b u t   i n  

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

c o n t r o l l i n g   a  b l o w o u t   a t   an  o i l   or   gas   w e l l   i s   r a t h e r   h i g h .  

As  a  r e s u l t ,   many  d e v i c e s   i n c l u d i n g   s a f e t y   v a l v e s   and  a s s o c i a -  

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

d e v i c e s   h a v e   b e e n   i n s t a l l e d   in  a s s o c i a t i o n   w i t h   gas   and  o i l  

w e l l s .   One  s u c h   d e v i c e   t h a t   i s   f r e q u e n t l y   e m p l o y e d   i s   a  

s u r f a c e - c o n t r o l l e d ,   s u b - s u r f a c e   s a f e t y   v a l v e   (SCSSV)  w h i c h  

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

to   r u n n i n g   t h e   t u b i n g   i n t o   t h e   w e l l ,   or  a f t e r w a r d   by  m e a n s  

of   w e l l - k n o w n   w i r e   l i e n   t e c h n i q u e s .   Such   v a l v e s   a r e   g e n e r a l l y  

p o s i t i o n e d   200  or   300  f e e t   b e l o w   t h e   w e l l h e a d ,   and  a r e  

a l w a y s   of  t h e   " f a i l - c l o s e "   d e s i g n .   The  c o n s t r u c t i o n   of  t h e s e  

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

a c t u a t i o n   a g a i n s t   a  s p r i n g   i s   r e q u i r e d   to  open   i t ,   f o r  

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

c o n t r o l   l i n e   and  to   a  v a l v e   a c t u a t o r   w h i c h   can   be  c o n v e n i e n t l y  

l o c a t e d   w i t h i n   t he   w e l l .   In  some  of  t h e   i n s t a l l a t i o n s  



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

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

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

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

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

on  t h e   o p p o s i t e   f a c e   of  t h e   p i s t o n   and  t h e   s p r i n g - g e n e r a t e d  

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

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

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

on  t h e   p i s t o n   of  t h e   a c t u a t o r ,   so  t h a t   t h e   s p r i n g   f o r c e ,  

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

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

when  t h e   p r e s s u r e   in  t h e   c o n t r o l   l i n e   i s   r e l i e v e d   by  a c t i o n  

t a k e n   a t   t h e   s u r f a c e .  

A n o t h e r   t y p e   of  SCSSV  h y d r a u l i c   c i r c u i t   in   common  u se   i n v o l v e s  

a  h y d r a u l i c   b a l a n c e   and  r e q u i r e s   b o t h   @--  h y d r a u l i c   c o n t r o l  

l i n e   to   o p e n   and  c l o s e   t h e   v a l v e   and  a  b a l a n c e   l i n e   w h i c h  

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

a c t u a t o r .   By  m e a n s   of   t h i s   a r r a n g e m e n t ,   t h e   c o n t r o l   l i n e  

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

w i s e  t h e   f o r c e s   a r e   e q u a l   b u t   o p p o s i t e   as  d e v e l o p e d   by  t h e  

h e a d   in   b o t h   t h e   c o n t r o l   l i n e   and  in  t h e   b a l a n c e   l i n e .  

W h e t h e r   a  b a l a n c e d   t y p e   SCSSV  or   a . n o n - b a l a n c e d   t y p e   i s  

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

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

t h e   c h r i s t m a s   t r e e   b e l o w   t h e   m a s t e r   v a l v e .   The  c o n t r o l   a n d /  

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

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

SCSSV.  

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

t h a t   i f   a  l e a k   of   o t h e r   m a l f u n c t i o n   o c c u r s   in  t h e   S C S S V ,  

w h i c h   r e s u l t s   in   c o n n e c t i n g   t h e   t u b i n g   b o r e   to   t h e   c o n t r o l  

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



o u t s i d e . e n v i r o n m e n t .  S u c h   a  l e a k   can  damage   t h e   c o n t r o l   s y s t e m  

and  a l s o   a l l o w   o i l   or   gas   to   p o l l u t e   t h e   e n v i r o n m e n t .   T h i s  

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

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

a n d / o r   b a l a n c e   l i n e s   l e a v e   t h e   c h r i s t m a s   t r e e .   By  t h i s   p r o -  

v i s i o n ,   i f   a  l e a k   s h o u l d   o c c u r ,   t h e   s h u t - o f f   v a l v e s   can   b e  

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

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

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

h y d r a u l i c   a c t u a t o r s   so  t h a t   t he   s h u t - o f f   v a l v e s   can   be  r o m o t e l y  

o p e n e d   or   c l o s e d .  

I f   w i l l   be  a p p a r e n t   t h a t   t h e   s h u t - o f f   v a l v e s   in  t h e   c o n t r o l  

a n d / o r   b a l a n c e   l i n e s   m u s t   be  open   when  i t   i s   d e s i r e d   to  o p e n  
t h e   a s s o c i a t e d   SCSSV  so  t h a t   f l u i d   can  be  f o r c e d   u n d e r   p r e s s u r e  
to  t h e   a c t u a t i n g   c y l i n d e r   of  t h e   SCSSV.  Even  more   i m p o r t a n t ,  

t h e   s h u t - o f f   v a l v e s   m u s t   r e m a i n   o p e n   u n t i l   t h e   SCSSV  h a s  

c o m p l e t e l y   c l o s e d .   Once  t h e   l a t t e r   has   c l o s e d   i t   i s   d e s i r a b l e  

to  c l o s e   f u l l y   t h e   s h u t - o f f   v a l v e s .   H o w e v e r ,   i f   t h e   s h u t - o f f  

v a l v e s   a r e   a l l o w e d   to  c l o s e   b e f o r e   t h e   SCSSV  has   c o m p l e t e l y  

c l o s e d ,   t h e   s h u t - o f f   v a l v e s   w i l l   n o t   a l l o w   f l u i d   to   f l o w  

away  f r o m   t h e   a c t u a t o r   of   t h e   SCSSV,  and  t h e r e f o r e   t h e   l a t t e r  

w i l l   r e m a i n   open   or  p a r t i a l l y   o p e n .   I t   f o l l o w s   t h a t   f o r   f u l l y  

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

a c t u a t o r   of   t h e   SCSSV  and  t h e   s h u t - o f f   v a l v e s   p a r t i c u l a r l y  

f o r   r e m o t e   or  s u b - s e a   s u r f a c e   l o c a t i o n s .   In  o r d e r   more   f u l l y  

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

s y s t e m s   s u c h   as  h y d r a u l i c   s e q u e n c i n g   or   e l e c t r o h y d r a u l i c  

m u l t i p l e x i n g   s y s t e m s   h a v e   been   p r o p o s e d   so  t h a t   t h e   s h u t -  

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

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

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

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

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

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

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



c l o s e   b e c a u s e   of   t h e i r   " f a i l - c l o s e "   c h a r a c t e r i s t i c s .   H o w e v e r ,  

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

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

c o m p l e t e   c l o s u r e   of  t h e   a s s o c i a t e d   SCSSV.  

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

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

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

r e s t r i c t o r   v a l v e   and  an  a c c u m u l a t o r   w h i c h   e n s u r e s   t h a t   t h e  

SCSSV  c l o s e s   b e f o r e   t h e   s h u t - o f f   v a l v e   i s   t i m e   to   c l o s e .  

T h i s   s y s t e m   has   t h e   m e r i t   of   s i m p l i c i t y   b u t   d o e s   n o t   p r o v i d e  

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

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

of   t h e   SCSSV  a f t e r   i n s t a l l a t i o n   n o r   i s   i t   p o s s i b l e   to   e n s u r e  

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

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

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

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

H o w e v e r ,   s u c h   l o n g   t i m e   c o n s t a n t s   r e q u i r e   e i t h e r   v e r y   s m a l l  

o r i f i c e   r e s t r i c t o r   v a l v e s   w h i c h   a r e   l i a b l e   to   c l o g   or   l a r g e  

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

l i m i t e d   s p a c e   a v a i l a b l e .  

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

U n i t e d   S t a t e s   P a t e n t   No.  4 . 1 9 3 . 4 4 9   i s s u e d   to   L o c h t e   e t   a l ,  

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

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

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

t h e   o u t s i d e   e n v i r o n m e n t .   The  s h u t - o f f   v a l v e s   p r e v e n t   l e a k a g e  

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

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

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

The  s h u t - o f f   v a l v e s   a l s o   i n s u r e   t h a t   t h e   s a f e t y   v a l v e   w i l l  

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

t h e   s a f e t y   v a l v e   a c t u a t o r   when  i t   i s   d e s i r e d   to   c l o s e   t h e  

s a f e t y   v a l v e .  



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

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

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

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

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

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

s a f e t y   v a l v e .   The  s i n g l e   s h u t - o f f   v a l v e   p r e v e n t s   l e a k a g e   o f  

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

a r e   c o n n e c t e d   to  t h e   v a l v e   a c t u a t o r .   The  s h u t - o f f   v a l v e   a l s o  

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

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

a c t u a t o r   when  i t   i s   d e s i r e d   to   c l o s e   t h e   s a f e t y   v a l v e .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  c o n t r o l   s y s t e m   f o r   a  f a i l -  

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

an  a c t u a t o r   f o r   t h e   s a f e t y   v a l v e ,   a  s h u t - o f f   v a l v e   in  t h e  

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

to  a  d r o p   in  p r e s s u r e   in  t h e   c o n t r o l   s y s t e m   b e l o w   a  p r e -  
d e t e r m i n e d   v a l u e   to  r e l i e v e   p r e s s u r e   in  t h e   a c t u a t o r   of   t h e  

s a f e t y   v a l v e   and  t h u s   a l l o w   t h e  s a f e t y   v a l v e   and  t h e   s h u t -  

o f f   v a l v e   to  c l o s e .  

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

c o n t r o l l e d ,   s u b - s u r f a c e   f a i l - c l o s e   s a f e t y . -   v a l v e ,   and  a c t u a t o r  

p o s i t i v e l y   o p e r a b l e   to  open   t h e   s a f e t y   v a l v e ,   and  a  c o n t r o l  

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

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

t o r   to   h o l d   t h e   v a l v e s   open   when  t h e   c o n t r o l   l i n e   i s   p r e s s u r i z e d .  

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

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

w h e r e b y   t h e   s a f e t y   v a l v e   i s   f r e e   to   c l o s e   by  v i r t u e   of   i t s  

f a i l - c l o s e   c h a r a c t e r i s t i c s .  



F i g u r e   1  i s   a  d i a g r a m m a t i c   s i d e   e l e v a t i o n   of  a  s u b s e a  

w e l l   in   w h i c h   t h e   p r e s e n t   i n v e n t i o n   may  be  u s e d ,   w i t h  

p o r t i o n s   b e i n g   b r o k e n   a w a y .  

F i g u r e   2  i s   a   v e r t i c a l   s e c t i o n   of   a  s h u t - o f f   v a l v e  

u s e d   in   t h e   p r e s e n t   i n v e n t i o n .  

F i g u r e s   3  -   5  a r e   c i r c u i t   d i a g r a m s   of   one  e m b o d i m e n t  

of  t h e   p r e s e n t   i n v e n t i o n   s h o w i n g   a  s e q u e n c e   of   o p e r a t i o n .  

R e f e r r i n g   now  to   t h e   d r a w i n g s ,   F i g .   1  i l l u s t r a t e s   a  p e t r o l e u m  

w e l l ,   of  t h e   t y p e   t h a t   i s   u s e d   to   p r o d u c e   o i l   and  g a s ,   c o m p l e -  

t e d   w i t h   a  c h r i s t m a s   t r e e   10  and  a  p a i r   of   c o n t r o l   m o d u l e s ,  

11  and  12  m o u n t e d   on  a  m o u n t i n g   p l a t e   15.  The  c h r i s t m a s   t r e e  

10  i s   m o u n t e d   a t o p   t h e   w e l l   by  a  t r e e   c o n n e c t o r   16  and  a  

p l u r a l i t y   of   c a s i n g   s t r i n g s   1 7 a ,   17b  a r e   s u s p e n d e d   in   a  b o r e  

h o l e   20  d r i l l e d   i n t o   t h e   s e a   f l o o r   21.  The  c a s i n g   s t r i n g s  

1 7 a ,   17b  a r e   a n c h o r e d   in   p o s i t i o n   by  c e m e n t   22  w h i c h   i s "  

pumped   i n t o   t h e   a n n u l u s   b e t w e e n   t h e   b o r e   h o l e   20  and  t h e  

o u t e r m o s t   s t r i n g   of  c a s i n g .  

A  s u r f a c e - c o n t r o l l e d ,   s u b - s u r f a c e   s a f e t y   v a l v e   24  and  a  

s a f e t y   v a l v e   a c t u a t o r   25  a r e   p o s i t i o n e d   i n s i d e   t h e   i n n e r  

s t r i n g   17b  s e v e r a l   f e e t   b e l o w   t h e   c h r i s t m a s   t r e e   10  to   p r o v i d e  

p o s i t i v e   c o n t r o l   of  f l u i d   t h r o u g h   a  t u b i n g   s t r i n g   26.   T h e  

s a f e t y   v a l v e   a c t u a t o r   25  i s   c o u p l e d   to   a  h y d r a u l i c   f l u i d  

s o u r c e   P  and  to   a  s i n k   S  ( F i g .   3  -   5)  by  h y d r a u l i c   l i n e s  

27,   28,   by  a  s h u t - o f f   or   g a t e   v a l v e   29  l o c a t e d   in  t h e   w a l l  

of   t h e   c h r i s t m a s   t r e e   10,  and  by  a  t h r e e - w a y   v a l v e   30.  T h e  

s o u r c e   of   p r e s s u r e   P,  t h e   s i n k   S  and  t h e   t h r e e - w a y   v a l v e   3 0  

a r e   l o c a t e d   a t   a  c o n t r o l   c e n t e r   33  a t   t h e   o c e a n   s u r f a c e .   A 

p a i r   of   v a l v e   o p e r a t o r s   34,   35  ( F i g .   1)  c o n t r o l   t h e   o p e r a t i o n  

of  a  p a i r   of   c h r i s t m a s   t r e e   v a l v e s   ( n o t   shown)   i n s i d e   t h e  

t r e e   to   c o n t r o l   a  f l o w   of  o i l   f r om  t h e   t r e e   t h r o u g h   a  p a i r  
of  t r e e   f l o w   l i n e s   39,   40.   E a c h   of   t h e   f l o w   l i n e s   39,   40  i s  

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



p a s s a g e   of  c o n v e n t i o n a l   " t h r o u g h - f l o w - l o o p "   t o o l s   ( n o t   s h o w n )  

t h e r e t h r o u g h .   O p e r a t i o n   of  t h e   v a l v e   o p e r a t o r s   34,   35  i s  

c o n t r o l l e d   by  t h e   c o n t r o l   m o d u l e s   11,  1 2 .  

A  c i r c u i t   w h i c h   p r o v i d e s   c o n t r o l   of  t h e   SCSSV  24  ( F i g s .   3  -   5) 

i n c l u d e s   t h e   s a f e t y   v a l v e   a c t u a t o r   25  h a v i n g   an  a n n u l a r   b o d y  

41  w i t h   a  p i s t o n   4 5  m o u n t e d   t h e r e i n .   The  p i s t o n   45  is   b i a s e d  

t o w a r d   t h e   u p p e r   end  of  t h e   a c t u a t o r   by  a  s p r i n g   46  w h i c h  

c l o s e s   t h e   v a l v e   when  t h e   p i s t o n   i s   a d j a c e n t   t h e   u p p e r   e n d  

of  t h e   body   41.  The  h y d r a u l i c   c o n t r o l   l i n e   28  p r o v i d e s  

h y d r a u l i c   f l u i d   u n d e r   p r e s s u r e   to  move  t h e   p i s t o n   45  d o w n -  

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

s a f e t y   v a l v e   2 4 .  

The  s i n g l e   g a t e   v a l v e   29  of  t h e   p r e s e n t   i n v e n t i o n ,   shown  i n  

d e t a i l   in  F i g u r e   2,  can  be  u s e d   to   c o n t r o l   t h e   SCSSV  w h e n  

c o n n e c t e d   in  t h e   h y d r a u l i c   c i r c u i t   shown  in  F i g u r e s   3 - 5 .  

The  g a t e   v a l v e   29  i n c l u d e s   a  b a s e   49,  a  f l u i d   f l o w   p a s s a g e  
50  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   t h e   b a s e ,   a  g a t e   c h a m b e r  

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

t h e   p a s s a g e   50,  and  a  p a i r   of  e n l a r g e d   f l o w   p a s s a g e   p o r t i o n s  

50a ,   50b  a d j a c e n t   t h e   c h a m b e r   51.  F i t t e d   i n t o   e a c h   of  t h e  

e n l a r g e d   p a s s a g e   p o r t i o n s   50a ,   50b  i s   a  t u b u l a r   i n s e r t   55,  56  

r e s p e c t i v e l y ,   e a c h   i n s e r t   h a v i n g   an  e x t e r n a l   a n n u l a r   g r o o v e  
57  in  i t s   o u t e r   w a l l   61,  62,  and  an  a n n u l a r   s e a l i n g   m e m b e r  

62  p o s i t i o n e d   in  t h e   g r o o v e   to  p r o v i d e   a  f l u i d - t i g h t   s e a l  

b e t w e e n   t h e   i n s e r t   and  t h e   e n l a r g e d   p o r t i o n   of  t h e   p a s s a g e .  
Each   of   t h e   i n s e r t s   e x t e n d s   i n t o   t h e   g a t e   c h a m b e r   51  w h e r e   i t  

makes   s l i d i n g   c o n t a c t   w i t h   a  f l a t   v a l v e   g a t e   63  h a v i n g   a  

t h r o u g h p o r t   67.  When  t he   v a l v e   g a t e   63  i s   in  t h e   d e e n e r g i z e d  

p o s i t i o n   shown  in  F i g u r e   2  t h e   f l o w   of  f l u i d   b e t w e e n   t h e  

r i g h t   and  l e f t   p o r t i o n s   of  t h e   p a s s a g e   50  i s   b l o c k e d .  

The  l o w e r   p o r t i o n   of  t h e   b a s e   i n c l u d e s   a  f l u i d   a c c u m u l a t o r   AC1 

( F i g .   2)  c o m p r i s i n g   a  c h a m b e r   68  and  a  f l u i d - a c t u a t e d   p i s t o n  
69.  The  c h a m b e r   68  i n c l u d e s   an  e n l a r g e d   p o r t i o n   68a ,   and  t h e  



p i s t o n   i n c l u d e s   a  r a d i a l l y   o u t w a r d   e x t e n d i n g   f l a n g e   69a .   An 

a n n u l a r   s e a l i n g   member   73,   l o c a t e d   in  an  a n n u l a r   g r o o v e   7 4  

in  t h e   p i s t o n   f l a n g e   69a ,   p r o v i d e s   a  f l u i d - t i g h t   s e a l   b e t w e e n  

t h e   f l a n g e   69a  and  t h e   w a l l s   of   t h e   e n l a r g e d   c h a m b e r   6 8 a ,  
and  an  a n n u l a r   s e a l i n g   member   75,   l o c a t e d   in   an  a n n u l a r  

g r o o v e   76  in   t h e   body   of   t h e   p i s t o n   69,  p r o v i d e s   a  f l u i d -  

t i g h t   s e a l   b e t w e e n   t h e   p i s t o n   body   and  t h e   w a l l   of  t h e  

c h a m b e r   68.  A  f l u i d   p a s s a g e w a y   50  i n t e r c o n n e c t s   t h e   c h a m b e r  

68  and  t h e   f l o w   p a s s a g e   5 0 .  

The  b a s e   49  of  t h e   g a t e   v a l v e   can   be  f a s t e n e d   to   a  c h r i s t m a s  

t r e e   a d a p t o r   80  ( F i g s .   1 -2)   by  c a p s c r e w s   ( n o t   shown)   or   o t h e r  

s u i t a b l e   m e a n s ,   in  w h i c h   c a s e   an  a n n u l a r   s e a l   81  in   g r o o v e s  
85,   86  p r o v i d e s   a  f l u i d - t i g h t   b a r r i e r   b e t w e e n   t h e   b a s e   and  t h e  

t r e e   a d a p t o r .   A l t e r n a t e l y ,   t h e   b a s e   49  may  be  f o r m e d   as  p a r t  

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

can  be  m a c h i n e d   i n t o   a  p o r t i o n   of  t h e   t r e e   a d a p t o r .  

A  c o v e r   p l a t e   87  ( F i g .   2)  is   s e c u r e d   to   t h e   v a l v e   b a s e ' 4 9  

by  a  p l u r a l i t y   of   s t u d s   91,   e a c h   of   w h i c h   p r o j e c t s   t h r o u g h  

a  h o l e   92  in   t h e   c o v e r   p l a t e   87  and  i n t o   a  t h r e a d e d   b o r e   93 

in  t h e   b a s e   49,   and  a  l i k e   p l u r a l i t y   of   n u t s   97  t h r e a d e d   i n t o  

t h e   o u t e r   e n d s   of   t h e   s t u d s   91.  A  c o n t r o l   f u n c t i o n   l i n e   2 7 a  

i s   c o n n e c t e d   to   t h e   o u t e r   end  of   a  t h r e a d e d   b o r e  5 0 c   in   t h e  

c o v e r   p l a t e ,   and  an  a n n u l a r   m e t a l   s e a l   99  s u r r o u n d i n g   t h e  

f l o w   p a s s a g e   50  in  a n n u l a r   g r o o v e s   103 ,   104 ,   p r o v i d e s   a  f l u i d -  

t i g h t   b a r r i e r   b e t w e e n   t h e   c o v e r   p l a t e   87  and  t h e   b a s e   4 9 .  

An  a c c u m u l a t o r   a c t u a t o r   h o u s i n g   105  i s   s e c u r e d   to   t h e   b a s e  

49  ( F i g .   2)  by  a  p l u r a l i t y   of   s t u d s   109  and  n u t s   115  ( o n l y  

one  of   e a c h   b e i n g   s h o w n ) ,   e a c h   s t u d   p r o j e c t i n g   t h r o u g h   a  h o l e  

110  in   t h e   a c t u a t o r   and  i n t o   a  t h r e a d e d   b o r e   111  in   t h e  b a s e  

49.  A  p a s s a g e   116,   e x t e n d i n g   b e t w e e n   t h e   a c c u m u l a t o r   c h a m b e r ' s  

e n l a r g e d   p o r t i o n   68a  and  t h e   o u t s i d e   of  t h e   a c t u a t o r   h o u s i n g  

105 ,   v e n t s   t h e   c h a m b e r   68a  to   t h e   o u t s i d e   of  t h e   g a t e   v a l v e  

29,   and  h y d r a u l i c   l i n e   27b  i s   t h r e a d e d   i n t o   a  b o r e   117  w h i c h  

e x t e n d s   i n t o   t h e   e n l a r g e d   c h a m b e r   68a .   B e c a u s e   t h e   s u r f a c e  



a r e a   69b  of  t h e  p i _ s t o n ' s   f l a n g e   69a  i s   g r e a t e r   t h a n   t h e   s u r -  

f a c e   a r e a   69c  of  t h e   p i s t o n ' s   o t h e r   end ,   t h e   p i s t o n   w i l l   m o v e  

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

s u b s t a n t i a l l y   e q u a l   in  t h e   c h a m b e r   68  and  t h e   h y d r a u l i c   l i n e  

2 7 b .  

A  g a t e   v a l v e   a c t u a t o r   b a s e   121  ( F i g .   2)  i s   a t t a c h e d   to   t h e  

v a l v e   b a s e   49  by  a  p l u r a l i t y   of  c a p s c r e w s   122  ( o n l y   one  b e i n g  

shown)   t h r e a d e d   i n t o   b o r e s   123  in  t h e   b a s e   49.  The  a c t u a t o r  

b a s e   121  i n c l u d e s   a  l o n g i t u d i n a l   b o r e   127  h a v i n g   a  l o w e r   p o r -  
t i o n   127a  and  an  e n l a r g e d   u p p e r   p o r t i o n   1 2 7 b .  

An  e l o n g a t e d   a c t u a t o r   cap   129  ( F i g .   2)  is   s e c u r e d   to  t h e  

a c t u a t o r   b a s e   121  by  a  p l u r a l i t y   of  c a p s c r e w s   134  ( o n l y  

one  shown)  e a c h   e x t e n d i n g   t h r o u g h   a  h o l e   135  i n t o   t h r e a d e d  

e n g a g e m e n t   w i t h   a  b o r e   139  in  t h e   b a s e   121.   The  cap   129  h a s  

a  c e n t r a l   b o r e   133  w i t h   a  f i r s t   s e c t i o n   1 3 3 a ,   a  s e c o n d   s e c t i o n  

133b  w i t h   a  r e d u c e d   d i a m e t e r ,   and  a  t h i r d   s e c t i o n   133c  o f  

f u r t h e r   r e d u c e d   d i a m e t e r .   The  o u t e r   end  of  t h e   b o r e   133  i s  

c l o s e d   and  s e a l e d   f rom  t h e   a t m o s p h e r e   by  means   o f  a   c a p s c r e w  
146  t h r e a d e d   i n t o   t h e   b o r e   s e c t i o n   1 3 3 c ,   and  an  e l o n g a t e d  

p l u g   140,   w i t h   an  a n n u l a r   s e a l i n g   e l e m e n t   141  in  an  a n n u l a r  

g r o o v e   145,   i s   p o s i t i o n e d   in  t h e   b o r e   s e c t i o n   133b .   In  t h e  

b o r e   s e c t i o n   133a  i s   a  p i s t o n   147  t h a t   i s   c o n n e c t e d   to   t h e  

v a l v e   g a t e   63  by  a  rod   153 ,   and  t h i s   p i s t o n   i s   b i a s e d   t o w a r d  

t h e   p l u g   140  by  a  c o i l   s p r i n g   152.   The  rod   153  e x t e n d s   t h r o u g h  

an  a n n u l a r   p a c k i n g   s p a c e r   157  t h a t   i s   s e a l e d   to   t h e   a c t u a t o r  

b o r e   127b  and  t h e   a c t u a t o r   cap   129  by  a n n u l a r   s e a l   e l e m e n t s  

158,   159,   r e s p e c t i v e l y ,   and  an  a n n u l a r   p a c k i n g   163  p r o v i d e s  

a  d y n a m i c   s e a l   b e t w e e n   t h e   b a s e   121  and  t h e   rod   1 5 3 .  

The  a c t u a t o r   cap   129  i n c l u d e s   a n o t h e r   a x i a l   b o r e   164  w i t h  

_ i t s   i n n e r   end  c o m m u n i c a t i n g   w i t h   t h e   b o r e   s e c t i o n   133a  a n d  

i t s   o u t e r   t h r e a d e d   end  164a  c o n n e c t e d   to  a  h y d r a u l i c   c o n t r o l  

l i n e   27c .   A  r a d i a l l y   e x t e n d i n g   b o r e   165 ,   h a v i n g   a  t h r e a d e d  

o u t e r   p o r t i o n   1 6 5 a ,   e x t e n d s   i n t o   t h e   b o r e   s e c t i o n   133a   t o  



p r o v i d e   s p a c e   f o r   a i r   when  t h e   p i s t o n   147  moves   t o w a r d   t h e  

a c t u a t o r   b a s e  1 2 1 .   A  p l u g   169  in   t h e   t h r e a d e d   p o r t i o n   o f  

t h e   b o r e   165  i s   r e m o v e d   in   o r d e r   to   v e n t   t h e   b o r e   133a   t o  

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

The  g a t e   v a l v e   29  i s   c o n n e c t e d   to   t h e   s u r f a c e   c o n t r o l   c e n t e r  

33  by  t h e   s i n g l e   c o n t r o l   l i n e   27  ( F i g s .   3 -5 )   to  p r o v i d e  

o p e r a t i o n   of   t h i s   v a l v e   and  t h e   SCSSV  24.  The  t h r e e - w a y   v a l v e  

30  a t   t h e   c o n t r o l   c e n t e r   i s   b i a s e d   t o w a r d   t h e   r i g h t   by  a  

s p r i n g   170  to   c o n n e c t   t h e   B - s e c t i o n   b e t w e e n   t h e   h y d r a u l i c   l i n e  

27  and  a  h y d r a u l i c   l i n e   171  as  shown  in   F i g u r e   5.  In  t h e  

" B - p o s i t i o n "   of   t h e   v a l v e   30  ( F i g .   5)  t h e   h y d r a u l i c   l i n e s  

2 7 a - 2 7 c   a r e   e a c h   c o n n e c t e d   to   t h e   s i n k   S  by  t h e   l i n e   171  a n d  

v a l v e   30  a l l o w i n g   t h e   s a f e t y   v a l v e   a c t u a t o r   25  to   c l o s e   t h e  

SCSSV  2 4 .  

To  o p e n   t h e   SCSSV  a  s p o o l   174  of   t h e   t h r e e - w a y   v a l v e  i s   m o v e d  

to   t h e   l e f t   u n t i l   t h e   A - s e c t i o n   ( F i g .   3)  of   t h e   v a l v e   c o n n e c t s  

t h e   p r e s s u r e   s o u r c e   P  to   t h e   h y d r a u l i c   c o n t r o l   l i n e s   27,   2 7 a -  

2 7 c .   P r e s s u r e   on  t h e   c o n t r o l   l i n e   27b  moves   t h e   a c c u m u l a t o r  

a c t u a t o r   p i s t o n   69  to   t h e   r i g h t   f o r c i n g   f l u i d   f r o m   t h e  

a c c u m u l a t o r   c h a m b e r   68  t h r o u g h   t h e   p a s s a g e   77,  v a l v e   o u t l e t  

p o r t   50d  and  i n p u t   h y d r a u l i c   l i n e   28  i n t o   t h e   SCSSV  a c t u a t o r  

25  and  m o v i n g   t h e   p i s t o n   to   t h e   r i g h t   end  of   t h e   c h a m b e r   68  

as  s e e n   in  F i g u r e   4.  P r e s s u r e   on  t h e   c o n t r o l   l i n e   27c  m o v e s  

t h e   v a l v e   a c t u a t o r   p i s t o n   147  d o w n w a r d   u n t i l   t h e   v a l v e   g a t e  

p o r t   67  ( F i g .   4)  i s   a l i g n e d   w i t h   t h e   f l u i d   f l o w   p a s s a g e   5 0  

and  f l u i d   moves   f rom  p a s s a g e   50  i n t o   t h e   SCSSV  a c t u a t o r   2 5  

f o r c i n g   t h e   p i s t o n   45  d o w n w a r d   a g a i n s t   t h e   s p r i n g   46  and  o p e -  

n i n g   t h e   SCSSV  2 4 .  

To  c l o s e   t h e   SCSSV  t h e   s p o o l   174  of  t h e   t h r e e - w a y   v a l v e   i s  

r e l e a s e d   and  t h e   v a l v e   moved  b a c k   to   t h e   " B - p o s i t i o n "   by  t h e  

s p r i n g   170  t h e r e b y   c o n n e c t i n g   t h e   c o n t r o l   l i n e   27  to   t h e   s i n k  

S  and  r e l i e v i n g   t h e   p r e s s u r e   on  l i n e   27.  The  a c t u a t o r   p i s t o n  

147  ( F i g .   2 -5 )   i s   moved   u p w a r d   ( F i g .   5)  and  t h e   v a l v e   g a t e  

63  b l o c k s   t h e   f l u i d   f l o w   p a s s a g e   50  in   t h e   g a t e   v a l v e   2 9 .  



The  SCSSV  a c t u a t o r   s p r i n g   46  f o r c e s   t h e   p i s t o n   45  u p w a r d   ( F i g .  

5)  m o v i n g   t h e   f l u i d   o u t   of  t he   a c t u a t o r   body   41,  t h r o u g h   t h e  

h y d r a u l i c   l i n e   28  and  p a s s a g e   77  i n t o   t h e   a c c u m u l a t o r   c h a m b e r  

68  and  m o v i n g   t h e   a c c u m u l a t o r   p i s t o n   69  to  t h e   l e f t .   As  t h e  

p i s t o n   45  in  t h e   SCSSV  a c t u a t o r   25  moves   u p w a r d   t h e   SCSSV 

24  c l o s e s .  

I t   i s   b e l i e v e d   t h a t   t h e   h e r e i n b e f o r e   d e s c r i b e d   s a f e t y   v a l v e  

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

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

an  o i l   or  gas   w e l l .   On ly   one  h y d r a u l i c   c o n t r o l   l i n e   i s   r e q u i r e  

to  o p e r a t e   t h e   SCSSV  and  t h e   s h u t - o f f   v a l v e .   The  s y s t e m   i s  

v e r y   s i m p l e   and  r e q u i r e s   few  c o m p o n e n t s .  

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

p r e s e n t   i n v e n t i o n   has   b e e n   h e r e i n   shown  and  d e s c r i b e d ,   i t  

w i l l   be  a p p a r e n t   t h a t   m o d i f i c a t i o n   and  v a r i a t i o n   may  b e  

made  w i t h o u t   d e p a r t i n g   f rom  w h a t   i s   r e g a r d e d   to   be  t h e   s u b j e c t  

m a t t e r   of  t h e   i n v e n t i o n .  



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

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

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

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

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

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

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

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

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

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

r i z e d   b y :  

a  n o r m a l l y   c l o s e d   b l o c k   v a l v e   (29)  h a v i n g   an  i n l e t   p o r t  

(50c)   and  an  o u t l e t   p o r t   ( 5 0 d ) ;  

a  f l u i d   a c c u m u l a t o r   (AC1)  h a v i n g   a  v a r i a b l e   v o l u m e   f l u i d  

c h a m b e r   (68)  and  an  i n l e t   p o r t   (117)   c o n n e c t e d   to   s a i d  

f l u i d   c h a m b e r ;  

m e a n s   (69)  f o r   v a r y i n g   t h e   v o l u m e   of   s a i d   a c c u m u l a t o r   f l u i d  

c h a m b e r   (68)  in   r e s p o n s e   to   a  c h a n g e   in  h y d r a u l i c   f l u i d  

p r e s s u r e ;  

m e a n s   (77)  f o r   c o n n e c t i n g   s a i d   b l o c k   v a l v e   o u t l e t   p o r t   ( 5 0 d )  

and  s a i d   a c c u m u l a t o r   i n l e t   p o r t   (117)   t o   s a i d   s a f e t y   v a l v e  

a c t u a t o r   i n l e t   p o r t ;  

m e a n s   f o r   s e l e c t i v e l y   c o n n e c t i n g   s a i d   b l o c k   v a l v e   i n l e t  

p o r t   (50c)   and  s a i d   a c c u m u l a t o r   v o l u m e   v a r y i n g   m e a n s   ( 6 9 )  

to   s a i d   h y d r a u l i c   p r e s s u r e   s o u r c e ;  

m e a n s   (147)  f o r   o p e n i n g   s a i d   b l o c k   v a l v e   when  s a i d   b l o c k  

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

s o u r c e ;   a n d  



means   (30)  f o r   s e l e c t i v e l y   c o n n e c t i n g   s a i d   b l o c k   v a l v e   i n l e t  

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

p r e s s u r e   s i n k .  

2.  A  v a l v e   o p e r a t i n g   s y s t e m   as  d e f i n e d   in  c l a i m   1  i n c l u d i n g  

a  c o n t r o l   v a l v e ,   and  means   f o r   c o n n e c t i n g   s a i d   c o n t r o l  

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

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

3.  A  v a l v e   o p e r a t i n g   s y s t e m   as  d e f i n e d   in  c l a i m   1  i n c l u d i n g  

a  t w o - p o s i t i o n   c o n t r o l   v a l v e ,   s a i d   c o n t r o l   v a l v e   c o n n e c -  

t i n g   s a i d   b l o c k   v a l v e   i n l e t   p o r t   to   s a i d   s i n k   when  s a i d  

c o n t r o l   v a l v e   i s   in  a  f i r s t   p o s i t i o n   and  s a i d   c o n t r o l  

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

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

a  s r  : o n d   p o s i t i o n .  

4.  A  v a l v e   o p e r a t i n g   s y s t e m   as  d e f i n e d   in  c l a i m   3  i n c l u d i n g  

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

p o s i t i o n .  

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

a  s u r f a c e - c o n t r o l l e d ,   s u b - s u r f a c e   s a f e t y   v a l v e ,   s a i d   s y s t e m  
c o n n e c t e d   f o r   use   w i t h   a  s o u r c e   of  p r e s s u r i z e d   h y d r a u l i c  
f l u i d   and  a  s u r f a c e - c o n t r o l l e d ,   s u b - s u r f a c e   s a f e t y   v a l v e  

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

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

to  an  o u t s i d e   h y d r a u l i c   p r e s s u r e   s o u r c e   and  to  a  p r e s s u r e  
s i n k   w h i l e   i s o l a t i n g   t h e   s a f e t y   v a l v e   f rom  t h e   o u t s i d e  

e n v i r o n m e n t ,   s a i d   s y s t e m   c o m p r i s i n g ;  

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

an  o u t l e t   p o r t ;  



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

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

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

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

a c c u m u l a t o r   a c t u a t o r   i n l e t   p o r t ;  

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

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

i n l e t   p o r t ;  

m e a n s   f o r   s e l e c t i v e l y   c o n n e c t i n g   s a i d   b l o c k   v a l v e   i n l e t  

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

h y d r a u l i c   p r e s s u r e   s o u r c e ;  

m e a n s   f o r   o p e n i n g   s a i d   b l o c k   v a l v e   when  s a i d   b l o c k   v a l v e  

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

means   f o r   s e l e c t i v e l y   c o n n e c t i n g   s a i d   b l o c k   v a l v e   i n l e t  

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

-   p r e s s u r e   s i n k .  

6.  A  v a l v e   o p e r a t i n g   s y s t e m   as  d e f i n e d   in   c l a i m   5  w h e r e i n  

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

c a l l y   o p e r a t e d   v a l v e   a c t u a t o r   c o u p l e d   to   s a i d   b l o c k   v a l v e  

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

a c t u a t o r   to  s a i d   i n l e t   p o r t   of  s a i d   b l o c k   v a l v e   i n l e t   p o r t .  

7.  A  v a l v e   o p e r a t i n g   s y s t e m   as  d e f i n e d   in  c l a i m   5  i n c l u d i n g  

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

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

a c c u m u l a t o r   a c t u a t o r .  



8.  A  v a l v e   o p e r a t i n g   s y s t e m   as  d e f i n e d   in  c l a i m   5  w h e r e i n  

s a i d   a c c u m u l a t o r   a c t u a t o r   i n c l u d e s   a  p is ton   movably  mounted  i n  
s a i d   a c c u m u l a t o r   f l u i d   c h a m b e r   and  w h e r e i n   a  f l u i d  

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

p o r t   moves   s a i d   a c t u a t o r   p i s t o n   t o w a r d   s a i d   a c c u m u l a t o r  

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

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

9.  A  v a l v e   o p e r a t i n g   s y s t e m   as  d e f i n e d   in  c l a i m   5  i n c l u d i n g  

a  t w o - p o s i t i o n   c o n t r o l   v a l v e ;   means   f o r   c o n n e c t i n g  

s a i d   c o n t r o l   v a l v e   to   s a i d   p r e s s u r e   s i n k ,   to   s a i d   p r e s s u r e  

s o u r c e   and  to   s a i d   i n l e t   p o r t   of  s a i d   b l o c k   v a l v e ,   s a i d  

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

p o r t   of  s a i d   b l o c k   v a l v e   when  s a i d   c o n t r o l   v a l v e   i s   i n  

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

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

s a i d   c o n t r o l   v a l v e   i s   in  a  s e c o n d   p o s i t i o n .  

10.  A  v a l v e   o p e r a t i n g   s y s t e m   as  d e f i n e d   in  c l a i m   9  i n c l u d i n g  

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

ward   s a i d   f i r s t   p o s i t i o n .  

11.  A  v a l v e   o p e r a t i n g   s y s t e m   as  d e f i n e d   in  c l a i m   9  w h e r e i n  

s a i d   c o n t r o l   v a l v e   i s   m o u n t e d   so  as  to  be  a c c e s s i b l e   f o r  

s u r f a c e   c o n t r o l .  
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