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@  Well  testing  apparatus  and  method. 

Well  testing  of  either  exploration  or  production  wells  is 
carried  out  by  locating  a  hollow  member,  which  contains 
test  instruments,  in  the  well  bore  or  within  the  internal  bore 
of  a  drill  string  run,  in  such  a  manner  that  fluid  flow  up  the 
bore  is  caused  to  take  place  along  the  path,  at  least  a  por- 
tion  of  which  includes  testing  through  the  region  within  the 
hollow  member  where  fluid  is  in  direct  communication  with 
the  test  instruments  and  performing  the  well  tests  while  per- 
mitting  such  flow  through  the  member  to  occur  or  while  pre- 
venting  fluid  escape  from  the  member. 

In  the  method  of  the  invention  well  testing  apparatus 
may  be  used  for  down-hole  shut-in  purposes  even  on  pro- 
duction  wells  not  provided  with  built-in  shut-in  facilities. 



T h i s   i n v e n t i o n   r e l a t e s   to  t h e   t e s t i n g   of  o i l   or  g a s  

e x p l o r a t i o n   w e l l s   and  to  a p p a r a t u s   f o r   use   in  such   t e s t i n g .  

In  t h e   e v a l u a t i o n   of  an  o i l   or  gas  e x p l o r a t i o n   w e l l   o n e  

of  t he   p r i n c i p a l   p a r t s   of  the   d a t a   a c q u i s i t i o n   is  t he   d r i l l  

s t e m   p e s t   (DST).  The  DST  is  t he   p r o d u c t i o n   of  t he   r e s e r v o i r  

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

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

p r o d u c t i o n   w e l l   a t   t h e   e x p l o r a t i o n   s i t e .   In  t h e   DST,  t h e  

c o l u m n   of  t he   d r i l l   p i p e   is  used   as  t he   t e m p o r a r y   p r o d u c t i o n  

t u b i n g .  

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

p r e v e n t e d   f rom  e n t e r i n g   the   w e l l ,   u n d e r   t h e i r   own  p r e s s u r e  

by  t h e   w e i g h t   of  t h e   c o l u m n   of  d r i l l i n g   mud  in  t h e   w e l l .   To 

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

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

mus t   r e m a i n   i n t a c t   a r o u n d   the   d r i l l   p i p e .  

An  i n f l a t a b l e   p a c k e r   r u n ,   as  p a r t   of  t h e   d r i l l   p i p e  

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

w a l l   of  t h e   w e l l   w h i c h   may  be  b a r e   r o c k   or  s t e e l   c a s i n g .   To 

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

is  b o t h   of  l o w e r   d e n s i t y   t h a n   t he   mud  and  g i v e s   h y d r o s t a t i c  

bead  p r e s s u r e   w h i c h   is  l e s s   t h a n   t he   f o r m a t i o n   p r e s s u r e .  



The  m o s t   u s e f u l   d a t a   a v a i l a b l e   f r o m   t h e   DST  a r e  

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

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

p r e s s u r e   when   t h e   w e l l   is  c l o s e d   in  and  t h e   r e s e r v o i r   i s  

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

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

t h e   d e g r e e   of  d a m a g e   to  p e r m e a b i l i t y   in  t h e   i m m e d i a t e  

v i c i n i t y   of  the   w e l l .  

In  o r d e r   to  p r o v i d e   a  b a s i s   f o r   s o u n d   i n t e r p r e t a t i o n  

the   p r e s s u r e   m e a s u r e m e n t s   must   be  of  g r e a t   a c c u r a c y   and  t h e  

w e l l   m u s t   be  a b l e   to  be  s h u t - i n   down  b o l e   to  p r e v e n t  

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

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

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

p r e s s u r e   t r a n s i e n t   t h a t   wou ld   o b s c u r e   t he   r e s e r v o i r   e f f e c t s  

t h a t   a re   of  i n t e r e s t .  

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

run   w h i c h   is  p l a c e d   in  a  p o i n t   f a i r l y   n e a r   to  the   b o t t o m   o f  

t h e   d r i l l   s t r i n g .   A  d o w n h o l e   s h u t - i n   v a l v e   is  p l a c e d   n e a r  

to  b u t   a b o v e   t h i s .   C l o c k w o r k   d r i v e n   r e c o r d e r s   on  B o u r d o n  

Tube   t y p e   g a u g e s   a r e   p l a c e d   in  p r o t e c t e d   h o l d e r s   b e l o w   t h e  

s h u t - i n   v a l v e   to  ' s e e '   t h e   r e s e r v o i r   f l o w i n g   and  s h u t - i n  

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

p r o v i d e s   t e m p e r a t u r e   d a t a .   T h i s   was  t h e   s t a t e   of  t h e   a r t  

a b o u t   f o u r   y e a r s   a g o .  



T h i s   s y s t e m   had  t he   f o l l o w i n g   p r o b l e m s : -  

a)  I n a c c u r a t e   and  i n s e n s i t i v e   g a u g e s   m e a n t   t h a t   l o n g   t e s t s  

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

any  r e l i a b i l i t y .  

b)  The  e n g i n e e r   c o n d u c t i n g   t he   t e s t   had  no  k n o w l e d g e   of  t h e  

s i t u a t i o n   down  h o l e   or  w h e t h e r   t he   g a u g e s   w e r e   even  w o r k i n g .  

c)  The  g a u g e s   we re   run  in  t he   DST  down  h o l e   e q u i p m e n t   b e i n g  

s u b j e c t e d   to  v e r y   r o u g h   h a n d l i n g   d u r i n g   t he   r u n - i n   of  d r i l l  

p i p e .  

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

p o s s i b i l i t y   of  v e r y   much  i m p r o v e d   a c c u r a c y   was  o f f e r e d .  

H o w e v e r ,   t h e r e   was  one  v e r y   m a j o r   d r a w b a c k   t h e   gauge   had  t o  

be  run  on  a  c o n d u c t o r   w i r e - l i n e   and  t h e r e f o r e   c o u l d   no t   p a s s  

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

c u t   t h e   w i r e .   One  a l t e r n a t i v e ,   r e c e n t l y   a v a i l a b l e ,   is  a n  

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

T h i s   is  d e s i g n e d   s u c h   t h a t   i t   can  be  r u n   in  a  c o n v e n t i o n a l  

gauge   h o l d e r .  

T h i s   s y s t e m   h a s   t h e   s e r i o u s   d i s a d v a n t a g e   of  n o t  

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

r e q u i r i n g   t h e   e n g i n e e r   to  a c t   b l i n d l y   n o t   k n o w i n g   e x a c t l y  

wha t   is  h a p p e n i n g   down  h o l e .  



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

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

a re   run  r o u t i n e l y .   T h i s   r e q u i r e s   t he   c a r e f u l   m o n i t o r i n g   o f  

a f t e r   f l o w   w e l l   b o r e   e f f e c t s   so  t h a t   t h i s   d a t a   can  b e  

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

m a j o r   t i m e   d i s a d v a n t a g e s   in  low  p r o d u c t i v i t y   gas  w e l l s   a n d  

o i l   w ' e l l s   w h e r e   a f t e r   f l o w   e f f e c t s   a r e   v e r y   p r o l o n g e d   a n d  

t e s t s   have   to  be  e x t e n d e d .  

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

g a u g e s   a  p r a c t i c a l   t o o l   in  DST 's   is  t h e   ' S P R O '   s y s t e m  

d e v e l o p e d   by  F l o p e t r o l / D o w e l l   S c b l u m b e r g e r .   T h i s   s y s t e m  

u s e s   a  g a u g e   b u i l t  i n t o   t h e  d o w n   h o l e   s h u t - i n   v a l v e .   T h e  

g a u g e   is  so  a r r a n g e d   as  to  g i v e   p r e s s u r e   m e a s u r e m e n t s  

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

the   gauge   m o u n t e d   above   the   s h u t - i n   d e v i c e .  

The  g a u g e   and  s h u t - i n   a s s e m b l y   is   r u n   in  as  p a r t   of  t h e  

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

made   a f t e r   t h e   g a u g e   and  v a l v e   a s s e m b l y   is   in  p o s i t i o n .  

T h i s   has  t he   f o l l o w i n g   d i s a d v a n t a g e s : -  

a)  An  e l a b o r a t e   s h u t - i n   v a l v e   a s s e m b l y   r u n   as  p a r t   of  t h e  

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

s p e c i a l i s t   d o w n h o l e   e n g i n e e r .   Th i s   t o g e t h e r   w i t h   t he   t o o l  

i t s e l f   can  p r o v e   v e r y   e x p e n s i v e .  
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b)  The  g a u g e   e l e c t r i c a l   c o n n e c t i o n   has   to   be  made   in  t h e  

p r e s e n c e   of  w e l l   b o r e   f l u i d s   and  is  no t   a l t o g e t h e r   r e l i a b l e .  

c)  The  f l o w   t h r o u g h   t h e   v a l v e   is  r e s t r i c t e d   by  a  r a t h e r  

n a r r o w   p a t h   a p p r o x i m a t e l y   2 .00cm  d i a m e t e r .  

The  p r e s e n t   i n v e n t i o n   p r o p o s e s   w e l l   t e s t i n g   a p p a r a t u s  

w h i c h  s e e k s   to  a v o i d   the   d i s a d v a n t a g e s   a s s o c i a t e d   w i t h   b o t h  

w i r e l i n e   a p p a r a t u s   and  s p e c i a l l y   a d a p t e d   p i p e   r u n s   and  a 

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

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

a  m e t h o d   f o r   p e r f o r m i n g   one  or  more  d e s i g n a t e d   t e s t s   upon  a 

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

a s s o c i a t e d   r e v e r s o i r   p r e s s u r e   so  t h a t   w e l l   f l u i d   can  f l o w   u p  

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

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

d a t a   a q u i s i t i o n   f rom  s a i d   t e s t s ,   in  t he   w e l l   b o r e   in  such   a 

m a n n e r   t h a t   t he   f l u i d   f l o w i n g   up  t he   b o r e   is  c a u s e d   to  t a k e  

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

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

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

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

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

m e m b e r .  

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



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   may  be  in  t he   fo rm  of  a n  

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

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

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

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

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

t h e   i n l e t   p o r t s   i n t o   t h e   l o w e r   end  of  t h e   m e m b e r   and  a 

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

of  t he   member   to  c l o s e   the   o u t l e t   p o r t s ,   means   f o r   a c t u a t i n g  

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

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

the   w a l l   of  t he   p i p e   run  in  t he   r e g i o n   b e t w e e n   t he   i n l e t   a n  

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

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

r e g i o n   b e t w e e n   the   i n l e t   and  o u t l e t   p o r t s .  

The  i n v e n t i o n   w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   to  t h e  

a c c o m p a n y i n g   d r a w i n g s   in  w h i c h  

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

of  the   a p p a r a t u s   a n d .  

F i g u r e   2  is  a  d i a g r a m m a t i c   s e c t i o n a l   e l e v a t i o n   of  a n o t h e r  

fo rm  of  t he   a p p a r a t u s .  

R e f e r r i n g   to  F i g u r e   1,  t he   a s s e m b l y   l o c a t e d   w i t h i n   t h e  

b o r e   of  a  d r i l l   p i p e   1  c o m p r i s e s   a  h o l l o w   m e m b e r   2  and  a n  

i n t e r n a l   c l o s u r e   d e v i c e   3  w h i c h   f o r m s   a  s l i d i n g   s e a l   w i t h i n  



t h e   h o l l o w   m e m b e r   2.  The  d e v i c e   3  c o m p r i s e s   an  u p p e r m o s t  

c y l i n d r i c a l   p l u g   body   p o r t i o n   4  l e a d i n g   to  a  l o w e r m o s t  

c y l i n d r i c a l l y   h o l l o w   p o r t i o n   5 .  

The  h o l l o w   m e m b e r   2  is   p r o v i d e d   w i t h   l o n g i t u d i n a l l y  

s p a c e d   p o r t s   6 , 7 ,   w h i c h   may  be  in  t h e   f o r m   of  e l o n g a t e   s l o t s  

in  t h e   w a l l   t h e r e o f .   The  l o w e r m o s t   p o r t s   7  f o r m   i n l e t s   8 

f o r   t he   w e l l   f l u i d s   w h i l e   t he   u p p e r m o s t   p o r t s   6  fo rm  o u t l e t s  

f o r   t he   f l u i d .  

The  h o l l o w   m e m b e r   2  is  c l o s e d   a t   i t s   l o w e r m o s t   end  8 

and  i t s   p r o v i d e d   t h e r e i n   w i t h   i n s t r u m e n t   p a c k a g e s   9  f o r  

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

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

The  c l o s u r e   d e v i c e   3  is  a c t u a t e d   by  a c t u a t i n g   means   10 

( s h o w n   s c h e m a t i c a l l y )   i n c l u d i n g   a  h y d r a u l i c / p n e u m a t i c ,  

h y d r a u l i c   or  e l e c t r o m e c h a n i c a l   d r i v e n   ram  11  l o c a t e d   w i t h i n  

the   h o l l o w   member   2  above   the   d e v i c e   3  and  s e c u r e d   t h e r e t o .  

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

a  c a b l e   ( n o t   shown)   f rom  the   s u r f a c e .  

C a b l e s   ( n o t   s h o w n )   f r o m   t h e   i n s t r u m e n t s   9  r u n   to  t h e  

s u r f a c e   t h r o u g h   a  c o n d u i t   ( n o t   s h o w n )   w h i c h   is  h e r m e t i c a l l y  

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

r e c e s s   in  t he   i n n e r   or  o u t e r   w a l l   of  t he   m e m b e r   2  or  i t   may 

e x t e n d   u p w a r d l y   t h r o u g h   the   b o r e   of  t he   member   2  t h r o u g h   t h e  

c l o s u r e   d e v i c e   3  and  t h e   ram  11  in  a  m a n n e r   s i m i l a r   to  t h a t  



shown  in  F i g u r e   2.  

In  u s e ,   t h e   ram  11  is  a c t u a t e d   to  move  t h e   c l o s u r e  

d e v i c e   3  d o w n w a r d l y   u n d e r   t h e   a c t i o n   of  a  r e t u r n   s p r i n g   12  

l o c a t e d   a b o v e   t h e   d e v i c e   3  and  c i r c u m v e n t i n g   t h e   ram  1 1 .  

M o v e m e n t   of  the   d e v i c e   3  d o w n w a r d s   c a u s e s   t he   h o l l o w   p o r t i o n  

5  t h e r e o f   to  c o v e r   t h e   o u t l e t   p o r t s   6  to  s e a l   o f f   t h e   l o w e r  

p a r t   of  t h e   h o l l o w   m e m b e r   2.  The  c l o s e d   p o s i t i o n   of  t h e  

d e v i c e   3  is  s h o w n   in  o u t l i n e   in  F i g u r e   1.  Upon  r e l e a s e   o f  

the   a c t u a t i n g   means   the   ram  11  is  moved  u p w a r d l y   u n d e r   t h e  

a c t i o n   of  the   r e t u r n   s p r i n g   12  to  move  t he   c l o s u r e   d e v i c e   3 

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

r e o p e n i n g   t h e   o u t l e t   p o r t s   7.  In  any  c a s e   s h o u l d   t h e  

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

r e l e a s e   of  the   c l o s u r e   d e v i c e   3  o c c u r s   a u t o m a t i c a l l y .  

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

m e m b e r   2  and  t h e   w a l l   of  t h e   p i p e   1,  an  i n f l a t a b l e   p a c k e r   13 

is  p r o v i d e d   in  t h e   r e g i o n   b e t w e e n   t h e   p o r t s   6  and  7.  T h e  

p a c k e r   13  may  be  i n f l a t e d   h y d r a u l i c a l l y   by  r e m o t e   c o n t r o l  

f rom  the   s u r f a c e .  

The  c l o s u r e   d e v i c e   3  may  c o m p r i s e   a  f o r m   w h i c h   is  a 

v a r i a n t   of  t h a t   shown  in  F i g u r e   1.  For  i n s t a n c e   the   d e v i c e  

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

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

c o n t a i n i n g   p o r t s   c o r r e s p o n d i n g   to  t h o s e   o u t l e t   p o r t s   6  i n  



t h e   h o l l o w   m e m b e r   2.  In  t h i s   c a s e ,   t h e   o u t l e t   p o r t s   6  a r e  

open  when  in  one  l o n g i t u d i n a l   p o s i t i o n   t h e y   a re   a l i g n e d   w i t h  

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

p o s i t i o n   d i s p l a c e d   f r o m   t h e   f i r s t ,   t h e   o u t l e t   p o r t s   6  a r e  

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

d e v i c e .  

As  a  f u r t h e r   v a r i a n t ,   t he   d e v i c e   may  c o m p r i s e   a  h o l l o w  

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

p o s i t i o n ,   a r e   a l i g n a b l e   w i t h   t h e   o u t l e t   p o r t s   6  to  o p e n  

t h e m .   In  a n o t h e r   p o s i t i o n   to  w h i c h   the   c y l i n d e r   is  moved  by 

a  l i m i t e d   a n g u l a r   r o t a t i o n   t h e r e o f   t h e   o u t l e t   p o r t s   6  a r e  

c l o s e d   by  t h e   w a l l   of  t h e   c y l i n d e r .   In  t h i s   c a s e   of  c o u r s e  

t h e   a c t u a t i n g   m e a n s   m u s t   be  a d a p t e d   to  e f f e c t   an  a x i a l  

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

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

R e f e r r i n g   to   F i g u r e   2,  l i k e   p a r t s   b e a r   t h e   s a m e  

r e f e r e n c e   n u m e r a l s   as  in  F i g u r e   1.  The  c l o s u r e   d e v i c e   1 4  

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

t h e   h o l l o w   m e m b e r   2.  U p w a r d   m o v e m e n t   of  t h e   s l e e v e   14  i s  

l i m i t e d   by  i t s   e n g a g e m e n t   of  a  s h o u l d e r   15  on  t h e   h o l l o w  

member   2  f o r m e d   b e t w e e n   a  l o w e r   p o r t i o n   16  and  u p p e r   p o r t i o n  

17  of  g r e a t e r   d i a m e t e r   t h a n   the   l o w e r   p o r t i o n .   A  s e p t u m   18 

d i v i d e s   t he   member   2  i n t o   u p p e r   and  l o w e r   c h a m b e r s   19  and  2 0  

r e s p e c t i v e l y ,   the   l o w e r   c h a m b e r   20  i n c l u d i n g   the   p o r t s   6  a n d  

7 .  



The  s l e e v e   14  is  c o n n e c t e d   to  t h e   p i s t o n   21  of  a  ram  2 2  

f o r   m o v i n g   t h e   s l e e v e   14  s l i d a b l y   o v e r   t h e   h o l l o w   i n n e r  

m e m b e r   2.  The  p i s t o n   21  has   r a d i a l l y   d i r e c t e d   p o r t i o n s   23  

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

t h e   h o l l o w   m e m b e r   2,  w h i c h   p o r t i o n s   a r e   c o n n e c t e d   to  t h e  

s l e e v e   14  to  p e r m i t   m o v e m e n t   t h e r e o f   by  t he   p i s t o n   21  m o v i n g  

r e l a t i v e   to  t h e   s l o t s .   The  ram  22  is   a c t u a t e d   by  f l u i d  

i n t r o d u c e d   u n d e r   p r e s s u r e   i n t o   t h e   u p p e r   p a r t   24  of  t h e  

c h a m b e r   19.  A  f l u i d   r e s e r v o i r   and  f l u i d   c o n t r o l   v a l v e s   ( n o t  

shown)   a re   p r o v i d e d   in  t he   u p p e r   p a r t   24  of  the   c h a m b e r   1 9 .  

E x t e n d i n g   f rom  the   s u r f a c e   t h r o u g h   the   h o l l o w   member   2 

by  way  of  a  c e n t r a l   b o r e   in  t h e   ram  22,   p i s t o n   21  and  t h e  

s e p t u m   18  is  a  h e r m e t i c a l l y   s e a l e d   c o n d u i t   25.  The  c o n d u i t  

25  c a r r i e s   c a b l e s   ( n o t   s h o w n )   f o r   r e m o t e   c o n t r o l   of  t h e  

f l u i d   r e s e r v o i r   and  c o n t r o l   v a l v e s   and  of  t he   i n s t r u m e n t s   9 .  

M o v e m e n t   of  t h e   p i s t o n   d o w n w a r d s   f r o m   t h e   p o s i t i o n  

shown  in  F i g u r e   2  c a u s e s   t he   s l e e v e   14  to  move  to  c o v e r  t h e  

o u t l e t   p o r t s   6  and  u p o n   r e l e a s e   of  t h e   a c t u a t i n g   f l u i d  

p r e s s u r e   in  the   c h a m b e r   19,  t he   ram  22,  p i s t o n   21  and  s l e e v e  

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

12  w h i c h   is  m o u n t e d   f o r   c o m p r e s s i o n   b e t w e e n   t h e   p i s t o n   21 

and  the   s e p t u m   1 8 .  

T h e   a c t u a t i o n   m a y   be   a c h i e v e d   e i t h e r  

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



e l e c t r o m e c h a n i c a l l y .  

The  DST  t o o l   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   may  b e  

run  i n t o   the   w e l l   b o r e   by  one  of  an  a l t e r n a t i v e   s e q u e n c e   o f  

o p e r a t i o n s .   F i r s t l y   a  c o n v e n t i o n a l   down  h o l e   s h u t   in  v a l v e ,  

in  t h e   s h u t   m o d e ,   may  be  run   in  as  p a r t   of  t h e   d r i l l   s t r i n g  

and,   s u b s e q u e n t l y   t he   DST  t o o l   is  l o w e r e d   i n t o   the   h o l e   d o w n  

t h e   h o l l o w   d r i l l   s t e m .   Upon  o p e n i n g   of  t h e   l o w e r   down  h o l e  

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

a s s e m b l y   of  the   t o o l .   An  a l t e r n a t i v e   m e t h o d   of  l o c a t i n g   t h e  

t o o l   is  to  run  in  a  d r i l l   s t r i n g   and  to  run  in  an  open  e n d e d  

d r i l l   s t r i n g   down  the   h o l e .   The  c o l u m n   of  mud  in  the   d r i l l  

s t em  is  r e p l a c e d   w i t h   a  l e s s   d e n s e   f l u i d   such  as  sea   w a t e r ,  

d i e s e l   o i l   or  n i t r o g e n   and  t h e n c e   t h e   DST  t o o l   is  s u n k  

t h r o u g h   t h e   l e s s   d e n s e   f l u i d .   A f t e r   s e t t i n g   t h e   t o o l   t h e  

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

t h e   t o o l .  

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

i n v e n t i o n   has  many  t e c h n i c a l   a d v a n t a g e s .   An  e x a m p l e   is  t h e  

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

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

t h i c k n e s s   and  t h e i r   a g g r e g a t e .   D o w n - h o l e   f l o w m e t e r s   can  b e  

run  to  m e a s u r e   the   f l o w   f rom  each   g roup   of  p e r f o r a t i o n s .  

The  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   a d v a n t a g e   f o r  

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

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



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

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

c a p a c i t y   w e l l   can  o b s c u r e   v a l u a b l e   d a t a .   In  o r d e r   t o  

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

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

i n t e g r a l   p a r t  o f   t h e   t u b i n g   s t r i n g   and  m u s t   be  r u n   in  w h e n  

t h e   w e l l   is  c o m p l e t e d .   Thus   e x i s t i n g   w e l l s   w h i c h   do  n o t  

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

e x i s t i n g   e q u i p m e n t .   In  c o n t r a s t   no  m o d i f i c a t i o n s   to  t h e  

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

i n v e n t i o n   and  i t   may  be  used  on  p r e - e x i s t i n g   w e l l s .  

S i n c e   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   t h e   t e s t i n g  

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

t h e r e   is  l i t t l e   r i s k   of  d a m a g e ,   as  w o u l d   be  in  t h e   c a s e   o f  

k n o w n   DST  t o o l s   s i n c e   t h e y   a r e   s u b j e c t   to  j a r r i n g   as  t h e  

d r i l l   s t r i n g   is  run  i n .  

F u r t h e r m o r e   s i n c e   t h e   m e a s u r i n g   i n s t r u m e n t s   a r e   i n  

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

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

c h a n g e s   on  s h u t - i n   a r e   e l i m i n a t e d .   T h u s   r e s u l t s   a r e  

a v a i l a b l e   b o t h   q u i c k l y   and  a c c u r a t e l y ,   s a v i n g   in  b o t h   t i m e  

and  c o s t s .  



1.  A  m e t h o d   f o r   p e r f o r m i n g   one  or  m o r e   d e s i g n a t e d   t e s t s  

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

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

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

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

m e a s u r i n g   and  d a t a   a q u i s i t i o n   f rom  s a i d   t e s t s ,   in  t he   w e l l  

b o r e   in  such  a  m a n n e r   t h a t   t he   f l u i d   f l o w i n g   up  t he   b o r e   i s  

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

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

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

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

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

the   m e m b e r .  

2.  A  m e t h o d   as  c l a i m e d   in  C l a i m   1  in  w h i c h   t h e   w e l l   b o r e  

is  a  r e g i o n   d e f i n e d   by  t h e   i n t e r n a l   b o r e   of  a  p i p e   s t r i n g  

r u n .  

3.  A  m e t h o d   as  c l a i m e d   in  C l a i m   1  or  C l a i m   2  in  w h i c h  

s a i d   h o l l o w   member   is  i n c l u d e d   in  an  a s s e m b l y   w h e r e i n   s a i d  

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

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

t h r o u g h   t h e   i n l e t   p o r t s   i n t o   t h e   l o w e r   end  of  t h e   m e m b e r ,  

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

w h i c h   is  m o v e a b l e   r e l a t i v e   to  t he   u p p e r   p a r t   of  t he   m e m b e r  



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

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

s p a c e   b e t w e e n   t h e   l o w e r   end  of  t h e   m e m b e r   and  t h e   w a l l   o f  

t h e   w e l l   b o r e   in  t h e   r e g i o n   b e t w e e n   t h e   i n l e t   and  o u t l e t  

p o r t s .  

4.  A p p a r a t u s   f o r   t h e   t e s t i n g   of  w e l l s ,   in  t h e   f o r m   of  a n  

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

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

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

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

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

t h e   i n l e t   p o r t s   i n t o   t h e   l o w e r   end  of  t h e   m e m b e r   and  a  

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

of  t he   member   to  c l o s e   the   o u t l e t   p o r t s ,   means   f o r   a c t u a t i n g  

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

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

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

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

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

r e g i o n   b e t w e e n   the   i n l e t   and  o u t l e t   p o r t s .  

5.  A p p a r a t u s   as  c l a i m e d   in  C l a i m   4  in  w h i c h   t h e   c l o s u r e  

d e v i c e   is  r e c e i v e d   w i t h i n   t h e   h o l l o w   m e m b e r   f o r   m o v e m e n t  

w i t h i n   t he   member   to  c l o s e   t he   o u t l e t   p o r t s .  

6.  A p p a r a t u s   as  c l a i m e d   in  C l a i m   5  in  w h i c h   t h e   c l o s u r e  

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



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

s l i d e   l o n g i t u d i n a l l y .  

7.  A p p a r a t u s   as  c l a i m e d   in  C l a i m   4  in  w h i c h   t h e   c l o s u r e  

d e v i c e   c o m p r i s e s   a  s l e e v e   fo r   t he   h o l l o w   m e m b e r ,   the   s l e e v e  

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

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

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

l o n g i t u d i n a l l y .  

8.  A p p a r a t u s   as  c l a i m e d   in  any  of  C l a i m s   4  to  7  in  w h i c h  

s a i d   s e a l i n g   means   is  an  i n f l a t a b l e   p a c k e r .  

9.  A p p a r a t u s   as  c l a i m e d   in  any  of  C l a i m s   4  to  8  in  w h i c h  

t h e   a c t u a t i n g   m e a n s   i s   p n e u m a t i c a l l y ,  

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

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

10.  Oil   and  gas  w e l l   i n c o r p o r a t i n g   the   e q u i p m e n t   as  c l a i m e d  

in  C l a i m   4 .  
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