
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  ©  Publication  number:  0 1 5 5 1 2 8  

Office  europeen  des  brevets  ^ 2  

®  EUROPEAN  PATENT  APPLICATION 

@  Application  number:  85301428.0  ®  Int.  CI.4:  E  21  B  43/116,  E  21  B  4 3 / 1 1 8 5 ,  
F 4 2 D   1 / 0 4  

@  Date  of  filing:  01.03.85 

®  Priority:  08.03.84  US  587345  ©  Applicant:  GEO  VANN,  INC.,  16350  Park  Ten  Place 
Suite  1  07,  Houston  Texas  77084  (US) 

(72)  Inventor:  Colle,  Edward  A.,  Jr.,  14939  Broadgreen  Drive, 
Houston  Texas  77079  (US) 

®  Date  of  publication  of  application  :  1  8.09.85  'nvent  °r  i,  Ge  °,r9e'  F,int  Raymond,  61  1  8  Magnolia,  Katy 
Bulletin  fl«5/18  Texas  77449  (US) 

Inventor:  Yates,  Donald  N.,  Jr.,  23003  Chelsea  Bridge 
Lane,  Katy  Texas  77450  (US) 

@  Representative  :  Bayliss,  Geoffrey  Cyril  et  ai,  BOULT, 
_  WADE  &  TENNANT  27  Furnival  Street,  London  EC4A  1  PQ 
@  Designated  Contracting  States:  DEFRGBNL  (GB) 

Devices  for  actuating  explosive  charges  in  wellbores,  and  methods  of  perforating  boreholes. 

(§P  A  device  (  1  0)  for  actuating  an  explosive  charge  downhole 
in  a  wellbore  includes  a  combustive  reaction  initiator  (30,  66, 
100)  actuated  in  response  to  a  first  pressure  condition  in  a 
portion  of  the  wellbore  and  an  explosive  charge  actuator.  A 
time  delay  device  (136)  is  provided  wherein  a  combustive 
reaction  is  initiated  by  the  initiator  and  continues  for  a  time 
delay  period  providing  sufficient  time  for  an  operator  to  alter 
the  first  pressure  condition  to  a  second  pressure  condition  at 
the  time  of  explosive  actuation.  The  delay  device  is  operative 
at  the  end  of  the  time  delay  period  after  initiation  to  actuate 
the  explosive  charge. 
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@  A  device  (10)  for  actuating  an  explosive  charge  downhole 
in  a  wellbore  includes  a  combustive  reaction  initiator  (30,  66, 
100)  actuated  in  response  to  a  first  pressure  condition  in  a 
portion  of  the  wellbore  and  an  explosive  charge  actuator.  A 
time  delay  device  (136)  is  provided  wherein  a  combustive 
reaction  is  initiated  by  the  initiator  and  continues  for  a  time 
delay  period  providing  sufficient  time  for  an  operator  to  alter 
the  first  pressure  condition  to  a  second  pressure  condition  at 
the  time  of  explosive  actuation.  The  delay  device  is  operative 
at  the  end  of  the  time  delay  period  after  initiation  to  actuate 
the  explosive  charge. 



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  t h e   a c t u a t i o n   o f  

e x p l o s i v e s   in   b o r e h o l e s .  

In  p a r t i c u l a r ,   one  a s p e c t   of  t he   p r e s e n t  

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

e x p l o s i v e   c h a r g e   d o w n h o l e   in   a  w e l l b o r e ,   c o m p r i s i n g  

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

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

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

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

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

means   a d j a c e n t   a  d e s i r e d   l o c a t i o n   in   t h e   b o r e h o l e   a n d  

r a i s i n g   t h e   p r e s s u r e   in  t he   b o r e h o l e   to   a  l e v e l  

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

m e a n s .  

E x p l o s i v e   c h a r g e s   a r e   u t i l i z e d   in   w e l l b o r e s   t o  

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

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

s e t   a  p a c k e r   or  o t h e r   d e v i c e   d o w n h o l e .   Due  to   t h e  

t i m e   and  e x p e n s e   i n v o l v e d   in  t h e s e   o p e r a t i o n s   and  t h e  

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

t h a t   t h e i r   o p e r a t i o n   be  r e l i a b l e .   The  t y p i c a l  

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

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

t h u s   t e n d s   to   r e d u c e   t h e i r   r e l i a b i l i t y .   For   e x a m p l e ,  

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

d e g r a d e   t h e   o p e r a t i o n   of  e x p l o s i v e s ,   and  t h e   p r e s e n c e  
of  h e a v y   d r i l l i n g   muds  and  d e b r i s   can   i n t e r f e r e   w i t h  

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

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

o u t   f rom  the   d r i l l i n g   m u d .  

In  some  a p p l i c a t i o n s ,   i t   is   no t   f e a s i b l e   t o  

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



s t e m   t e s t i n g ,   a  zone   to   be  t e s t e d   is   p e r f o r a t e d   a n d  

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

p r e s s u r e   a r e   m o n i t o r e d   by  i n s t r u m e n t s   m o u n t e d   b e t w e e n  

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

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

A  c o m p l i c a t i o n   i n t r o d u c e d   in   t h e   use   of  p r e s s u r e  
r e s p o n s i v e   f i r i n g   d e v i c e s   i s   t h a t   t h e y   r e q u i r e   t h e  

m a n i p u l a t i o n   of  p r e s s u r e   in   t h e   a n n u l u s   or  t he   t u b i n g  

to   a c t u a t e   t h e   f i r i n g   d e v i c e .   T h e r e   a r e ,   h o w e v e r ,  

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

of  a  r e l a t i v e l y   low  p r e s s u r e   a t   t h e   t i m e   of  e x p l o s i v e  

a c t u a t i o n ,   s u c h   as  w h e r e   i t   i s   d e s i r e d   to  p e r f o r a t e  
t h e   c a s i n g   u n d e r b a l a n c e d .   T h i s   r e q u i r e m e n t   may  n o t  
be  c o m p a t i b l e ,   t h e r e f o r e ,   w i t h   t he   use   of  p r e s s u r e  
r e s p o n s i v e   f i r i n g   d e v i c e s   o p e r a t e d   by  i n c r e a s i n g  

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

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

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

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

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

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

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

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

a c t u a t i o n .  

The  m e t h o d   of  t h e   s e c o n d   a s p e c t   of  t h i s   i n v e n t i o n  

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

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

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

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

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



the   p e r f o r a t i n g   m e a n s .  

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

e x p l o s i v e   c h a r g e   by  means   of  p r e s s u r e   d o w n h o l e ,   w h i l e  

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

d e s i r e d   v a l u e ,   f o r   e x a m p l e ,   a  v a l u e   d e s i r e d   f o r  

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

a r e   a c t u a t e d .  

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

f o r   p r o v i d i n g   a  s i g n a l   i n d i c a t i n g   the   a c t u a t i o n   o f  

t he   a c t u a t i o n   means   in  a  fo rm  a d a p t e d   to   b e  

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

A c c o r d i n g l y ,   t h e   o p e r a t o r   can   be  i n f o r m e d   t h a t   t h e  

d e l a y   means   has   b e e n   a c t u a t e d   so  t h a t   he  can   b e g i n   t o  

b l e e d   o f f   p r e s s u r e   in   t h e   w e l l b o r e ,   i f   so  d e s i r e d ,  

p r i o r   to   a c t u a t i o n   of  t h e   e x p l o s i v e .  

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

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

a  c h a m b e r   to  w h i c h   i t   i s   a d p a t e d   to  r e l e a s e  

c o m b u s t i o n   gas   as  i t s   c o m b u s t i v e   r e a c t i o n   p r o c e e d s .  

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

c o m b u s t i o n   gas   r e l e a s e d   by  the   d e l a y   means   f rom  t h e  

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

p r e s s u r e   f r o m   t he   d e l a y   means   i s   d i s s i p a t e d   o u t s i d e  

t he   d e v i c e   as  t h e   c o m b u s t i v e   r e a c t i o n   p r o c e e d s .   T h i s  

a i d s   in   p r e v e n t i n g   a  b u i l d   up  of  t e m p e r a t u r e   a n d  

p r e s s u r e   in   t h e   c h a m b e r   w h i c h ,   i f   no t   p r e v e n t e d ,   w i l l  

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

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

of  an  e m b o d i m e n t   of  t he   d e v i c e   and  an  e x a m p l e   of  t h e  

m e t h o d   a c c o r d i n g   to  t h e   i n v e n t i o n ,   r e f e r e n c e   b e i n g  

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 ,   in  w h i c h :  

FIGURE  1  i s   a  p a r t i a l l y   c r o s s - s e c t i o n a l   v i ew   of  a  

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

a  w e l l b o r e ;  

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



t h e   l i n e s   2-2  in   F i g u r e   1  of  a  p r i m e r   a s s e m b l y   f o r  

u s e   in   t h e   d e v i c e   t h e r e o f ;  

FIGURE  3  i s   a  c r o s s - s e c t i o n a l   v i ew   t a k e n   a l o n g  

t h e   l i n e s   3-3   in   F i g u r e   2 ;  

FIGURE  4  i s   a  p a r t i a l l y   c r o s s - s e c t i o n a l   v i e w  

t a k e n   a l o n g   t h e   l i n e s   4-4   in   F i g u r e   1 ;  

FIGURE  5  i s   a  p a r t i a l l y   c r o s s - s e c t i o n a l   v iew  of  a  
b o r e h o l e   in   t h e   e a r t h   w h e r e i n   t u b i n g   c o n v e y e d  

p e r f o r a t i n g   guns   h a v e   b e e n   p o s i t i o n e d   to   p e r f o r a t e  

t h e   c a s i n g   a t   a  d e s i r e d   d e p t h   and  u t i l i z i n g   t h e  

d e v i c e   of  F i g u r e s   1 - 4 ;   a n d  

FIGURE  6  i s   a  p a r t i a l l y   c r o s s - s e c t i o n a l   v i ew  of  a  

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

a r r a n g e m e n t   f o r   p e r f o r a t i n g   the   c a s t i n g   u t l i z i n g  

t u b i n g   c o n v e y e d   p e r f o r a t i n g   guns   and  u t i l i z i n g   t h e  

d e v i c e   of  F i g u r e s   1 - 4 .  

W i t h   r e f e r e n c e   f i r s t   to   F i g u r e   1,  t he   d e v i c e   1 0  

t h e r e o f   i n c l u d e s   an  u p p e r   s u b - a s s e m b l y   or   sub  1 2  

h a v i n g   an  u p p e r   s e t   of  t h r e a d s   14  f o r   c o u p l i n g   t h e  

d e v i c e   10  to   a  t u b i n g   s t r i n g   f o r   l o w e r i n g   i n t o   a  

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

d e v i c e   1 0 .  

U p p e r   sub  12  has   a  r e d u c e d   d i a m e t e r ,   l o w e r  

p o r t i o n   16  f o r m i n g   a  p i n   t h r e a d e l y   c o u p l e d   to  a  

h o u s i n g   18  and  s e a l e d   t h e r e a g a i n s t   by  a  p a i r   o f  

0 - r i n g s   17.  H o u s i n g   18  i s   t h r e a d e d   a t   a  l o w e r  

p o r t i o n   20  t h e r e o f   f o r   c o u p l i n g   the   d e v i c e   10  to  a  

p e r f o r a t i n g   gun  or   o t h e r   d o w n h o l e   e x p l o s i v e   d e v i c e .  

I m m e d i a t e l y   b e n e a t h   the   t h r e a d e d   p o r t i o n   1 4 ,  

u p p e r   sub  12  has   a  f i r s t   r e l a t i v e l y   l a r g e   d i a m e t e r  

c o u n t e r b o r e   22  b o u n d e d   a t   i t s   l o w e r   e x t r e m i t y   by  a n  

a n n u l a r   s h o u l d e r   24.  B e g i n n i n g   at  an  i n n e r   edge   o f  

s h o u l d e r   24  i s   a  d o w n w a r d l y   e x t e n d i n g   s e c o n d ,  

r e l a t i v e l y   s m a l l e r   d i a m e t e r   c o u n t e r b o r e   26  e x t e n d i n g  

t h r o u g h   a  l o w e r   e x t r e m i t y   of  u p p e r   sub  12.  A  p i s t o n  

ram  30  has   an  u p p e r   p i s t o n   32  f i t t i n g   c l o s e l y   a g a i n s t  



t he   c o u n t e r b o r e   26  of  u p p e r   sub  12  and  h a v i n g   t w o  

0 - r i n g   s e a l s   34  p r o v i d i n g   a  f l u i d   t i g h t   s e a l   b e t w e e n  

the   p i s t o n   32  and  the   c o u n t e r b o r e   26.  P i s t o n   32 

e x t e n d s   u p w a r d l y   f rom  c o u n t e r b o r e   26  and  i s   s p a c e d  

c o n c e n t r i c a l l y   f rom  c o u n t e r b o r e   22.  An  a n n u l a r l y  

s h a p e d   p i s t o n   r e t a i n e r   35  i s   f i t t e d   w i t h i n   a n d  

t h r e a d e d l y   c o u p l e d   to  t h e   c o u n t e r b o r e   22  and  i s  

p r e v e n t e d   f rom  mov ing   d o w n w a r d l y   w i t h i n   u p p e r   sub  1 2  

by  t he   s h o u l d e r   24.  R e t a i n e r   35  has   an  i n n e r   s u r f a c e  

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

of  t h e   p i s t o n   32.  In  t h e   e m b o d i m e n t   of  F i g u r e s   1 - 6  

s i x   s h e a r   p i n s   36  c o u p l e   t h e   p i s t o n   ram  30  to  t h e  

p i s t o n   r e t a i n e r   35  to  r e s t r a i n   t he   p i s t o n   ram  30  

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

12  u n t i l   s u c h   t i m e   as  a  s u f f i c i e n t   p r e s s u r e  
d i f f e r e e n t i a l   is   a p p l i e d   a c r o s s   t h e   p i s t o n   32  o f  

p i s t o n   ram  30  to  s h e a r   t h e   p i n s   36.  P i s t o n   ram  30  

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

d i a m e t e r   p r o j e c t i o n   40  h a v i n g   a  p l u r a l i t y   of  r a d i a l l y  

e x t e n d i n g   f i n s   42  w h i c h   s e r v e   in  p a r t   to   c e n t e r   t h e  

p r o j e c t i o n   40  in  t he   c o u n t e r b o r e   26.  F i n s   42  a l s o  

l i m i t   t h e   d o w n w a r d   t r a v e l   of  ram  30,  as  d e s c r i b e d  

more  f u l l y   b e l o w .  

I m m e d i a t e l y   b e l o w   t h e   u p p e r   sub  12  and  p i s t o n   r a m  

30,  a  g e n e r a l l y   c y l i n d r i c a l   u p p e r   p l u g   44  i s  

t h r e a d e d l y   r e t a i n e d   w i t h i n   a  c o u n t e r b o r e   46  of  t h e  

h o u s i n g   18.  U p p e r   p l u g   44  has   a  p a i r   of  0 - r i n g   s e a l s  

48  f o r m i n g   a  f l u i d   t i g h t   s e a l   w i t h   t he   h o u s i n g   18  a t  

t h e   c o u n t e r b o r e   46.  U p p e r   p l u g   44  has   a  f i r s t  

c o n c e n t r i c   r e l a t i v e l y   l a r g e   d i a m e t e r   c o u n t e r b o r e   50  

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

p l u g   44  o u t w a r d l y   to  an  i n w a r d l y   e x t e n d i n g   s h o u l d e r  

52.  E x t e n d i n g   d o w n w a r d l y   f r o m   an  i n n e r   e x t r e m i t y   o f  

t he   s h o u l d e r   52  i s   a  s e c o n d   r e l a t i v e l y   s m a l l e r  

d i a m e t e r   c o n c e n t r i c   c o u n t e r b o r e   54  w h i c h   t e r m i n a t e s  

at  a  s h o u l d e r   56.  E x t e n d i n g   d o w n w a r d l y   f rom  an  i n n e r  



e x t r e m i t y   of  s h o u l d e r   56  i s   a  t h i r d   c o u n t e r b o r e   58  

h a v i n g   y e t   a  s m a l l e r   d i a m e t e r .   E x t e n d i n g   f rom  t h e  

c o u n t e r b o r e   58  t h r o u g h   t h e   l o w e r   e x t r e m i t y   of  u p p e r  

p l u g   44  i s   a  r e l a t i v e l y   s m a l l   c o n c e n t r i c   c y l i n d r i c a l  

o p e n i n g   60.  The  l o w e r   e x t r e m i t y   of  o p e n i n g   60  i s  

h e r m e t i c a l l y   s e a l e d   by  a  c i r c u l a r   s t a i n l e s s   s t e e l  

c l o s u r e   d i s k   62  s p o t   w e l d e d   to  t he   u p p e r   p l u g   4 4 .  

A  f i r i n g   p i n   66  i s   h e l d   w i t h i n   t h e   c o u n t e r b o r e   50  

and  a b o v e   t h e   c o u n t e r b o r e   54  by  a  s h e a r   p i n   6 8 .  

F i r i n g   p i n   66  has   an  u p p e r   s u r f a c e   70  p o s i t i o n e d   t o  

r e c e i v e   t h e   i m p a c t   of  p r o j e c t i o n   40  of  p i s t o n   ram  30  

in   o r d e r   to  f o r c e   t h e   f i r i n g   p i n   66  d o w n w a r d l y   w i t h i n  

c o u n t e r b o r e   50  of  u p p e r   p l u g   44.  A  l o w e r   p o r t i o n   o f  

f i r i n g   p i n   66  i s   f o r m e d   as  a  r e l a t i v e l y   n a r r o w  

p r o j e c t i o n   72  w h i c h   i m p a c t s   a g a i n s t   a  p e r c u s s i o n  

p r i m e r   a s s e m b l y   100  when  t h e   f i r i n g   p i n   66  i s   f o r c e d  

d o w n w a r d l y   f rom  c o u n t e r b o r e   50.  A s s e m b l y   100  i s   h e l d  

w i t h i n   c o u n t e r b o r e   58  by  a  p r i m e r   r e t a i n e r   102  w h i c h  

i s   t h r e a d e d   i n t o   c o u n t e r b o r e   54.  R e t a i n e r   102  h a s   a  

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

l o w e r   p o r t i o n   of  f i r i n g   p i n   66  and  g u i d e   t h e  

p r o j e c t i o n   72  i n t o   e n g a g e m e n t   w i t h   t he   p r i m e r  

a s s e m b l y   100.   The  f i r i n g   p i n   66  has   a  n u m b e r   o f  

d e p r e s s i o n s   104  in   an  o u t e r   s u r f a c e   of  i t s   u p p e r ,  

r e l a t i v e l y   l a r g e   d i m a e t e r   p o r t i o n   to  p e r m i t   a i r  

b e n e a t h   f i r i n g   p i n   66  to   f l o w   u p w a r d l y   p a s t   i t   a s  

f i r i n g   p i n   66  moves   d o w n w a r d l y .  

W i t h   r e f e r e n c e   to   a  F i g u r e s   2  and  3,  t h e  

p e r c u s s i o n   p r i m e r   a s s e m b l y   100  i n c l u d e s   a  g e n e r a l l y  

c y l i n d r i c a l   p r i m e r   cup  102  h a v i n g   an  u p p e r   f l a t  

s u r f a c e   104  and  a  l o w e r   f l a t   s u r f a c e   106.   T h e  

s u r f a c e   106  has   a  c o n c e n t r i c ,   c y l i n d r i c a l   b o r e   1 0 8  

f o r m e d   t h e r e t h r o u g h   t o w a r d   s u r f a c e   104.   A 

c o n c e n t r i c ,   c y l i n d r i c a l   c o u n t e r b o r e   110  a l s o   i s  

f o r m e d   in   cup  102  f rom  an  u p p e r   b o u n d a r y   of  b o r e   1 0 8  

and  t e r m i n a t i n g   a  s h o r t   d i s t a n c e   f rom  s u r f a c e   1 0 4 ,  



t h u s   to   fo rm  a  t h i n   w e l l   or  web  112  t h e r e b e t w e e n .  

C o u n t e r b o r e   110  f o r m s   an  a n n u l a r   s h o u l d e r   114  at   t h e  

u p p e r   b o u n d a r y   of  b o r e   108 .   P r i m e r   cup  102  may  b e  

made ,   f o r   e x a m p l e ,   of  s t a i n l e s s   s t e e l .  

C o u n t e r b o r e   110  i s   f i l l e d   w i t h   a  p r i m e r   mix  1 1 6 ,  

d e s c r i b e d   in  g r e a t e r   d e t a i l   b e l o w .   A  s t a i n l e s s   s t e e l  

c l o s u r e   d i s c   118  i s   p o s i t i o n e d   a g a i n s t   s h o u l d e r   1 1 4  

to  r e t a i n   t h e   p r i m e r   mix  116  in  c o u n t e r b o r e   1 1 0 .  

D i s c   118  i s   p r e s s e d   u p w a r d l y   a g a i n s t   s h o u l d e r   114  b y  

a  c y l i n d r i c a l l y   s h a p e d   s t a i n l e s s   s t e e l   a n v i l   1 2 0  

p o s i t i o n e d   w i t h i n   b o r e   108.   A  l o w e r   s u r f a c e   122  o f  

a n v i l   120  i s   f l u s h   w i t h   s u r f a c e   106.   A  s e c o n d  

s t a i n l e s s   s t e e l   c l o s u r e   d i s c   124  i s   s p o t   w e l d e d   t o  

s u r f a c e   106  to  s u p p o r t   t h e   a n v i l   120  w i t h i n   cup  1 2 0  

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

mix  116  a g a i n s t   m o s i t u r e   as  w e l l   as  g a s e s   p r o d u c e d   b y  

o t h e r   p y r o t e c h n i c   m a t e r i a l   in  t h e   d e v i c e   1 0 .  

The  p r i m e r   mix  116  i s   a  p y r o t e c h n i c   m i x t u r e   o f  

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

r a t i o   of  41%  t i t a n i u m   to  59%  p o t a s s i u m   p e r c h l o r a t e .  

The  t i t a n i u m   is   p r o v i d e d   in   p o w d e r e d   f o r m   w i t h  

p a r t i c l e s   r a n g i n g   f rom  1  to  3  m i c r o n s   in   d i a m e t e r   a n d  

the   p o t a s s i u m   p e r c h l o r a t e   i s   p r o v i d e d   in   p o w d e r e d  

f rom  w i t h   p a r t i c l e s   l e s s   t h a n   10  m i c r o n s   i n  

d i a m e t e r .   A f t e r   t he   p o w d e r s   a r e   t h o r o u g h l y y   m i x e d ,  

t h e y   a r e   c o m p a c t e d   in   c o u n t e r b o r e   110  p r e f e r a b l y   w i t h  

a  p r e s s u r e   of  4 0 , 0 0 0   p s i   ( 280   MN/m2) .   T h e r e a f t e r ,  

t he   d i s c   118 ,   t he   a n v i l   120  and  t h e   c l o s u r e   d i s c   1 2 4  

a r e   in   t u r n   a s s e m b l e d   w i t h   t h e   cup  102  and  p r i m e r   m i x  

116.   F u r t h e r   d e t a i l s   of  t he   p r i m e r   mix  116  a r e  

d i s c l o s e d   in   E u r o p e a n   P a t e n t   A p p l i c a t i o n  

No.  ,  P u b l i c a t i o n   No .  

d a t e d   1 s t   March   1985  ( R e p r e s e n t a t i v e s   R e f e r e n c e  

G C B / E A  1 4 0 8 ) ,   a  copy   of  w h i c h   is   a v a i l a b l e   in  t h e  

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

The  t h i c k n e s s   of  the   web  112  and  t h e   d e p t h   of  t h e  



c o u n t e r b o r e   110 ,   t o g e t h e r   w i t h   t h e   c o m p a c t i o n   of  t h e  

p r i m e r   mix  116 ,   a r e   s e l e c t e d   to   a c h i e v e   t he   d e s i r e d  

i m p a c t   s e n s i t i v i t y .   T h a t   i s ,   as  t he   t h i c k n e s s   of  web  

112  i s   i n c r e a s e d ,   i m p a c t   s e n s i t i v i t y   of  t h e   p r i m e r  

mix  116  in   t h e   a s s e m b l y   100  i s   d e c r e a s e d ,   and  as  t h e  

d e p t h   of  c o u n t e r b o r e   110  i s   i n c r e a s e d ,   so  l i k e w i s e   i s  

t h e   i m p a c t   s e n s i t i v i t y   d e c r e a s e d .   M o r e o v e r ,   as  t h e  

d e n s i t y   of  t h e   p r i m e r   mix  i s   i n c r e a s e d   (by  i n c r e a s i n g  

t h e   c o m p a c t i o n   p r e s s u r e ) ,   so  a l s o   i s   t h e   i m p a c t  

s e n s t i v i t y   l o w e r e d .   In  t h e   d i s c l o s e d ,   e m b o d i m e n t ,  

t h e   t h i c k n e s s   of  t h e   web  112  i s   n o m i n a l l y   0 . 0 1 1   i n c h  

( 0 . 2 8 m m )   t h i c k   and  t h e   d e p t h   of  t h e   c o u n t e r b o r e   1 1 0  

is   n o m i n a l l y   0 . 0 3 5   ( 0 . 8 9 m m )   i n c h   d e e p .   When  t h e  

p r i m e r   mix  i s   c o m p a c t e d   f r o m   68%  to  81%  of  c r y s t a l  

d e n s i t y   in   t h i s   h o u s i n g ,   an  i m p a c t   s e n s i t i v i t y   i n  

e x c e s s   of  4  f e e t   l b f   ( 5 . 4   J)  can   be  a c h i e v e d   a n d  

o f t e n   i s .  

In  u s e ,   t h e   p r o j e c t i o n   72  of  f i r i n g   p i n   66 

i m p a c t s   t h e   web  112  to   d e f o r m   i t   i n w a r d l y ,   t h u s  

f o r c i n g   t he   p r i m e r   mix  116  a g a i n s t   t h e   a n v i l   120  t o  

i g n i t e   i t .   Web  112  i s   made  s u f f i c i e n t l y   t h i n   so  t a h t  

i t   w i l l   be  d e f o r e m e d   a d e q u a t e l y   by  t h e   i m p a c t   of  t h e  

p r o j e c t i o n   to   e n s u r e   i g n i t i o n .   Upon  i g n i t i o n ,   t h e  

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

d i s c   118 .   A n v i l   120  i s   p r o v i d e d   w i t h   f o u r  

l o n g i t u d i n a l l y   e x t e n d i n g   o p e n i n g s   128  t h e r e t h r o u g h  

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

s t e e l   p a r t i c u l e s   f r o m   d i s c   118 .   T h e s e   j e t s   of  g a s  
t h e n   b u r s t   t h r o u g h   d i s c   124  to   p r o v i d e   a  means   o f  

i g n i t i n g   a  f l a s h   s e n s i t i v e ,   f i r s t   f i r e   mix ,   s u c h   a s  

A l A .  

W i t h   r e f e r e n c e   a g a i n   to  F i g u r e   1,  a  l o w e r   p l u g  

130  i s   t h r e a d e l y   r e c e i v e d   w i t h i n   a  c o u n t e r b o r e   132  o f  

t he   l o w e r   p o r t i o n   20  of  h o u s i n g   18.  Lower   p l u g   1 3 0  

has   a  c e n t r a l   a p e r t u r e   134  t h e r e t h r o u g h   w i t h   a  

t h r e a d e d   l o w e r   p o r t i o n .   An  e l o n g a t e ,   g e n e r a l l y  



c y l i n d r i c a l   d e l a y   e l e m e n t   a s s e m b l y   136  i s   t h r e a d e d   a t  

a  r e d u c e d   d i a m e t e r   l o w e r   p o r t i o n   138  t h e r e o f .  

P o r t i o n   138  of  a s s e m b l y   136  i s   t h r e a d e d   i n t o   t h e  

a p e r t u r e   134  so  t h a t   a  l o w e r   s u r f a c e   of  p o r t i o n   1 3 8  

is   f l u s h   w i t h   a  l o w e r   s u r f a c e   of  p l u g   130.   An  u p p e r  

r e l a t i v e l y   l a r g e r   d i a m e t e r   p o r t i o n   142  of  a s s e m b l y  

136  e x t e n d s   u p w a r d l y   f r o m   p l u g   130.   An  u p p e r   s u r f a c e  

144  of  p o r t i o n   142  i s   d i s p o s e d   a d j a c e n t   a p e r t u r e   6 0  

of  u p p e r   p l u g   44.  H o u s i n g   18  has   a  f u r t h e r  

c o u n t e r b o r e   146  s p a c e d   f r o m   u p p e r   p o r t i o n   142  o f  

a s s e m b l y   136  to  d e f i n e   a  p l e n u m   c h a m b e r   t h e r e b e t w e e n .  

In  o p e r a t i o n ,   t h e   j e t   of  g a s e s   and  ho t   p a r t i c l e s  

e m i t t e d   t h r o u g h   a p e r t u r e   60  by  p r i m e r   a s s e m b l y   100  i n  

r e s p o n s e   to  t h e   i m p a c t   of  p r o j e c t i o n   72  of  f i r i n g   p i n  

66  a c t s   as  a  s i g n a l   to   i n i t i a t e   a  c o m b u s t i o n   r e a c t i o n  

w i t h i n   a s s e m b l y   136 .   T h i s   c o m b u s t i v e   r e a c t i o n  

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

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

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

p e r f o r a t i n g   guns   a r e   d e t o n a t e d   by  t h e   d e v i c e   10.  A t  

t h e   end  of  t h i s   t i m e   d e l a y ,   a  d e t o n a t i o n   i n i t i a t o r  

w i t h i n   t h e   l o w e r   end  of  p o r t i o n   138  d e t o n a t e s   a  

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

of  p o r t i o n   138  in  o r d e r   to   d e t o n a t e   t he   g u n s .   As  t h e  

c o m b u s t i v e   r e a c t i o n   p r o c e e d s   w i t h i n   a s s e m b l y   1 3 6 ,  

c o m b u s t i o n   gas   e x i t s   f r o m   a s s e m b l y   136  and  f i l l s   t h e  

p l e n u m   c h a m b e r .  

Lower   p l u g   130  i s   p r o v i d e d   w i t h   a  p l u r a l i t y   o f  

v e n t   a p e r t u r e s   150  t h e r e t h r o u g h   and  s e a l e d   a t   t h e i r  

u p p e r   e n d s   by  c l o s u r e   d i s c s   152.   As  the   c o m b u s t i o n  

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

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

c l o s u r e   d i s c s   152,   c a u s i n g   them  to  r u p t u r e   and  p e r m i t  

the   g a s e s   to   p a s s   d o w n w a r d l y   t h r o u g h   t he   a p e r t u r e s  

150  so  t h a t   t he   g a s e s   v e n t   i n t o   t h e   gun  c a r r i e r s  

c o u p l e d   w i t h   t he   l o w e r   p o r t i o n   20  of  h o u s i n g   1 8 .  



S i n c e   t h e   i n t e r i o r   of  t he   d e v i c e   10  b e l o w   t he   p i s t o n  

32  of  t h e   p i s t o n   ram  30  i s   s e a l e d   a g a i n s t   f l u i d  

p r e s s u r e   and  t h e   gun  c a r r i e r   l i k l e w i s e   i s   s e a l e d  

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

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

a t m o s p h e r e .   In  a d d i t i o n ,   t h e   v e n t i n g   of  t h e  

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

136 .   A c c o r d i n g l y ,   t h e   p r i n c i p a l   f a c t o r   i n  

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

d e l a y   e l e m e n t   a s s e m b l y   136  i s   t h e   d o w n h o l e   a m b i e n t  

t e m p e r a t u r e .  

W i t h   r e f e r e n c e   to   F i g u r e   4,  d e l a y   e l e m e n t  

a s s e m b l y   136  i n c l u d e s   a  g e n e r a l l y   c y l i n d r i c a l   h o u s i n g  

160  h a v i n g   a  c e n t r a l   c y l i n d r i c a l   a p e r t u r e   162.  A 

c y l i n d r i c a l   p e l l e t   164  of  AlA  f i r s t   f i r e   mix  i s  

p o s i t i o n e d   w i t h i n   a p e r t u r e   162  so  t h a t   an  u p p e r  
s u r f a c e   of  p e l l e t   164  i s   f l u s h   w i t h  t h e   s u r f a c e   1 4 4  

of  a s s e m b l y   136  and  e x t e n d s   d o w n w a r d l y   a  s h o r t  

d i s t a n c e   t h e r e f r o m .   A p e r t u r e   162  i s   c l o s e d   a t  

s u r f a c e   144  by  an  a d h e s i v e   h i g h   t e m p e r a t u r e   c l o s u r e  

d i s c   166 .   Upon  t h e   i g n i t i o n   of  p r i m e r   a s s e m b l y   1 0 0 ,  

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

a p e r t u r e   60  b r e a k s   t h r o u g h   t h e   c l o s u r e   d i s c   166  a n d  

i g n i t e s   t h e   AlA  p e l l e t   1 6 4 .  

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

168  a r e   p o s i t i o n e d   w i t h i n   a p e r t u r e   162  to  e x t e n d   f r o m  

p e l l e t   164  d o w n w a r d l y   to  a  p o i n t   w i t h i n   a p e r t u r e   1 6 2  

a p p r o x i m a t e l y   h a l f   way  t h r o u g h   t h e   e x t e n t   of  a p e r t u r e  

162  t h r o u g h   l o w e r   p o r t i o n   138.   In  one  e m b o d i m e n t ,   55 

t u n g s t o n   c o m p o s i t i o n   d i s c s   ( m i l - T - 2 3 1 3 2 )   w e r e  

u t i l i z e d ,   e a c h   d i s c   h a v i n g   500  m i l l i g r a m s   o f  

c o m p o s i t i o n   c o m p r e s s e d   a t   3 0 , 0 0 0   p s i   (210   MN/m2) 

and  f o r m i n g   a  c o l u m n   a p p r o x i m a t e l y   10  i n c h e s   ( 2 5 0 m m )  

h i g h .   I t   was  f o u n d   t h a t   t h i s   e m b o d i m e n t   p r o v i d e s   a  

b u r n   t i m e   of  460  s e c o n d s   a t   room  t e m p e r a t u r e ,   a  b u r n  

t i m e   of  420  s e c o n d s   a t   250°F  ( 1 2 0 ° C )   a f t e r  



h e a t i n g   a t   250°F  ( 1 2 0 ° C )   f o r   100  h o u r s ,   a  b u r n  

t i m e   of  388  s e c o n d s   a t   300°F   ( 1 5 0 ° C )   a f t e r  

h e a t i n g   a t   300°F   ( 1 5 0 ° C )   f o r   100  h o u r s ,   and  a  

b u r n   t i m e   of  312  s e c o n d s   at   400°F   ( 2 0 0 ° C )   a f t e r  

h e a t i n g   a t   400°F   ( 2 0 0 ° C )   f o r   100  h o u r s .  

P o s i t i o n e d   w i t h i n   t he   a p e r t u r e   162  i m m e d i a t e l y  

b e l o w   t h e   l o w e r m o s t   t u n g s t o n   d i s c   168  i s   a  s e c o n d  

p e l l e t   of  A1A  170.   I m m e d i a t e l y   b e l o w   t he   p e l l e t   1 7 0  

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

c h a r g e   172.   I m m e d i a t e l y   b e l o w   t h e   p e l l e t   172  i s   a  

d e t o n a t o r   h a v i n g   an  u p p e r   b o o s t e r   174  of  l e a d   a z i d e  

( R D - 1 3 3 3 )   and  a  l o w e r   h i g h   e x p l o s i v e   o u t p u t   c h a r g e  

176  w h i c h   may  be  e i t h e r   PYX  or  HNS-11.   A p e r t u r e   1 6 2  

is   c l o s e d   at   i t s   l o w e r   end  by  a  c l o s u r e   d i s c   178  s p o t  
w e l d e d   to  t he   h o u s i n g   160.   When  t he   l a s t   t u n g s t o n  

d e l a y   e l e m e n t   168  has   b u r n e d   t h r o u g h ,   i t s   i g n i t e s   t h e  

AlA  c h a r g e   170  w h i c h   in   t u r n   i g n i t e s   t he   c h a r g e   1 7 2  

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

b o o s t e r   174  w h i c h   in  t u r n   d e t o n a t e s   t he   h i g h  

e x p l o s i v e   c h a r g e   176.   T h i s   d e t o n a t i o n   i s   t r a n s f e r r e d  

to  t he   d e t o n a t i n g   c o r d   of  t he   p e r f o r a t i n g   guns   t o  

c a u s e   them  to  f i r e ,   and  may  t h u s   be  r e g a r d e d   as  a n  

e x p l o s i v e   a c t u a t i o n   s i g n a l .  

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

d e v i c e   of  F i g r u e s   1 -4   i s   shown  is   F i g u r e   5 

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

e a r t h   and  l i n e d   w i t h   a  c a s i n g   190.   A  t u b i n g   s t r i n g  

192  t e r m i n a t e s   at   i t s   l o w e r   end  by  a  p e r f o r a t e d  

n i p p l e   194.   The  u p p e r   sub  12  of  t he   d e v i c e   100  i s  

t h r e a d e d l y   c o u p l e d   to   t he   l o w e r   e x t r e m i t y   of  t h e  

n i p p l e   194  and  a  l o w e r   p o r t i o n   20  is   t h r e a d e d l y  

c o u p l e d   to  a  s t r i n g   of  p e r f o r a t i n g   guns   196  e x t e n d i n g  

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

p o r t i o n   198  of  the   c a s i n g   190  w h i c h   i t   is  d e s i r e d   t o  

p e r f o r a t e   w i t h   t he   guns   196.   C o u p l e d   to  t h e   guns   a t  

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



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

t r a n s m i t t e d   u p w a r d l y   t h r o u g h   t he   t u b i n g   s t r i n g   192  t o  

t h e   w e l l h e a d   a f t e r   a  t i m e   d e l a y   p r o v i d e d   by  a  

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

s h o t   d e t e c t i o n   d e v i c e   200 .   S h o t   d e t e c t i o n   d e v i c e   2 0 0  

may  be ,   f o r   e x a m p l e ,   t h a t   d i s c l o s e d   in   E u r o p e a n  

P a t e n t   A p p l i c a t i o n   P u b l i c a t i o n   No.  E P 0 1 2 9 3 5 0 A .   O n c e  

t h e   guns   196  h a v e   b e e n   p o s i t i o n e d   a d j a c e n t   t h e  

d e s i r e d   l o c a t i o n   198 ,   a  p a c k e r   202  c a r r i e d   by  t h e  

t u b i n g   s t r i n g   192  and  p o s i t i o n e d   a b o v e   t h e   p e r f o r a t e d  

n i p p l e   194  i s   s e t   to   i s o l a t e   t he   c a s i n g   a n n u l u s  

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

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

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

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

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

t h e   t u b i n g   s t r i n g   192.   When  i t   i s   d e s i r e d   to   f i r e  

t h e   guns   196 ,   t h e   h e a v i e r   f l u i d   in  t h e   t u b i n g   192  i s  

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

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

s t r i n g   i s   i n c r e a s e d   u n t i l   t he   p i n s   36  ( F i g u r e   1 )  

s h e a r   c a u s i n g   t h e   p i s t o n   ram  30  to  move  d o w n w a r d l y  

v e r y   r a p i d l y   to   i m p a c t   t h e   f i r i n g   p i n   66,  t h u s  

s h e a r i n g   t he   p i n   68  h o l d i n g   t he   p i n   66  and  r a m m i n g  

t h e   p r o j e c t i o n   72  i n t o   t h e   a s s e m b l y   100  to   i n i t i a t e  

t h e   c o m b u s t i o n   r e a c t i o n   w i t h i n   d e l a y   a s s e m b l y   1 3 6 .  

W i t h   r e f e r e n c e   a g a i n   to   F i g u r e   1,  t h e   d o w n w a r d   m o t i o n  

of  t h e   p i s t o n   ram  30  i s   a r r e s t e d   when  t h e   f i n s   42  

t h e r e o f   i m p a c t   upon   t h e   u p p e r   p l u g   44.  T h i s   i m p a c t  

g e n e r a t e s   a  d i s t i n c t i v e   v i b r a t i o n   w h i c h   can   b e  

d e t e c t e d   a t   t h e   w e l l h e a d   t h r o u g h   a c o u s t i c   s e n s o r s ,  
f o r   e x a m p l e   in   t h e   m a n n e r   d e s c r i b e d   in   EP  0 1 2 9 3 5 0 A .  

At  t h i s   p o i n t   t h e   o p e r a t o r   a t   t h e   w e l l h e a d   b e g i n s  

to  r e d u c e   t h e   p r e s s u r e   in   t he   a n n u l u s   b e n e a t h   p a c k e r  

202  as  t h e   c o m b u s t i v e   r e a c t i o n   p r o c e e d s   w i t h i n   t h e  

a s s e m b l y   136 .   When  t h e   d e s i r e d   d o w n h o l e   p r e s s u r e   h a s  



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

a s s e m b l y   136  t e r m i n a t e s   w i t h   t he   d e t o n a t i o n   of  t h e  

h i g h   e x p l o s i v e   c h a r g e   176 ,   t h u s   d e t o n a t i n g   t h e   g u n s  

196.   S e v e r a l   s e c o n d s   a f t e r   t h e   f i r i n g   of  t h e   g u n s ,  

the   d e v i c e   200  e m i t s   a  s e c o n d   v i b r a t i o n a l   s i g n a l  

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

t h a t   t h e   d e t o n a t i n g   c o r d   w i t h i n   t h e ; g u n s   196  h a s  

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

The  a r r a n g e m e n t   of  F i g u r e   6  d i f f e r s   f r o m   t h a t   o f  

F i g u r e   5  in  t h a t   t he   d e v i c e   10  has  b e e n   m o u n t e d  

b e n e a t h   the   p e r f o r a t i n g   guns   198  and   in   a n  

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

end  12  is   now  t h e   l o w e r m o s t   p o r t i o n   of  t h e   d e v i c e  

10.  A  p e r f o r a t e d   b u l l   p l u g   206  i s   t h r e a d e d l y   c o u p l e d  

to  end  12  of  d e v i c e   10  so  t h a t   p r e s s u r e   w i t h i n   t h e  

a n n u l u s   b e n e a t h   t h e   p a c k e r   202  can  b e i a p p l i e d   to   t h e  

p i s t o n   32  of  d e v i c e   10.  The  guns   1 9 8  a r e   s u s p e n d e d  

f rom  b l a n k ,   f l u i d   t i g h t   t u b i n g   208  w h i c h   in   t u r n   i s  

s u s p e n d e d   f rom  t h e   s h o t   d e t e c t i o n   d e v i c e   200 .   D e v i c e  

200  i s   in  t u r n   c o u p l e d   at  i t s   u p p e r   end  to   t h e  

p e r f o r a t e d   n i p p l e   194 .   An  a d v a n t a g e   o f  t h e  F i g u r e   6 

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

guns   198  or  b l a n k   t u b i n g   p r i o r   to  d e t o n a t i o n ,   f l u i d s  

w i l l   a c c u m u l a t e   in  t h e   d e v i c e   10.  By  u t i l i z i n g   a  

f l u i d   s e n s i t i v e   d e t o n a t o r   in  d e v i c e   10,  so  t h a t   f l u i d  

in  t he   guns   198  a c c u m u l a t e s   b e l o w   in  t h e   d e v i c e   1 0 ,  

d e t o n a t i o n   of  a  wet  s t r i n g   of  guns   can   be  p r e v e n t e d  

in  t he   a r r a n g e m e n t   of  F i g u r e   6 .  

In  a p p l i c a t i o n s   w h e r e i n   l ong   s t r i n g s   of  g u n s   a r e  

to  be  d e t o n a t e d   by  t h e   d e v i c e   10,  r e q u i r i n g   t h e   u s e  

of  b o o s t e r s   to   t r a n s f e r   t he   d e t o n a t i o n   f rom  o n e  

l e n g t h   of  d e t o n a t i n g   c o r d   to  t he   n e x t ,   i t   i s  

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

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

h i g h   e x p l o s i v e   w h i c h   a c t s   b o t h   as  an  a c c e p t o r   a n d  

d o n o r .   The  h i g h   e x p l o s i v e   can   be ,   f o r   e x a m p l e ,   HMX 



c o m p a c t e d   to  a  d e n s i t y   of  1 . 7 1   g m / c m   in  a  cup  o f  

g u i l d i n g   m e t a l ,   s t a i n l e s s   s t e e l   or   a l u m i n i u m ,   or  PYX 

c o m p a c t e d   to  a  d e n s i t y   of  1 . 4 5 5 5   gm/cm3  in   s u c h   a  

c u p .   An  open   end  of  t h e   cup  i s   t h e n   c r i m p e d   o v e r   t h e  

end  of  t h e   d e t o n a t i n g   c o r d .  

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

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

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

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

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

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

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

o p e r a t i o n   of  a  p r e s s u r e   a c t u a t e d   i n i t i a t o r   s u c h   a s  
d e v i c e   1 0 .  

O t h e r   a d v a n t a g e o u s   a p p l i c a t i o n s   of  t he   d e v i c e   1 0  

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

or  more   z o n e s   a r e   to   be  p e r f o r a t e d   s i m u l a t a n e o u s l y   o r  

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

gun  f i r i n g   m e a n s ,   as  d i s c l o s e d   in   E u r o p e a n   P a t e n t  

A p p l i c a t i o n   No.  ,  P u b l i c a t i o n   N o .  

EP  A  d a t e d   1 s t   M a r c h   1985  ( R e p r e s e n t a t i v e s  

r e f e r e n c e :   GCB/EA  1 4 0 7 ) ,   a  c o p y   of  w h i c h   is   a v a i l a b l e  

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

The  t e r m s   and  e x p r e s s i o n s   w h i c h   have   b e e n  

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

l i m i t a t i o n ,   and  t h e r e   i s   no  i n t e n t i o n   in   t he   u se   o f  

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

e q u i v a l e n t s   of  t he   f e a t u r e s   shown  and  d e s c r i b e d ,   o r  

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

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

i n v e n t i o n   c l a i m e d .  



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

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

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

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

( 3 0 , 6 6 , 1 0 0 )   f o r   p r o v i d i n g   an  i n i t i a t i o n   s i g n a l   i n  

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

p o r t i o n   of  t he   w e l l b o r e   and  d e l a y   means   ( 1 3 6 )  

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

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

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

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

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

2.  The  d e v i c e   of  c l a i m   1,  c h a r a c t e r i z e d   by  means   f o r  

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

a c t u a t i o n   means   in  a  fo rm  a d a p t e d   to  be  t r a n s m i t t e d  

to  t he   s u r f a c e   of  t h e   w e l l b o r e .  

3.  The  d e v i c e   of  c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   t h e  

d e l a y   means   i s   a d a p t e d   to  be  i n i t i a t e d   by  p e r c u s s i o n  

and  t he   i n i t i a t i o n   means   c o m p r i s i n g   a  s t r i k e r   ( 4 0 , 6 6 )  

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

i n i t i a t i o n   s i g n a l   t h e r e t o ,   and  the   s i g n a l l i n g   m e a n s  

c o m p r i s i n g   means   ( 4 2 , 4 4 )   f o r   p r o d u c i n g   t h e   s i g n a l  

upon   to   a  m o t i o n   of  t he   s t r i k e r   t o w a r d   t h e   t i m e   d e l a y  

m e a n s .  

4.  The  d e v i c e   of  c l a i m   3,  c h a r a c t e r i z e d   in  t h a t   t h e  

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

( 1 9 2 ) ,   and  t he   s i g n a l l i n g   means  c o m p r i s e s   an  a n v i l  

( 4 4 )   p o s i t i o n e d   to  be  s t r u c k   by  the   s t r i k e r   a f t e r  

i m p a c t   w i t h   t he   d e l a y   means   and  a d a p t e d   to  p r o d u c e  



t h e   s i g n a l   as  a  v i b r a t i o n   of  t h e   a n v i l   and  t o  

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

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

5.  The  d e v i c e   of  any  p r e c e d i n g   c l a i m   c h a r a c t e r i s e d  .  

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

r e a c t i o n   i n i t i a t e d   by  t h e   i n i t i a t i n g   means   a n d  

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

6.  The  d e v i c e   of  c l a i m   5,  c h a r a c t e r i s e d   in  t h a t   t h e  

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

a t   l e a s t   312  s e c o n d s   a t   a  d o w n h o l e   a m b i e n t  

t e m p e r a t u r e   of  a t   l e a s t   4 0 0 ° F   ( 2 0 0 ° C ) .  

7.  The  d e v i c e   of  c l a i m   6,  c h a r a c t e r i s e d   in  t h a t   t h e  

d e v i c e   i s   o p e r a t i v e   to  p r o v i d e   s a i d   t i m e   d e l a y   of  a t  

l e a s t   312  s e c o n d s   a f t e r   h a v i n g   b e e n   s u b j e c t e d   to  a n  

a v e r a g e   a m b i e n t   t e m p e r a t u r e   of  at   l e a s t   4 0 0 ° F  

( 2 0 0 ° C )   f o r   a t   l e a s t   100  h o u r s   p r i o r   to  t h e  

i n i t a t i o n   of  t he   l i m i t a t i v e   m e a n s .  

8.  The  d e v i c e   of  any  of  c l a i m s   5  to  7,  c h a r a c t e r i s e d  

in   t h a t   t h e   d e l a y   means   i s   o p e r a t i v e   to  p r o v i d e   a  

t i m e   d e l a y   of  a t   l e a s t   388  s e c o n d s   at   a  d o w n h o l e  

a m b i e n t   t e m p e r a t u r e   of  at   l e a s t   300°F   ( 1 5 0 o C ) .  

9.  The  d e v i c e   of  c l a i m   8,  w h e r e i n   the   d e v i c e   i s  

o p e r a t i v e   to   p r o v i d e   s a i d   t i m e   d e l a y   of  at  l e a s t   3 8 8  

s e c o n d s   a f t e r   h a v i n g   b e e n   s u b j e c t e d   to  an  a v e r a g e  
a m b i e n t   t e m p e r a t u r e   of  a t   l e a s t   300°F  ( 1 5 0 ° C )   f o r  

a t   l e a s t   100  h o u r s   p r i o r   to   t h e   i n i t i a t i o n   of  t h e  

i n i t i a t i o n   m e a n s .  

10.  The  d e v i c e   of  any  of  t he   c l a i m s   5  to  9 

c h a r a c t e r i s e d   in  t h a t   t h e   d e l a y   means   is   o p e r a t i v e   t o  

p r o v i d e   a  t i m e   d e l a y   of  a t   l e a s t   430  s e c o n d s   at   a  



d o w n h o l e   a m b i e n t   t e m p e r a t u r e   of  at   l e a s t   2 5 0 ° F  

( 1 2 0 ° C ) .  

11.  The  d e v i c e   of  c l a i m   10,  c h a r a c t e r i s e d   in  t h a t   t h e  

d e v i c e   i s   o p e r a t i v e   to   p r o v i d e   s a i d   d e l a y   of  4 3 0  

s e c o n d s   a f t e r   h a v i n g   b e e n   s u b j e c t e d   to  an  a v e r a g e  
a m b i e n t   t e m p e r a t u r e   of  a t   l e a s t   250°F  ( 1 2 0 ° C )   f o r  

at   l e a s t   100  h o u r s   p r i o r   to  t he   i n i t i a t i o n   of  t h e  

i n i t i a t i o n   m e a n s .  

12.  The  d e v i c e   of  any  of  c l a i m s   5  to  1 1 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   d e l a y   means   i s   d i s p o s e d   i n  

a  c h a m b e r   ( 1 6 0 )   w h i c h   i t   i s   a d a p t e d   to  r e l e a s e  

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

t he   d e v i c e   f u r t h e r   c o m p r i s i n g   means   ( 1 5 0 )   f o r   v e n t i n g  

the   c o m b u s t i o n   gas   r e l e a s e d   by  t he   d e l a y   means   f r o m  

the   c h a m b e r   o u t w a r d l y   of  t he   d e v i c e ,   w h e r e b y   h e a t  

f rom  t he   d e l a y   means   i s   d i s s i p a t e d   o u t s i d e   t he   d e v i c e  

as  t he   c o m b u s t i v e   r e a c t i o n   p r o c e e d s .  

13.  The  d e v i c e   of  c l a i m   12  c h a r a c t e r i s e d   in   t h a t ,   i n  

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

a  t u b i n g   s t r i n g ,   t he   d e v i c e   i s   a d a p t e d   to   v e n t   t h e  

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

s t r i n g .  

14.  The  d e v i c e   of  c l a i m   13,  c h a r a c t e r i s e d   in  t h a t  

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

15.  The  d e v i c e   of  any  of  c l a i m s   12  to  1 4 ,  

c h a r a c t e r i s e d   in  t h a t   t he   d e v i c e   is   a d a p t e d   to  b e  

j o i n e d   to  a  c a r r i e r   of  t he   e x p l o s i v e   c h a r g e   f o r  

a c t u a t i n g   t he   c h a r g e   and  to  v e n t   t h e   c o m b u s t i o n   g a s  
i n t o   t he   c a r r i e r .  

16:  The  d e v i c e   of  any  of  c l a i m s   5  to  1 5 ,  



c h a r a c t e r i s e d   in  t h a t   t h e   d e l a y   means  i s   o p e r a t i v e   t o  

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

r e a c t i o n .  

17.  The  d e v i c e   of  any  of  c l a i m s   5  to  1 6 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   d e l a y   means   i s   a r r a n g e d   t o  

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

p e r i o d   of  t i m e ,   w h i l e   d o w n h o l e   in   t he   w e l l   b o r e ,  

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

a m b i e n t   t e m p e r a t u r e .  

18.   The  d e v i c e   of  any  of  c l a i m s   5  to  1 7 ,  

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

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

c o m b u s t i v e   r e a c t i o n   p r o c e e d s .  

19.  A  m e t h o d   of  p e r f o r a t i n g   the   o u t e r   s u r f a c e   of  a  

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

p r e s s u r e   a c t u a b l e   p e r f o r a t i n g   means  ( 1 9 6 )   a d j a c e n t   a  

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

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

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

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

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

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

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

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

p e r f o r a t i n g   m e a n s .  

20.  The  m e t h o d   of  c l a i m   19,  c h a r a c t e r i s e d   by  t h e  

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

d e l a y   to  a  l o c a t i o n  r e m o t e   f rom  the   p e r f o r a t i n g   m e a n s  

to  i n d i c a t e   t h a t   t h e   p r e s s u r e   a d j a c e n t   t he   d e s i r e d  

l o c a t i o n   s h o u l d   be  r e d u c e d .  



21.  The  m e t h o d   of  c l a i m   20,  c h a r a c t e r i s e d   in  t h a t   t h e  

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

a  c o m b u s t i o n   i n i t i a t o r   w i t h   a  s t r i k e r   when  t h e  

i n i t i a t i n g   p r e s s u r e   has   b e e n   a t t a i n e d   and  in  t h a t   t h e  

s t e p   of  s i g n a l l i n g   the   c o m m e n c e m e n t   of  t he   t i m e   d e l a y  

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

by  i m p a c t   of  t he   s t r i k e r   a g a i n s t   an  a n v i l   when  t h e  

i n i t i a t i n g   p r e s s u r e   has   b e e n   a t t a i n e d .  

22.  The  m e t h o d   of  c l a i m   21,  c h a r a c t e r i s e d   in  t h a t   t h e  

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

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

v i b r a t i o n a l   s i g n a l   to  a  t u b i n g   s t r i n g   r u n n i n g   f r o m  

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

23.  The  m e t h o d   of  any  of  c l a i m s   19  to   2 2 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   t i m e   d e l a y   i s   at  l e a s t   3 1 2  

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

l e a s t   4 0 0 ° F ( 2 0 0 ° C ) .  

24.  The  e m t h o d   of  any  of  c l a i m s   19  to  2 2 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   t i m e   d e l a y   i s   at   l e a s t   3 8 8  

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

l e a s t   3000F  ( 1 5 0 ° C ) .  

25.  The  m e t h o d   of  any  of  c l a i m s   19  to   2 2 ,  

c h a r a c t e r i s e d   in  t h a t   t he   t i m e   d e l a y   i s   a t   l e a s t   4 3 0  

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

l e a s t   250°  ( 1 2 0 ° C ) .  
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