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©  Well  tool. 
©  The  depth  at  which  a  string  of  pipe  is  stuck  in  a  well 
borehole  is  determined  using  a  tool  suspended  by  a  logging 
cable  (22)  and  comprising  a  tool  body  (18)  for  running  in  the 
stuck  well  string,  the  body  enclosing  a  first  electromagnetic 
coil  (50)  connected  with  a  suitable  storage  capacitor  (38)  and 
switch  (36)  for  forming  a  strong  magnetic  field  at  a  specified 
depth  on  the  stuck  well  string.  A  second  electromagnetic  coil 
(48)  is  included  in  the  tool  and  functions  as  a  detector  means. 
The  detected  signal  is  output  to  a  suitable  amplifier  system 
and  a  recorder  (34).  Upon  application  of  stress  to  the  well 
string,  the  amplitude  of  magnetic  marks  above  the  stuck 
location  will  either  be  reduced  or  substantially  erased;  the 
electromagnetic  marks  below  the  stuck  points  will  not  be 

2   reduced,  and  the  change  in  detected  signals  by  the  detector 
^   means  indicates  the  location  of  the  well  string  sticking  and 

enables  location  of  a  free  point  in  the  string. 
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T h i s   i n v e n t i o n   r e l a t e s   to   a  w e l l   t o o l ,   p a r t i c u -  

l a r l y   one  f o r   u se   when  a  p i p e   s t r i n g   i s   s t u c k   in  a  w e l l ,  

to   d e t e r m i n e   t h e   p o s i t i o n   of  s t i c k i n g .  

In  d r i l l i n g   an  o i l   or  g a s   w e l l ,   t h e   i n i t i a l  

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

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

and  d r i l l   p i p e .   As  t h i s   o p e r a t i o n   i s   c o n d u c t e d ,   t h e   d r i l l  

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

s t r i n g .   As  t h e   d e p t h   of  t h e   w e l l   i n c r e a s e s ,   c e r t a i n  

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

t h e   w e l l .   When  t h e y   do,  t h e y   may  p l u 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   b o r e h o l e   and  t h e   r o t a t i n g   s t r i n g   of  d r i l l  

p i p e ,   w h i c h   can   c a u s e   t h e   d r i l l   p i p e   to   s t i c k .  

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

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

t h e   d r i l l i n g   f l u i d   or  mud  w e i g h t   i s   no t   c o r r e c t ,   and  t h i s  

may  c a u s e   t h e   d r i l l   s t r i n g   to   s t i c k .   S t i c k i n g   i s   i n d i c a t e d  

by  an  i n c r e a s e   in   t h e   t o r q u e   r e q u i r e d   to   r o t a t e   t h e   d r i l l  

s t r i n g .   The  i n c r e a s e   in  t o r q u e   may  be  so  g r e a t   as  t o  

r i s k   t w i s t i n g   t h e   d r i l l   s t r i n g ,   t h e r e b y   d a m a g i n g   t h e   d r i l l  

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

f i s h i n g   j o b .  

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

b o r e h o l e   d r i f t s ,   w h i c h   f o r c e   t h e   d r i l l  s t r i n g   to   one  s i d e  

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



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

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

of  s t i c k i n g   due   t o   p r e s s u r e   d i f f e r e n t i a l s   a t   a  k e y  

s e a t .   In   s i t u a t i o n s   o t h e r   t h a n   d r i l l i n g ,   b u t   i n c l u d i n g  

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

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

i s   a l w a y s   t h e   c h a n c e   of  s t i c k i n g   of  t h e   s t r i n g   of  p i p e  

a t   some  u n k n o w n   d e p t h .   R e m e d i a l   o p e r a t i o n s   a r e   t h e n  

r e q u i r e d .   One  s u c h   r e m e d i a l   o p e r a t i o n   i s   t o   u n t h r e a d ,  

or  c u t   by  a  s h a p e d   c h a r g e   or  c h e m i c a l   c u t t e r ,   t h e   d r i l l  

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

s t u c k .   In  o t h e r   w o r d s ,   t h e   u p p e r   p o r t i o n s   of  t h e   s t u c k  

s t r i n g   of  p i p e   c an   be  r e m o v e d ;   s u b s e q u e n t   a l t e r n a t e  

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

p o r t i o n s   of   t h e   s t u c k   p i p e   s t r i n g .   I t   i s   t h e r e f o r e   v e r y  

i m p o r t a n t   t o   be  a b l e   to   d e t e r m i n e   t h e   f r e e   p o i n t   of  t h e  

s t u c k   s t r i n g   o f   p i p e .  

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

f o r   d e t e r m i n i n g   t h e   f r e e   p o i n t   of  s t u c k   p i p e .   One  

s u c h   t e c h n i q u e   i s   shown  in   U.S .   P a t e n t  



4 , 4 4 0 , 0 1 9 .   The  p r e s e n t   m e t h o d   and  a p p a r a t u s  

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

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

B r i e f l y ,   t h e   t o o l   of  t h e   p r e s e n t   i n v e n t i o n   i s  

p l a c e d   in  t h e   s t u c k   p i p e   and  i t   i s   moved  a l o n g   t h e  

s t u c k   p i p e .   A  s w i t c h   i s   o p e r a t e d ,   e i t h e r   as  a  

f u n c t i o n   of  t i m e   or  as  a  f u n c t i o n   of  m o v e m e n t   of  t h e  

t o o l   a l o n g   t h e   s t u c k   p i p e   s t r i n g ,   to   s u p p l y   a  D . C .  

c u r r e n t   f rom  a  c u r r e n t   s o u r c e   such   as  a  p o w e r   s u p p l y  

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

m a g n e t i c   m a r k i n g   means   in   t h e   t o o l .   The  D . C .  

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

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

n o n - m a g n e t i c   t o o l   h o u s i n g   and  w h i c h   m a g n e t i z e s   t h e  

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

t h e   i n t e r i o r   of  t h e   p i p e   in   t h e   form  of  r e s i d u a l  

m a g n e t i s m .   Many  such   m a r k s   a r e   made  on.  the.   s t u c k  

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

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

s p a n n i n g   t he   l o c a t i o n   of  t h e   p o i n t   of  s t i c k i n g   o r  

f r e e   p o i n t .   The  s t u c k   p o i n t   (or  f r e e   p o i n t )   i s  

t r a v e r s e d   above   and  b e l o w   by  such   m a g n e t i c   m a r k s .  

T h e s e   m a g n e t i c   marks   may  t h e n   be  u s e d   f o r   s u b s e q u e n t  

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



A  s t r a i n   i s   t h e n   p l a c e d   on  t h e   p i p e   s t r i n g ,   a s  

f o r   i n s t a n c e   by  a p p l y i n g   a  l i f t i n g   f o r c e ,   or  t o r q u e ,  

or   b o t h ,   t o   t h e   p i p e .   When  t h i s   o c c u r s ,   t h e   l i f t i n g  

f o r c e   or  t o r q u e   s t r e s s e s   t h e   p i p e   and  c a u s e s   a  

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

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

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

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

Be low  t h e   f r e e   p o i n t s  t h e   m a g n e t i c   m a r k s   a r e  

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

n o t   e x p o s e d   to   t h e   t o r q u e   or   l i f t i n g   s t r e s s .   T h e  

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

c o i l   w h i c h   can   be  moved   a l o n g   t h e   p i p e   s t r i n g   p a s t  

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

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

v o l t a g e   s i g n a l   as  e a c h   m a g n e t i c   mark   i s   p a s s e d .   T h e  

m a g n e t i c   mark   s i g n a l s   a r e   r e c o r d e d   on  a  s u i t a b l e  

r e c o r d   med ium  as  a  f u n c t i o n   of   b o r e h o l e   d e p t h .   On 

i n s p e c t i o n ,   t h e   s t u c k   p o i n t   can   be  l o c a t e d   by  t h e  

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

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

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

t o o l   l o w e r e d   on  a  c o n v e n t i o n a l   w i r e l i n e   l o g g i n g  

c a b l e   in   t h e   p i p e   s t r i n g .   The  t o o l   b o d y  i s   made  o f  



n o n - m a g n e t i c   m a t e r i a l .   T h i s   e n a b l e s   t h e   m a r k i n g  

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

h o u s i n g   to   t h e   s u r r o u n d i n g   p i p e .   The  t o o l  

body  p r e f e r a b l y   e n c l o s e s   a  f i r s t   and  a  s e c o n d   c o i l .  

The  f i r s t   c o i l   f u n c t i o n s   as  t h e   e l e c t r o m a g n e t i c   c o i l  

m a r k i n g   means   and  t h e   s e c o n d   c o i l   f u n c t i o n s   as  t h e  

m a g n e t i c   m a r k s   d e t e c t o r   m e a n s .   T h e  

two  s e p a r a t e   c o i l s   a re   f o r m e d   on  f e r r o m a g n e t i c  

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

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

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

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

c u r r e n t   D.C.   p u l s e   to   t h e   e l e c t r o m a g n e t i c   c o i l  

m a r k i n g   m e a n s .   The  d e t e c t o r   c o i l   m e a n s -   s e n s e s  

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

marks   and  fo rms   a  s i g n a l   o u t p u t   v i a   t h e   l o g g i n g  

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

s w i t c h i n g   means   c o n n e c t i n g   t h e   s i g n a l   to   a  r e c o r d e r .  

The  r e c o r d e r   can  be  f u r n i s h e d   w i t h   an  i n p u t   s i g n a l  

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

w e l l   so  t h e   l o c a t i o n   of  t h e   m a g n e t i c   m a r k s   in  t h e  

w e l l   can   be  a s c e r t a i n e d   and  r e c o r d e d   as  a  f u n c t i o n  

of  b o r e h o l e   d e p t h .  



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

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

w h e r e i n :  

FIGURE  1  i s   a  s e c t i o n a l   v i ew   t h r o u g h   o n e  

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

p r e s e n t   i n v e n t i o n ;   a n d  

FIGURE  2  d e p i c t s   a  p i p e   s t r i n g   s t u c k   in   a n  

open   b o r e h o l e   a t   a  s p e c i f i e d   b o r e h o l e   d e p t h ,   and  s h o w s  

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

s h o w i n g   s e v e r a l   m a g n e t i c   m a r k s   in   t h e   p i p e   s t r i n g ,   and  a  

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

m a g n e t i c   m a r k s   as  a  r e s u l t   of  s t r e s s   on  t h e   p i p e .  

R e f e r r i n g   to   F i g u r e   1  of  t h e   d r a w i n g s ,   a  

f r e e   p o i n t   i n d i c a t o r   t o o l   10  of  t h e   p r e s e n t   i n v e n t i o n   i s  

shown  s u s p e n d e d   i n  a   p i p e   s t r i n g   12.  The  p i p e   s t r i n g  

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

to   a s s e m b l e   t h e m   i n t o   a  s t r i n g   of  s u b s t a n t i a l   l e n g t h .  

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

a  d r i l l   s t r i n g   t h a t   i s   s e v e r a l   t h o u s a n d   f e e t   (1  f o o t  

e q u a l s   0 . 3   m)  i n   l e n g t h   and  w h i c h   i s   f o r m e d   w i t h   m a n y  
h u n d r e d   of   j o i n t s   of  p i p e .   The  p i p e   s t r i n g   12  i s  

l o c a t e d   i n   an  open   b o r e h o l e   w h i c h   has   an  a n n u l a r   w a l l  

16.  The  b o r e h o l e   i s   l a r g e r   t h a n   t h e   p i p e   12  b e c a u s e   i t   i s  

d r i l l e d   by  a  d r i l l   b i t   w h i c h   i s   l a r g e r   t h a n   t h e   p i p e   1 2 .  

In   o r d i n a r y   c i r c u m s t a n c e s ,   t h e   w e l l   b o r e h o l e   16  i s   m o r e  

or  l e s s   c i r c u l a r   and  w i l l   m a i n t a i n   s t r u c t u r a l   i n t e g r i t y  

so  t h a t   t h e   p i p e   s t r i n g   can  be  p o s i t i o n e d   in   t h e   b o r e h o l e .  

As  w i l l   be  u n d e r s t o o d ,   t h e   a p p a r a t u s   of  t h e   p r e s e n t  

i n v e n t i o n   w o r k s   n o t   o n l y   in   t h e   c i r c u m s t a n c e s   j u s t  

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

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

w h i c h   a  p i p e   s t r i n g   may  b e c o m e   s t u c k   at   a  d e p t h   n o t  

known  a t   t h e   s u r f a c e .   The  a p p a r a t u s   and  m e t h o d   a r e  

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

so  t h a t   t h e   f r e e   p o i n t   can  be  d e t e r m i n e d .  



The  t o o l   10  i n c l u d e s   a  f l u i d   t i g h t   h o u s i n g  

or  body   member   18  w h i c h   i s   s i z e d   f o r   p a s s a g e   in   a  w e l l  

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

m a t e r i a l .   C o m p o s i t e   p l a s t i c s   and  f i b e r g l a s s   m a t e r i a l s  

can  be  u s e d ,   as  can  a l u m i n i u m ,   b r a s s   and  s t a i n l e s s   s t e e l  

f o r   e x a m p l e .   The  h o u s i n g   or  body  member  18  e n c l o s e s  

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

18  t e r m i n a t e s   a t   a  f i s h i n g   neck   20  at   t h e   u p p e r   e n d .  

The  f i s h i n g   n e c k   i n c l u d e s   means   s u i t a b l e  



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

l o g g i n g   c a b l e   22.  The  l o g g i n g   c a b l e   22  has   a t   l e a s t  

one  i n n e r   c o n d u c t o r .   Two  c o n d u c t o r s   a r e   shown  ( 2 4  

and  26)  i n   t h e   p r e f e r r e d   e m b o d i m e n t .   The  c o n d u c t o r s  

24  and  26  can   c o m m u n i c a t e   s i g n a l s   to   and  f rom  t h e  

s u r f a c e .  

At  t h e   s u r f a c e ,   t h e   l o g g i n g   c a b l e   22  p a s s e s  

o v e r   a  s h e a v e   w h e e l   28.  The  c a b l e   22  i s   s u p p l i e d  

f rom  a  drum  30  w h i c h   s p o o l s   t h e   c a b l e   in   or  o u t   a s  

r e q u i r e d .   The  c a b l e   c o n d u c t o r   24  i s   c o n n e c t e d   to   a  

s u i t a b l e   a m p l i f i e r   and  t h e n   t h r o u g h   a  s w i t c h   32  to   a  

r e c o r d e r   34.   The  c o n d u c t o r   26  i s   c o n n e c t e d   t h r o u g h  

a  s w i t c h   36  and  t o   a  s t o r a g e   c a p a c i t o r   38.  A  c h a r g e  

i s   p l a c e d   on  t h e   s t o r a g e   c a p a c i t o r   38  f rom  a  

s u i t a b l e   D.C.   p o w e r   s u p p l y   40.  The  r e c o r d e r   34  i s  

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

28  by  d e p t h   m e a s u r i n g   means   i n d i c a t e d   by  a  d o t t e d  

l i n e   42.   T h i s   d e v i c e   m e a s u r e s   t h e   r o t a t i o n   of  t h e  

s h e a v e   28  and  t h e r e b y   m e a s u r e s   t h e   d e p t h   of  t h e   t o o l  

10  in   t h e   p i p e   s t r i n g .   The  d e p t h   m e a s u r e m e n t   s i g n a l  

i s   c o u p l e d   t o   t h e   r e c o r d e r   34  so  t h a t   t h e   s i g n a l  

o u t p u t   f r o m   t h e   d o w n h o l e   t o o l   10  can  b e  

p l a c e d   on  t h e   s t o r a g e   med ium  as  a  f u n c t i o n   of  d e p t h  

by  t h e   r e c o r d e r   34.   The  s h e a v e   28  can  be  c o n n e c t e d  

t h r o u g h   a  means   d e n o t e d   by  d o t t e d   l i n e   44  to   t h e  



s w i t c h   36  to   p e r i o d i c a l l y   t r i g g e r   t h a t   s w i t c h .   T h i s  

w i l l   be  d e s c r i b e d   in   more   d e t a i l   h e r e i n a f t e r .  

In  t h e   body   member   18  t h e   n u m e r a l   24  i d e n t i f i e s  

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

d e t e c t o r   c o i l   48.   T h e r e   i s   a l s o   a  s e c o n d   or   m a r k i n g  

c o i l   50.  The  c o i l   50  i s   wound  on  a  s u i t a b l e   f e r r o -  

m a g n e t i c   c o r e   52.  The  n u m b e r   of  t u r n s   in   t h e   c o i l  

and  t h e   g a u g e   o.f  t h e   w i r e   in  t h e   c o i l   a r e   o p t i m i z e d  

to   p r o d u c e   maximum  a m p e r e   t u r n s   f o r   m a r k i n g .   T h e  

s t o r a g e   c a p a c i t o r   38  f u r n i s h e s   a  D.C.  c u r r e n t   p u l s e  

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

c o n d u c t e d   v i a   d i o d e   56  t o   t h e   c o i l   50.  T h i s  p e a k  

c u r r e n t   i s   c o n d u c t e d   t h r o u g h   t h e   c o n d u c t o r   26  i n t o  

t h e   c o i l   50  and  f o r m s   a  m a g n e t i c   f i e l d   e x t e r n a l   t o  

t h e   n o n - m a g n e t i c   body   member   18.  The  m a g n e t i c   f l u x  

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

54,  and  i s   c o u p l e d   t h r o u g h   t h e   n o n - m a g n e t i c   h o u s i n g  

18  i n t o   t h e   p i p e   12.  The  p i p e   12  i s   made  of  f e r r o -  

m a g n e t i c   m a t e r i a l   s u c h   as  i r o n   or  s t e e l .   T h i s  

p r o c e s s   f o r m s   a  m a g n e t i c   mark   on  t h e   p i p e   12.  T h e  

c o i l   50  i s   made  r e l a t i v e l y   s h o r t   to   p r o v i d e   a  s h o r t  

m a g n e t i c   mark   and  c o r e   54  i s   l i k e w i s e   r e l a t i v e l y  

s h o r t .   The  c o r e   54  can   be  c o n v e n i e n t l y   f o r m e d   w i t h  

a  r e l a t i v e l y   n a r r o w   n e c k   f o r   r e c e i v i n g   t h e   c o i l   50 

w i r e s   w i t h   e n l a r g e m e n t s   a t   t h e   ends   to   d i r e c t   t h e  

m a g n e t i c   l i n e s   of  f l u x   i n t o   t h e   p i p e .  



The  d e t e c t o r   c o i l   48  w h i c h   i s   d e s i g n e d   w i t h   a  

maximum  n u m b e r   of   t u r n s   o f   r a t h e r   s m a l l   gauge   w i r e  

i s   c o n n e c t e d   t h r o u g h   t h e   c o n d u c t o r   24  v i a   d i o d e s   55  

to   t h e   s u r f a c e   e q u i p m e n t .   S i g n a l s   i n d u c e d   in  t h e  

c o i l   48  by  m o v i n g   i t   t h r o u g h   t h e   m a g n e t i c   f i e l d   o f  

t h e   m a r k s   i n d u c e d   in   t h e   p i p e   can   be  q u i t e   s m a l l .  

I f   n e e d e d ,   an  a m p l i f i e r   ( n o t   shown)  can   be  c o n n e c t e d  

in   s e r i e s   w i t h   t h e   c o i l   48  to   t h e   c o n d u c t o r   24  i n  

t h e   t o o l   h o u s i n g   18  so  t h a t   t h e   d e t e c t e d   v o l t a g e  

s i g n a l   f r o m   t h e   c o i l   48  i s   p r e a m p l i f i e d   f o r   t r a n s -  

m i s s i o n   a l o n g   t h e   l o g g i n g   c a b l e   c o n d c u t o r   2 4 .  

In   F i g u r e   2  w e l l   l o g s   o b t a i n e d   by  u se   of  t h e  

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

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

p i p e .   The  d r i l l   s t r i n g   h a s   b e e n   s t u c k  

a t   a  s p e c i f i e d   d e p t h .   T h i s   i s   e x e m p l i f i e d   in  F i g .   2 

w h e r e   t h e   b o r e h o l e   16  i s   shown  to   h a v e   c o l l a p s e d   a t  

56 ,   t h e r e b y   t r a p p i n g   t h e   d r i l l i n g   s t r i n g   12  a n d  

s t i c k i n g   t h e   d r i l l   p i p e .  

The  l o g   72  of  F i g u r e   2 

i s   t h e   r e c o r d i n g   o b t a i n e d   by  m o v i n g   t h e   t o o l   10  

a l o n g   t h e   p i p e   s t r i n g   12  w h i l e   u s i n g   t h e   c o i l   48  t o  

d e t e c t   m a g n e t i c   a n o m a l i e s   or   m a r k s .   The  log   72  i s  



made  b e f o r e   any  m a g n e t i c   m a r k s   a r e   p l a c e d   on  t h e  

p i p e   s t r i n g .   The  s i n g l e   m a g n e t i c   mark  shown  in  t h e  

log   72  c o r r e s p o n d s   to   t h e   c o l l a r   58  and  h e n c e   w i l l  

be  g i v e n   t h e   same  r e f e r e n c e   n u m e r a l   and  i s   shown  a t  

t h e   same  r e l a t i v e   b o r e h o l e   d e p t h .   T h i s   i s   a  

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

t h i c k n e s s   of  t h e   w a l l   of  t h e   p i p e   s t r i n g .   T h e  

c o u p l i n g   58  i s   an  e n l a r g e m e n t   in   t h e   p i p e   s t r i n g  

w h i c h   c r e a t e s   an  a n o m a l y   or  i r r e g u l a r i t y   in  t h e  

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

t h e   f e r r o m a g n e t i c   p i p e .   The  d o w n h o l e   t o o l   10  o f  

t h i s   i n v e n t i o n   i s   t h e n   l o w e r e d   i n t o   t h e   r e g i o n   o f  

t h e   s t u c k   p i p e   a t   56  and  a  number   of   m a g n e t i c   m a r k s  

a r e   p l a c e d   on  t h e   d r i l l   p i p e   in   t h e   m a n n e r  

p r e v i o u s l y   d e s c r i b e d   by  p u l s i n g   t h e   c o i l   50  w i t h  

l a r g e   a m p l i t u d e   D.C.   p u l s e s   f rom  s t o r a g e   c a p a c i t o r  

3 8 .  

The  m a r k i n g   c o i l   50  in  c o n j u n c t i o n   w i t h   t h e  

s t o r a g e   c a p a c i t o r   38  i s   u s e d   to   p l a c e   t h e   m a g n e t i c  

m a r k s   6 0 - 7 0   on  t h e   f e r r o u s   p i p e   m a t e r i a l .   The  m a r k s  

a r e   s p a c e d   f rom  one  a n o t h e r   by  a  p r e d e t e r m i n e d  

l o n g i t u d i n a l   d i s t a n c e .   T h i s   d e p e n d s   on  t h e  

f r e q u e n c y   w i t h   w h i c h   t h e   s w i t c h   36  i s   t r i p p e d   a n d  

t h e   l o g g i n g   s p e e d .   The  m a g n e t i c   marks   can  b e  

c o n v e n i e n t l y   p l a c e d   as  c l o s e   as  two  t o  t h r e e   f e e t   ( 0 . 6  

to  0 .9m)  a p a r t   or  t h e y   can  be  made  f u r t h e r   a p a r t   i f  

d e s i r e d .  



The  l o g   74  i s   m a d e  

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

h a v e   b e e n   p l a c e d   on  t h e   p i p e .   To  t h i s   e n d ,   t h e  

p e a k s   6 0 - 7 0   of   a p p r o x i m a t e l y   c o n s t a n t   a m p l i t u d e   a r e  

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

m a g n e t i c   m a r k s   made  a l o n g   t h e   p i p e   by  p u l s i n g   of   t h e  

c o i l   50  and  t h e   s e c o n d   b e i n g   c a u s e d   by  m a g n e t i c  

a n o m a l i e s   a t   t h e   p i p e   c o u p l i n g s .   At  t h i s   j u n c t u r e ,  

o b s e r v a t i o n   of   t h e   l o g   74  shows   s e v e r a l   m a g n e t i c  

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

f r e e   p o i n t .  

A  t h i r d   l o g   76  i s   o b t a i n e d   a f t e r   t h e   p i p e   h a s  

b e e n   s t r e s s e d .   The  p i p e   i s   s t r e s s e d   e i t h e r   b y  

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

w o r k s   or   by  a p p l y i n g   t o r q u e   t h r o u g h   t h e   r o t a r y  

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

p i p e   a t t e n u a t e s   t h e   m a g n e t i c   m a r k s   on  t h e   p i p e  

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

56  ( i . e .   t h e   f r e e   p o i n t ) .   In  o p e r a t i o n ,   t h e   p i p e   i s  

s t r e s s e d   in   some  m a n n e r   f o r   a  few  m i n u t e s .  

T h e r e a f t e r ,   t h e   l o g   76  i s   o b t a i n e d   by  m o v i n g   t h e  

d o w n h o l e   i n s t r u m e n t   18  p a s t   t h e   s u s p e c t e d   f r e e  

p o i n t .   The  a n o m a l y   58  w i l l   show  up  b e c a u s e   i t   i s   a n  

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

The  m a g n e t i c   mark   a t   60  i s   a g a i n   shown  on  t h e   l o g  



76,  b u t   i t s   a m p l i t u d e   i s   a t t e n u a t e d .   A l l   t h e   m a g n e t i c  

m a r k s   a b o v e   t h e   s t u c k   p o i n t   l o c a t i o n   56  a r e   a t t e n u a t e d  

or  e v e n   c o m p l e t e l y   e r a s e d .   When  t h e y   a r e   r e d u c e d   o r  

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

o b t a i n e d   f r o m   m a g n e t i c   marks   b e l o w   t h e   f r e e   p o i n t   56 

w h i c h   a r e   n o t  e r a s e d .   Thus ,   t h e   l o g   76  shows  t h e   m a r k s  

at   60  and  68  to   be  q u i t e   d i f f e r e n t   in   a m p l i t u d e .   By 

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

of  t h e   p i p e ,   t h e   d e p t h   of  t h e   f r e e   p o i n t   can  b e  

d e t e r m i n e d .   The  l o g   76  c l e a r l y   i d e n t i f i e s   t h a t   t h e   f r e e  

p o i n t   o c c u r s   b e t w e e n   t h e   m a g n e t i c   m a r k s   66  and  6 8 .  

F i g u r e   1  shows   d e p t h   m e a s u r i n g   a p p a r a t u s   28  c o n n e c t e d  

w i t h   t h e   r e c o r d e r   34.  With   s u c h   a p p a r a t u s   and  t h e  

m a r k s   due  to   p i p e   j o i n t s   on  t h e   l o g s ,   i t   i s   p o s s i b l e  

to   c a l i b r a t e   t h e   l o g s   72,  74  and  76  in   t e r m s   of  d e p t h .  

I t   i s   t h e r e f o r e   p o s s i b l e   to   l o c a t e   t h e   f r e e   p o i n t   w i t h  

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

to  w e l l   d e p t h .  

U.S .   P a t e n t   n o . 4 4 4 0 0 1 9   d e s c r i b e s   a  t o o l   h a v i n g  

a  s i n g l e   c o i l   to   b o t h   mark  t h e   p i p e   w i t h   m a g n e t i c   m a r k s ,  

and  to   d e t e c t   t h e   m a r k s   so  made.   H o w e v e r ,   t h e   use   o f  

two  s e p a r a t e   c o i l s   i s   s i g n i f i c a n t l y   b e t t e r   t h a n   use   o f  

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

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

e i t h e r   m a r k i n g   or  d e t e c t i n g   m a r k s   on  t h e   p i p e .   T h i s  

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

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

d e t e c t i n g   m a r k s   r e q u i r e s   o p t i m i z i n g   t u r n s   and  c r o s s   s e c -  

t i o n a l   a r e a   of  a  c o i l .   T h e r e f o r e   to   d e s i g n   one  c o i l   t o  

do  b o t h   r e q u i r e s   a  c o m p r o m i s e   b e t w e e n   t h e s e   two  a s p e c t s  

of  t h e   c o i l .  



1.  F r e e   p o i n t   a p p a r a t u s   f o r   d e t e r m i n i n g   t h e   d e p t h  
of  t h e   s t u c k   or  f r e e   l o c a t i o n   in   a  s t r i n g   of  p i p e   i n  

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

(a)   a  c a b l e   s u p p o r t e d   t o o l   ( 1 0 )   a d a p t e d   to   be  l o w e r e d  

i n t o   a  w e l l   b o r e h o l e ;  

(b)  f i r s t   e l e c t r o m a g n e t i c   c o i l   m a r k i n g   means   ( 5 0 )  

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

a c t i n g   on  t h e   s t u c k   s t r i n g   of   p i p e   in   t h e   w e l l   b o r e h o l e ;  

a n d  

(c)   s e c o n d   e l e c t r o m a g n e t i c   c o i l   d e t e c t o r   means   ( 4 8 )  

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

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

t h e   w e l l   b o r e h o l e .  

2.  A p p a r a t u s   a c c o r d i n g   t o   c l a i m   1,  w h e r e i n   s a i d  

t o o l   i n c o r p o r a t e s   a  f e r r o m a g n e t i c   c o r e   (52)   s u p p o r t i n g  

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

c o i l   m a r k i n g   m e a n s .  

3.  A p p a r a t u s   a c c o r d i n g   t o   c l a i m   1,  w h e r e i n   s a i d  

t o o l   i n c o r p o r a t e s   a  f e r r o m a g n e t i c   c o r e   (52)   s u p p o r t i n g  

a  s e c o n d   c o i l   c o m p r i s i n g   p a r t   of  s a i d   s e c o n d   e l e c t r o -  

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

4.  A p p a r a t u s   a c c o r d i n g   t o   c l a i m   3,  w h e r e i n   s a i d  

s e c o n d   e l e c t r o m a g n e t i c   c o i l   d e t e c t o r   means   i n c l u d e s  

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

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

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

5.  A p p a r a t u s   a c c o r d i n g   t o   c l a i m   1  to   4,  w h e r e i n  

s a i d   t o o l   i n c l u d e s   a  h o u s i n g   member   (18)   f o r   s a i d   c o i l s  

c o m p r i s i n g   a  n o n - m a g n e t i c   m a t e r i a l .  



6.  A p p a r a t u s   a c c o r d i n g   to   any  of  c l a i m s   1  t o   5 ,  

i n c l u d i n g   means   (42)  f o r   m e a s u r i n g   t h e   d e p t h   of  s a i d  

t o o l   in   a  b o r e h o l e ;   and  r e c o r d e r   m e a n s  ( 3 4 )   c o n n e c t e d  

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

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

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

w e l l   b o r e h o l e .  

7.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   6,  i n c l u d i n g   s w i t c h  

means   (36)   c o n n e c t e d   to   s a i d   r e c o r d e r   means   and  o p e r a t e d  

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

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

8.  A p p a r a t u s   a c c o r d i n g   to   any  of  c l a i m s   1  to   7 ,  

i n c l u d i n g   c a p a c i t o r   means   (38)   f o r   a c c u m u l a t i n g   a  

c u r r e n t   c h a r g e   t h e r e o n ,   s w i t c h   means   (36)   c o n n e c t e d   t o  

s a i d   s t o r a g e   c a p a c i t o r ,   and  c o n d u c t o r   means   (26)   e x t e n d i n g  

f rom  s a i d   s w i t c h   means   to   s a i d   e l e c t r o m a g n e t i c   c o i l  

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

f o r   f o r m i n g   a  m a g n e t i c   f i e l d   a c t i n g   on  a  s t u c k   s t r i n g   o f  

p i p e .  

9.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   8,  i n c l u d i n g  

means   o p e r a t i v e   d e p e n d e n t   on  t h e   d e p t h   of  t h e   w i r e l i n e  

s u p p o r t e d   t o o l   in   t h e   w e l l   b o r e h o l e ,   to   p l a c e   s p a c e d  

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

10.  A p p a r a t u s   f o r   p r o v i d i n g   a  f r e e   p o i n t   i n d i c a t i o n  

i s   a  s t u c k   s t r i n g   of  p i p e ,   c o m p r i s i n g :  

(a)  a  r u n n i n g   t o o l   ( 1 0 ) ;  

(b)  s u r f a c e   l o c a t e d   r e c o r d i n g   means   ( 3 4 ) ;  

(c)  p i p e   m a r k i n g   means   (50)   c a r r i e d   by  s a i d   r u n n i n g  

t o o l   f o r   f o r m i n g   m a g n e t i c   m a r k s   on  t h e   s t u c k  

s t r i n g   of  p i p e ;   a n d  

(d)  d e t e c t o r   means   (48)   c a r r i e d   by  s a i d   r u n n i n g   t o o l  



t o   d e t e c t   an  i n d u c e d   v o l t a g e   when  s a i d   d e t e c t o r  

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

on  t h e   s t u c k   s t r i n g   of  p i p e .  
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