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Description 

The  subject  matter  of  the  present  invention  per- 
tains  to  pumps  for  use  in  oil  well  boreholes,  and  more 
particularly,  to  a  pump  apparatus  which  includes  a  fir-  5 
ing  head  for  use  with  a  perforating  gun  on  a  tubing 
string  adapted  to  be  disposed  in  such  borehole. 

Perforating  guns,  run  into  a  borehole  on  a  tubing 
string,  function  to  perforate  a  formation  around  a 
borehole  of  an  oil  well  for  the  purpose  of  withdrawing  10 
well  fluids  from  the  formation.  Very  often,  the  well  flu- 
ids  do  not  produce  from  the  formation  with  sufficient 
pressure  to  propagate  up  the  borehole  to  the  well  sur- 
face.  As  a  result,  a  pump  is  installed  in  the  tubing 
string  for  pumping  the  well  fluids  to  the  surface.  The  15 
perforating  gun  with  its  firing  head  is  first  run  into  the 
borehole  on  the  tubing  string.  When  the  perforating 
gun,  with  its  firing  head,  is  in  place  within  the  bore- 
hole,  the  pump  is  installed,  within  the  tubing  string, 
just  above  the  perforating  gun.  The  firing  head  of  the  20 
gun  detonates  a  set  of  charges  in  the  gun,  perforating 
the  formation.  The  well  fluids  produce  from  the  for- 
mation  and  the  pump  functions  to  pump  the  well  fluids 
to  the  surface.  However,  if  the  firing  head  malfunc- 
tions  and  fails  to  detonate  the  charges,  since  the  fir-  25 
ing  head  is  run  into  the  borehole  on  the  tubing  string, 
the  pump  must  first  be  withdrawn  from  the  borehole, 
and  the  tubing  string  must  secondly  be  withdrawn 
from  the  borehole  in  order  to  replace  the  firing  head. 
A  work  over  rig  must  be  used  to  withdraw  the  pump  30 
and  to  withdraw  the  tubing  string.  This  repair  process 
takes  several  days  to  complete.  Increased  repair 
costs  result.  In  addition,  the  firing  head  includes  pri- 
mary  explosives.  Since  the  tubing  string  includes  the 
perforating  gun  with  the  firing  head,  in  view  of  the  pri-  35 
mary  explosives  present  in  the  firing  head,  for  safety 
reasons,  it  is  necessary  to  handle  with  care  the  place- 
ment  of  the  perforating  gun  into  the  borehole.  There- 
fore,  a  new  design  is  needed  which  will  allow  for  the 
repair  and  replacement  of  a  firing  head  of  a  perforat-  40 
ing  gun  without  simultaneously  requiring  the  with- 
drawal  of  the  entire  tubing  string  from  a  borehole,  a 
repair  which  normally  takes  several  days  to  complete. 

Patent  US-A-4,491,185  describes  a  perforating 
gun  and  a  firing  head  which  are  run  into  a  borehole  45 
on  the  end  of  a  tubing  string.  A  percussion  firing  as- 
sembly  subsequently  is  lowered  through  the  tubing 
string  and  latches  into  the  firing  head  assembly.  The 
percussion  firing  assembly  and  a  portion  of  the  firing 
head  can  be  detached  and  removed  from  the  bore-  50 
hole.  The  perforating  system  having  no  primary  ex- 
plosives  therein  can  be  removed  from  the  borehole  by 
pulling  the  tubing  string. 

It  is  a  primary  object  of  the  present  invention  to 
design  a  pump  which  includes  a  firing  head.  55 

It  is  another  object  of  the  present  invention  to  de- 
sign  a  pump,  adapted  for  use  with  a  perforating  gun 
in  a  tubing  string,  that  includes  a  firing  head. 

It  is  a  further  object  of  the  present  invention  to  de- 
sign  a  pump,  including  the  firing  head,  that  is  adapted 
for  insertion  into  a  tubing  string  for  use  with  a  perfor- 
ating  gun  disposed  in  such  tubing  string. 

It  is  further  object  of  the  present  invention  to  de- 
sign  a  pump  including  a  perforating  gun  firing  head 
adapted  for  insertion  into  a  tubing  string,  the  tubing 
string  including  a  perforating  gun  which  does  not  con- 
tain  a  firing  head  nor  any  primary  explosives. 

In  accordance  with  these  and  other  objects  of  the 
present  invention,  an  apparatus  adapted  to  be  dis- 
posed  in  a  wellbore  is  provided  as  set  forth  in  claim 
1.  The  pump  is  adapted  for  insertion  into  the  tubing 
string.  When  the  pump,  including  the  firing  head,  is 
inserted  into  the  tubing  string,  casing  pressure  is  re- 
duced,  and  the  differential  between  the  pressures  in 
the  tubing  and  the  casing  creates  a  series  of  events 
which  causes  a  charge  in  the  firing  head  to  detonate 
thereby  causing  the  charges  in  the  perforating  gun  to 
detonate.  At  the  time  of  firing,  the  firing  head  is  dis- 
posed  adjacent  a  booster  of  the  perforating  gun,  the 
booster  being  connected  to  a  detonating  cord,  the 
detonating  cord  being  connected  to  various  charges 
in  the  perforating  gun.  Detonation  of  the  charge  in  the 
firing  head  ignites  the  booster,  and  sends  a  detona- 
tion  wave  down  the  detonating  cord  to  the  charges  in 
the  perforating  gun,  detonating  the  perforating  gun 
charges.  If  the  firing  head  fails,  one  need  only  remove 
the  pump  from  the  borehole  for  the  purpose  of  repair 
and  replacement  of  the  firing  head,  not  the  entire  tub- 
ing  string.  It  takes  only  a  few  hours  to  remove  the 
pump  and  its  firing  head,  whereas  it  takes  about  a  full 
day  to  remove  the  tubing  string  with  its  firing  head.  As 
a  result,  considerable  rigtime,  labor  and  expense  is 
saved. 

According  to  another  aspect  of  the  invention,  a 
method  of  perforating  a  well  is  provided  as  set  forth 
in  claim  9. 

Further  scope  of  applicability  of  the  present  in- 
vention  will  become  apparent  from  the  detailed  de- 
scription  presented  hereinafter.  It  should  be  under- 
stood,  however,  that  the  detailed  description  and  the 
specific  examples,  while  representing  a  preferred 
embodiment  of  the  present  invention,  are  given  by 
way  of  illustration  only,  since  various  changes  and 
modifications  within  the  spirit  and  scope  of  the  inven- 
tion  will  become  obvious  to  one  skilled  in  the  art  from 
a  reading  of  the  following  detailed  description. 

A  full  understanding  of  the  present  invention  will 
be  obtained  from  the  detailed  description  of  the  pre- 
ferred  embodiment  presented  hereinbelow,  and  the 
accompanying  drawings,  which  are  given  by  way  of  il- 
lustration  only  and  are  not  intended  to  be  limitative  of 
the  present  invention,  and  wherein 

figure  1,  including  figures  1a  and  1b,  illustrates  a 
prior  art  pump; 
figure  2  illustrates  a  prior  art  tubing  string  contain- 
ing  a  perforating  gun  which  includes  a  firing  head 
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and  a  bypass  assembly  that  Includes  a  section  for 
mounting  the  pump  of  figure  1  therein; 
figure  3  illustrates  the  pump  in  accordance  with 
the  present  invention  which  includes  a  firing 
head; 
figure  4  illustrates  the  pump  of  figure  3,  that  in- 
cludes  a  firing  head,  inserted  into  a  tubing  string 
which  includes  a  perforating  gun  that  does  not 
contain  a  firing  head  nor  any  primary  explosives; 
figure  5  illustrates  a  detailed  construction  of  the 
firing  head  of  figure  3. 
figure  6,  including  figures  6a-6c,  represents  a 
more  detailed  implementation  of  the  embodiment 
illustrated  in  figures  4  and  5; 
figure  7,  including  figures  7a-7c,  represents  a 
first  alternate  embodiment  of  the  invention  illu- 
strated  in  figures  4  and  5; 
figure  8,  including  figures  8a-8c,  represents  a 
second  alternate  embodiment  of  the  invention  il- 
lustrated  in  figures  4  and  5; 
figure  9,  inclduing  figures  9a-9c,  represents  a 
third  alternate  embodiment  of  the  invention  illu- 
strated  in  figures  4  and  5;  and 
figure  10  illustrates  a  fourth  alternate  embodi- 
ment  of  the  invention  illustrated  in  figures  4  and 
5. 
Referring  to  figures  1a-1b,  a  prior  art  pump,  for 

pumping  well  fluids  from  a  borehole,  is  illustrated. 
In  figure  1a,  a  prior  art  pump  comprises  a  plunger 

10  disposed  within  an  inner  housing  12,  the  inner 
housing  being  fixed  to  an  outer  housing  14.  The 
plunger  10  is  movably  disposed  within  the  inner  hous- 
ing  12,  being  adapted  to  move  longitudinally  within 
the  inner  housing  of  the  pump.  The  plunger  10  in- 
cludes  an  arm  1  0a  and  an  arm  1  0b  attached  to  a  body 
portion  10c.  The  arms  10a  and  10b  define  a  cavity  16 
within  the  plunger  10.  A  first  baffle  18,  disposed  in 
cavity  16,  connects  arm  10a  to  arm  10b  thereby  re- 
defining  a  first  subcavity  16a  and  a  second  subcavity 
16b.  The  first  baffle  18  has  at  least  one  hole  18a  dis- 
posed  therethrough.  The  second  subcavity  16b  has 
a  ball  20  disposed  therein,  the  ball  20  being  capable 
of  floating  within  the  second  subcavity  16b  between 
a  seat  16b1  of  plunger  10  and  hole  18a  of  baffle  18. 
Furthermore,  the  inner  housing  12  defines  its  own 
cavity  22  in  which  the  plunger  10  is  disposed.  A  sec- 
ond  baffle  24  is  disposed  in  the  cavity  22  so  as  to  de- 
fine  a  first  space  22a  and  a  second  space  22b.  A  hole 
24a  is  disposed  through  the  second  baffle  24.  A  ball 
26  is  disposed  in  the  second  space  22b  and  is  capa- 
ble  of  floating  within  said  second  space  between  a 
seat  22b1  and  hole  24a. 

In  operation,  referring  to  figure  1a,  assume  a  well 
fluid  is  disposed  in  first  space  22a  and  in  second 
space  22b;  however,  no  such  well  fluid  is  disposed  in 
cavity  16.  Further,  assume  that  plunger  10  is  travel- 
ling  downwardly  in  figure  1a.  The  downward  travel  of 
plunger  1  0  will  force  ball  26  against  seat  22b1  thereby 

sealing  the  pump  of  figure  1a  from  its  external  envir- 
onment,  but  will  force  ball  20  off  seat  16b1  thereby 
enabling  fluid  in  first  space  22a  to  enter  second  sub- 

5  cavity  16b  and  through  hole  18a  into  first  subcavity 
16a.  When  the  plunger  10  travels  upward  in  figure  1  b, 
ball  20  is  forced  onto  seat  16b1,  but  ball  26  is  forced 
off  seat  22b1.  The  well  fluid  in  cavity  16  moves  up- 
wardly  with  the  upward  travel  of  plunger  10  while  the 

10  well  fluids  disposed  externally  to  the  pump  of  figure 
1b  enter  the  second  space  22b  of  the  pump,  and 
through  hole  24a  intothe  first  space  22a  of  the  pump. 

Referring  to  figure  2,  a  tubing  string  is  illustrated 
including  a  perforating  gun  and  a  bypass  assembly 

15  for  mounting  the  pump  of  figure  1a-1b. 
In  figure  2,  a  casing  34  is  first  disposed  in  a  bore- 

hole  32.  A  tubing  string  30  is  disposed  within  the  cas- 
ing  34.  A  perforating  gun  36  is  connected  to  the  bot- 
tom  end  of  the  tubing  string  30,  the  gun  36  containing 

20  a  firing  head  forfiring  a  set  of  charges  disposed  within 
the  gun  36.  A  bypass  assembly  38  interconnects  a 
first  end  30a  of  the  tubing  string  30  to  a  second  end 
30b  of  the  tubing  string  30.  The  bypass  assembly  38 
includes  a  bypass  38a  for  connecting  the  end  30a  of 

25  the  tubing  string  to  the  end  30b  of  the  tubing  string 
thereby  allowing  the  tubing  pressure  Pt  in  first  end 
30a  of  the  tubing  string  to  be  transmitted  to  the  sec- 
ond  end  30b  via  the  bypass  38a.  The  bypass  assem- 
bly  38  also  includes  a  seat  38b  for  receiving  the  pump 

30  shown  in  figures  1a-1b  thereby  enabling  the  second 
space  22b  of  the  pump  in  figure  1a/1b  to  communi- 
cate  with  the  internal  space  of  second  end  30b  of  the 
tubing  string  30  in  figure  2.  Bypass  38a  is  required  be- 
cause  perforating  gun  36  contains  a  differential  pres- 

35  sure  firing  head.  The  differential  pressure  firing  head 
compares  casing  pressure  (the  pressure  between 
the  casing  34  and  the  tubing  string  30)  with  tubing 
pressure  (the  pressure  within  the  tubing  string  30) 
and  fires  the  gun  36  when  the  tubing  pressure  ex- 

40  ceeds  the  casing  pressure  by  a  predetermined 
amount.  Therefore,  it  is  necessary  that  the  tubing 
pressure  in  end  30a  of  the  tubing  string  30  be  com- 
municated  to  end  30b  of  the  tubing  string  in  order  to 
fire  the  perforating  gun  36  at  the  proper  time. 

45  In  operation,  referring  to  figure  2,  the  firing  head 
disposed  in  the  perforating  gun  36  compares  tubing 
pressure  with  casing  pressure,  as  described  above, 
and  fires  the  gun  36  when  the  tubing  pressure  ex- 
ceeds  the  casing  pressure  by  a  predetermined 

so  amount.  Well  fluids  flow  into  the  tubing  string  30  after 
the  gun  36  is  fired.  The  pump,  shown  in  figures  1a/1  b, 
is  disposed  on  seat  38b  of  the  bypass  assembly  38 
within  the  tubing  string  30  and  pumps  the  well  fluids 
within  the  tubing  string  30  to  the  well  surface.  How- 

55  ever,  if  the  firing  head  in  gun  36  fails  to  detonate, 
since  the  gun  36  was  run  intothe  borehole  on  the  tub- 
ing  string  30,  it  is  necessary  to  first  remove  the  pump 
from  within  the  tubing  string  30,  and  then  to  remove 
the  tubing  string  30  from  the  borehole  32  in  order  to 
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obtain  access  to  the  firing  head  for  repair  and  replace- 
ment  thereof.  This  repair  activity  takes  about  a  full  day 
to  complete,  requiring  the  expenditure  of  a  days 
worth  of  labor  and  expense. 

Referring  to  figure  3,  a  new  pump  apparatus  in 
accordance  with  the  present  invention  is  illustrated, 
the  pump  apparatus  being  adapted  to  be  inserted  into 
a  tubing  string. 

In  figure  3,  the  new  pump  apparatus  comprises 
a  pump  40  and  an  extension  member  42  threadedly 
connected  to  the  pump  40.  The  pump  40  is  identical 
to  the  pump  illustrated  in  figures  1a  and  1b  of  the 
drawings,  except  for  one  modification  made  to  the 
pump  of  figures  1a,  1b  which  is  illustrated  in  figure  3 
and  not  illustrated  in  figures  1a,  1b:  in  figure  3,  a  by- 
pass  or  channel  40a  is  disposed  through  a  bottom 
part  of  inner  housing  12  so  that,  when  ball  26  is  firmly 
sitting  on  seat  22b1,  the  pressure  in  the  tubing  string 
"Pt"  in  first  and  second  spaces  22a,22b  may  be  com- 
municated  to  an  internal  space  42b  of  extension 
member  42  via  the  channel  40a.  The  extension  mem- 
ber  42  includes  a  pipe  section  42a  connected,  thread- 
edly,  to  the  bottom  part  of  inner  housing  12  of  the 
pump  40.  The  pipe  section  42a  has  holes  or  ports 
42a1  disposed  through  a  wall  thereof.  A  firing  head 
42c  is  firmly  connected  to  the  wall  of  pipe  section  42a, 
the  firing  head  being  used  in  association  with  a  spe- 
cial  perforating  gun  disposed  in  the  tubing  string  (il- 
lustrate  din  figure  4).  As  will  be  noted  in  more  detail 
below,  the  special  perforating  gun  contains  no  firing 
head  and  no  primary  explosives,  since  the  firing  head 
for  use  with  the  special  perforating  gun  is,  instead, 
disposed  in  the  extension  member  42  of  the  new 
pump  apparatus.  Atube  42d  connects  the  firing  head 
42c  in  the  extension  member  42  to  the  channel  40a 
in  the  bottom  part  of  inner  housing  12  of  pump  40  so 
that  the  tubing  pressure  "Pt"  in  first  and  second 
spaces  22a,22b  of  pump  40  is  communicated  to  the 
firing  head  42c  in  extension  member  42  via  channel 
40a  and  tube  42d.  The  firing  head  42c  utilizes  differ- 
ential  pressure  (casing  pressure  versus  tubing  pres- 
sure)  to  fire  a  charge  that  detonates  the  charges  in 
the  special  perforating  gun.  Therefore,  the  tubing 
pressure  "Pt"  must  be  communicated  to  the  firing 
head  42c  from  the  internal  spaces  of  the  pump  40. 

Referring  to  figure  4,  the  new  pump  apparatus  of 
figure  3,  inserted  in  a  tubing  string  disposed  in  a  bore- 
hole,  is  illustrated. 

In  figure  4,  the  new  pump  apparatus,  which  in- 
cludes  pump  40  and  extension  member  42  (inclusive 
of  pipe  42a,  firing  head  42c,  and  tube  42d),  is  inserted 
into  a  tubing  string  30.  Aspecial  perforating  gun  44  is 
connected  to  a  bottom  end  of  the  tubing  string  30  and 
is  run  into  a  borehole  on  the  tubing  string  30.  The  per- 
forating  gun  44  is  deemed  "special",  since  it  contains 
no  firing  head  and  contains  no  primary  explosives; 
rather,  it  contains  only  the  normal  capsule  charges  for 
perforating  a  formation  upon  detonation.  A  casing  34 

encloses  the  borehole  in  the  normal  manner.  A  plur- 
ality  of  holes  30c  are  disposed  through  a  wall  of  the 
tubing  string  30  for  passage  of  the  casing  pressure 

5  "Pc"  from  an  annular  space  between  tubing  string  30 
and  casing  34  to  an  internal  space  within  the  tubing 
string  30,  as  illustrated  in  figure  4.  An  extender  tube 
44a  is  connected  to  the  perforating  gun  44,  and  ex- 
tends  upwardly  into  the  tubing  string  30,  and  into  ex- 

10  tension  member  42  of  the  pump  apparatus  until  a 
head  44a1  of  the  extender  tube  44a  nearly  abuts 
against  the  firing  head  42c.  A  booster  44a1A  is  dis- 
posed  in  the  head  44a1  of  extender  tube  44a  and  a 
primer  cord  44a1  B  connects  the  booster44a1  Ato  the 

15  special  perforating  gun  44. 
Referring  to  figure  5,  a  detailed  construction  of 

the  firing  head  42c  of  figure  3  and  4  is  illustrated. 
In  figure  5,  the  firing  head  42c  comprises  a  con- 

tainer  42c1  having  a  wall,  a  plurality  of  holes  42c1  A 
20  being  disposed  through  the  wall  of  said  container 

42c1.  The  holes  42c1A  provide  a  port  through  which 
the  casing  pressure  Pc  is  supplied  to  the  firing  head. 
The  container  42c1  is  illustrated  in  figure  5  as  being 
disposed  within  the  pipe  section  42a  of  the  extension 

25  member  42  of  figure  3.  A  capsule  or  shape  charge 
42c2  is  connected  to  a  detonator  42c3;  when  the  det- 
onator  42c3  is  impacted,  itf  ires  the  charge  42c2.  Af  ir- 
ing  pin  42c4  is  disposed  above  the  detonator  42c3  in 
the  normal  manner.  A  lock  member  42c5  is  disposed 

30  over  the  firing  pin  42c4,  shielding  the  firing  pin  42c4 
from  the  tubing  pressure  "Pt"  as  long  as  the  casing 
pressure  "Pc"  is  greaterthan  the  tubing  pressure  "Pt". 
Tube  42d  in  figure  5  supplies  the  tubing  pressure  Pt, 
said  tubing  pressure  Pt  being  applied  to  an  intermedi- 

35  ate  section  of  said  lock  member42c5  in  figure  5.  If  the 
firing  pin  42c4  were  exposed  to  the  tubing  pressure 
Pt  without  being  shielded  by  lock  member,  said  tubing 
pressure  would  propel  the  firing  pin  42c4  onto  the 
detonator  42c3,  prematurely  firing  the  charge  42c2. 

40  The  lock  member  42c5  is  movable  longitudinally,  up- 
wardly  and  downwardly  in  figure  5,  its  position  relative 
to  the  firing  pin  42c4  being  dependant  upon  the  mag- 
nitude  of  the  tubing  pressure  Pt  on  the  intermediate 
section  of  the  lock  member  relative  to  the  magnitude 

45  of  the  casing  pressure  Pc  on  a  top  part  of  said  lock 
member  42c5.  The  casing  pressure  Pc,  as  shown  in 
figure  4,  is  the  pressure  between  the  casing  34  and 
the  tubing  string  30.  As  shown  in  figure  4,  the  casing 
pressure  Pc  enters  holes  30c  in  tubing  string  30,  en- 

50  ters  holes  42a1  of  the  pipe  section  42a  of  the  exten- 
sion  member  of  the  new  pump  apparatus,  and,  as 
shown  in  figure  5,  enters  holes  42c1A  of  the  firing 
head  42c.  This  casing  pressure  Pc  is  compared  with 
the  tubing  pressure  Pt,  and,  if  the  casing  pressure  Pc 

55  is  less  than  the  tubing  pressure  Pt,  the  lock  member 
42c5  moves  upwardly  over  the  firing  pin,  exposing 
the  firing  pin  42c4  to  the  tubing  pressure  Pt.  The  tub- 
ing  pressure  Pt  propels  the  pin  42c4  onto  the  detona- 
tor  42c3,  exploding  the  charge  42c2. 

4 
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Afunctional  description  of  the  new  pump  appara- 
tus  of  the  present  invention,  in  conjunction  with  the 
special  perforating  gun  disposed  in  the  tubing  string, 
is  set  forth  in  the  following  paragraphs  with  reference 
to  figures  3-5  of  the  drawings. 

Acasing  34  is  set  in  a  borehole  and  a  tubing  string 
30,  having  a  special  perforating  gun  44  connected 
thereto,  is  run  into  the  borehole.  The  perforating  gun 
44  contains  no  firing  head,  nor  does  it  contain  any  pri- 
mary  explosives;  rather,  it  contains  a  plurality  of  cap- 
sule  charges  connected  to  a  primer  cord  for  detonat- 
ing  when  the  primer  cord  carries  the  appropriate  en- 
ergy  to  the  charges.  The  new  pump  apparatus  is  then 
inserted  into  the  tubing  string  30  until  the  head  44a1  A 
of  the  extender  tube  44a  of  the  perforating  gun  44 
abuts  against  the  firing  head  42c  disposed  in  the  pipe 
section  42a  of  the  extension  member  42  portion  of  the 
new  pump  apparatus.  Tubing  pressure  Pt  is  conduct- 
ed  to  the  firing  head  42c  via  channel  40a  in  the  inner 
housing  12  of  pump  40  and  tube  42d  of  the  extension 
member  42.  As  shown  in  figure  4,  casing  pressure  Pc, 
the  pressure  between  casing  34  and  tubing  string  30, 
is  conducted  into  the  tubing  string  30  via  holes  30c  in 
the  tubing  string  30,  into  the  extension  member  42  via 
holes  42a1  in  the  pipe  section  42a  of  extension  mem- 
ber,  and  into  the  firing  head  42c  via  holes  42c1A  in 
container  42c1  of  the  firing  head  42c.  When  casing 
pressure  Pc  is  reduced,  below  the  tubing  pressure  Pt, 
lock  member  42c5  moves  upwardly,  in  the  drawing  of 
figure  5,  exposing  the  firing  pin  42c4  to  the  tubing 
pressure  Pt.  The  tubing  pressure  Pt  propels  the  firing 
pin  42c4  downwardly,  onto  detonator  42c3,  which  ex- 
plodes  the  charge  42c2.  The  formation  around  the 
borehole  casing  begins  to  produce  well  fluids,  and  the 
pump  40  of  figure  4  begins  to  pump  the  well  fluids  to 
the  surface,  in  the  manner  illustrated  with  reference 
to  figure  1a,  1  b  of  the  drawings.  If  the  charge  fails  to 
detonate,  the  firing  head  42c  must  be  removed  for  re- 
pair  and/or  replacement.  In  the  prior  art,  it  was  nec- 
essary  to  remove  the  tubing  string  30  to  gain  access 
to  the  firing  head,  an  action  which  took  the  good  part 
of  an  entire  day  to  complete.  With  the  present  inven- 
tion  shown  in  figure  3,  and  more  particularly,  in  figure 
4,  all  one  need  do  is  remove  the  pump  apparatus 
40,42  from  the  tubing  string  30  in  order  to  gain  access 
to  the  firing  head  42c,  an  action  which  takes  only 
about  one-half  hour  to  complete. 

Referring  to  figure  6,  a  more  detailed  construc- 
tion  of  the  embodiment  of  invention  shown  in  figure  4 
is  illustrated.  The  feature  numerals  that  were  used  in 
figure  4  will  also  be  used  to  designate  the  same  cor- 
responding  parts  in  figure  6.  In  figure  6,  pump  40  in- 
cludes  ball  26,  similar  to  the  pump  40  and  ball  26 
shown  in  figure  3.  Extension  member  42,  connected 
to  the  pump  40,  includes  pipe  section  42a  extending 
from  pump  40  to  the  firing  head  42c.  Inside  pipe  sec- 
tion  42a,  tube  42d  carries  the  tubing  pressure  "Pt"  to 
the  firing  head  42c.  The  new  elements  in  figure  6  in- 

clude  a  seal  50  and  a  pressure  compensated  slip  joint 
52.  The  functional  operation  of  the  embodiment  of  in- 
vention  shown  in  figure  6  is  identical  to  that  of  figure 

5  4.  Tubing  pressure  "Pt"  is  communicated  to  the  tube 
42d  via  bypass  or  channel  40a.  The  tubing  pressure 
"Pt"  is  conducted  through  tube  42d  of  figures  6a  to  6b 
until  it  reaches  the  firing  head  42c.  As  noted  in  figure 
5,  a  lock  member  42c5  is  disposed  over  the  firing  pin 

10  42c4,  shielding  the  pin  42c4  from  the  tubing  pressure 
"Pt"  as  long  as  the  casing  pressure  "Pc"  is  greater 
than  the  tubing  pressure"Pt".  Lock  member  42c5  is 
movable  longitudinally,  upwardly  and  downwardly  in 
figure  6c.  If  the  casing  pressure  Pc  is  less  than  the 

15  tubing  pressure  Pt,  lock  member  42c5  moves  upward- 
ly  overfiring  pin42c4.  Asetof  ball  bearings  54  fall  into 
a  recess  when  lock  member  42c5  moves  upwardly  by 
a  predetermined  amount,  at  which  time,  the  tubing 
pressure  propels  the  pin  42c4  onto  detonator  42c3, 

20  exploding  charge  42c2.  Note  that,  if  for  some  reason, 
firing  head  42c  fails  to  detonate,  pump  40  is  with- 
drawn  from  the  borehole,  since  the  firing  head  42c  is 
connected  to  the  pump  40  via  pipe  section  42a,  when 
the  pump  is  being  withdrawn  from  the  borehole,  the 

25  firing  head  is  also  being  withdrawn  from  the  borehole. 
The  tubing  string  30  remains  in  the  borehole.  The  per- 
forating  gun  44,  connected  to  the  tubing  string  30, 
contains  no  primary  explosives,  since  the  firing  head 
is  on  the  pump,  not  on  the  tubing  string.  When  the 

30  tubing  string  30  is  run  into  the  borehole,  since  the 
perforating  gun  on  the  tubing  string  contains  no  pri- 
mary  explosives,  it  is  not  necessary  to  be  as  greatly 
concerned  about  the  safety  factor  involved  in  han- 
dling  the  tubing  string,  relative  to  the  prior  art  ap- 

35  proach,  wherein  the  perforating  gun  containing  a  fir- 
ing  head  was  run  into  the  borehole  on  the  tubing 
string.  Since  the  firing  head  is  being  removed  from 
the  borehole  when  the  pump  is  being  withdrawn,  and 
not  when  the  tubing  string  is  being  withdrawn,  consid- 

40  erable  expense  in  terms  of  rigtime  is  saved. 
Referring  to  figure  7,  including  figures  7a-7c,  a 

first  alternate  embodiment  of  the  invention  shown  in 
figure  4  is  illustrated. 

In  figure  7,  it  is  noted  that  the  distance  between 
45  the  firing  head  42c  and  the  booster  44a1  A  may  vary 

from  well  to  well  when  the  pump  40  and  its  attached 
extension  member  42  is  run  intothe  borehole  until  the 
bottom  part  of  pump  40  rests  on  the  top  part  of  tubing 
string  30.  Therefore,  it  is  difficult  to  guarantee  that  the 

so  firing  head  42c  in  figure  4  will  always  be  immediately 
adjacent  to  the  booster  44a1  when  the  pump  40  and 
its  attached  extension  member  42  rests  on  the  top 
part  of  tubing  string  30.  Consequently,  one  solution 
involves  increasing  the  distance  between  the  firing 

55  head  42c  and  the  bottom  part  of  the  pump  40  thereby 
placing  the  firing  head  in  the  pump  extension  member 
closer  to  the  booster.  In  order  to  implement  this  solu- 
tion,  as  shown  in  figure  7b,  the  tubing  string  30  is  div- 
ided  into  three  parts:  a  top  part  30d,  an  intermediate 

5 
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part  30e,  and  a  bottom  part  30f.  As  in  figure  4,  the  by- 
pass  or  channel  40a  of  pump  40  is  connected  to  tube 
42d  for  communicating  tubing  pressure  from  pump  40 
to  the  firing  head  42c.  Pipe  section  42a  of  the  exten-  5 
sion  member  42  surrounds  the  tube  42d.  As  noted  in 
figure  6,  seal  50  enables  a  portion  of  pipe  section  42a 
nearest  the  pump  40  to  be  inserted  into  one  end  of  the 
top  part  30a  of  the  tubing  string  30.  When  the  portion 
of  pipe  section  42a  nearest  the  pump  40  is  inserted  10 
into  the  one  end  of  the  top  part  30d  of  tubing  string 
30,  the  pipe  section  42a  at  pump  40  communicates  di- 
rectly  with  firing  head  42c  via  an  intermediate  part 
30b  of  tubing  string  30  to  be  discussed  in  more  detail 
below.  The  other  end  of  the  top  part  30d  of  tubing  15 
string  30  interfaces  with  one  end  of  the  intermediate 
part  30e  of  the  tubing  string  via  a  second  seal  56, 
which  seal  56  is  functionally  identical  to  seal  50.  The 
top  part  30d  of  tubing  string  30  may  be  separated  from 
the  intermediate  part  30e  of  tubing  string  30  by  mere-  20 
ly  pulling  the  two  parts  30d  and  30e  apart.  The  pipe 
section  42d  in  top  part  30d  of  tubing  string  30  commu- 
nicates  tubing  pressure  "Pt"  with  pipe  section  42d  in 
the  bottom  part  30f  of  tubing  string  30  via  (1)  a  port 
58  disposed  at  the  bottom  end  of  pipe  section  42a  of  25 
top  part  30d  of  tubing  string  30,  (2)  an  annular  space 
60  disposed  within  the  intermediate  part  30e  of  tub- 
ing  string  30,  and  (3)  a  port  64  disposed  at  the  top  end 
of  pipe  section  42a  of  bottom  part  30f  of  tubing  string 
30,  as  indicated  by  the  arrow  in  the  intermediate  part  30 
30e  labelled  "Pt".  In  the  intermediate  part  30e  of  tub- 
ing  string  30,  one  end  of  a  sucker  rod  62  is  slidably 
connected  to  the  pipe  section  42a  of  the  top  part  30d 
of  tubing  string  30  and  the  other  end  of  the  sucker  rod 
62  is  also  slidably  connected  to  the  pipe  section  42a  35 
within  the  bottom  part  30f  of  the  tubing  string.  Joint 
62a  defines  the  slidable  connection  made  between 
the  one  end  of  the  sucker  rod  62  and  pipe  section  42a 
within  the  top  part  30d  of  tubing  string  30,  and  joint 
62b  defines  the  slidable  connection  made  between  40 
the  other  end  of  the  sucker  rod  62  and  pipe  section 
42a  within  the  bottom  part  30f  of  tubing  string  30.  A 
further  seal  66  seals  intermediate  part  30e  of  tubing 
string  30  to  the  bottom  part  30f  of  tubing  string  30.  In 
order  to  separate  the  intermediate  part  30e  from  bot-  45 
torn  part  30f  of  tubing  string  30,  one  need  only  pull  the 
two  parts  of  the  tubing  string  apart.  In  the  meantime, 
tubing  pressure  Pt  is  communicated  between  top  part 
30d  to  bottom  part  30f  of  tubing  string  30  via  pipe  sec- 
tion  42a  in  the  top  part  30d  port  58,  annular  space  60,  50 
port  64,  and  pipe  section  42a  in  the  bottom  part  30f 
of  tubing  string  30.  In  figure  7c,  pipe  section  42a  com- 
municates  with  an  underside  of  lock  member  42c5; 
when  the  tubing  pressure  Pt  on  the  underside  of  lock 
member  42c5  is  greater  than  the  casing  pressure  Pc,  55 
the  lock  member  42c5  moves  upwardly  in  figure  7c. 
At  this  time,  ball  bearings  54  fall  into  the  exposed  an- 
nular  space.  Since  the  ball  bearings  54  no  longer  hold 
the  firing  pin  42c4  in  place,  and  since  Pt  is  greater 

than  Pc,  the  tubing  pressure  Pt  propels  firing  pin  42c4 
onto  detonator  42c3.  A  detonating  cord  interconnects 
detonator  42c3  to  charge  42c2.  Charge  42c2  deto- 
nates  thereby  inducing  a  detonating  wave  or  charge 
in  the  booster  44a1A,  and  the  detonating  wave  is 
transmitted  to  perforating  gun  44  via  primer  cord 
44a1B.  If  the  firing  head  42c  fails,  one  need  only  pull 
pump  40  to  the  surface;  when  this  is  being  accom- 
plished,  the  following  items  are  also  simultaneously 
pulled  to  the  well  surface:  (1)  pipe  section  42a  in  top 
part  30d  (2)  sucker  rod  62,  (3)  pipe  section  42a  in  bot- 
tom  part  30f  and  (4)  firing  head  42c,  down  to  and  in- 
cluding  charge  42c2. 

The  firing  head  42c  in  figure  7c  further  includes 
afingertube  42c7.  Alatch  ring42c6  is  disposed  in  the 
walls  of  the  finger  tube  42c7.  The  latch  ring  42c6 
holds  t  he  finger  tu  be  42c7  of  t  he  firing  head  42c  to  t  he 
booster  head  44a1  .  When  the  pump  40  and  its  attach- 
ed  firing  head  42c  are  pulled  to  the  well  surface,  since 
the  booster  44a1  resists  movement  toward  the  well 
surface,  the  latch  ring  42c6,  which  firmly  contacts  the 
booster  but  is  physically  a  part  of  the  firing  head,  shat- 
ters  in  response  to  the  upward  movement  of  the  firing 
head  thereby  separating  the  firing  head  42c  from  the 
booster  head  44a  1  . 

In  operation,  referring  to  figures  7a-7c,  tubing 
pressure  "Pt"  is  provided  from  the  pump  40  and  pass- 
es  through  channel  or  bypass  40a  into  tube  42d  which 
is  enclosed  by  pipe  section  42a  within  the  top  part 
30d  of  tubing  string  30.  The  Pt  passes  through  tube 
42d  of  top  part  30d  through  port  58,  into  annular 
space  60  in  the  intermediate  part  30e  tubing  string 
30,  into  port  64,  into  tube  42d  of  the  bottom  part  30f 
of  tubing  string  30,  and  finally  contacts  the  underside 
of  lock  member  42c5  of  figure  7c.  If  the  Pt  is  greater 
than  the  casing  pressure  "Pc",  the  lock  member  42c5 
moves  upwardly,  allowing  the  ball  bearing  54  to  fall 
into  the  exposed  annular  space.  This  releases  the  fix- 
ing  pin  42c4.  Since  the  Pt  is  greater  than  the  Pc,  the 
Pt  propels  the  released  firing  pin  42c4  downwardly 
onto  detonator  42c3.  Since  the  shape  charge  42c2  is 
connected  to  the  detonator,  the  detonator  42c3  sends 
a  detonation  wave  downwardly  to  charge  42c2,  deto- 
nating  the  charge.  This,  in  turn,  initiates  a  detonation 
wave  in  the  booster  head  44a1,  the  detonation  wave 
propagating  down  primer  cord  44a1  B  to  the  perforat- 
ing  gun  44,  detonating  the  charges  in  the  gun  44.  If 
firing  head  42c  fails  to  detonate,  one  need  only  pull 
the  pump  40  to  the  surface;  the  pipe  section  42a  in 
top  part  30d  sucker  rod  62,  pipe  section  42a  in  bottom 
part  30f  and  firing  head  42c,  being  connected  to  the 
pump  40,  will  accompany  the  pump  to  the  surface  of 
the  well.  There  is  no  need  to  pull  the  tubing  string  30 
to  the  surface  in  order  to  gain  access  to  the  firing 
head  42c. 

Referring  to  figure  8,  a  second  alternate  embodi- 
ment  of  the  invention  shown  in  figure  4  is  illustrated. 

In  figure  8,  contrary  to  the  figure  7  embodiment, 
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the  tubing  string  30  in  figure  8  comprises  a  single  uni- 
tary  structure.  Achannel  or  bypass  40a  in  pump  40  al- 
lowsthe  interior  of  pump  40  to  communicate  with  tube 
42d.  The  tube  42d  is  enclosed  by  pipe  section  42a,  as 
in  the  other  embodiments.  As  shown  in  figure  8a,  a 
portion  42a1  of  pipe  section  42a  is  inserted  into  a  top 
portion  30g  of  tubing  string  30.  Aseal  50,  shown  in  fig- 
ure  8a,  seals  the  potion  42a1  of  pipe  section  against 
the  top  portion  30g  of  the  tubing  string.  Pipe  section 
42a  in  figure  8a  is  connected  to  lock  member  42c5; 
however,  lock  member  42c5,  in  this  embodiment  of  in- 
vention,  comprises  the  following  parts:  first  lock 
member  42c5A  and  second  lock  member  42c5B 
shown  in  figure  8b,  and  third,  fourth,  fifth  and  sixth 
lock  members  42c5C,  42c5D,  42c5E,  and  42c5F,  re- 
spectively,  shown  in  figure  8c.  Pipe  section  42a  of  fig- 
ure  8a  connects  to  pipe  section  42a  of  figure  8b.  The 
pipe  section  42a  of  figure  8b  connects  to  first  lock 
member  42c5A.  The  tubing  pressure  "Pt"  is  conduct- 
ed  from  pump  40,  through  channel  or  bypass  40a, 
through  tube  42d  of  pipe  section  42a  in  figure  8a,  and 
through  tube  42d  in  figure  8b,  entering  lock  member 
42c5A,  and  is  applied  against  an  underside  of  lock 
member  42c5A,  as  noted  in  figure  8b  of  the  drawings. 
The  first  lock  member  42c5A  is  connected  to  one  end 
of  second  lock  member  42c5B,  which  second  lock 
member  42c5B  is  a  sucker  rod.  The  otherend  of  suck- 
er  rod  second  lock  member  42c5B  is  connected  to 
third  lock  member  42c5C,  the  third  lock  member 
42c5C  being  connected  to  fourth  and  fifth  lock  mem- 
bers  42c5D  and  42c5E.  Note  carefully  the  manner  in 
which  fifth  lock  member  42c5E  is  connected  to  sixth 
lock  member  42c5F,  and  note  the  configuration  of 
sixth  lock  member  42c5F.  Sixth  lock  member  42c5F 
includes,  in  cross  section  as  shown  in  figure  8c,  a  left 
hand  portion  and  a  right  hand  portion,  the  left  and 
right  hand  portions  of  the  sixth  lock  member  42c5F 
holding  ball  bearings  firmly  against  firing  pin  42c4. 
When  the  tubing  pressure  Pt  is  applied  against  the 
underside  of  first  lock  member  42c5A,  as  shown  in 
figure  8b,  the  first  lock  member  42c5A  moves  up- 
wardly,  shearing  pin  70.  When  first  lock  member 
42c5A  moves  upwardly,  second,  third,  fourth,  fifth, 
and  sixth  lock  members  42c5B  through  42c5F  also 
move  upwardly,  in  the  drawing.  When  the  sixth  lock 
member  42c5F  moves  upwardly,  the  left  and  right 
hand  portions  of  the  sixth  lock  member  42c5F  also 
move  upwardly.  Eventually,  the  left  and  right  hand 
portions  of  sixth  lock  member  42c5F  pass  over  ball 
bearings  54,  releasing  the  ball  bearings  from  their 
firm  contact  with  firing  pin  42c4.  When  the  ball  bear- 
ing  are  released,  they  fall  into  the  annular  recess 
around  firing  pin42c4,  releasing  the  firing  pin.  The  fir- 
ing  pin  42c4  moves  downwardly  in  figure  8c,  impact- 
ing  detonator  42c3.  The  impact  with  detonator  42c3 
firing  charge  42c2.  The  charge  42c2  initiates  a  deto- 
nation  wave  in  booster  44a1A,  which  wave  propa- 
gates  down  primer  cord  44a1  B  to  perforating  gun  44, 

firing  the  charges  in  the  gun.  If  the  firing  head  42c 
fails,  and  charge  42c2  fails  to  detonate,  one  need  only 
pull  pump  40  out  of  the  well.  When  pump  40  is  pulled 

5  to  the  well  surface,  latch  ring42c6  in  finger  tube  42c7 
is  sheared,  and  finger  tube  42c7  moves  upwardly, 
over  and  away  from  the  booster  44a1.  In  addition, 
pipe  section  42a  in  figures  8a  and  8b,  lock  members 
42c5A  through  42c5F,  and  firing  head  42c  all  accom- 

10  pany  the  pump  40  to  the  well  surface.  There  is  no 
need  to  pull  the  tubing  string  30  to  the  well  surface  in 
order  to  gain  access  to  the  firing  head. 

Referring  to  figure  9,  a  third  alternate  embodi- 
ment  of  the  invention  shown  in  figure  4  is  illustrated. 

15  Figure  9  is  essentially  the  same  embodiment  of 
invention  as  shown  in  figure  7  of  the  drawings,  except 
that  the  intermediate  part  30e  of  the  tubing  string  in 
figure  9  does  not  contain  a  sucker  rod.  Tubing  pres- 
sure  is  conveyed  through  bypass  or  channel  40a,  and 

20  through  tube  42d  in  figure  9a  and  9b.  When  the  tubing 
pressure  arrives  at  the  intermediate  part  30e  of  tub- 
ing  string  30,  the  Pt  is  conveyed  through  the  inter- 
mediate  space  60  inside  intermediate  part  30e  of  tub- 
ing  string  30.  The  Pt  is  further  conveyed  through  port 

25  64  of  seal  66,  at  the  otherend  of  the  intermediate  part 
30e  of  tubing  string  30,  and  intothe  tube  42d  of  figure 
9c.  The  firing  head  42c  in  figure  9c  functions  identi- 
cally  to  the  firing  head  42c  of  figure  7.  The  essential 
purpose  of  the  embodiment  shown  in  figure  9  is  to  in- 

30  crease  the  distance  between  pump  40  and  firing  head 
42c  by  inserting  one  or  more  of  the  intermediate  parts 
30e  of  tubing  string  30  between  top  part  30d  and  bot- 
tom  part  30f  of  tubing  string  30.  If  the  firing  head  42c 
fails  to  detonate,  pump  40  is  pulled  to  the  well  sur- 

35  face.  When  the  pump  40  is  pulled  to  the  well  surface, 
top  part  30d  of  tubing  string  30  may  separate  from  in- 
termediate  part  30e  of  tubing  string  30  in  the  well 
bore.  It  may  be  necessary  to  retrieve  one  or  more  of 
the  intermediate  parts  30e  from  the  well.  In  any 

40  event,  pipe  sections  42a  in  figures  9a  and  9b  are 
pulled  to  the  well  surface  along  with  the  pump  40. 
Seal  66  in  figure  9b  includes  a  fish  neck  70.  When  the 
pump  40  and  pipe  sections  42a  in  figures  9a  and  9b 
are  pulled  to  the  well  surface,  and  after  all  intermedi- 

ns  ate  parts  30e  are  retrieved  from  the  wellbore,  the  pipe 
section  42a  enclosed  within  the  bottom  part  30f  of 
tubing  string  30,  including  the  firing  head  42c,  is  fish- 
ed  out  of  the  borehole  by  hooking  onto  the  fish  neck 
70.  When  the  pipe  section  42a  and  firing  head  42c  of 

so  figure  9c  are  fished  out  of  the  wellbore,  using  fish- 
neck  70,  the  latch  ring  42c6  is  sheared,  thereby  pull- 
ing  the  finger  tube  42c7  of  firing  head  42c  over  and 
away  from  the  booster  44a1A.  Since  the  pump  40, 
pipe  sections  42a  and  firing  head  42c  are  all  pulled  to 

55  the  surface  at  the  same  time,  there  is  no  need  to  pull 
the  tubing  string  to  the  surface.  A  considerable 
amount  of  rigtime  is  saved. 

Referring  to  figure  10,  a  fourth  alternate  embodi- 
ment  of  the  invention  shown  in  figure  4  is  illustrated. 
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The  embodiments  of  figures  7-9  were  all  con- 
cerned  about  increasing  the  distance  between  the 
pump  40  and  the  firing  head  42c  in  the  pump,  since 
there  is  no  guarantee  that  the  firing  head  42c  of  fig- 
ures  4  and  6  would  be  positioned  immediate  adjacent 
the  booster  44a1A  when  the  pump  apparatus  40  of 
figure  3  comes  to  rest  on  the  top  part  of  the  tubing 
string,  as  shown  in  figure  4.  When  the  distance  be- 
tween  pump  40  and  firing  head  42c  in  the  pump  is  in- 
creased,  in  the  manner  shown  with  reference  to  fig- 
ures  7-9,  there  is  still  no  guarantee  that,  for  a  partic- 
ular  well,  the  firing  head  42c  would  be  positioned  im- 
mediately  adjacent  the  booster  44a1A.  Therefore, 
one  further  solution  to  this  problem  is  suggested:  af- 
ter  the  new  pump  apparatus  including  pump  40  and 
estension  member  42  is  inserted  into  the  wellbore 
and  the  pump  40  rests  on  the  top  part  of  tubing  string 
30,  physically  drop  the  firing  head  42c  from  its  posi- 
tion  shown  in  figure  1  0;  after  a  free  fall,  firing  head  42c 
will  eventually  impact  the  extender  tube  44a  where 
the  booster  44a  1  A  is  located;  that  is,  upon  impact,  fin- 
ger  tube  42c7  of  firing  head  42c  will  surround  the  ex- 
tender  tube  44a  of  the  perforating  gun  44  and  charge 
42c2  will  contact  the  head  44a1  of  extender  tube  44a 
where  the  booster  44a  1  A  is  located.  Tubing  pressure 
Pt  will  then  move  lock  member  42c5  upwardly,  as  be- 
fore,  allowing  firing  pin  42c4  to  move  downwardly 
onto  detonator  42c3,  firing  charge  42c2. 

In  figure  1  0,  a  pipe  section  42a  is  connected  to  a 
pump  40,  the  pipe  section  42a  enclosing  a  tube  or 
space  42d  in  which  the  tubing  pressure  Pt  is  carried 
from  bypass/channel  40a.  As  in  other  embodiments, 
seal  50  seals  the  pipe  section  42a  from  well  fluids  ex- 
ternal  to  the  tubing  string  30.  Pipe  section  42a  is  con- 
nected  to  a  release  mechanism  72.  The  release 
mechanism  72  includes  an  internal  member  72c,  a 
closure  member  72b  covering  and  enclosing  the  in- 
ternal  member  72c,  and  shear  pins  72a  disposed 
through  the  closure  member  72b  and  the  internal 
member  72c.  The  closure  member  72b  is  connected 
to  its  own  closure  member  pipe  section  42a1  .  The  clo- 
sure  member  pipe  section  42a1  includes  a  tube  or 
space  42d1  in  which  Pt  is  carried,  the  space  42d1 
ending  a  transverse  port  or  space  42d2  which  termin- 
ates  at  the  underside  of  closure  member  72d.  Internal 
member  72c  holds  an  extender  member  74  via  ball 
bearings  78  interposed  between  internal  member  72c 
and  extender  member  74.  A  bar  (preferably  steel)  76 
is  connected  to  the  extender  member  74,  and  firing 
head  42c  is  connected  to  the  steel  bar  76.  Extender 
member  74  includes  its  own  fishneck  70,  and  firing 
head  42c  also  includes  its  own  fishneck  70. 

In  operation,  referring  to  figure  10,  tubing  pres- 
sure  Pt  is  conveyed  through  bypass  or  channel  40a 
in  pump  40,  through  tube  42d  enclosed  by  pipe  sec- 
tion  42a,  and  through  tube  or  space  42d1  of  closure 
member  pipe  section  42a1  .  The  Pt  is  then  passed  into 
transverse  port  42d2  until  the  passage  of  the  Pt  ter- 

minates  at  the  underside  of  closure  member  72b. 
When  the  Pt  is  high  enough,  shear  pins  72a  shatter, 
and  closure  member  72b  begins  to  move  upwardly  in 

5  the  drawing.  Eventually,  the  closure  member  72b 
moves  over  ball  bearings  78.  Ball  bearings  78  fall  into 
its  annular  recess  around  extender  member  74.  This 
releases  the  extender  member  74.  At  this  point,  the 
extender  member  74,  steel  bar  76,  and  firing  head  42c 

10  all  drop  down  into  the  well.  When  the  firing  head  42c 
nears  the  vicinity  of  the  extender  tube  44a  of  figure 
4,  during  impact  of  firing  head  and  extender  tube,  fin- 
ger  tube  42c7  of  the  firing  head  42c  surrounds  the  ex- 
tender  tube  44a  and,  eventually,  charge  42c2  of  firing 

15  head  42c  contacts  head  44a1  of  extender  tube  44a 
where  the  booster  44a  1  A  is  located.  Tubing  pressure 
Pt  enters  port  80  of  firing  head  42c  and  terminates  at 
the  underside  of  lock  member  42c5.  Lock  member 
42c5  moves  upwardly  in  response  to  the  Pt,  and  ball 

20  bearing  fall  into  its  annular  recess,  allowing  firing  pin 
42c4  to  propel  downwardly  onto  detonator  42c3.  Det- 
onator  42c3  fires  charge  42c2,  which,  in  turn,  sends 
a  detonation  wave  down  primer  cord  44a1  B,  firing  the 
charges  in  the  perforating  gun  44.  If  the  firing  head 

25  42c  fails  to  detonate,  one  must  remove  pump  40  from 
the  well;  the  removal  of  pump  40  would  remove  pipe 
sections  42a  and  release  mechanism  72.  One  must 
then  retrieve  the  extender  member  74,  steel  bar  76, 
and  firing  head  42c  by  hooking  onto  fishneck  70  of  ex- 

30  tender  member  74,  or  fishneck  70  of  firing  head  42c. 
In  any  event,  it  is  not  necessary  to  remove  the  tubing 
string  in  order  to  gain  access  to  the  firing  head  42c. 
One  need  only  remove  the  pump  apparatus  40  (which 
includes  release  mechanism  72)  from  the  well  and 

35  then  subsequently  remove  firing  head  42c  from  the 
bottom  of  the  well. 

The  invention  being  thus  described,  it  will  be  ob- 
vious  that  the  same  may  be  varied  in  many  ways. 
Such  variations  are  not  to  be  regarded  as  a  departure 

40  from  the  spirit  and  scope  of  the  invention,  and  all  such 
modifications  as  would  be  obvious  to  one  skilled  in 
the  art  are  intended  to  be  included  within  the  scope 
of  the  following  claims. 

45 
Claims 

1.  An  apparatus  adapted  to  be  disposed  in  a  well- 
bore,  comprising: 

so  a  tubing  string  (30),  a  perforating  gun  (44) 
attached  to  the  lower  end  of  said  tubing  string 
(30),  and  a  pump  (40,  42)  disposed  adjacent  an 
upper  end  of  said  tubing  string  (30), 

characterized  in  that  said  perforating  gun 
55  (44)  is  devoid  of  a  firing  head  and  said  pump  (40, 

42)  includes  a  firing  head  (42c),  said  perforating 
gun  (44)  detonating  in  response  to  a  detonation 
of  said  firing  head  (42c)  in  said  pump  (40,  42). 
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2.  The  apparatus  of  claim  1,  characterized  in  that 
said  pump  (40,  42)  includes  a  first  portion  (42) 
and  a  second  portion  (40),  the  first  portion  (42) 
of  said  pump  adapted  to  be  inserted  into  the  up- 
per  end  of  said  tubing  string  (30),  the  second  por- 
tion  (40)  of  said  pump  adapted  to  rest  adjacent  to 
the  upper  end  of  said  tubing  string  (30),  said  firing 
head  (42c)  being  attached  to  said  first  portion 
(42)  of  said  pump  and  being  disposed  within  said 
tubing  string  (30)  when  the  first  portion  (42)  of 
said  pump  is  inserted  into  the  upper  end  of  said 
tubing  string  (30). 

3.  The  apparatus  of  claim  2,  characterized  in  that 
said  perforating  gun  (44)  comprises  a  detonating 
cord  (44a1B)  and  a  booster  (44a1A)  attached  to 
one  end  of  said  detonating  cord  (44a1B) 

4.  The  apparatus  of  claim  3,  characterized  in  that 
said  booster  (44a1A)  is  disposed  adjacent  said 
firing  head  (42c)  in  said  first  portion  (42)  of  said 
pump  when  said  first  portion  (42)  of  said  pump  is 
inserted  into  said  upper  end  of  said  tubing  string 
(30),  said  firing  head  (42c)  adapted  to  detonate, 
said  booster  (44a1  A)  adapted  to  transmit  a  deto- 
nation  wave  to  said  perforating  gun  (44)  in  re- 
sponse  to  the  detonation  of  said  firing  head  (42c). 

5.  The  apparatus  of  any  one  of  claims  2  to  4,  char- 
acterized  by  further  comprising  at  least  one  suck- 
er  rod  (62)  interconnected  between  said  first  por- 
tion  (42)  of  said  pump  and  said  firing  head  (42c). 

6.  The  apparatus  of  claim  5,  characterized  in  that 
said  tubing  string  (30)  comprises  a  bottom  section 
(30f)  of  tubing  string,  a  top  section  (30d)  of  tubing 
string,  and  at  least  one  intermediate  section  (30e) 
of  tubing  string  interconnected  between  the  bot- 
tom  section  and  the  top  section. 

7.  The  apparatus  of  any  one  of  claims  2  to  4,  char- 
acterized  by  further  comprising  release  mecha- 
nism  means  (72)  interconnected  between  said 
first  portion  (42)  of  said  pump  and  said  firing  head 
(42c)  for  decoupling  and  releasing  said  firing 
head  (42c)  from  said  first  portion  (42)  of  said 
pump. 

8.  The  apparatus  of  claim  7,  characterized  in  that 
said  firing  head  (42c)  drops  from  said  first  portion 
(42)  of  said  pump  when  said  release  mechanism 
means  decouples  and  releases  said  firing  head 
(42c)  from  said  first  portion  (42)  of  said  pump, 
said  firing  head  (42c)  impacting  said  booster 
(44a1A)  of  said  detonating  cord  (44a1B)  when 
said  firing  head  (42c)  drops  from  said  first  portion 
(42)  of  said  pump,  said  booster  (44a  1  A)  transmit- 
ting  a  detonation  wave  to  said  perforating  gun 

(44)  via  said  detonating  cord  (44a1  B)  when  said 
firing  head  (42c)  impacts  said  booster  (44a1  A). 

5  9.  A  method  of  perforating  a  well,  comprising  the 
steps  of: 

(a)  attaching  a  perforating  gun  (44),  devoid  of 
a  firing  head,  to  the  lower  end  of  a  tubing 
string  (30)  and  lowering  said  tubing  string,  in- 

10  eluding  said  perforating  gun  (44),  into  a  well- 
bore; 
(b)  attaching  a  firing  head  (42c)  to  the  lower 
end  of  a  pipe  section  (42)  including  a  pump 
(40)  and  lowering  said  pipe  section  (42),  in- 

15  eluding  said  firing  head  (42c),  into  said  tubing 
string  (30),  and 
(c)  detonating  said  firing  head  (42c),  said  per- 
forating  gun  (44)  perforating  said  well  in  re- 
sponse  to  detonation  of  said  firing  head  (42c). 

20 
10.  The  method  of  claim  9,  comprising  the  steps  of, 

if  said  firing  head  (42c)  fails  to  detonate,  remov- 
ing  said  pipe  section  from  said  tubing  string  (30) 
in  order  to  obtain  access  to  said  firing  head  (42c), 

25  whereby  the  firing  head  (42c)  may  be  repaired  or 
replaced. 

11.  The  method  of  claim  9  or  10,  wherein  the  attach- 
ing  step  (b)  further  comprises  the  steps  of: 

30  attaching  said  pump  (40)  to  an  upper  end 
of  said  pipe  sect-ion  (42);  and 

lowering  said  pipe  section  (42),  including 
said  firing  head  (42c),  into  said  tubing  string  (30) 
until  the  pump  (40)  apparatus  rests  on  said  tubing 

35  string  (30). 

Patentanspruche 

40  1.  Eine  in  einem  Erdbohrloch  anzuordnende  Vor- 
richtung,  umfassend 

einen  Rohrstrang  (30),  eine  Perforations- 
schielivorrichtung  (44),  die  an  dem  unteren  Ende 
des  Rohrstrangs  (30)  angeordnet  ist,  und  eine 

45  Pumpe  (40,  42),  die  nahe  einem  oberen  Ende  des 
Rohrstrangs  (30)  angeordnet  ist, 

dadurch  gekennzeichnet,  dali  die  Perfora- 
tionsschielivorrichtung  (44)  frei  ist  von  einem  Ab- 
feuerungskopf,  und  dali  die  Pumpe  (40,  42)  ei- 

50  nen  Abfeuerungskopf  (42c)  umfalit,  wobei  die 
Perforationsschielivorrichtung  (44)  detoniert  in 
Reaktion  auf  eine  Detonation  des  Abfeuerungs- 
kopfes  (42c)  in  der  Pumpe  (40,  42). 

55  2.  Die  Vorrichtung  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dali  die  Pumpe  (40,  42)  einen  er- 
sten  Abschnitt  (42)  und  einen  zweiten  Abschnitt 
(40)  umfalit,  wobei  der  erste  Abschnitt  der  Pumpe 
ausgebildet  ist,  in  das  obere  Ende  des  Rohr- 
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strangs  (30)  eingefugt  zu  werden,  der  zweite  Ab- 
schnitt  (40)  der  Pumpe  ausgebildet  ist,  urn  nahe 
dem  oberen  Ende  des  Rohrstrangs  (30)  abge- 
stutzt  zu  werden,  der  Abfeuerungskopf  (42c)  an 
dem  ersten  Abschnitt  (42)  der  Pumpe  angebracht 
ist  und  innerhalb  des  Rohrstrangs  (30)  angeord- 
net  ist,  wenn  der  erste  Abschnitt  (42)  der  Pumpe 
in  das  obere  Ende  des  Rohrstrangs  (30)  einge- 
fugt  wird. 

3.  Die  Vorrichtung  nach  Anspruch  2,  dadurch  ge- 
kennzeichnet,  dali  die  Perforationsschielivor- 
richtung  (44)  eine  Zundschnur  (44a1  B)  und  einen 
Treibsatz  (44a1  A)  umfalit,  angebracht  an  einem 
Ende  der  Zundschnur  (44a1  B). 

4.  Die  Vorrichtung  nach  Anspruch  3,  dadurch  ge- 
kennzeichnet,  dali  der  Treibsatz  (44a1A)  nahe 
dem  Abfeuerungskopf  (42c)  in  dem  ersten  Ab- 
schnitt  (42)  der  Pumpe  angeordnet  ist,  wenn  der 
erste  Abschnitt  (42)  der  Pumpe  in  das  obere  Ende 
des  Rohrstrangs  (30)  eingefugt  ist,  der  Abfeue- 
rungskopf  (42c)  ausgebildet  ist  zum  Detonieren, 
der  Treibsatz  (44a1  A)  ausgebildet  ist  zum  Uber- 
tragen  einer  Detonationswelle  zu  der  Perforati- 
onsschielivorrichtung  (44)  in  Reaktion  auf  die 
Detonation  des  Abfeuerungskopfes  (42c). 

5.  Die  Vorrichtung  nach  einem  der  Anspruche  2  bis 
4,  ferner  gekennzeichnet  durch  zumindest  einen 
Saugstab  (62),  der  zwischen  dem  ersten  Ab- 
schnitt  (42)  der  Pumpe  und  dem  Abfeuerungs- 
kopf  (42c)  eingefugt  ist. 

6.  Die  Vorrichtung  nach  Anspruch  5,  dadurch  ge- 
kennzeichnet,  dali  der  Rohrstrang  (30)  einen  Bo- 
denabschnitt  (30f)  des  Rohrstrangs,  einen  ober- 
seitigen  Abschnitt  (30d)  des  Rohrstrangs  und  zu- 
mindest  einen  Mittelabschnitt  (30e)  des  Rohr- 
strangs  umfalit,  der  zwischen  dem  bodenseitigen 
Abschnitt  und  dem  oberseitigen  Abschnitt  einge- 
fugt  ist. 

7.  Die  Vorrichtung  nach  einem  der  Anspruche  2  bis 
4,  gekennzeichnet  durch  Losemechanismusmit- 
tel  (42),  eingefugt  zwischen  dem  ersten  Abschnitt 
(42)  der  Pumpe  und  dem  Abfeuerungskopf  (42c) 
fur  das  Entkoppeln  und  Freigeben  des  Abfeue- 
rungskopfes  (42c)  von  dem  ersten  Abschnitt  (42) 
der  Pumpe. 

8.  Die  Vorrichtung  nach  Anspruch  7,  dadurch  ge- 
kennzeichnet,  dali  der  Abfeuerungskopf  (42c) 
von  dem  ersten  Abschnitt  (42)  der  Pumpe  herun- 
terfallt,  wenn  das  Losemechanismusmittel  ent- 
koppelt  und  den  Abfeuerungskopf  (42c)  von  dem 
ersten  Abschnitt  (42)  der  Pumpe  freigibt,  wobei 
der  Abfeuerungskopf  (42c)  auf  den  Treibsatz 

(44a1A)  der  Zundschnur  (44a1B)  auftrifft,  wenn 
der  Abfeuerungskopf  (42c)  von  dem  ersten  Pum- 
penabschnitt  (42)  herunterfallt,  wobei  der  Treib- 

5  satz  (44a1A)  eine  Detonationswelle  zu  der  Per- 
forationsschielivorrichtung  (44)  uber  die  Zund- 
schnur  (44a1B)  ubertragt,  wenn  der  Abfeue- 
rungskopf  (42c)  auf  den  Treibsatz  (44a1A)  auf- 
trifft. 

10 
9.  Ein  Verfahren  zum  Perforieren  eines  Erdbohr- 

lochs,  umfassend  die  Schritte: 
(a)  Anbringen  einer  Perforationsschielivor- 
richtung  (44),  die  frei  ist  von  einem  Abfeue- 

15  rungskopf  an  dem  unteren  Ende  eines  Rohr- 
strangs  (30),  und  Absenken  des  Rohrstranges 
einschlielilich  der  Perforationsschielivorrich- 
tung  (44)  in  ein  Erdbohrloch; 
(b)  Anbringen  eines  Abfeuerungskopfes  (42c) 

20  am  unteren  Ende  eines  Rohrabschnitts  (42) 
mit  einer  Pumpe  (40)  und  Absenken  des  Rohr- 
abschnitts  (42)  einschlielilich  des  Abfeue- 
rungskopfes  (42c)  in  den  Rohrstrang  (30,  und 
(c)  Detonieren  des  Abfeuerungskopfes  (42c), 

25  wobei  die  Perforationsschielivorrichtung  (44) 
das  Bohrloch  in  Reaktion  auf  die  Detonation 
des  Abfeuerungskopfes  (42c)  perforiert. 

10.  Das  Verfahren  nach  Anspruch  9,  umfassend  die 
30  Schritte,  dali  bei  Versagen  der  Detonation  des 

Abfeuerungskopfes  (42c)  der  Rohrabschnitt  aus 
dem  Rohrstrang  (30)  zuruckgezogen  wird,  urn 
Zugang  zu  dem  Abfeuerungskopf  (42c)  zu  gewin- 
nen,  wodurch  der  Abfeuerungskopf  (42c)  repa- 

35  riert  oder  ersetzt  werden  kann. 

11.  Das  Verfahren  nach  Anspruch  9  oder  10,  bei  dem 
der  Anbringschritt  (b)  ferner  die  Schritte  umfalit: 

Anbringen  der  Pumpe  (40)  an  einem  obe- 
40  ren  Ende  des  Rohrabschnitts  (42);  und 

Herablassen  des  Rohrabschnitts  (42)  ein- 
schlielilich  des  Abfeuerungskopfes  (42c)  in  den 
Rohrstrang  (30),  bis  die  Pumpenapparatur  (40) 
auf  dem  Rohrstrang  (30)  aufruht. 

Revendications 

1  .  Dispositif  adapte  pour  etre  place  dans  un  trou  de 
so  forage,  comprenant  : 

un  train  de  tiges  (30),  un  perforateur  (44) 
fixe  a  I'extremite  interieure  dudit  train  de  tiges 
(30),  et  une  pompe  (40,  42)  placee  de  facon  ad- 
jacente  a  une  extremite  superieure  dudit  train  de 

55  tiges  (30), 
caracterise  en  ce  que  led  it  perforateur  (44) 

est  depourvu  de  tete  d'amorce  et  ladite  pompe 
(40,  42)  comprend  une  tete  d'amorce  (42c),  ledit 
perforateur  (44)  detonant  en  reponse  a  une  deto- 

10 
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nation  de  ladite  tete  d'amorce  (42c)  dans  ladite 
pompe  (40,  42). 

2.  Dispositif  selon  la  revendication  1  ,  caracterise  en 
ce  que  ladite  pompe  (40,  42)  comprend  une  pre- 
miere  partie  (42)  et  une  seconde  partie  (40),  la 
premiere  partie  (42)  de  ladite  pompe  etant  adap- 
tee  pour  etre  inseree  dans  I'extremite  superieure 
dudit  train  de  tiges  (30),  la  seconde  partie  (40)  de 
ladite  pompe  etant  adaptee  pour  reposer  de  fa- 
con  adjacente  a  I'extremite  superieure  dudit  train 
de  tiges  (30),  ladite  tete  d'amorce  (42c)  etant 
f  ixee  a  ladite  premiere  partie  (42)  de  ladite  pom- 
pe  et  etant  disposee  a  I'interieur  dudit  train  de  ti- 
ges  (30)  lorsque  la  premiere  partie  (42)  de  ladite 
pompe  est  inseree  dans  I'extremite  superieure 
dudit  train  de  tiges  (30). 

3.  Dispositif  selon  la  revendication  2,  caracterise  en 
ce  que  ledit  perforateur  (44)  comprend  un  cordon 
detonant  (44a1  B)  et  un  amplif  icateur  (44a1  A)  fixe 
a  une  extremite  dudit  cordon  detonant  (44a1B). 

4.  Dispositif  selon  la  revendication  3,  caracterise  en 
ce  que  ledit  amplif  icateur  (44a1  A)  est  dispose  de 
facon  adjacente  ladite  tete  d'amorce  (42c)  dans 
ladite  premiere  partie  (42)  de  ladite  pompe  lors- 
que  ladite  premiere  partie  (42)  de  ladite  pompe 
est  inseree  dans  ladite  extremite  superieure  dudit 
train  de  tiges  (30),  ladite  tete  d'amorce  (42c)  etant 
adaptee  pourdetoner,  ledit  amplificateur(44a1A) 
etant  adapte  pour  transmettre  une  onde  de  deto- 
nation  audit  perforateur  (44)  en  reponse  a  la  de- 
tonation  de  ladite  tete  d'amorce  (42c). 

5.  Dispositif  selon  I'une  quelconque  des  revendica- 
tions  2  a  4,  caracterise  en  ce  qu'il  comprend  en 
outre  au  moins  une  tige  de  pompage  (62)  raccor- 
dee  entre  ladite  premiere  partie  (42)  de  ladite 
pompe  et  ladite  tete  d'amorce  (42c). 

6.  Dispositif  selon  la  revendication  5,  caracterise  en 
ce  que  ledit  train  de  tiges  (30)  comprend  une  sec- 
tion  inferieure  (30f)  de  train  de  tiges,  une  section 
superieure  (30d)  de  train  de  tiges,  et  au  moins 
une  section  intermediate  (30e)  de  train  de  tiges 
raccordee  entre  la  section  inferieure  et  la  section 
superieure. 

7.  Dispositif  selcn  I'une  quelconque  des  revendica- 
tions  2  a  4,  caracterise  en  ce  qu'il  comprend  en 
outre  un  mecanisme  de  degagement  (72)  relie 
entre  ladite  premiere  partie  (42)  de  ladite  pompe 
et  ladite  tete  d'amorce  (42c)  pourdecoupleretde- 
gager  ladite  tete  d'amorce  (42c)  de  ladite  premie- 
re  partie  (42)  de  ladite  pompe. 

8.  Dispositif  selon  la  revendication  7,  caracterise  en 

ce  que  ladite  tete  d'amorce  (42c)  tombe  de  ladite 
premiere  partie  (42)  de  ladite  pompe  lorsque  ledit 
mecanisme  de  degagement  decouple  et  degage 

5  ladite  tete  d'amorce  (42c)  de  ladite  premiere  par- 
tie  (42)  de  ladite  pompe,  ladite  tete  d'amorce 
(42c)  heurtant  ledit  amplificateur  (44a1A)  dudit 
cordon  detonant  (44a1B)  lorsque  ladite  tete 
d'amorce  (42c)  tombe  de  ladite  premiere  partie 

10  (42)  de  ladite  pompe,  ledit  amplificateur  (44a1  A) 
transmettant  une  onde  de  detonation  audit  perfo- 
rateur  (44)  par  I'intermediaire  dudit  cordon  deto- 
nant  (44a1  B)  lorsque  ladite  tete  d'amorce  (42c) 
heurte  ledit  amplificateur  (44a1  A). 

15 
9.  Procede  de  perforation  d'un  puits,  comprenant 

les  eta  pes  de  : 
(a)  fixation  d'un  perforateur  (44),  depourvu  de 
tete  d'amorce,  a  I'extremite  inferieure  d'un 

20  train  de  tiges  (30)  et  abaissement  dudit  train 
de  tiges,  comportant  ledit  perforateur  (44), 
dans  un  trou  de  sondage  ; 
(b)  fixation  d'une  tete  d'amorce  (42c)  a  I'extre- 
mite  inferieure  d'une  section  de  tube  (42) 

25  comportant  une  pompe  (40)  et  abaissement 
de  ladite  section  de  tube  (42),  comportant  la- 
dite  tete  d'amorce  (42c),  dans  ledit  train  de  ti- 
ges  (30),  et 
(c)  detonation  de  ladite  tete  d'amorce  (42c), 

30  ledit  perforateur  (44)  perforant  ledit  puits  en 
reponse  a  la  detonation  de  ladite  tete  d'amor- 
ce  (42c). 

10.  Procede  selon  la  revendication  9,  comprenant,  si 
35  ladite  tete  d'amorce  (42c)  ne  parvient  pas  a  de- 

toner,  les  etapes  d'enlevement  de  ladite  section 
de  tube  dudit  train  de  tiges  (30)  de  maniere  a  avoir 
acces  a  ladite  tete  d'amorce  (42c),  de  telle  sorte 
que  la  tete  d'amorce  (42c)  puisse  etre  reparee  ou 

40  remplacee. 

11.  Procede  selon  la  revendication  9  ou  10,  dans  le- 
quel  I'etape  de  fixation  (b)  comprend  en  outre  les 
etapes  de  : 

45  fixation  de  ladite  pompe  (40)  a  une  extre- 
mite  superieure  de  ladite  section  de  tube  (42)  ;  et 

abaissement  de  ladite  section  de  tube 
(42),  comportant  ladite  tete  d'amorce  (42c),  dans 
ledit  train  de  tiges  (30)  jusqu'a  ce  que  le  dispositif 

so  de  pompe  (40)  repose  sur  ledit  train  de  tiges  (30). 

55 
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