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Fluid  pressure  actuated  apparatus  for  performing  multiple  well  operations. 

(57)  Apparatus  for  performing  multiple  operations 
on  a  well  in  response  to  multiple  fluid  pressure 
increases  has  first  (1012)  and  second  (1006) 
pressure  actuated  firing  heads  and  a  source  of 
actuating  fluid  pressure  for  the  firing  heads.  A 
first  selective  communication  device  (1010)  is 
provided  for  isolating  the  second  firing  head 
(1006)  from  the  source  of  actuating  fluid  press- 
ure  until  after  the  first  firing  head  (1012)  has 
been  actuated  and  for  then  communicating  the 
second  firing  head  (1006)  with  the  source  of 
actuating  fluid  pressure  in  response  to  actua- 
tion  of  the  first  firing  head  (1012).  The  apparatus 
includes  a  well  tool  which  is  actuated  by  the 
second  firing  head. 
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The  present  invention  relates  to  fluid  pressure  ac- 
tuated  apparatus  for  performing  multiple  well  opera- 
tions. 

During  the  completion  of  an  oil  or  gas  well,  a 
length  of  casing  is  cemented  in  a  borehole,  and  then 
one  or  more  zones  of  the  casing  are  perforated  to 
communicate  the  bore  of  the  casing  with  subsurface 
geological  formations  intersected  by  the  borehole  so 
that  oil  or  gas  from  that  subsurface  formation  may  be 
produced  by  the  well. 

One  well-known  type  of  perforating  system  is  a 
tubing  conveyed  perforating  system  wherein  the  per- 
forating  guns  and  related  apparatus  are  carried  by  a 
tubing  string  made  up  of  a  plurality  of  threaded  joints 
of  tubing  or  pipe  which  are  connected  together  and 
lowered  into  the  well.  These  tubing  conveyed  comple- 
tion  systems  may  be  run  in  combination  with  a  drill 
stem  test  string  so  that  the  well  can  be  perforated  and 
tested  in  a  single  trip. 

In  some  situations,  it  is  desirable  to  be  able  to  se- 
lectively  perforate  more  than  one  zone  of  the  well  at 
different  times.  The  prior  art  has  typically  addressed 
this  need  by  the  provision  of  multiple  firing  heads 
which  are  constructed  to  actuate  at  different  operat- 
ing  pressures.  With  these  systems,  the  selection  of 
the  appropriate  firing  head  and  gun  to  be  fired  is  de- 
termined  by  the  pressure  which  is  applied  to  the  tub- 
ing  string  or  the  well  annulus  to  actuate  the  firing 
head.  Systems  of  this  type  capable  of  firing  several 
perforating  guns  independently  during  one  trip  into 
the  well  can  be  constructed  utilizing  the  Time  De- 
layed  Firing  Head  available  from  Vann  Systems  of 
Carrollton.  Texas.  The  Vann  Time  Delayed  Firing 
Head  utilizes  a  set  of  shear  pins  the  number  of  which 
can  be  selected  to  determine  the  actuating  pressure 
of  each  firing  head. 

We  have  now  devised  an  apparatus  including  a 
down  hole  tool  such  as  a  perforating  gun,  whereby  the 
apparatus  can  be  used  for  one  or  more  well  opera- 
tions  prior  to  actuation  of  the  tool. 

The  invention  provides  apparatus  comprising  at 
least  first  and  second  pressure  actuated  firing  heads, 
a  source  of  actuating  fluid  pressure  for  the  heads,  a 
first  selective  communication  means  for  isolating  said 
second  firing  head  from  said  source  of  actuating  fluid 
pressure  until  after  said  first  firing  head  has  been  ac- 
tuated,  and  for  then  communicating  said  second  firing 
head  with  said  source  of  actuating  fluid  pressure  in 
response  to  actuation  of  said  first  firing  head. 

In  one  arrangement  of  the  invention,  the  appara- 
tus  is  characterised  by  comprising  at  least  one  well 
tool,  eg  a  perforating  gun,  with  at  least  one  group  of 
firing  heads  for  each  tool,  each  group  having  a  said 
first  and  second  head  as  defined,  the  heads  being 
linked  to  be  actuated  sequentially,  the  last  actuated 
head  causing  actuation  of  the  tool. 

In  another  arrangement,  the  apparatus  is  charac- 
terised  in  that  the  said  first  selective  communication 

means  is  actuated  directly  by  actuation  of  the  first  fir- 
ing  head  to  communicate  the  second  firing  head  with 
the  fluid  pressure  source. 

In  a  third  arrangement,  the  apparatus  of  the  in- 
5  vention  is  characterised  in  that  the  said  first  and  sec- 

ond  firing  heads  are  not  separated  by  a  well  tool  (eg 
a  perforating  gun). 

The  selective  communication  means  preferably 
is  a  select  fire  sub  including  a  housing  having  a  first 

w  chamber  defined  therein.  The  first  chamber  is  com- 
municated  with  the  second  firing  head.  A  supply  pas- 
sage  is  communicated  with  the  source  of  actuating 
fluid  pressure  and  extends  into  the  housing.  The  sup- 
ply  passage  is  initially  isolated  from  the  first  chamber. 

15  An  explosive  means  is  contained  in  a  second  cham- 
ber  of  the  housing  for  perforating  a  portion  of  the 
housing  and  thereby  communicating  the  supply  pas- 
sage  with  the  first  chamber.  An  actuating  means  fires 
the  explosive  means  of  the  select  fire  sub  in  response 

20  to  firing  of  the  first  perforating  gun. 
In  the  apparatus  of  the  invention,  the  first  and 

second  pressure  actuated  firing  heads  separated  by 
a  selective  communication  means  may  be  utilized 
with  a  single  perforating  gun  so  as  to  allow  another 

25  pressure  responsive  operation  to  be  conducted  on  the 
well  prior  to  firing  of  the  perforating  gun.  For  example, 
it  may  be  desired  to  first  pressure  test  the  well,  and 
then  to  subsequently  operate  the  perforating  gun. 
Thus,  when  the  well  is  pressure  tested,  the  first  pres- 

30  sure  responsive  firing  head  will  actuate  the  selective 
communication  means  which  will  then  place  a  second 
firing  head  in  position  to  subsequently  fire  the  perfor- 
ating  gun  the  nexttime  pressure  is  increased  to  an  ap- 
propriate  level. 

35  In  order  that  the  invention  may  be  more  fully  un- 
derstood,  reference  is  made  to  the  accompanying 
drawings.  Figures  1  to  9  illustrate  features  of  the  in- 
vention,  and  Figures  10  and  11  illustrate  apparatus  of 
the  invention. 

40  In  the  drawings: 
FIG.  1  is  an  elevation  schematic  view  of  a  first 

embodiment  of  tubing  conveyed  selective  fired  per- 
forating  system  shown  in  place  in  a  well  which  inter- 
sects  a  plurality  of  subsurface  geological  formations 

45  which  are  to  be  perforated.  The  system  of  FIG.  1  is 
constructed  to  operate  without  a  packer  and  to  fire  the 
plurality  of  perforating  guns  selectively  in  sequence 
from  the  top  down.  The  system  of  FIG.  1  is  arranged 
to  be  actuated  by  fluid  pressure  conveyed  down  the 

50  tubing  string  and  then  communicated  through  exter- 
nal  control  fluid  conduits  to  the  series  of  select  fire 
subs. 

FIG.  2  is  an  elevation  sectioned  view  showing  the 
details  of  construction  of  an  isolation  sub  assembly 

55  utilized  in  the  system  of  FIG.  1.  The  isolation  sub  is 
shown  connected  to  the  lower  end  of  a  perforating 
gun. 

FIG.  3  is  an  elevation  sectioned  view  showing  the 
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details  of  construction  of  a  select  fire  sub  utilized  with 
the  system  of  FIG.  1. 

FIG.  4  is  an  elevation  schematic  view  similar  to 
FIG.  1,  but  eliminating  the  details  of  the  surrounding 
well  structure,  showing  a  second  version  of  tubing  5 
conveyed  selective  fired  perforating  system.  The  sys- 
tem  of  FIG.  4  is  constructed  to  operate  without  a  pack- 
er,  and  to  selectively  fire  the  plurality  of  perforating 
guns  in  sequence  from  the  bottom  up.  The  system  of 
FIG.  4  is  constructed  to  be  actuated  by  fluid  pressure  w 
conveyed  down  the  tubing  bore  and  then  communi- 
cated  to  the  series  of  select  fire  subs  through  control 
fluid  conduits  located  externally  of  the  subs. 

FIG.  5  is  a  schematic  elevation  view  of  a  third  ver- 
sion  of  tubing  conveyed  selective  fired  perforating  15 
system. 

The  plurality  of  perforating  guns  are  arranged  to 
be  selectively  fired  in  sequence  from  the  bottom  up. 
A  bridge  plug  is  carried  on  the  lower  end  of  the  tool 
string.  The  system  of  FIG.  5  is  arranged  to  be  actuat-  20 
ed  by  fluid  pressure  from  the  tubing  string  which  is 
communicated  with  the  well  annulus  surrounding  the 
perforating  guns  and  select  fire  subs. 

FIG.  6  is  an  elevation  schematic  view  of  a  fourth 
version  of  tubing  conveyed  selective  fired  perforating  25 
system. 

The  system  of  FIG.  6  is  constructed  to  be  actuat- 
ed  with  tubing  pressure  which  is  communicated  to  a 
well  annulus  surrounding  the  perforating  guns  and 
select  fire  subs.  The  system  of  FIG.  6  carries  a  pack-  30 
er,  and  the  series  of  guns  are  fired  from  the  top  down. 

FIG.  7  is  an  elevation  schematic  view  of  a  fifth 
version  of  tubing  conveyed  selective  fired  perforating 
system. 

The  system  of  FIG.  7  carries  both  a  packer  and  a  35 
bridge  plug  and  carries  a  flow  test  sub  so  that  the  va- 
rious  zones  which  are  perforated  may  be  flow  tested 
after  perforation.  The  system  of  FIG.  7  is  constructed 
to  be  actuated  by  fluid  pressure  conveyed  down  the 
well  annulus  surrounding  the  tubing  string  and  then  40 
crossed  over  through  the  upper  packer  to  an  external 
control  fluid  conduit  communicating  the  series  of  se- 
lect  fire  subs.  The  system  of  FIG.  7  is  constructed  to 
selectively  fire  the  series  of  perforating  guns  in  se- 
quence  from  the  top  down.  45 

FIG.  8  is  an  elevation  schematic  view  of  a  sixth 
version  of  tubing  conveyed  selective  fired  perforating 
system. 

The  system  of  FIG.  8  also  carries  both  a  retriev- 
able  packer  and  a  retrievable  bridge  plug.  It  is  con-  50 
structed  so  that  actuating  fluid  pressure  is  conveyed 
down  the  tubing  string  and  then  crossed  over  into  the 
well  annulus  surrounding  the  perforating  guns  and 
select  fire  subs.  The  series  of  perforating  guns  and 
select  fire  subs  are  arranged  so  that  the  perforating  55 
guns  are  selectively  fired  sequentially  from  the  bot- 
tom  up.  Due  to  the  presence  of  both  a  packer  and 
bridge  plug  which  allows  isolation  of  the  perforated 

zone,  the  zone  may  then  be  flow  tested  after  it  is  per- 
forated. 

FIG.  9  is  an  enlarged  sectioned  view  of  the  gun 
delay/isolation  device  used  in  the  isolation  sub  of  FIG. 
2. 

FIG.  1  0  is  an  elevation  schematic  view  of  an  em- 
bodiment  of  the  present  invention  wherein  a  single 
perforating  gun  has  multiple  firing  heads  associated 
therewith  separated  by  a  select  fire  sub  so  as  to  allow 
pressure  testing  or  other  operation  of  the  well  to  be 
performed  prior  to  actuation  of  the  perforating  gun. 

FIG.  11  is  an  elevation  schematic  view  of  another 
embodiment  of  the  present  invention  which  operates 
in  a  fashion  similar  to  that  of  FIG.  10  in  that  multiple 
firing  heads  are  associated  with  a  single  perforating 
gun.  The  embodiment  of  FIG.  11  provides  an  optional 
backup  firing  head  system  on  the  opposite  end  of  the 
perforating  gun  from  the  primary  firing  head  system. 

Detailed  Description  Of  The  Preferred 
Embodiments 

Turning  now  to  the  drawings,  and  particularly  to 
FIG.  1,  a  well  is  shown  and  generally  designated  by 
the  numeral  10.  The  well  10  is  formed  by  drilling  a 
borehole  1  2  into  the  ground  and  then  placing  a  casing 
14  within  the  borehole  12  and  cementing  the  casing 
in  place  with  cement  16.  The  casing  14  has  a  casing 
bore  18.  The  borehole  12  intersects  one  or  more  sub- 
surface  geological  formations  such  as  20  and  22 
which  are  to  be  perforated  for  testing  and/or  produc- 
tion  of  the  well  from  those  zones. 

A  perforating  string  24  is  shown  in  place  in  the 
well  10.  The  perforating  string  24  of  the  present  in- 
vention  may  also  be  referred  to  as  a  tubing  conveyed 
selective  fired  perforating  system  24.  A  well  annulus 
27  is  defined  between  the  casing  bore  1  8  and  the  per- 
forating  string  24. 

The  system  24  provides  a  means  by  which  a  plur- 
ality  of  perforating  guns  can  be  selectively  fired  so  as 
to  selectively  perforate  multiple  zones  of  the  well  10 
such  as  the  zones  20  and  22  illustrated  in  FIG.  1. 

The  system  24  includes  a  tubing  string  26  which 
carries  on  its  lower  end  a  string  of  tools  which  begin- 
ning  from  top  to  bottom  include  a  tubing  annulus 
crossover  sub  28,  a  tubing  spacer  sub  30,  a  first  pres- 
sure  actuating  firing  head  32,  a  first  perforating  gun 
34,  a  first  isolation  sub  36,  a  first  select  fire  sub  38, 
a  first  air  chamber  40,  a  first  control  line  sub  42,  a  sec- 
ond  pressure  actuated  firing  head  44,  a  second  per- 
forating  gun  46,  a  second  isolation  sub  48,  a  second 
select  fire  sub  50,  a  second  air  chamber  52,  a  second 
control  line  sub  54,  a  third  pressure  actuated  firing 
head  56,  a  third  perforating  gun  58,  a  third  isolation 
sub  60,  a  third  select  fire  sub  62,  a  third  air  chamber 
64,  a  fourth  pressure  actuated  firing  head  66,  and  a 
fourth  perforating  gun  68. 

It  will  be  understood  that  each  of  the  perforating 
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guns  schematically  illustrated  in  FIG.  1  may  be  made 
up  of  many  individual  gun  segments  connected  to- 
gether  in  series  to  provide  the  proper  length  of  gun  to 
perforate  the  zone  in  question. 

The  tubing  annulus  crossover  sub  28  is  commu-  5 
nicated  with  the  first  select  fire  sub  38  by  a  first  con- 
trol  fluid  conduit  portion  70.  The  conduit  70  may  be 
1/4"  O.D.  stainless  steel  tubing.  The  first  control  line 
sub  42  is  communicated  to  the  second  select  fire  sub 
50  by  a  second  control  fluid  conduit  portion  72.  The  w 
second  control  line  sub  54  is  communicated  to  the 
third  select  fire  sub  62  by  a  third  control  fluid  conduit 
portion  74. 

The  system  24  is  constructed  for  use  without  a 
packer  and  is  arranged  tof  ire  the  perforating  guns  34,  15 
46,  58  and  68  selectively  in  sequence  from  the  top 
down.  That  is,  the  first  gun  to  fire  will  be  first  gun  34. 
The  next  gun  to  fire  will  be  second  gun  46  and  so 
forth. 

To  selectively  perforate  multiple  zones  such  as  20 
zones  20  and  22  of  the  well  10  with  the  system  24  the 
procedure  is  carried  out  as  follows.  The  system  24  is 
lowered  into  the  casing  bore  18  of  well  10  until  the  first 
perforating  gun  34  is  located  adjacent  the  first  sub- 
surface  zone  20  which  is  to  be  perforated.  25 

Actuating  fluid  pressure  to  actuate  the  firing 
heads  associated  with  each  of  the  perforating  guns  is 
provided  through  the  bore  of  the  tubing  string  26 
which  may  be  generally  described  as  a  source  26  of 
actuating  fluid  pressure  for  the  firing  heads  such  as  30 
32,  44,  56  and  66. 

This  actuating  fluid  pressure  is  communicated 
through  the  tubing  annulus  crossover  sub  28  to  both 
the  first  control  fluid  conduit  portion  70  and  through 
the  tubing  spacer  sub  30  to  the  first  pressure  actuat-  35 
ed  firing  head  32. 

As  is  further  described  below  with  regard  to  the 
detailed  drawing  of  FIG.  3  illustrating  the  select  fire 
sub  38,  the  pressure  contained  in  first  control  fluid 
conduit  portion  70  is  initially  isolated  from  the  firing  40 
heads  located  therebelow. 

The  firing  heads  32,  44,  56  and  66  preferably  are 
Time  Delay  Firing  Heads  available  from  Vann  Sys- 
tems  of  Carrollton,  Texas.  These  firing  heads  employ 
a  time  delay  fuse.  The  use  of  the  time  delay  fuse  al-  45 
lows  for  ample  time,  on  the  order  of  five  to  seven  min- 
utes,  to  bleed  the  actuating  pressure  off  the  tubing 
string  26  prior  to  the  time  the  associated  perforating 
gun  fires.  The  operating  pressure  of  the  firing  head  32 
is  determined  by  selection  of  the  number  of  shear  pins  50 
utilized  to  hold  a  firing  piston  in  place  initially  against 
the  differential  pressures  acting  thereacross. 

The  pressure  in  tubing  string  26  is  raised  to  the 
actuating  pressure  necessary  to  actuate  the  first  fir- 
ing  head  32.  When  the  first  firing  head  32  is  actuated,  55 
the  pressure  in  the  tubing  string  26  is  bled  off  before 
the  firing  head  32  actually  fires  the  perforating  gun 
34.  As  is  further  explained  below,  it  is  necessary  to 

bleed  off  the  actuating  pressure  before  the  first  gun 
34  fires,  or  the  second  firing  head  44  would  be  actu- 
ated  as  soon  as  the  first  select  fire  sub  38  was  deto- 
nated.  After  the  time  delay  determined  by  the  con- 
struction  of  the  firing  head  32,  the  first  firing  head  32 
fires  the  first  perforating  gun  34  which  creates  a  plur- 
ality  of  perforations  such  as  76  extending  through  the 
casing  14  and  communicating  the  casing  bore  1  8  with 
the  first  subsurface  geological  formation  20. 

When  the  first  perforating  gun  34  fires,  it  deto- 
nates  the  first  isolation  sub  36,  the  details  of  con- 
struction  of  which  are  shown  in  FIG.  2. 

As  seen  in  FIG.  2,  a  lower  end  78  of  first  perfor- 
ating  gun  34  is  threadedly  connected  at  80  to  a  cross- 
over  sub  82.  A  detonating  cord  84  extends  from  the 
lower  end  of  perforating  gun  34  through  the  crossover 
sub  82  where  it  terminates  in  a  boostercharge  86.  The 
crossover  sub  82  and  components  contained  therein 
may  be  considered  to  be  a  portion  of  the  first  perfor- 
ating  gun  34. 

The  crossover  sub  82  is  connected  at  thread  88 
to  a  delay  housing  90  of  isolation  sub  36  with  O-ring 
seals  92  being  provided  therebetween. 

The  delay  housing  90  carries  a  booster  charge  94 
at  its  upper  end  which  is  fired  by  the  booster  charge 
86.  The  booster  charge  94  in  turn  ignites  a  length  of 
detonating  cord  96  which  leads  to  a  third  booster 
charge  98  which  fires  a  gun  delay/isolation  device 
100. 

The  lower  end  portion  of  delay  housing  90  has  in- 
ternal  threads  102  which  are  joined  to  external 
threads  104  of  the  select  fire  sub  38  seen  in  FIG.  3, 
so  that  a  lower  end  1  06  of  gun  delay/isolation  device 
100  abuts  a  booster  charge  108  received  in  the  first 
select  fire  sub  38.  The  booster  108  is  contained  in  a 
cylindrical  insert  110  which  carries  the  booster  108,  a 
length  of  detonating  cord  112,  and  a  shaped  charge 
114. 

The  gun  delay/isolation  device  100  when  fired  by 
the  booster  98  will  in  turn  fire  the  booster  108,  but  at 
the  same  time  will  prevent  fluid  communication 
through  a  bore  116  of  delay  housing  90  thereby  main- 
taining  the  first  perforating  gun  34  isolated  from  the 
select  fire  sub  38.  The  gun  delay/isolation  device  100 
works  in  the  following  manner. 

FIG.  9  is  an  enlarged  sectioned  view  of  the  gun 
delay/isolation  device  100.  Device  100  includes  a 
housing  170  received  in  bore  116  with  O-ring  seals 
171  and  172  received  therebetween.  Housing  170 
has  a  bore  173,  lower  counterbore  174,  upper  coun- 
terbore  175,  and  upper  threaded  counterbore  176  de- 
fining  a  central  passage  therethrough. 

Upper  counterbore  175  has  an  annular  spacer 
177  received  therein  abutting  shoulder  178.  Located 
above  spacer  177  is  a  primer  cap  179. 

Located  above  primer  cap  179  is  a  piston  sleeve 
180  carrying  O-rings  181  and  182  which  seal  against 
counterbore  1  75.  Piston  sleeve  1  80  is  threaded  at  1  83 
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adjacent  its  upper  end  184.  Thread  183  is  received  in 
threaded  counterbore  176  to  hold  piston  sleeve  180 
in  place. 

A  piston  185  is  received  in  a  bore  186  of  piston 
sleeve  180  with  two  O-rings  187  and  188  therebetw-  5 
een.  Piston  185  has  a  radially  outward  extending 
flange  189  at  its  upper  end  which  is  larger  in  diameter 
than  bore  1  86  and  initially  holds  piston  1  85  in  the  pos- 
ition  shown. 

An  annular  retainer  ring  190  is  threadedly  re-  w 
ceived  in  threaded  counterbore  176  above  piston  185 
to  prevent  upward  movement  of  piston  185. 

Retainer  ring  190  has  booster  98  (see  FIG.  2)  re- 
ceived  in  a  bore  191  thereof. 

Below  primer  cap  179  the  bore  of  spacer  177  and  15 
the  bore  1  73  and  counterbore  1  74  of  housing  1  70  are 
packed  with  an  explosive  mixture  1  92  which  is  held  in 
place  by  a  thin  retainer  disc  193  received  in  the  lower 
end  of  lower  counterbore  174. 

When  booster  98  detonates,  the  high  pressure  20 
generated  thereby  pushes  down  on  piston  1  85  shear- 
ing  the  radial  flange  189.  Piston  185  travels  down- 
ward  within  bore  186  a  short  distance  until  firing  pin 
194  of  piston  185  strikes  primer  cap  179  detonating 
the  same.  The  detonation  of  primer  cap  179  deto-  25 
nates  the  explosive  material  192  which  will  rupture 
disc  193  and  in  turn  detonate  booster  108  (see  FIG. 
3).  The  burning  of  explosive  mixture  192  will  also  pro- 
vide  a  short  time  delay  in  this  explosive  chain  reac- 
tion.  30 

The  piston  1  85  remains  sealed  in  bore  1  86  of  pis- 
ton  sleeve  180,  thereby  preventing  any  fluid  pressure 
communication  through  the  device  100. 

The  device  100  is  itself  a  part  of  the  prior  art  and 
is  constructed  in  accordance  with  the  teachings  of  U.  35 
S.  Patent  No.  5,078,210  to  George,  the  details  of 
which  are  incorporated  herein  by  reference. 

The  select  fire  sub  38  is  shown  in  detail  in  FIG. 
3.  Select  fire  sub  38  includes  a  cylindrical  housing  118 
which  can  be  described  as  having  first  and  second  40 
ends  120  and  122  which  may  also  be  referred  to  as 
lower  and  upper  ends  120  and  122  in  the  orientation 
shown  in  FIG.  3.  As  will  become  apparent  when  view- 
ing  the  various  alternative  systems  shown  in  FIGS.  4- 
8,  the  orientation  of  the  select  fire  sub  may  be  invert-  45 
ed. 

The  housing  118  of  select  fire  sub  38  has  first  and 
second  axially  extending  chambers  124  and  126  de- 
fined  therein  and  communicated  with  the  first  and 
second  ends  120  and  122,  respectively,  of  housing  50 
118.  The  first  chamber  124  is  defined  by  a  bore  128 
which  has  a  blind  end  130.  The  second  chamber  126 
is  defined  by  a  bore  132  and  a  counterbore  134.  The 
bore  132  has  a  blind  end  136. 

The  blind  ends  130  and  136  of  chambers  124  and  55 
126  are  separated  by  a  wall  138  of  housing  118. 

The  housing  118  has  an  actuating  pressure  sup- 
ply  passage  140  defined  therein.  Supply  passage  140 

includes  a  lateral  bore  142  extending  laterally  into  the 
wall  138  between  the  blind  ends  130  and  136  of  first 
and  second  chambers  124  and  126. 

Housing  118  includes  a  cylindrical  outer  surface 
144  having  first  and  second  recesses  146  and  148 
defined  therein  on  opposite  sides  longitudinally  of  the 
lateral  bore  142. 

The  actuating  pressure  supply  passage  140  fur- 
ther  includes  first  and  second  branch  passages  150 
and  152  communicating  the  lateral  bore  142  with  the 
first  and  second  recesses  146  and  148,  respectively. 
Each  of  the  branch  passages  150  and  152  includes 
an  internally  threaded  outermost  portion  such  as  154 
and  156  which  provides  a  means  for  connection 
thereof  to  a  control  fluid  conduit  such  as  control  fluid 
conduit  portion  70  which  extends  into  the  first  recess 
148. 

It  is  noted  that  for  the  first  select  fire  sub  38  of 
FIG.  1  which  is  shown  in  detail  in  FIG.  3,  the  threaded 
outer  end  1  54  of  first  branch  passage  1  50  is  blocked 
by  a  threaded  plug  1  58.  Also,  a  threaded  outer  portion 
160  of  lateral  bore  142  is  blocked  by  a  threaded  plug 
162. 

The  lower  portion  of  select  fire  sub  38  carries  ex- 
ternal  threads  164  which  are  connected  to  the  first  air 
chamber  40  seen  in  FIG.  1  . 

As  previously  described,  when  the  first  perforat- 
ing  gun  34  fires,  it  in  turn  detonates  the  first  gun  de- 
lay/isolation  device  100  which  in  turn  detonates  the 
first  select  fire  sub  38  by  detonating  booster  108 
which  ignites  detonating  cord  112  which  then  fires  the 
shaped  charge  114.  The  shaped  charge  114  creates 
a  downwardly  directed  explosive  jet  which  will  perfor- 
ate  the  wall  1  38  thus  communicating  the  first  and  sec- 
ond  chambers  124  and  126  with  each  other  and  with 
the  lateral  bore  142  of  actuating  pressure  supply  pas- 
sage  140.  Thus,  when  the  shaped  charge  114  perfor- 
ates  wall  138,  it  communicates  the  first  chamber  124 
with  the  actuating  pressure  supply  passage  140  and 
thus  with  the  source  of  actuating  fluid  pressure  con- 
tained  in  the  tubing  string  26. 

This  pressure  is  communicated  down  through  the 
first  chamber  1  24  and  through  the  first  air  chamber  40 
to  the  first  control  line  sub  42  seen  in  FIG.  1.  First  con- 
trol  line  sub  42  communicates  the  pressure  both  to 
the  second  control  fluid  conduit  portion  72  and  to  the 
second  pressure  actuated  firing  head  44. 

The  system  24  is  now  ready  for  firing  of  the  sec- 
ond  perforating  gun  46  when  the  actuating  pressure 
in  tubing  string  26  is  next  raised  to  a  sufficient  level. 

It  will  be  apparent  that  if  the  actuating  fluid  pres- 
sure  were  not  bled  off  prior  to  firing  of  firstgun  34,  the 
second  firing  head  44  would  be  immediately  actuated 
upon  detonation  of  the  first  select  fire  sub  38. 

The  select  fire  sub  38  can  generally  be  described 
as  a  selective  communication  means  38  for  isolating 
the  second  firing  head  44  from  the  source  of  actuat- 
ing  fluid  pressure  in  tubing  string  26  until  after  the 
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first  perforating  gun  34  has  been  fired.  After  the  first 
perforating  gun  34  has  been  fired,  the  select  fire  sub 
38  which  has  in  turn  been  detonated  by  first  perfor- 
ating  gun  34,  provides  a  means  for  communicating 
the  second  firing  head  44  with  the  source  of  actuating  5 
fluid  pressure  in  tubing  string  26  in  response  to  the  fir- 
ing  of  the  first  perforating  gun  34. 

The  shaped  charge  114  can  be  generally  descri- 
bed  as  an  explosive  means  114  for  perforating  a  por- 
tion  of  the  housing  118,  namely  the  wall  138,  and  w 
thereby  communicating  the  supply  passage  140  with 
the  first  chamber  124. 

The  explosive  train  contained  in  the  isolation  sub 
36,  namely  the  detonating  cord  84,  boosters  86  and 
94,  detonating  cord  96,  booster  98  and  the  gun  de-  15 
lay/isolation  device  100  can  be  generally  described 
as  an  actuating  means  for  firing  the  shaped  charge 
114  of  select  fire  sub  38  in  response  to  firing  of  the 
first  perforating  gun  34.  The  gun  delay/isolation  de- 
vice  1  00  can  also  be  described  as  an  isolation  means  20 
100  for  isolating  the  first  perforating  gun  34  from  the 
first  chamber  124  of  the  select  fire  sub  38  after  the 
shaped  charge  114  of  select  fire  sub  38  is  fired  thus 
perforating  the  wall  138. 

The  various  passages  throughout  the  tool  string  25 
shown  in  FIG.  1  which  communicate  the  various  tools 
with  the  source  of  actuating  fluid  pressure  in  tubing 
string  26,  such  as  the  control  fluid  conduit  portion  70, 
72  and  74  may  each  be  considered  to  be  a  part  of  the 
source  of  actuating  fluid  pressure.  30 

Typically  it  will  be  desired  to  move  the  perforating 
string  24  before  firing  the  second  gun  72.  For  exam- 
ple,  in  the  situation  illustrated  in  FIG.  1,  after  the  first 
perforating  gun  34  has  been  fired  to  perforate  the  first 
zone  20,  the  tubing  string  26  will  be  lowered  until  the  35 
second  perforating  gun  46  is  adjacent  the  second 
zone  22  which  is  to  be  perforated.  The  source  of  ac- 
tuating  fluid  pressure  in  tubing  string  26  is  now  in 
communication  with  the  second  pressure  actuated 
firing  head  44.  40 

After  the  second  perforating  gun  46  has  been  lo- 
cated  adjacent  the  second  subsurface  formation  22, 
the  pressure  in  tubing  string  26  is  again  raised  to  an 
appropriate  level  to  actuate  the  second  firing  head  44. 
Then  pressure  is  bled  off  prior  to  the  time  that  the  sec-  45 
ond  firing  head  44  actually  fires  the  second  perforat- 
ing  gun  46. 

It  is  noted  that  with  the  system  of  the  present  in- 
vention,  each  of  the  firing  heads  can  be  actuated  at 
the  same  pressure.  This  is  contrasted  to  prior  art  sys-  50 
terns  wherein  each  successive  firing  head  had  to  be 
actuated  at  a  higher  pressure.  Thus  the  system  of  the 
present  invention  can  be  operated  at  lower  actuating 
pressures  than  those  required  by  prior  art  systems. 

When  the  second  perforating  gun  46  fires,  the  55 
process  described  above  repeats,  that  is  the  second 
perforating  gun  will  detonate  the  second  isolation  de- 
vice  48  which  in  turn  will  detonate  the  second  select 

fire  sub  50  which  in  turn  will  place  the  tubing  string 
26  in  communication  with  the  third  firing  head  56  and 
the  third  control  fluid  conduit  portion  74. 

The  next  time  tubing  pressure  is  raised  to  an  ap- 
propriate  level,  the  third  firing  head  56  will  be  actuat- 
ed  which  will  in  turn  fire  third  perforating  gun  58  which 
will  in  turn  fire  third  isolation  device  60  which  will  det- 
onate  the  third  select  fire  sub  62  thus  placing  the  sys- 
tem  in  condition  for  subsequent  firing  of  the  fourth 
perforating  gun  68  as  desired. 

When  it  is  desired  to  fire  the  fourth  perforating 
gun  68,  actuating  pressure  is  again  applied  to  the  tub- 
ing  string  26  and  communicated  through  third  control 
fluid  conduit  portion  74,  third  select  fire  sub  62,  and 
third  air  chamber  64  to  the  fourth  pressure  actuating 
firing  head  66  which  will  in  turn  fire  the  fourth  perfor- 
ating  gun  68. 

It  will  be  appreciated  that  any  number  of  perfor- 
ating  guns  can  be  selectively  fired  with  the  system  de- 
scribed  herein  by  providing  additional  isolation  subs 
and  select  fire  subs  and  other  related  components  as 
required. 

It  will  be  apparent  that  in  general  the  system  24 
will  have  one  less  select  fire  sub  than  it  has  perforat- 
ing  guns.  For  example,  the  system  of  FIG.  1  has  four 
perforating  guns  and  has  three  select  fire  subs.  The 
system  can  be  generally  described  as  having  a  total 
number  X  of  perforating  guns  and  having  a  total  num- 
ber  X-1  of  select  fire  subs. 

As  is  apparent  from  the  description  just  given  for 
the  system  of  FIG.  1,  in  that  system,  the  first  perfor- 
ating  gun  34  is  located  above  the  second  perforating 
gun  46  so  that  the  system  24  fires  the  perforating  gun 
sequentially  from  the  top  down. 

The  Alternative  Embodiment  Of  FIG.  4 

FIG.  4  illustrates  an  alternative  version  of  the 
perforating  system  of  the  present  invention  which  is 
shown  and  generally  designated  by  the  numeral  400. 
The  system  400  of  FIG.  4  is  very  similar  to  the  system 
24  of  FIG.  10,  but  the  components  have  been  some- 
what  rearranged  so  that  the  perforating  guns  of  the 
perforating  string  400  in  FIG.  4  fire  from  bottom  up 
rather  than  from  the  top  down.  The  perforating  string 
400  of  FIG.  4,  like  the  system  24  of  FIG.  1  ,  is  designed 
for  use  without  a  packer  and  it  utilizes  the  tubing 
string  26  as  a  source  of  actuating  fluid  pressure. 

For  ease  of  illustration  in  FIGS.  4  and  the  follow- 
ing  figures,  the  various  components  of  the  well  sur- 
rounding  the  perforating  string  have  been  eliminated. 
It  will  be  understood  that  these  alternative  versions  of 
the  perforating  string  of  the  present  invention  are  util- 
ized  in  the  same  general  context  as  illustrated  in  FIG. 
1. 

In  FIG.  4,  the  perforating  system  400  includes  the 
tubing  string  26  previously  mentioned,  and  a  control 
line  sub  402  connected  to  the  tubing  string  26.  The 

6 



11 EP  0  647  766  A2 12 

control  line  sub  402  provides  for  connection  of  a  con- 
trol  fluid  conduit  404  made  up  of  conduit  portions 
404A,  404B,  404C  and  404D  to  the  inner  bore  of  tub- 
ing  string  26.  As  seen  in  FIG.  4,  the  control  fluid  con- 
duit  404  extends  alongside  the  entire  string  of  perfor-  5 
ating  guns  and  related  devices. 

Since  the  system  400  fires  from  bottom  up,  the 
various  components  making  up  that  perforating  string 
will  be  described  beginning  at  the  bottom  with  a  first 
air  chamber  or  fluid  chamber  406.  Located  above  first  w 
air  chamber  406  is  a  lower  control  line  sub  408  to 
which  the  lower  end  of  control  fluid  conduit  404  is  con- 
nected. 

Lower  control  line  sub  408  provides  actuating  flu- 
id  pressure  to  a  first  pressure  actuated  firing  head  15 
410  which  after  an  appropriate  time  delay  will  fire  a 
first  perforating  gun  412. 

Located  above  first  perforating  gun  412  is  a  first 
isolation  sub  414  and  a  first  select  fire  sub  416.  The 
first  isolation  sub  414  is  constructed  in  a  manner  sim-  20 
ilar  to  the  isolation  sub  36  of  FIG.  2  except  that  it  is 
inverted  as  compared  to  the  drawing  of  FIG.  2. 

First  select  fire  sub  416  is  similar  to  the  first  se- 
lect  fire  sub  38  of  FIG.  3  with  two  modifications.  The 
first  change  is  that  the  first  select  fire  sub  416  is  in-  25 
verted,  that  is  turned  upside  down  relative  to  the 
drawing  of  FIG.  3  so  that  the  shaped  charge  114  will 
be  contained  in  the  lowermost  chamber  of  the  first  se- 
lect  fire  sub  416  and  will  be  directed  upwardly  to  per- 
forate  the  wall  1  38.  The  second  change  is  in  the  man-  30 
ner  in  which  the  control  fluid  conduit  404  is  connected 
to  the  first  select  fire  sub  416.  The  control  fluid  con- 
duit  portions  404C  and  404D  are  connected  to  thread- 
ed  ends  154  and  156  of  branch  passages  150  and 
152.  Plug  162  is  still  in  place  in  lateral  bore  142.  35 

Thus,  when  it  is  desired  to  fire  the  first  perforating 
gun  412,  actuating  fluid  pressure  in  tubing  string  26 
will  be  increased  and  communicated  through  control 
fluid  conduit  404  and  through  the  lower  control  line 
sub  408  to  first  firing  head  410  to  actuate  the  same.  40 
Actuating  fluid  pressure  will  then  be  bled  off  during 
the  time  delay  provided  by  firing  head  41  0.  When  the 
first  perforating  gun  412  fires,  it  will  detonate  the  iso- 
lation  sub  414  which  will  in  turn  detonate  the  first  se- 
lect  fire  sub  416  thus  perforating  the  wall  138offirst  45 
select  fire  sub  41  6  and  placing  the  lateral  bore  142  of 
first  select  fire  sub  416  in  communication  with  its  up- 
per  chamber  124.  The  perforating  string  400  will  now 
be  in  condition  for  the  firing  of  the  next  perforating 
gun.  50 

The  remaining  components  of  first  perforating 
string  400  include  a  second  air  chamber  420,  a  sec- 
ond  pressure  actuated  firing  head  422,  a  second  per- 
forating  gun  424,  a  second  isolation  sub  426,  a  sec- 
ond  select  fire  sub  428,  a  third  air  chamber  430,  a  55 
third  pressure  actuated  firing  head  432,  a  third  per- 
forating  gun  434,  a  third  isolation  sub  436,  a  third  se- 
lect  fire  sub  438,  a  fourth  air  chamber  440,  a  fourth 

pressure  actuated  firing  head  442,  and  a  fourth  per- 
forating  gun  444.  Located  above  the  fourth  perforat- 
ing  gun  444  is  a  gun-tubing  crossover  sub  446  and 
above  that  is  a  spacer  sub  448  which  is  connected  to 
the  upper  control  line  sub  402. 

The  second  and  third  select  fire  subs  428  and  438 
have  their  branch  passages  150  and  152  communi- 
cated  with  control  fluid  conduit  portions  404  like  de- 
scribed  above  for  sub  416. 

When  actuating  pressure  is  applied  to  tubing 
string  26,  a  second  time  to  fire  the  second  perforating 
gun  424,  the  first  isolation  device  414  prevents  that 
fluid  pressure  from  entering  the  already  fired  first  per- 
forating  gun  412.  The  actuating  pressure  will  be  bled 
off.  The  second  gun  424  will  fire  thus  detonating  the 
second  isolation  sub  426  and  second  select  fire  sub 
428.  The  system  is  then  ready  for  firing  of  the  third 
gun,  434,  and  so  on. 

Thus,  the  system  400  provides  a  system  which 
selectively  fires  a  plurality  of  perforating  guns  se- 
quentially  from  the  bottom  up. 

The  Embodiment  Of  FIG.  5 

FIG.  5  shows  another  version  of  the  perforating 
string  of  the  present  invention  which  is  shown  and 
generally  designated  by  the  numeral  500.  The  system 
500  again  includes  the  tubing  string  26  which  has  a 
plurality  of  perforating  guns  and  related  equipment 
carried  thereon.  The  system  500  of  FIG.  6  is  designed 
to  utilize  a  retrievable  bridge  502  on  the  bottom  there- 
of. 

The  system  500  is  also  modified  in  that  although 
it  uses  the  tubing  string  26  as  a  source  of  actuating 
fluid  pressure,  that  pressure  is  communicated  to  the 
various  select  fire  subs  through  the  well  annulus  27 
(see  FIG.  1)  which  surrounds  those  select  fire  subs. 
This  is  accomplished  with  a  perforated  sub  504  con- 
nected  to  the  lower  end  of  tubing  string  26  and  com- 
municating  the  bore  of  tubing  string  26  with  the  sur- 
rounding  well  annulus  27.  The  perforating  string  500 
of  FIG.  5  is  designed  to  fire  its  various  perforating 
guns  from  the  bottom  up,  and  thus  will  be  described 
beginning  from  the  bottom  with  the  retrievable  bridge 
plug  502.  Located  above  the  retrievable  bridge  plug 
502  is  a  lower  perforated  sub  506  which  communi- 
cates  the  surrounding  well  annulus  27  with  the  first 
pressure  actuated  firing  head  508. 

With  reference  to  the  plurality  of  zones  20  and  22 
shown  in  FIG.  1,  the  system  500  would  be  utilized  to 
perforate  those  zones  preferably  beginning  with  the 
lowermost  zone.  For  example,  if  it  were  first  desired 
to  perforate  the  zone  22  of  FIG.  1,  the  perforating 
string  500  would  be  lowered  into  the  well  10  until  the 
retrievable  bridge  plug  502  was  located  below  zone 
22  with  first  gun  510  adjacent  zone  22,  and  then  the 
retrievable  bridge  plug  502  would  be  set  within  the 
casing  bore  1  8  to  seal  the  same.  Then  actuating  fluid 
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pressure  in  the  tubing  string  26  is  increased  and  com- 
municated  through  upper  perforated  sub  504  to  the 
well  annulus  27  and  from  the  well  annulus  27  through 
lower  perforated  sub  506  to  the  first  firing  head  508 
to  actuate  the  same.  After  an  appropriate  time  delay  5 
during  which  the  actuating  fluid  pressure  would  be 
bled  down,  the  first  firing  head  508  will  fire  the  first 
perforating  gun  510  to  perforate  the  first  zone  22. 

The  first  perforating  gun  510  will  have  connected 
to  its  upper  end  a  component  like  the  crossover  sub  w 
82  seen  in  FIG.  2  which  will  of  course  be  inverted  rel- 
ative  to  FIG.  2.  The  crossover  sub  82  will  be  connect- 
ed  directly  to  the  threads  104  of  the  second  end  122 
of  a  first  select  fire  sub  512  which  is  generally  con- 
structed  like  the  select  fire  sub  38  of  FIG.  3  except  it  15 
is  inverted.  The  booster  86  of  the  crossover  sub  82 
utilized  with  perforating  gun  510  will  be  directly  adja- 
cent  the  booster  108  of  the  first  select  fire  sub  512, 
so  that  upon  firing  of  the  first  perforating  gun  110,  the 
first  select  fire  sub  512  will  also  be  detonated  so  as  20 
to  communicate  its  lateral  bore  142  with  its  first  cham- 
ber  124.  The  lateral  bore  142  of  first  select  fire  sub 
512  is  already  in  open  communication  with  the  well 
annulus  27  so  that  when  the  first  select  fire  sub  512 
is  detonated,  it  will  place  its  chamber  124  in  fluid  com-  25 
munication  with  the  surrounding  well  annulus  27  and 
thus  through  a  first  air  chamber  514  will  place  the  well 
annulus  27  in  communication  with  a  second  pressure 
actuated  firing  head  516. 

It  is  noted  that  in  the  system  of  FIG.  5,  there  is  no  30 
need  for  the  isolation  device  like  isolation  device  100 
seen  in  FIG.  2,  and  thus  the  isolation  sub  36  and  all 
components  contained  therein  have  been  eliminated. 

When  it  is  desired  to  perforate  another  zone  such 
as  the  upper  zone  20  of  FIG.  1  ,  the  retrievable  bridge  35 
plug  502  will  be  unset  from  the  casing  bore  and  the 
perforating  string  500  will  be  raised  until  the  bridge 
plug  502  is  located  above  the  previously  perforated 
zone  22  and  until  a  second  perforating  gun  518  is  lo- 
cated  adjacent  the  upper  zone  20  which  is  to  be  per-  40 
forated.  Then  actuating  fluid  pressure  is  again  ap- 
plied  down  through  the  tubing  string  26  and  annulus 
27  and  then  through  the  first  select  fire  sub  51  2,  and 
first  air  chamber  514  to  the  second  firing  head  516  to 
fire  the  second  perforating  gun  518.  The  actuating  45 
pressure  is  bled  off  prior  to  firing  of  second  gun  518. 

In  response  to  firing  of  the  second  firing  gun  518, 
a  second  select  fire  sub  520  will  be  detonated  thus 
placing  a  third  firing  head  522  in  communication  with 
the  well  annulus  27  through  a  second  air  chamber  50 
524. 

The  next  time  actuating  fluid  pressure  is  raised  to 
the  appropriate  level,  the  third  firing  head  522  will  fire 
third  perforating  gun  526. 

In  response  to  firing  of  third  perforating  gun  526,  55 
a  third  select  fire  sub  528  will  be  detonated  thus  pro- 
viding  fluid  communication  of  the  well  annulus  27 
through  a  third  air  chamber  530  with  a  fourth  firing 

head  532  which  in  turn  can  fire  a  fourth  perforating 
gun  534. 

Typically,  prior  to  firing  of  each  successive  per- 
forating  gun,  the  perforating  string  500  will  be  moved 
uphole  so  as  to  place  the  retrievable  bridge  plug  502 
above  all  of  the  previously  existing  perforations. 

Thus  the  system  of  FIG.  5  provides  a  perforating 
string  500  which  utilizes  a  retrievable  bridge  plug  and 
fires  a  plurality  of  perforating  guns  selectively  in  se- 
quence  from  the  bottom  up. 

The  Embodiment  Of  FIG.  6 

Still  another  version  of  the  perforating  string  of 
the  present  invention  is  shown  in  FIG.  6  and  is  gen- 
erally  designated  by  the  numeral  600.  The  perforating 
string  600  includes  the  tubing  string  26  and  carries  a 
retrievable  packer  602  on  the  lower  end  of  tubing 
string  26.  Located  below  the  retrievable  packer  602 
is  a  perforated  sub  604  which  communicates  the  in- 
ner  bore  of  tubing  string  26  with  the  well  annulus  27 
surrounding  the  perforating  string  600. 

The  perforating  string  600  of  FIG.  6  provides  a 
system  which  can  utilize  the  retrievable  packer  602  to 
fire  a  plurality  of  perforating  guns  sequentially  in  ser- 
ies  from  the  top  down  utilizing  the  retrievable  packer 
602  to  seal  below  any  perforations  which  have  previ- 
ously  been  created. 

For  example,  if  it  is  desired  to  use  the  perforating 
system  600  of  FIG.  6  to  perforate  a  plurality  of  zones 
such  as  zones  20  and  22  shown  in  FIG.  1  beginning 
with  the  upper  zone  20,  the  perforating  string  600  is 
run  into  the  well  10  and  the  retrievable  packer  602  is 
set  in  the  casing  bore  18  above  the  upper  zone  20 
which  is  to  be  first  perforated.  The  first  perforating 
gun  606  is  located  adjacent  the  first  zone  20  which  is 
to  be  perforated. 

Actuating  fluid  pressure  from  tubing  26  is  com- 
municated  through  the  perforated  sub  604  to  a  first 
pressure  actuated  firing  head  608  which  after  an  ap- 
propriate  time  delay  will  fire  the  first  perforating  gun 
606.  The  actuating  fluid  pressure  will  be  bled  off  prior 
to  the  time  that  the  first  perforating  gun  606  fires. 

In  response  to  the  firing  of  the  first  perforating 
gun  606,  a  first  select  fire  sub  610  will  be  detonated 
thus  placing  its  lateral  bore  142  in  communication 
with  its  first  chamber  124.  The  lateral  bore  142  is  also 
in  open  fluid  communication  with  the  well  annulus  27. 

The  retrievable  packer  602  is  then  unset  from 
casing  bore  18,  and  the  perforating  string  600  is  low- 
ered  until  the  packer  602  is  located  below  the  previ- 
ously  created  perforations  and  until  a  second  perfor- 
ating  gun  612  is  located  adjacent  the  next  zone,  such 
as  zone  22,  which  is  to  be  perforated. 

Then  actuating  fluid  pressure  is  again  applied  to 
tubing  string  26  and  thus  through  perforated  sub  604 
to  the  well  annulus  27,  then  in  through  the  first  select 
fire  sub  610  and  through  a  first  air  chamber  614  to  a 
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second  firing  head  616  which  after  appropriate  time 
delay  will  fire  the  second  perforating  gun  61  2.  The  ac- 
tuating  fluid  pressure  is  bled  off  during  the  time  delay. 

In  response  to  firing  of  the  second  perforating 
gun  612,  a  second  select  fire  sub  618  will  be  detonat- 
ed.  Then  the  next  time  that  actuating  fluid  pressure 
is  applied  to  tubing  string  26,  it  is  communicated 
through  second  select  fire  sub  61  8  and  through  a  sec- 
ond  air  chamber  620  toa  third  firing  head  622.  Actuat- 
ing  pressure  is  then  bled  off.  Afteran  appropriate  time 
delay,  the  third  firing  head  622  will  fire  the  third  per- 
forating  gun  624.  In  response  to  firing  of  the  third  gun 
624,  a  third  select  fire  sub  626  will  be  detonated. 

Then  the  next  time  actuating  fluid  pressure  is  ap- 
plied  to  tubing  string  26,  it  will  be  communicated 
through  third  select  fire  sub  626  and  a  third  air  cham- 
ber  628  to  a  fourth  firing  head  630  which  after  an  ap- 
propriate  time  delay  will  fire  the  fourth  perforating  gun 
632. 

After  firing  of  each  of  the  perforating  guns,  the 
perforating  string  600  will  typically  be  moved  down- 
ward  within  the  well  bore  so  as  to  locate  the  retriev- 
able  packer  602  below  those  perforations  which  have 
previously  been  formed. 

Thus  the  perforating  system  600  provides  a  sys- 
tem  which  can  utilize  a  retrievable  packer  to  fire  a 
plurality  of  perforating  guns  selectively  in  sequence 
from  the  top  down,  while  isolating  each  zone  to  be 
perforated  from  those  zones  which  have  previously 
been  perforated. 

The  Embodiment  Of  FIG.  7 

FIG.  7  illustrates  another  embodiment  of  the  per- 
forating  system  of  the  present  invention  which  is 
shown  and  generally  designated  by  the  numeral  700. 
The  system  700  includes  the  tubing  string  26  previ- 
ously  mentioned.  The  system  700  of  FIG.  7  differs 
from  the  systems  previously  described  in  that  a  re- 
trievable  upper  packer  702  and  a  retrievable  bridge 
plug  or  lower  packer  704  are  carried  on  the  upper  and 
lower  ends,  respectively,  of  the  tool  string  so  that  a 
zone  of  the  well  can  be  completely  isolated  between 
the  packer  702  and  bridge  plug  704  so  that  after  the 
zone  is  perforated,  it  may  be  flow  tested. 

The  system  700  of  FIG.  7  is  constructed  to  fire  a 
plurality  of  perforating  guns  selectively  in  sequence 
from  the  top  down. 

The  system  700  also  differs  from  those  previous- 
ly  described  in  that  the  source  of  actuating  fluid  pres- 
sure  is  not  the  interior  of  the  tubing  string  26,  but  in- 
stead  is  an  upper  well  annulus  27A  located  above  the 
upper  packer  702. 

An  annulus  pressure  crossover  sub  706  is  locat- 
ed  above  packer  702.  A  perforated  sub  708  which 
may  also  be  described  as  a  flow  test  sub  708  is  locat- 
ed  below  packer  702.  An  upper  control  line  sub  710 
is  located  below  flow  test  sub  708. 

The  annulus  pressure  crossoversub  706  commu- 
nicates  fluid  pressure  from  upper  well  annulus  27A 
through  sub  inlet  712  and  down  through  an  internal 
conduit  713  extending  through  packer  702.  The  inter- 

5  nal  conduit  713  is  communicated  with  the  inner  pas- 
sage  of  upper  control  line  sub  710.  Thus,  control  fluid 
pressure  from  the  upper  well  annulus  27A  is  commu- 
nicated  with  the  upper  control  line  sub  710. 

The  flow  test  sub  708  has  a  plurality  of  perfora- 
w  tions  or  inlets  714  which  are  communicated  with  an- 

other  internal  passage  through  packer  702  with  the 
inner  bore  of  tubing  string  26  so  that  well  fluids  may 
be  flowed  inward  through  the  inlets  714  of  flow  test 
sub  708  and  up  through  the  bore  of  tubing  string  26 

15  during  a  flow  test. 
To  perforate  and  test  the  well  10  with  the  perfor- 

ating  string  700,  the  operation  is  carried  out  in  gener- 
ally  the  following  manner. 

For  example  if  it  is  desired  to  first  perforate  the 
20  upper  zone  20,  the  perforating  string  700  is  lowered 

into  the  well  10  until  the  retrievable  bridge  plug  704 
is  located  below  first  zone  20  and  packer  702  is  locat- 
ed  above  first  zone  20  with  a  first  perforating  gun  716 
located  adjacent  the  zone  20  which  is  to  be  perforat- 

25  ed.  The  upper  packer  702  and  retrievable  bridge  plug 
704  are  set  within  the  casing  bore  1  8  so  as  to  isolate 
the  zone  20  which  is  to  be  perforated. 

Then,  actuating  fluid  pressure  is  applied  to  the 
upper  well  annulus  27A  and  is  communicated  by  the 

30  annulus  pressure  crossover  sub  706  and  through  in- 
ternal  conduit  712  with  upper  control  line  sub  710 
which  is  communicated  through  first  air  chamber  71  8 
with  a  first  pressure  actuated  firing  head  720.  After 
actuation  of  the  first  firing  head  720,  actuating  fluid 

35  pressure  is  bled  off.  After  an  appropriate  time  delay, 
the  first  gun  716  will  fire  to  perforate  the  casing  ad- 
jacent  the  subsurface  zone  20  of  interest. 

After  the  first  perforating  gun  716  is  fired,  the 
zone  20  can  be  flow  tested  under  control  of  a  tester 

40  valve  (not  shown)  located  within  the  tubing  string  26 
to  allow  flow  of  well  fluids  from  subsurface  formation 
20  through  the  perforations  created  by  perforating 
gun  716  and  in  through  the  inlets  714  of  flow  test  sub 
708  and  then  up  through  the  tubing  bore  of  tubing 

45  string  26  to  the  surface. 
The  upper  control  line  sub  710  is  also  communi- 

cated  with  a  first  control  fluid  conduit  portion  722 
which  has  its  lower  end  connected  to  a  first  select  fire 
sub  724.  The  first  select  fire  sub  724  is  arranged  iden- 

50  tically  to  the  select  fire  sub  38  shown  in  FIG.  3  with 
the  first  control  fluid  conduit  portion  722  being  con- 
nected  to  threaded  connection  156  of  branch  pas- 
sage  152. 

In  response  to  firing  of  the  first  perforating  gun 
55  716,  a  first  isolation  sub  726,  which  is  substantially 

identical  to  the  isolation  sub  36  of  FIG.  2,  is  detonated 
and  in  turn  detonates  the  first  select  fire  sub  724  to 
place  the  first  control  fluid  conduit  portion  722  in  fluid 
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communication  with  a  second  air  chamber  728  and  a 
second  control  line  sub  730. 

When  it  is  desired  to  perforate  and  test  another 
zone  of  the  well  such  as  the  lower  formation  22,  the 
packer  702  and  retrievable  bridge  plug  704  are  unset 
from  casing  bore  18  and  the  perforating  string  70  is 
moved  until  the  second  zone  22  is  located  between 
packer  702  and  bridge  plug  704  with  a  second  perfor- 
ating  gun  732  being  located  adjacent  the  second  zone 
22. 

Then  actuating  fluid  pressure  is  again  applied  to 
upper  well  annulus  27Aand  is  communicated  through 
the  annulus  pressure  crossover  sub  706,  upper  con- 
trol  line  sub  71  0,  first  control  fluid  conduit  portion  722, 
first  select  fire  sub  724,  second  air  chamber  728,  and 
second  control  line  sub  730  to  a  second  pressure  ac- 
tuated  firing  head  734  which  in  turn  will  fire  the  sec- 
ond  perforating  gun  732.  Actuating  pressure  is  bled 
off  before  gun  732  fires. 

After  the  second  perforating  gun  732  is  fired  to 
perforate  the  second  zone  22,  the  second  zone  22 
can  be  flow  tested  through  the  flow  test  sub  708. 

In  response  to  firing  of  the  second  perforating 
gun  732,  a  second  isolation  sub  736  is  detonated 
which  in  turn  detonates  a  second  select  fire  sub  738, 
which  will  place  a  second  control  fluid  conduit  portion 
740  in  fluid  communication  through  a  third  air  cham- 
ber  742  with  a  third  firing  head  744  which  in  turn  can 
selectively  actuate  a  third  perforating  gun  746. 

Thus  the  perforating  string  700  of  FIG.  7  provides 
a  system  which  can  selectively  isolate,  perforate  and 
test  multiple  zones  of  a  well.  The  perforating  guns  of 
the  perforating  string  700  are  arranged  so  that  they 
are  fired  selectively  in  sequence  from  the  top  down. 

It  will  be  appreciated  that  by  rearrangement  of  the 
perforating  guns,  select  fire  subs,  isolation  subs,  and 
air  chambers,  a  system  like  that  of  FIG.  7  operating 
in  response  to  actuating  pressure  in  the  upper  well 
annulus  27A  could  be  constructed  to  fire  its  perforat- 
ing  guns  from  the  bottom  up. 

The  Embodiment  Of  FIG.  8 

FIG.  8  shows  another  version  of  the  perforating 
string  of  the  present  invention  which  is  generally  des- 
ignated  by  the  numeral  800.  The  system  800  includes 
the  tubing  string  26  previously  mentioned. 

The  perforating  string  800  of  FIG.  8  carries  a  re- 
trievable  upper  packer  802  and  a  retrievable  bridge 
plug  or  lower  packer  804  on  its  upper  and  lower  ends 
as  did  the  system  700  of  FIG.  7. 

The  system  800  is  actuated  by  fluid  pressure 
within  the  tubing  string  26  which  is  communicated 
through  an  inner  bore  806  of  packer  802  to  a  perfo- 
rated  sub  or  flow  test  sub  808  which  communicates 
the  packer  bore  806  with  the  well  annulus  27. 

The  system  800  of  FIG.  8  is  constructed  to  fire  its 
plurality  of  perforating  guns  selectively  in  sequence 

from  the  bottom  up. 
A  lower  perforated  sub  810  is  connected  to  the 

upper  end  of  bridge  plug  804  and  communicates  the 
well  annulus  27  with  a  first  pressure  actuated  firing 

5  head  812.  The  firing  head  812  will,  after  an  appropri- 
ate  time  delay,  fire  first  perforating  gun  814. 

Located  immediately  above  first  perforating  gun 
814  is  a  first  select  fire  sub  81  6  which  will  be  detonat- 
ed  in  response  to  firing  of  the  first  gun  814.  There  is 

w  no  isolation  sub  between  first  gun  814  and  first  select 
fire  sub  816.  The  arrangement  of  the  first  gun  814  and 
first  select  fire  sub  816  is  similar  to  that  of  the  first  gun 
510  and  first  select  fire  sub  51  2  of  the  system  500  de- 
scribed  above  with  regard  to  FIG.  5.  That  is,  the  first 

15  select  fire  sub  81  6  is  inverted  with  reference  to  the  ar- 
rangement  of  FIG.  3.  Also,  the  lateral  bore  142  of  first 
select  fire  sub  816  is  in  open  communication  with  the 
well  annulus  27. 

Detonation  of  the  first  select  fire  sub  816  will 
20  place  the  well  annulus  27  in  communication  through 

a  first  air  chamber  818  with  a  second  pressure  actu- 
ated  firing  head  820. 

After  the  first  perforating  gun  814  is  fired  to  per- 
forate  a  first  zone  of  the  well,  the  well  can  be  f  low  test- 

25  ed  by  flowing  well  fluids  in  through  the  flow  test  sub 
808  and  up  the  bore  of  tubing  string  26. 

When  it  is  desired  to  perforate  and  test  another 
zone  of  the  well,  the  packer  802  and  bridge  plug  804 
are  unset,  and  the  test  string  800  is  moved  until  a  sec- 

30  ond  zone  of  interest  is  located  between  the  packer 
802  and  bridge  plug  804  with  a  second  perforating 
gun  822  located  adjacent  the  second  zone  of  interest. 
Then  fluid  actuating  pressure  is  again  applied  to  tub- 
ing  string  26  and  communicated  through  the  first  se- 

35  lect  fire  sub  81  6  and  first  air  chamber  81  8  to  the  sec- 
ond  firing  head  820  to  actuate  the  same.  After  an  ap- 
propriate  time  delay  during  which  actuating  fluid 
pressure  is  bled  off,  the  second  perforating  gun  822 
will  fire  thus  perforating  the  second  zone  of  interest 

40  which  can  then  be  flow  tested. 
In  response  to  firing  of  the  second  perforating 

gun  822,  a  second  select  fire  sub  824  is  detonated  to 
place  the  well  annulus  27  in  communication  through 
an  air  chamber  826  with  a  third  pressure  actuated  f  ir- 

45  ing  head  828  which  can  in  turn  fire  a  third  perforating 
gun  830. 

Thus  the  perforating  string  800  provides  a  sys- 
tem  which  is  actuated  in  response  to  tubing  pressure 
and  which  can  isolate,  perforate  and  test  selective 

50  zones,  with  the  perforating  guns  being  fired  selective- 
ly  in  sequence  from  the  bottom  up.  It  will  be  appreci- 
ated  that  by  rearrangement  of  the  perforating  guns, 
select  fire  subs  and  air  chambers,  that  a  system  like 
that  of  FIG.  8  operating  on  tubing  fluid  pressure  26 

55  could  be  constructed  to  fire  its  guns  from  the  top 
down. 
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the  well  bore  18  below  packer  1016  is  increased  to  a 
level  sufficient  to  pressure  test  the  well,  for  example 
5000  psi  above  hydrostatic  pressure. 

The  first  time  delay  firing  head  1012  is  set  to  ac- 
tuate  at  a  pressure  level  below  that  at  which  the  well 
is  to  be  tested,  e.g.,  the  firing  head  1012  may  be  set 
to  operate  at  a  pressure  of  2000  psi  above  hydrostatic 
pressure. 

When  the  pressure  in  the  well  is  raised  to  pres- 
sure  test  the  well,  the  first  time  delay  firing  head  1012 
will  be  actuated.  Prior  to  the  actual  firing  of  the  first 
time  delay  firing  head  1012,  the  pressure  test  is  com- 
pleted  and  pressure  within  the  well  is  reduced.  Sub- 
sequently  the  firing  head  1012  will  fire  thus  perforat- 
ing  the  wall  138ofselectfiresub  1010and  placing  the 
second  time  delay  firing  head  1  006  in  communication 
with  the  well  bore  through  the  air  chamber  1008  and 
through  the  passage  140  of  select  fire  sub  1010  after 
rupturing  of  the  wall  138. 

Then  the  next  time  well  pressure  is  increased  to 
an  appropriate  level,  e.g.,  2000  psi  above  hydrostatic 
pressure,  it  will  actuate  the  time  delay  firing  head 
1  006  to  fire  the  perforating  gun  1  002  thus  perforating 
the  casing  18  adjacent  subsurface  formation  20. 
Once  the  casing  20  is  perforated,  the  well  may  be  im- 
mediately  placed  in  production.  Thus,  the  packer 
1016  will  serve  as  a  permanent  production  packer 
and  the  tubing  string  26  will  serve  as  a  production 
tubing  string. 

It  will  be  appreciated  that  if  it  is  desired  to  conduct 
more  than  one  pressure  test  on  the  well  prior  to  firing 
of  the  perforating  gun  1002,  another  select  fire  sub 
and  another  time  delay  firing  head  may  be  placed  be- 
tween  firing  head  1012  and  on/off  tool  1014  thus  al- 
lowing  two  pressure  tests  to  be  conducted. 

In  general,  the  system  of  FIG.  10  may  be  descri- 
bed  as  a  system  for  performing  multiple  operations  on 
a  well  in  response  to  multiple  fluid  pressure  increas- 
es.  In  the  example  described,  the  multiple  operations 
include  a  first  operation  of  pressure  testing  the  well 
and  a  second  operation  of  perforating  the  well. 

The  Alternative  Embodiment  Of  FIG.  11 

FIG.  11  illustrates  an  alternative  version  of  the 
perforating  system  of  the  present  invention  which  is 
shown  and  generally  designated  by  the  numeral 
1100.  The  system  1100  operates  in  a  manner  very 
similar  to  the  system  1000  described  with  regard  to 
FIG.  10.  One  difference  is  that  the  system  1100  re- 
mains  attached  to  the  tubing  string  26.  Another  dif- 
ference  is  that  an  optional  backup  firing  head  system 
has  been  added  to  the  system  11  00.  Such  an  optional 
backup  system  could  also  be  added  to  the  system 
1000  of  FIG.  10. 

From  top  to  bottom,  the  system  1100  includes  a 
packer  1102,  a  perforated  nipple  1104,  a  first  pres- 
sure  actuated  time  delay  firing  head  1106,  a  first  se- 

The  Alternative  Embodiment  Of  FIG.  10 

FIG.  10  illustrates  an  alternative  embodiment  of 
the  perforating  system  of  the  present  invention  which 
is  shown  and  generally  designated  by  the  numeral  5 
1000.  The  system  1000  of  FIG.  10  differs  from  those 
previously  described  in  that  it  includes  only  a  single 
perforating  gun  which  has  multiple  time  delay  firing 
heads  associated  therewith  so  that  multiple  well  op- 
erations  can  be  performed  such  as  first  pressure  test-  w 
ing  the  well  and  then  subsequently  perforating  the 
well. 

The  system  1000  of  FIG.  10  includes  a  perforat- 
ing  gun  1  002  supported  above  an  automatic  releasing 
gun  hanger  1004  which  is  set  within  the  casing  bore  15 
18.  The  automatic  releasing  gun  hanger  may,  for  ex- 
ample,  be  constructed  as  shown  in  U.  S.  Patent  Ap- 
plication  Serial  No.  07/930,122  of  George  et  al.,  filed 
August  14,  1992,  and  assigned  to  the  assignee  of  the 
present  invention,  the  details  of  which  are  incorporat-  20 
ed  herein  by  reference. 

Located  immediately  above  the  perforating  gun 
1002  is  a  first  pressure  actuated  time  delay  firing 
head  1006,  then  an  air  chamber  1008,  then  a  select 
fire  sub  1010,  then  another  pressure  actuated  time  25 
delay  firing  head  1012,  then  an  on/off  tool  1014. 

Spaced  above  the  on/off  tool  1014  is  a  packer 
1016  carried  by  the  tubing  string  26.  Located  imme- 
diately  above  the  packer  1016  is  a  seal  assembly  and 
locator  sub  1018.  Located  below  the  packer  1016  is  30 
a  mill-out  extension  1019  which  initially  was  connect- 
ed  to  the  on/off  tool  1014. 

The  system  1  000  shown  in  FIG.  1  0  is  a  system  of 
the  type  sometimes  referred  to  as  a  monobore  com- 
pletion  as  is  described  in  more  detail  in  the  above-  35 
referenced  Application  Serial  No.  07/930,122,  the  de- 
tails  of  which  are  incorporated  herein  by  reference. 

With  the  system  1000,  the  on/off  tool  1014  and 
various  structures  located  therebelow  are  initially 
supported  from  the  tubing  string  26  by  the  mill-out  ex-  40 
tension  1019.  The  tool  string  is  lowered  until  the  auto 
release  gun  hanger  1004  is  in  the  position  shown  in 
FIG.  10,  at  which  point  it  is  set  within  the  casing  bore 
18.  Then,  the  mill-out  extension  1019  is  disconnected 
from  the  on/off  tool  1014  and  the  tubing  string  26  is  45 
raised  until  the  packer  1016  is  at  the  position  shown 
in  FIG.  10,  at  which  point  the  packer1016  issetwithin 
the  casing  bore  18. 

The  uppermost  time  delay  firing  head  1012  is  ini- 
tially  communicated  with  the  casing  bore  1  8.  The  low-  50 
ermost  time  delay  firing  head  1006  is  initially  isolated 
from  the  casing  bore  18  by  the  select  fire  sub  1010. 
The  select  fire  sub  1010  is  constructed  as  shown  in 
FIG.  3  except  that  the  control  line  70  is  not  present 
and  all  three  ports  156,  160  and  154  are  open  to  the  55 
well  bore. 

After  the  system  is  put  in  the  orientation  shown  in 
FIG.  10,  pressure  in  the  tubing  string  26  and  thus  in 

11 



21 EP  0  647  766  A2 22 

lect  fire  sub  1108,  an  air  chamber  1110,  a  second 
pressure  actuated  time  delay  firing  head  1112,  a  per- 
forating  gun  1114,  a  third  time  delay  firing  head  1116, 
a  second  air  chamber  1118,  a  second  select  fire  sub 
1120,  a  fourth  pressure  actuated  time  delay  firing  5 
head  1122,  a  ported  nipple  1124,  and  bull  plug  1126. 

The  packer  1102  may  either  be  a  permanent 
packerora  retrievable  packer.  The  system  11  00  is  run 
into  the  casing  14  until  the  perforating  gun  1114  is  lo- 
cated  adjacent  the  subsurface  formation  20  which  is  w 
to  be  perforated.  Then  the  packer  1102  is  set  within 
the  casing  bore  18. 

When  it  is  desired  to  pressure  test  the  well,  fluid 
pressure  is  increased  down  tubing  string  26  and  com- 
municated  to  the  casing  bore  18  below  packer  1102  15 
through  the  perforated  nipple  1104.  This  pressure  is 
also  communicated  to  the  firing  head  1106,  and 
through  ported  nipple  1124  to  the  firing  head  1122. 
Both  the  firing  head  11  06  and  the  firing  head  11  22  will 
be  fired  when  the  pressure  within  the  well  is  raised  to  20 
pressure  test  the  well  casing  18  below  packer  1102. 
The  pressure  applied  for  pressure  testing  the  well  will 
be  released  before  the  firing  heads  11  06  and  1122  ac- 
tually  fire. 

After  the  built-in  time  delay  has  expired,  the  firing  25 
heads  1106and  1122  will  fire  thus  breaching  the  walls 
1138  of  select  fire  subs  1108  and  1120,  respectively. 
This  will  place  the  firing  heads  1112  and  1116  in  com- 
munication  with  the  well  bore. 

Then  the  next  time  fluid  pressure  is  raised  to  an  30 
appropriate  level,  e.g.,  2000  psi  above  hydrostatic 
pressure,  the  firing  heads  1112  and  1116  will  be  ac- 
tuated  and  after  an  appropriate  time  delay  they  will 
fire  the  perforating  gun  1114  to  perforate  the  casing 
14  adjacent  the  subsurface  formation  20.  35 

It  will  be  appreciated  that  the  firing  heads  above 
the  perforating  gun  1114  may  be  considered  as  a  pri- 
mary  firing  system  and  the  firing  heads  below  the  per- 
forating  gun  1114  may  be  considered  as  a  backup  sys- 
tem.  Thus  if  any  one  of  the  firing  heads  fails  to  oper-  40 
ate,  the  perforating  gun  1114  will  still  be  fired  at  the 
appropriate  time. 

Thus  it  is  seen  that  the  apparatus  and  methods 
of  the  present  invention  readily  achieve  the  ends  and 
advantages  mentioned  as  well  as  those  inherent  45 
therein.  While  certain  preferred  embodiments  of  the 
invention  have  been  illustrated  and  described  for  pur- 
poses  of  the  present  disclosure,  numerous  changes 
may  be  made  by  those  skilled  in  the  art,  which 
changes  are  encompassed  within  the  scope  and  spirit  50 
of  the  present  invention  as  defined  by  the  appended 
claims. 

creases,  which  apparatus  comprises  first  (1012) 
and  second  (1006)  pressure  actuated  firing 
heads;  a  source  of  actuating  fluid  pressure  for 
said  firing  heads;  and  a  first  selective  communi- 
cation  means  (1010)  for  isolating  said  second  fir- 
ing  head  (1  006)  from  said  source  of  actuating  flu- 
id  pressure  until  after  said  first  firing  head  (1012) 
has  been  actuated  and  for  then  communicating 
said  second  firing  head  (1006)  with  said  source 
of  actuating  fluid  pressure  in  response  to  actua- 
tion  of  said  first  firing  head  (1012). 

2.  Apparatus  according  to  claim  1  ,  which  also  com- 
prises  at  least  one  well  tool  (1002),  and  wherein 
said  apparatus  comprises  at  least  one  group  of 
firing  heads  for  each  tool,  each  group  comprising 
at  least  a  said  first  and  a  said  second  pressure  ac- 
tuated  firing  head,  said  heads  in  each  group  be- 
ing  linked  to  be  actuated  sequentially,  the  last  ac- 
tuated  head  of  each  group  causing  actuation  of 
the  respective  tool. 

3.  Apparatus  according  to  claim  1  ,  which  also  com- 
prises  a  well  tool  (1002),  which  tool  is  not  located 
between  the  first  (1012)  and  the  second  (1006) 
firing  heads. 

4.  Apparatus  according  to  claim  1  ,  wherein  the  said 
first  selective  communication  means  (1010)  is 
actuated  directly  by  actuation  of  the  first  firing 
head  (1012)  to  communicate  the  second  firing 
head  (1006)  with  the  fluid  pressure  source. 

5.  Apparatus  according  to  claim  1  ,  2,  3  or  4,  further 
comprising  a  total  number  X  of  said  pressure  ac- 
tuated  firing  heads  including  said  first  (1012)  and 
second  (1006)  firing  heads;  and  a  total  number  X- 
1  of  said  selective  communication  means  includ- 
ing  said  first  selective  communication  means 
(1010). 

6.  Apparatus  according  to  any  of  claims  1  to  5, 
wherein  said  first  selective  communication 
means  (1010)  includes  a  select  fire  sub  (38)  in- 
cluding  a  housing  (118)  having  a  first  chamber 
(124)  defined  therein  communicated  with  said 
second  firing  head  (1006);  a  supply  passage 
(140)  communicated  with  said  source  of  actuat- 
ing  fluid  pressure  and  extending  into  said  hous- 
ing,  said  supply  passage  initially  being  isolated 
from  said  first  chamber  (124);  and  explosive 
means  (114)  for  perforating  a  portion  of  said 
housing  (118)  and  thereby  communicating  said 
supply  passage  (140)  with  said  first  chamber 
(124). 

7.  Apparatus  according  to  claim  6,  wherein  said 
housing  (118)  of  said  select  fire  sub  (38)  has  a 

Claims 

1.  Apparatus  for  performing  multiple  operations  on 
a  well  in  response  to  multiple  fluid  pressure  in- 

55 
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second  chamber  (126)  defined  therein  in  addition 
to  said  first  chamber  (124),  said  chambers  being 
initially  separated  by  a  wall  (138);  and  said  explo- 
sive  means  (114)  is  disposed  in  said  second 
chamber  (126)  and  is  a  means  for  perforating  5 
said  wall. 

8.  Apparatus  according  to  claim  7,  wherein  said 
supply  passage  (140)  extends  into  said  wall 
(138),  said  wall  being  said  portion  of  said  housing  w 
(118)  perforated  by  said  explosive  means  to  com- 
municate  said  supply  passage  (140)  with  said 
first  chamber  (124). 

9.  Apparatus  of  claim  6,  7  or  8  further  comprising  15 
actuating  means  (98)  for  firing  said  explosive 
means  (114)  of  said  select  fire  sub  (38)  in  re- 
sponse  to  firing  of  said  first  firing  head  (1012). 

10.  Apparatus  according  to  claim  6,  7,  8,  or  9  wherein  20 
said  source  of  actuating  fluid  pressure  includes  a 
well  annulus  surrounding  said  select  fire  sub  (38). 
said  supply  passage  (140)  being  open  to  said  well 
annulus;  and  said  select  fire  sub  is  constructed 
so  that  when  said  explosive  means  (114)  perfor-  25 
ates  said  portion  of  said  housing,  said  first  cham- 
ber(124)  is  communicated  with  said  well  annulus. 
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