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actuated firing head has been used and its dis- advantages have been
tolerated. The present invention relates to the perforation     We have now
devised a method and apparatus of casing in well bores with tubing conveyed
per-    which provide a one-trip technique for running the forating guns
and, more particularly, to perforation    5   perforating gun and packer
into a well bore, for of casing in wells with tubing conveyed perforating
example a highly deviated bore, setting the packer guns through use of
reduced pressures. The meth-     and pressure-testing its seal, creating
the desired ods and apparatus of the present invention are
underbalance conditions, and perforating the well particularly advantageous
in highly deviated well    casing. The perforating gun firing head is
actuated bores and well bores having restricted access to  10   when a
pre-selected differential pressure between the perforating gun firing head.
the tubing bore and the well bore lower annulus is Well casing perforation
technology has devel-    reached. This pressure differential can be as low
as oped over a number of years into a rather sophisti-  1000 to 2000 psi
(6.9 to 13.8MPa), enabling im- cated art. Tubing conveyed perforating guns,
which   proved control over perforating conditions. are common today, are
lowered into a well bore   15     A method and apparatus according to the
pre- which has been lined with a casing until they are in  amble of claim 1
and claim 6 is known from US-A- the area of the bore adjacent the
geological zone    4 646 718. containing desired oil or gas. A firing head
is used    According to the invention, there is provided a with the guns to
cause charges in the guns to       method of perforating a well casing in a
well bore, xplode. The explosions result in holes in the cas-   20
comprising the steps of: running a perforating gun, ing, allowing the gas
or oil in the formation to flow  a firing head, a valve and a packer into
the well into the casing. A tubing string extending through   casing on a
production tubing string having a bore the casing bore is used to flow the
oil or gas to the  therethrough; setting the packer to divide the well
surface of the earth.                                bore into an upper
annulus and a lower annulus, With tubing conveyed perforating, two types of
25  the upper and lower annuli being formed between firing heads have
become most popular for deto-     the tubing and the well casing; creating
a predeter- nating the perforating gun charges. The first type is  mined
pressure differential between the tubing a mechanically-actuated device
that is actuated by   string bore and the lower annulus of the well bore; a
rod which is dropped down the tubing string from   applying the pressure
differential to a movable pis- the surface. The rod strikes a "plunger"
which, in  30  ton in the firing head to cause the piston to initiate turn,
strikes an initiator, causing the charges to  firing of the gun to
perforate the well casing; and explode. The second type is a
pressure-actuated      applying tubing bore pressure to a sliding sleeve to
head wherein fluid or gaseous pressure is applied    open a production port
to provide fluid communica- to the tubing string bore. The pressure is
transmit-  tion between the lower annulus and the tubing ted to the firing
head "plunger" which is held in  35   bore. The invention also provides
well bore per- place by shear pins. When the pressure reaches a
forating apparatus comprising: a tubing for insertion pre-determined level,
the pins are sheared and the   into the well bore, forming an annulus in
the well lunger is forced against the initiator. The charges  bore, the
tubing having a longitudinal bore thereth- e thus caused to explode.
rough; a packer attached to the tubing and inter- Each of these popular
techniques has its  40   mediate its ends for dividing the annulus into an
drawbacks. The rod is susceptible to hanging up in   upper annulus and a
lower annulus; and a perforat- the tubing string and special provision are
required  ing gun assembly connected to the tubing in the to ensure a
clear, straight path to the firing head.  lower annulus, the assembly
including a firing The pressure-actuated devices are not particularly
head, a piston, a production sleeve and a produc- well suited for
applications where a large under-  45  tion port, the piston being movable,
to actuate the balance condition is desired or where the formation  firing
head, between a first, unactuated position to pressure is low and an
underbalanced condition is    a second, actuated position in response to a
pre- desired or required. These heads typically require   determined
difference of pressure between the tub- pressures in the range of 4000 psi
(27,6 MPa) or    ing bore and the lower annulus, and the piston greater for
actuation, severely limiting the ability to  50   being operative, after
being actuated, to cause maintain an underbalanced condition for perfora-
pressure in the bore to actuate the sleeve to open tion.
the production port to provide fluid communication Highly deviated wells
present additional prob-   between the tubing bore and the lower annulus.
lems. In many applications, a well bore may de-         In a preferred
arrangement of the present in- viate from the vertical by as much as [err]
and this  55  vention, the perforating assembly includes a gun nearly
horizontal deviation may extend for several   and associated firing head, a
sleeve valve con- thousand feet. In a well such as that, the sliding rod
nected in the tubing which can be opened to pro- actuated firing head is
not usable. The pressure-    vide fluid communication between the tubing
bore 2    



3                  EP 0 288 238 B1                     4 and the well bore
annulus, and a packer for isolat-    in FIG. 5. ing the annulus of the
lower portion of the well bore  FIG. 8 is a cross-sectional view taken as
shown from the annulus of the remainder of the well bore.    in FIG. 2B.
The assembly is run into the well bore, normally        FIG. 1 shows a
highly deviated well bore 10 in with the sleeve valve open, until the
perforating gun    5   which the method and apparatus of the present is
situated adjacent the desired production zone. In  invention might be
advantageously employed. The many applications, this zone will be in a
highly     bore 10 may deviate from the vertical typically by deviated
portion of the bore. The packer is set in   as much as 80 and may extend at
that angle for place and, if the sleeve valve is not open, a        2000
feet (610m) or more. The bore 10 is lined wireline or other means is used
to open the valve.  10   with a well casing 11 which will be perforated in
the The lower annulus is pressurized through the tub-    vicinity of the
production zone. ing bore and sleeve valve to test the seal of the
Extending along the bore 10 is a production packer. After testing, the
pressure is allowed to   tubing string 12 having a packer 13, a sleeve
valve bleed off or is pumped off until the desired level of  14 and a
perforating gun assembly 15 mounted underbalance is achieved. The sleeve
valve is then   15  thereon. The packer 13, sleeve valve 14 and per- closed
and actuating pressure is applied to the      forating gun assembly 15 are
connected to the production tubing bore. The firing head on the
production tubing string 12 as the string 12 is run perforating gun is
exposed to the pressure and,     into the well bore 10. The gun assembly 15
is run when a predetermined differential of pressure be-   into the bore 10
until it is adjacent the desired tween the tubing bore and the lower
annulus is  20   geological production zone. reached, the firing head is
actuated.                   When the gun assembly 15 is properly posi- The
firing head has associated with it a sliding  tioned in the well bore 10,
the packer 13, which cylindrical sleeve which slides upward when the
may be of a well known type, is set in place. The head is actuated. When
the sleeve moves upward,      packer 13 provides a seal between the lower
bore production ports in the sides of the head assembly   25  annulus 16
and the upper bore annulus 17 and its are opened, providing fluid
communication between    operation is known and understood by those of
skill the lower annulus of the well bore and the interior  in the art. The
sleeve valve 14 is also of a well of the tubing string. This fluid
communication re-   known type and may be opened and closed using suits in
a sudden decrease in the firing head ac-    a wireline or other means. When
open, the valve 14 tuation pressure, which can be sensed at the   30
allows fluid communication between the bore of the earth's surface, and it
allows the production of the  tubing string 12 and the lower annulus 16
and, oil or gas from the lower annulus upward through     when closed, that
communication is prevented. the tubing string.
When the producing string 12 and perforating In order that the invention
may be more fully    assembly are run into the well bore 10, the sleeve
understood, embodiments thereof will now be de-   35  valve 14 is normally
in its open position. If a scribed, by way of illustration only, with
reference  hydraulically-set packer 13 is used, a check valve to the
accompanying drawings, in which:              is lowered into the tubing
string 12 and is posi- FIG. 1 is an elevation showing a highly deviated
tioned in the tubing bore below the packer 13 and well bore having a
production tubing string,      above the sleeve valve 14. The tubing bore
is then packer, sleeve valve and perforating gun assem-   40   pressurized
to set the packer 13 in place and the bly therein.
check valve is removed. A mechanically-set packer FIGS. 2A and 2B are a
sectional view of a firing  13 would not require the use of such a check
valve head assembly according to the present inven-     for setting in
place. tion.                                                 Once the
packer 13 has been set in place, its FIG. 2C is an enlarged section of a
part of the   45  seal is pressure-tested. A wireline or other means firing
head assembly of FIGS. 2A and 2B.          is used to open the sleeve valve
14 if it is not FIG. 3 is a sectional view of the firing head     already
open and fluid or gaseous pressure is assembly of FIGS. 2A and 2B in the
actuated       introduced to the bore of the tubing string 12 at the
position.                                         earth's surface. The
fluid or gas is transmitted FIG. 4 is an exploded view of the firing head
50  through the tubing string 12 and out the sleeve assembly of FIGS. 2A
and 2B.                      valve 14. The pressure in the tubing string 12
and FIG. 5 is an enlarged sectional of the firing head  the pressure in the
lower annulus 16 are equal and, assembly of FIGS. 2A and 2B in its
unactuated     for reasons which will be more fully discussed position.
below, the perforating gun 15 will not discharge FIG. 6 is an enlarged
sectional of the firing head   55   under those conditions. The pressure is
increased assembly of FIGS. 2A and 2B in its actuated       until the
desired test level has been reached. position.
After testing the packer, the pressure will be FIG. 7 is a cross-sectional
view taken as shown   allowed to "bleed off" or it may be pumped off. 3    



5                 EP 0 288 238 B1                     6 The extent to which
the pressure will be allowed to  natively blocks the production ports 35
when it is in subside will be determined by the desired perforat-  its
downward or closed position and opens the ing conditions. For example, it
is desired to perfo-  ports 35 when it is in its upward or open position.
rate the well casing 11 having a selected under-   Annular seals 101, 102
and 103 are retained in balance, the pressure in the lower annulus 16 (and
5   grooves about the circumference of the sleeve 21 thus the tubing string
12) will be lowered until that  and provide a fluid seal when the sleeve 21
is in its underbalanced condition is achieved. (This is deter-  closed
position. mined by knowing the formation pressure). When         The
housing 29 has a pin, or male, threaded the desired pressure is achieved in
the lower an-   connection 41 at its upper end which is adapted to nulus
16, the wireline or other means is used to  10  threadedly engage a box, or
female, connection 43 close the sleeve valve 14, preventing further fluid
on the tubing string 12. The upper portion 32B of communication between the
tubing string 12 and      the bore 28 of the housing 29 has a diameter less
the lower annulus 16.                               than the diameter of
the bore 42 of the mating box FIGS. 2A and 2B, together, show a section
connector 43 so that when the housing pin connec- view of a firing head
assembly 20 which may be   is  tor 41 is threaded into the box connector
43, an used in the perforating gun assembly 15 of FIG. 1.  internal
shoulder 44 results at the interface be- The firing head assembly 20 is
shown in its unac-  tween bore 28 and bore 42. The upper portion 30A tuated
position and it includes a sliding sleeve 21,  of the sleeve 21 has an
external annular groove 45 differential pressure actuated piston 22, a
firing  in which is positioned a snap ring 46. 23, an initiator rod 24, an
initiator 25, and a   20  When the sleeve 21 is in its closed position,
perforating gun 26. The assembly 20 may also       the snap ring 46 is
completely retained within the include a delay mechanism 27 for delayed
firing of  groove 45 because of the diameter of the bore 28. the gun after
actuation of the firing head. A delay  However, when the sleeve 21 moves
upward to its mechanism which may be used is known as Vann       open
position, the groove 45 and ring 46 are ex- Systems' type TDF device. Other
pyrotechnic de-  25  tended into the enlarged bore 42. The ring 46 lay
devices known to those in the art may also be   springs outwardly such
that, while being partially used.
retained within the groove 45, its outer diameter is Referring to FIG. 2A,
the sliding sleeve 21 is a  limited by the diameter of the bore 42. Because
cylinder which is contained within the bore 28 of a  the ring 46 has
expanded, the sleeve 21 is pre- housing 29. The sleeve 21 has an upper
portion   30  vented from resuming its closed position because 30A having a
reduced outside diameter terminating  the ring 46 will engage the shoulder
44 and the in an external annular shoulder 31. The outside     groove 45.
This is easily seen by reference to FIG. diameter of the upper portion 30A
is approximately  3. equal to the diameter of the bore 28 and is slidea-
The housing 29 has a box, or female, connec- ble therein. The bore 28 of
the housing 29 has a   35  tor 47 at its lower end for receiving a pin
connector lower portion 32A which has a diameter greater     48 of a piston
housing 50. The piston housing 50 than its upper portion 32B and which is
adapted to  has a longitudinal bore 51 having two internal an- lidingly
receive the lower portion 30B of the     nular shoulders 52 and 53 which
are longitudinally leeve 21. The bore 28 has an internal annular
spaced. The bore 51 lies along the axis of the bore shoulder 33 which is
adapted to abut the external  40  28 of the housing 29 and is in
communication annular shoulder 31 of the sleeve 21 when the      therewith
when the housing 29 and the piston sleeve 21 is in its upwardmost, or open,
position.  housing 50 are connected. Radial bores 54 are This can most
easily be seen by reference to FIG.   located in the housing 50 and
interconnect the bore 3. Adjacent the shoulder 33 and located in the
51 with the exterior of the housing 50. A cylinder lower portion 32A of the
bore 28 is a groove 34   45  55 having a piston bore 56 is threadedly
positioned whose diameter is greater than the diameter of the  within the
upper end of the piston housing 50 and lower portion 32A. The function of
the groove 34    abuts the shoulder 52. Radial bores 57 are located will be
explained below.                            in the cylinder 55. Continuing
to refer to FIG. 2A, production ports    The piston 22 slides within the
piston bore 56 35 are located in the lower portion of the housing   50  of
the cylinder 55 and is limited in its upward 29. The size of the ports 35
will typically be such  movement by a shoulder 58 in the piston bore 56.
that the total cross-sectional area of the ports 35  The piston 22 is
retained within the bore 56 by a will equal or exceed the cross-sectional
area of the  shear pin set 60. bore 28, thus providing maximum flow
capability        Referring to FIG. 2C, an annular recess 59 in through the
ports 35 as will be seen more clearly  55  the bore 56 is situated opposite
an annular groove below. When the sliding sleeve 21 is in its down-   61 in
the piston 22 when the piston 22 is in its wardmost, or closed, position,
its lower portion 30B  uppermost position in the bore 56. The shear pin
blocks the ports 35. The sleeve 21, thus, alter-   set 60 is located in the
annulus formed between 4    



7                 EP 0 288 238 B1                     8 the recess 59 and
the groove 61 and is retained in  diameter 87 and terminates in an enlarged
lower place by the shoulder 52. The shear pin set 60      end 86. includes
shear pins 62 which are designed to shear     As can be seen in FIG. 4, the
lower end of the at a predetermined value. The determination of that
housing portion 90A includes slots 92 for lock value and the function of
the shear pin set 60 will   5   segments 83. When assembled, the enlarged
lower be discussed more fully below.                     end 86 of the rod
23 is adjacent the slots 92 in the Referring again to FIG. 2A, the piston
22 in-   housing portion 90A. The lock segments 83 fit cludes a bore 65 in
its lower end. The bore 65      within the slots 92 and are biased
inwardly. The receives an actuator rod 66 which protrudes from   enlarged
lower end 86 of the rod 23 limits the the bore 65 and which is held in a
partially-inserted   10  inward travel of the segments 83 such that the
position by a shear pin 67. As will become clear    segments 83 protrude
from the slots 92. A snap from the discussion below, the actuator rod 66
and  ring or C-ring may be used in place of the lock shear pin 67 cooperate
to absorb some of the        segments 83. impact between the piston and the
firing rod 23        The initiator rod 24 is generally cylindrical, when
the first head assembly 20 is actuated.   15  having a retainer bore 93 at
one end which is about Referring to FIGS. 2A and 2C, the end 71 of     the
same diameter as the lower portion of the the pin connector 48 of the
piston housing 50 is    housing 90A. An annular groove 84 is located
configured to abut the end 72 of the sliding sleeve  about the
circumference of the retainer bore 93 21 when the piston housing 50 and
housing 29 are   and is adapted to receive the lock segments 83 (or,
joined. A chamber 73 is formed about the end 71   20  alternatively, a snap
ring) when assembled. The of the pin connector 48 and is connected with the
retainer bore 93 is adapted to receive the lower radial bores 57 in the
cylinder 55. When the piston  portion of the housing portion 90A, because
the 22 is in its fully inserted position in the piston bore  spring
segments 83 protrude from the slots 92 and 56, being held in place by the
shear pin set 60 in  engage the groove 84 in the bore 93, the initiator
cooperation with the shoulder 52, the radial bores   25  rod 24 is captured
and held in place by the hous- 57 are blocked by the piston 22. Annular
seals 74  ing portion 90A. about the circumference of the piston 22 ensure
The bore 91 in the lower portion 90B of the that the piston bore 56 is not
in fluid communica-  housing 90 is adapted to receive the initiator rod 24
tion with the radial bores 57. Under conditions     when the housing
portions 90A and 90B are as- which will be described below, the shear pins
62 in  30  sembled. The assembled housing 90 is inserted the shear pin set
60 will yield and the piston 22 will  into a sleeve 94 which is adapted to
hold an be urged out of the piston bore 56. By reference to  initiator 25
in one end. A spacer 95 may be posi- FIG. 2, it can be seen that when the
piston 22 is in  tioned between the end of the housing 90 and the this
actuated position, the radial bores 57 provide  end of the bore of the
sleeve 94, as can be clearly fluid communication between the piston bore 56
35  seen in FIGS. 5 and 6. As the housing 90 is and the chamber 73.
assembled into the sleeve 94, pneumatic pressure The firing head assembly
15 is of a known       can prevent complete insertion. For that reason,
design and typically includes a firing rod 23, an   passages 96 are
provided on the sleeve end to initiator rod 24 and an initiator 25, all
contained in a  allow the trapped air to escape. After complete firing head
housing 90. One such firing head as-  40  assembly, the passages are closed
using counter- sembly is commonly known as Vann Systems'           sunk
screws 97. Model IID. An exploded view of the major compo-        A
commonly known delay device such as Vann nents of such an assembly is shown
in FIG. 4.       Systems' type TDF may be used to delay the firing FIGS. 5
and 6 show enlarged sectional views of a    of the perforating gun after
actuation of the firing typical assembly 15.                           45
head assembly. Use of similar delay devices and Referring to FIGS. 4, 5 and
6, the housing 90,  the use of perforating guns with the present inven-
which may be of two portions 90A and 90B, is       tion will be obvious to
those of skill in the art. cylindrical and has a longitudinal bore 91 of
varying  The perforation of a well bore using the ap- diameter
therethrough. The firing rod 23 extends    paratus of the present invention
results in greater into the bore 91 of the housing portion 90A and has   50
control over the downhole conditions at the mo- a head 92 on its exterior
end. The rod 23 is        ment of perforation. A highly deviated well bore
normally held in a partially-inserted position by a  such as is illustrated
in FIG. 1 is drilled at the shear pin 81 which engages the housing 90A and
desired angle for the desired distance. After lining the rod 23. A retainer
pin 82 engages the housing  the well bore 10 with casing 11, the
perforating gun portion 90A and a slot in the rod 23. The pin 82   55
assembly 15, including a differential pressure ac- prevents rotation of the
rod 23 in the bore 91 and  tuated firing head and a perforating gun, is at-
retains the rod 23 in the bore 91 at all times.    tached to the production
tubing string 12 as de- Toward its interior end, the rod 23 has a narrowed
scribed above and is started into the cased bore. 5    



9                  EP 0 288 238 B1                     10 At a selected
distance above the gun assembly 15,    held in this position by the shear
screws 36. In its the sleeve valve 14 is connected into the tubing
closed position, the sleeve 21 blocks the produc- string 12 and, typically
just above the valve 14, the  tion ports 35 in the housing 29 and there is
no fluid packer 13 is connected in the string 12.             communication
between the bore 28 and the well The tubing string 12 is run into the cased
bore   5   bore lower annulus. until the gun assembly 15 reaches a point
adjacent      Likewise, prior to actuation, the piston 22 is the desired
production zone. In a deviated bore     fully retracted into the piston
bore 56 of the cyl- such as shown in FIG. 1, that point normally lies in
inder 55 and is held in place by the shear pin set the highly deviated
portion of the bore. The valve   60 in cooperation with the shoulder 52. In
this 14 and packer 13 normally are spaced sufficiently   70  retracted
position, the piston 22 blocks the radial apart from  the gun assembly 15
so as to be          bores 57 in the cylinder 55. positioned in the
generally vertical portion of the     As the pressure in the tubing string
bore 42 is bore.                                                increased,
a pressure differential develops between When the gun assembly 15 has been
properly       the upper face of the piston 22 and its lower face, located,
the packer 13 is set in place. If the sleeve   15  urging the piston 22
downward. The pressure on valve is not already open, a wireline or other
the lower face remains substantially constant and means is used to open the
valve 14 and fluid or      equal to the well bore lower annulus pressure
be- gaseous pressure is applied to the annulus of the    cause of the
radial bores 54 and the bore 51 in the bore below the packer 13 by way of
the tubing        piston housing 50. The shear pins 62 in the shear string
12 and sleeve valve 14. This pressure is  20  pin set 60 will withstand
this pressure differential applied to test the seal of the packer 13 and in
up to their design limits. In determining the yield many applications will
not exceed 3500 pounds.       values of the shear pins 62, many factors are
The setting and pressure-testing of the packer 13    considered, including
formation pressure and the are known and understood by those of skill in
the    degree of underbalance which will be desired at art. The structure
and operation of a sleeve valve   25   perforation. Typically, the pins 62
will be specified 14 is also known and understood by those of skill   to
yield at a pressure value which will be below the in the art.
level used to pressure-test the seal of the packer During the
pressure-testing of the packer seal,  13. This will prevent possible
pressure in the lower the differential pressure-actuated firing head is not
annulus which is greater than that which the packer subject to firing
pressure. Referring to FIGS. 1 and   30   13 may seal. 2A, the pressure
inside the tubing string 12 is         When the pressure differential
across the pis- equal to the pressure in the well bore annulus      ton 22
exceeds the yield strength of the shear pins because of the open sleeve
valve 14. The radial      62, the pins 62 will shear and the piston 22 will
be bores 54 in the piston housing 50 provide fluid     forced into its
lower, or extended, position. This communication between the well bore
annulus and   35  action has two results. First, the radial bores 57 the
bore 51 in the piston housing 50. This pressure  become unblocked and
provide fluid communica- is exerted on the lower face of the piston 22,
tion between the piston bore 56 (and, thus, the rging it upward into the
piston bore 56 of the     bore 28) and the chamber 73. This can most easily
cylinder 55. An equal pressure is applied to the     be seen by reference
to FIG. 3. Second, the per- upper face of the piston 22 through the tubing
40  forating gun firing sequence is initiated. string bore 42 and the bore
28 of the housing 29,       The chamber 73, prior to actuation of the pis-
urging the piston downward. Because of the equal    ton 22, is at
atmospheric pressure, having been pressures, no pressure differential
exists to actuate  assembled at the surface. The sudden presence of the
piston 22 and the firing head.                   relatively high pressure
creates an upward thrust- After testing the packer seal, the pressure is
45  ing force on the sliding sleeve 21. This force allowed to "bleed off",
thus lowering the pressure   causes the screws 36, which may be made of in
the annulus of that portion of the well bore 10   brass or other
appropriate material, to shear and below  the packer 13. When the pressure
has         the sleeve 21 is thrust upward. As the sleeve 21 is reached an
acceptable level, the sleeve valve 14 is  in an intermediate position
between open and closed, blocking further fluid communication be-  so
close, the seals 101, 102 and 103 lose their sealing tween the lower
annulus and the production tubing    relationship and fluid or gas is
forced between the string 12. The firing head assembly is then ready
lower portion 30B of the sleeve 21 and the lower to be actuated.
portion of the housing 29. This will occur when the Fluid or gaseous
pressure is applied to the      sleeve 21 has moved sufficiently upward
that the tubing string bore 42 and is transmitted to the   55  lowermost
seal 101 is located adjacent the ports piston 22 of the firing head
assembly 20 by way of   35, the middle seal 102 is located adjacent the the
bore 28 of the housing 29. The sliding sleeve    enlarged diameter of the
groove 34, and the upper- 21 is in its fully closed, or lowered, position
and is  most seal 103 has entered the enlarged diameter 6    



11                 EP 0 288 238 B1                     12 of the bore 42.
As the sleeve continues upward, the  initiator 25 may be used to cause
immediate or fluid or gas becomes trapped between the annular     delayed
firing of the perforating gun 26. The firing shoulders 31 and 33. This
trapped fluid or gas       head assembly 20 in its actuated state is shown
in dampens the impact between the shoulders 31 and      FIG. 6. 33 as the
sliding sleeve 21 is thrust open. When    5   Upon perforation of the well
casing 11 (see the sleeve 21 is pushed upward, the snap ring 46     FIG.
1), the oil or gas from the formation will be expands as it enters the
enlarged bore 42 of the     forced into the well bore 10 by the formation
pres- production tubing. Although the sleeve 21 may        sure. The
product will flow through the production then fall back a short distance,
it is prevented from  ports 35, into the tubing string bore 42, and up to
falling back to its closed position as the ring 46 is  10  the earth's
surface. captured by the annular groove 45 of the sleeve 21      Although
one specific embodiment of the meth- and the shoulder 44 on the end face of
the pin       od and apparatus of the present invention has been connector
41. In FIG. 3, the sleeve 21 is shown      shown and described, other
embodiments will be broken so that the seals 101 and 103 and ring 46
obvious or may be developed. The scope of the are shown in their final
positions while the seal 102   is  present invention should, accordingly,
be limited and shoulders 31 and 33 are illustrated in the       only the
appended claims. positions assumed at extreme upward travel of the sleeve
21.                                           Claims With the sleeve 21 in
its open position, the production ports 35 in the housing 29 are open and
20  1. A method of perforating a well casing in a well the actuating
pressure in the tubing string bore 42     bore (10), comprising the steps
of: running a escapes into the well bore lower annulus. This
perforating gun (26), a firing head (20), a valve decrease of pressure in
the tubing string bore 42       (14) and a packer (13) into the well casing
on a may easily be detected at the earth's surface with      production
tubing string (12) having a bore appropriate monitoring equipment, and will
indicate  25  therethrough; setting the packer to divide the actuation of
the firing head piston 22. If a time       well bore into an upper annulus
(17) and a delay device is used with the perforating gun, this     lower
annulus (16), the upper and lower annuli delay may be used to monitor the
lower annulus          being formed between the tubing and the well
pressure and change that pressure as desired.           casing; creating a
predetermined pressure dif- The second result of the movement of the   30
ferential between the tubing string bore and piston 22 to its lower, or
extended, position in        the lower annulus of the well bore; charac-
response to the pressure differential is the initiation  terised by
applying the pressure differential to of the firing of the perforating gun.
As shown in       a movable piston (22) in the firing head to FIGS. 3 and
6, the actuator rod 66 strikes the firing   cause the piston to initiate
firing of the gun to rod 23, forcing it down. The impact between the   35
perforate the well casing; and applying tubing actuator rod 66 and the
firing rod 23 is dampened       bore pressure to a sliding sleeve (21) to
open by the yielding of the shear pin 67. The pin 67 will    a production
port (35) to provide fluid commu- normally have a relatively low shear
strength to        nication between the lower annulus and the dampen the
impact and yet ensure operation of the       tubing bore. firing rod 23.
When the pin 67 is sheared, the rod   40 66 is pushed into the bore 65 in
the piston 22.      2. A method according to claim 1, further com- Maximum
travel of the piston 22 may be limited by       prising the steps of:
opening the valve (14) to the length of the actuator rod 66 or the relative
provide fluid communication between the tub- location of the shoulder 53.
ing string bore and the lower annulus; applying Referring to FIGS. 4 and 5,
prior to operation of  45  fluid pressure, after setting the packer, to the
the piston 22, the firing rod 23 is held in place by    lower annulus of
the well bore by applying the shear pin 81. The enlarged lower end 86 of
the      pressure to the tubing string bore and through firing rod 23 holds
the lock segments 83 outward        the valve to test the packer setting;
reducing so as to engage the groove 84 in the initiator rod      the fluid
pressure in the lower annulus of the 24. When the piston 22 is actuated and
the rod 66   so  well bore; and closing the valve to provide strikes the
firing rod 23, the pin 81 is sheared and    isolation between the tubing
string bore and the rod 23 is forced downward. The enlarged lower       the
lower annulus. end 86 of the firing rod 23 disengages the lock segments 83
and a narrowed diameter 87 of the        3. A method according to claim 1
or 2, compris- rod 23 allows the segments 83, which are biased   55    ing
the further step of delaying the firing of the inward, to spring inward,
disengaging the groove        perforating gun for a predetermined time
inter- 84 in the initiator rod 24. The initiator rod is then   val after
the production port opens. forced downward to impact the initiator 25. The
7    
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the sleeve continues upward, the  initiator 25 may be used to cause
immediate or fluid or gas becomes trapped between the annular    delayed
firing of the perforating gun 26. The firing shoulders 31 and 33. This
trapped fluid or gas      head assembly 20 in its actuated state is shown
in dampens the impact between the shoulders 31 and     FIG. 6. 33 as the
sliding sleeve 21 is thrust open. When   5   Upon perforation of the well
casing 11 (see the sleeve 21 is pushed upward, the snap ring 46    FIG. 1),
the oil or gas from the formation will be expands as it enters the enlarged
bore 42 of the   forced into the well bore 10 by the formation pres-
production tubing. Although the sleeve 21 may       sure. The product will
flow through the production then fall back a short distance, it is
prevented from  ports 35, into the tubing string bore 42, and up to falling
back to its closed position as the ring 46 is  10  the earth's surface.
captured by the annular groove 45 of the sleeve 21     Although one
specific embodiment of the meth- and the shoulder 44 on the end face of the
pin      od and apparatus of the present invention has been connector 41.
In FIG. 3, the sleeve 21 is shown     shown and described, other
embodiments will be broken so that the seals 101 and 103 and ring 46
obvious or may be developed. The scope of the are shown in their final
positions while the seal 102   15  present invention should, accordingly,
be limited and shoulders 31 and 33 are illustrated in the      only the
appended claims. positions assumed at extreme upward travel of the sleeve
21.                                          Claims With the sleeve 21 in
its open position, the production ports 35 in the housing 29 are open and
20  1. A method of perforating a well casing in a well the actuating
pressure in the tubing string bore 42    bore (10), comprising the steps
of: running a escapes into the well bore lower annulus. This
perforating gun (26), a firing head (20), a valve decrease of pressure in
the tubing string bore 42      (14) and a packer (13) into the well casing
on a may easily be detected at the earth's surface with     production
tubing string (12) having a bore appropriate monitoring equipment, and will
indicate  25  therethrough; setting the packer to divide the actuation of
the firing head piston 22. If a time      well bore into an upper annulus
(17) and a delay device is used with the perforating gun, this    lower
annulus (16), the upper and lower annuli delay may be used to monitor the
lower annulus         being formed between the tubing and the well pressure
and change that pressure as desired.          casing; creating a
predetermined pressure dif- The second result of the movement of the   30
ferential between the tubing string bore and piston 22 to its lower, or
extended, position in       the lower annulus of the well bore; charac-
response to the pressure differential is the initiation  terised by
applying the pressure differential to of the firing of the perforating gun.
As shown in      a movable piston (22) in the firing head to FIGS. 3 and 6,
the actuator rod 66 strikes the firing  cause the piston to initiate firing
of the gun to rod 23, forcing it down. The impact between the   35
perforate the well casing; and applying tubing actuator rod 66 and the
firing rod 23 is dampened      bore pressure to a sliding sleeve (21) to
open by the yielding of the shear pin 67. The pin 67 will   a production
port (35) to provide fluid commu- normally have a relatively low shear
strength to       nication between the lower annulus and the dampen the
impact and yet ensure operation of the      tubing bore. firing rod 23.
When the pin 67 is sheared, the rod   40 66 is pushed into the bore 65 in
the piston 22.     2. A method according to claim 1, further com- Maximum
travel of the piston 22 may be limited by      prising the steps of:
opening the valve (14) to the length of the actuator rod 66 or the relative
provide fluid communication between the tub- location of the shoulder 53.
ing string bore and the lower annulus; applying Referring to FIGS. 4 and 5,
prior to operation of  45  fluid pressure, after setting the packer, to the
the piston 22, the firing rod 23 is held in place by   lower annulus of the
well bore by applying the shear pin 81. The enlarged lower end 86 of the
pressure to the tubing string bore and through firing rod 23 holds the lock
segments 83 outward       the valve to test the packer setting; reducing so
as to engage the groove 84 in the initiator rod     the fluid pressure in
the lower annulus of the 24. When the piston 22 is actuated and the rod 66
50  well bore; and closing the valve to provide strikes the firing rod 23,
the pin 81 is sheared and   isolation between the tubing string bore and
the rod 23 is forced downward. The enlarged lower      the lower annulus.
end 86 of the firing rod 23 disengages the lock segments 83 and a narrowed
diameter 87 of the       3. A method according to claim 1 or 2, compris-
rod 23 allows the segments 83, which are biased   55   ing the further step
of delaying the firing of the inward, to spring inward, disengaging the
groove       perforating gun for a predetermined time inter- 84 in the
initiator rod 24. The initiator rod is then  val after the production port
opens. forced downward to impact the initiator 25. The 7    



13                 EP 0 288 238 B1                     14 4. A method
according to claim 1,2 or 3, wherein         opened. the pressure
differential between the tubing string bore and the lower annulus decreases
Revendications when the production port opens. 5   1. Une methode de
perforation d'un tubage de 5. A method according to claim 4, comprising the
puits dans un forage de puits (10), comportant further step of sensing a
pressure drop in the      les etapes de: passage d'un canon perforateur
tubing string bore after the production port         (26), d'une tete de
percussion (20), d'une opens.
chemise-tiroir (14) et d'une garniture (13) dans 10      le tubage de puits
sur un train de tubage de 6. A well perforating apparatus, comprising: a
production (12) traverse par un forage; mise en tubing (12) for insertion
into the well bore,        place de la garniture pour diviser le forage de
forming an annulus in the well bore (10), the        puits en un espace
annulaire superieur (17) et tubing having a longitudinal bore therethrough;
un espace annulaire inferieur (16), les espaces a packer (13) attached to
the tubing and inter-  15  annulaires superieur et inferieur etant formes
mediate its ends for dividing the annulus into       entre le tubage et le
tubage du puits; creation an upper annulus (17) and a lower annulus
d'un differentiel de pression predetermine en- (16); and a perforating gun
assembly (15) con-      tre le forage du train de tubage et I'espace nected
to the tubing in the lower annulus, the       annulaire inferieur du forage
de puits; caracte- assembly including a firing head (20), a piston   20
rise par I'application du differentiel de pression (22), a production
sleeve (21) and a production        un piston mobile (22) dans la tete de
percus- port (35), the piston being movable, to actuate      sion pour
causer l'initiation par le piston du the firing head, between a first,
unactuated         lancement du canon pour perforer le tubage de position
(Fig. 2A) and a second actuated posi-       puits; et application de la
pression dans le tion (Fig. 3) characterised in that the piston is  25
forage du tubage a un manchon coulissant (21) movable in response to a
predetermined dif-          pour ouvrir un orifice de production (35) pour
ference of pressure between the tubing bore          menager la
communication du fluide entre I'es- and the lower annulus, and the piston
being          pace annulaire inferieur et le forage du tubage. operative,
after being actuated, to cause pres- sure in the bore to actuate the sleeve
to open   30  2. Une methode selon la specification 1, compor- the
production port to provide fluid commu-          tant en outre les etapes
de : ouverture de la nication between the tubing bore and the lower
chemise-tiroir (14) pour menager la communi- annulus.
cation du fluide entre le forage du train de tubage et I'espace annulaire
inferieur; applica- 7. Apparatus according to claim 6, further com-  35
tion de la pression du fluide, apres la mise en prising a valve (14)
connected in the tubing in      place de la garniture, a I'espace annulaire
infe- the lower annulus for controllably providing flu-    rieur du forage
de puits par application de id communication between the lower annulus
pression au forage du train de tubage et par la and the tubing bore.
chemise-tiroir pour tester la mise en place de 40      la garniture;
reduction de la pression du fluide 8. Apparatus according to claim 6 or 7,
wherein          dans I'espace annulaire inferieur du forage de the
perforating gun assembly further includes a      puits; et fermeture de la
chemise-tiroir pour time delay mechanism (27) which is actuated
assurer I'isolement entre le forage du train de when the piston moves to
its second position        tubage et I'espace annulaire inferieur. and
which delays the firing of the gun assem-   45 bly for a predetermined time
interval after ac-  3. Une methode selon la specification 1 ou 2, tuation
of the piston.                               comportant I'etape
supplementaire de retard du lancement du canon perforateur pendant un 9.
Apparatus according to claim 6,7 or 8, wherein,       intervalle de temps
predetermine apres que upon actuation of the piston and the sleeve,  50
I'orifice de production s'ouvre. the production port allows equalization of
pres- sures between the tubing bore and the lower      4. Une methode,
selon les specifications 1, 2 ou annulus.
3, dans laquelle le differentiel de pression en- tre le forage du train de
tubage et I'espace 10. Apparatus according to claim 9, further com-   55
annulaire inferieur diminue quand I'orifice de prising sensing means
operatively connected          production s'ouvre. to the tubing bore for
sensing a pressure drop in the tubing bore when the production port is   5.
Une methode selon la specification 4, compor- 8    



15                 EP 0 288 238 B1                    16 tant l'etape
supplementaire de detection d'une      ter une chute de pression dans le
forage du chute de pression dans le forage du train de        tubage quand
l'orifice de production est ouvert. tubage apres que l'orifice de
production s'ou- vre.
Patentanspruche 5 6. Un appareil de perforation de puits, comportant  1.
Verfahren zum Perforieren einer Bohrungsaus- un tubage (12) pour insertion
dans le forage      kleidung in einem Bohrloch (10), enthaltend die de
puits, formant un espace annulaire dans le       Schritte: Einfahren einer
Perforationskanone forage de puits (10), le tubage ayant un forage    (26),
eines Schielkopfes (20), eines Ventils longitudinal le traversant; une
garniture (13)  10  (14) und eines Packers (13) an einem Produk- attachee
au tubage et intermediaire a ses ex-       tionsrohrstrang (12) mit einer
Durchgangsboh- tremites pour la division de I'espace annulaire    rung in
die Bohrungsauskleidung; Setzen des en un espace annulaire superieur (17)
et en un      Packers, um das Bohrloch in einen oberen espace annulaire
inferieur (16); et un ensemble     Ringraum  (17) und einen unteren
Ringraum de canon perforateur (15) raccorde au tubage   15   (16) zu
unterteilen, die zwischen dem  Rohr dans I'espace annulaire inferieur,
I'ensemble       und der Bohrungsauskleidung gebildet sind; comportant une
tete de percussion (20), un          Erzeugen einer vorgegebenen
Druckdifferenz piston (22), un manchon de production (21) et       zwischen
der Rohrstrangbohrung und dem un- un orifice de production (35), le piston
etant     teren Ringraum des Bohrlochs, mobile, pour actionner la tete de
percussion   20   gekennzeichnet durch Anlegen der Druckdiffe- entre une
premiere position, non actionnee         renz an einen bewegbaren Kolben
(22) im (Fig. 2A) et une seconde position, actionnee        [err], wodurch
der Kolben das Abfeuern (Fig. 3) caracterisee en ce que le piston est
der Kanone zum Perforieren der Bohrungsaus- deplacable en reponse a une
difference de           kleidung auslost; und Anlegen des Rohrboh- pression
predeterminee entre le forage du tu-  25   rungsdrucks an eine Gleithulse
(21) zum Off- bage et I'espace annulaire inferieur, et le pis-    nen einer
Produktionsoffnung (35) zur Herstel- ton etant operatif, apres avoir ete
actionne,       lung von Fluidverbindung zwischen dem unter- pour faire que
Ia pression dans le forage ac-       en Ringraum und der Rohrbohrung.
tionne le manchon pour ouvrir I'orifice de pro- duction pour fournir la
communication du fluide   30  2. Verfahren nach Anspruch 1, gekennzeichnet
entre le forage du tubage et I'espace annulaire     durch die weiteren
Schritte: Offnen des Ventils inferieur.
(14) zur Herstellung von Fluidverbindung zwi- schen der Rohrstrangbohrung
und dem unter- 7. Appareil selon la specification 6, comportant       en
Ringraum; nach Setzen des Packers Anle- en outre un tiroir (14) raccorde
dans le tubage   35  gen von Fluiddruck an den unteren Ringraum dans
I'espace annulaire inferieur pour assurer      des Bohrlochs durch
Druckbeaufschlagung der la communication du fluide de manibre contro-
Rohrstrangbohrung und durch das Ventil zur lable entre I'espace annulaire
inferieur et le      Prufung des Packersitzes; Verringern  des forage du
tubage.                                   Fluiddrucks im unteren Ringraum
des Bohr- 40      lochs; und SchlieBen des Ventils zur Trennung 8. Appareil
selon la specification 6 ou 7, dans        der Rohrstrangbohrung und des
unteren Rin- lequel I'ensemble canon perforateur comprend       graums. en
outre un mecanisme de temporisation (27) qui est actionne quand le piston
se deplace a   3. Verfahren nach Anspruch 1 oder 2, gekenn- sa seconde
position et qui retarde le lance-  45    zeichnet durch den weiteren
Schritt der Verzo- ment de I'ensemble canon perforateur pendant
gerung des Abfeuerns der Perforationskanone un intervalle de temps
predetermine apres           um ein vorgegebenes Zeitintervall nach Offnen
I'actionnement du piston.                          der Produktionsoffnung.
9. Appareil selon la specification 6, 7 ou 8 dans   50  4. Verfahren nach
Anspruch 1, 2 oder 3, dadurch lequel, sur actionnement du piston et du man-
gekennzeichnet, [err] die Druckdifferenz zwi- chon, I'orifice de production
permet l'egalisa-     schen der Rohrstrangbohrung und dem unter- tion des
pressions entre le forage du tubage et     en Ringraum beim Offnen der
Produktionsoff- I'espace annulaire inferieur.                       nung
verringert wird. 55 10. Appareil selon la specification 9, comportant  5.
Verfahren nach Anspruch 4, gekennzeichnet en outre des moyens de detection
raccordes          durch den weiteren Schritt des Erfassens eines
operativement au forage du tubage pour detec-       Druckabfalls in der
Rohrstrangbohrung nach 9    17                 EP0288238B1
18 



Offnen der Produktionsoffnung. 6. Vorrichtung zum  Perforieren einer
Bohrung, enthaltend: ein Rohr (12) zum Einsetzen in das Bohrloch (10) unter
Ausbildung eines Rin-   5 graums in dem Bohrloch und mit einer Durch-
gangsbohrung in Langsrichtung; einen an dem Rohr zwischen seinen Enden
angebrachten Packer (13) zur Unterteilung des Ringraums in einen oberen
Ringraum (17) und einen unteren   10 Ringraum (16); und eine Anordnung mit
einer Perforationskanone, die im unteren Ringraum mit dem Rohr verbunden
ist und einen [err]- kopf (20), einen Kolben (22), eine Produktions- hulse
(21) und eine Produktionsoffnung (35)  is enthalt, wobei der Kolben zur
Betatigung des SchieBkopfes zwischen einer ersten, unbetatig- ten Stellung
(Fig. 2A) und einer zweiten, beta- tigten Stellung (Fig. 3) bewegbar ist,
dadurch gekennzeichnet, [err] der Kolben unter Anspre-   20 chen auf eine
vorgegebene Druckdifferenz zwi- schen der Rohrbohrung und dem unteren Rin-
graum verstellbar ist und nach der Betaetigung bewirkt, [err durch Druck in
der Bohrung die Hulse betatigbar ist, um die Produktionsoff-  25 nung zur
Herstellung einer Fluidverbindung zwischen der Rohrbohrung und dem unteren
Ringraum zu Offnen. 7. Vorrichtung nach Anspruch 6, ferner gekenn-   30
zeichnet durch ein in das Rohr im unteren Ringraum verbundenes Ventil (14)
zur steuer- baren Herstellung der Fluidverbindung zwi- schen dem unteren
Ringraum und der Rohr- bohrung.                                   35 8.
Vorrichtung nach Anspruch 6 oder 7, dadurch gekennzeichnet, [err] die
Anordnung mit der Perforationskanone weiter einen zeitlichen Ver-
zogerungsmechanismus (27) enthalt, der bei  40 Verstellung des Kolbens in
seine zweite Stel- lung betatigbar ist und durch den das Abfeu- ern der
Kanone um ein vorgegebenes Zeitin- tervall nach Betatigung des Kolbens
verzoger- bar ist.                                    45 9. Vorrichtung
nach Anspruch 6, 7 oder 8, da- durch gekennzeichnet, [err] die
Produktionsoff- nung auf Betatigung des Kolbens und der Hul- se
Druckausgleich zwischen der Rohrbohrung   50 und dem unteren Ringraum
gestattet. 10. Vorrichtung nach Anspruch 9, ferner gekenn- zeichnet durch
mit der Rohrbohrung wirkver- bundene  Fuhlermittel zur Erfassung  eines
55 Druckabfalls in der Rohrbohrung beim Offnen der Produktionsoffnung. 10 *
C  L  M  S   *    


