wo 2011/008592 A2 I 10KV 00 OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization i 1IN NP A0 AT VY0100 OO O O AN
International Bureau S,/ 0
g ' Joy . . .
. . _ S (10) International Publication Number
(43) International Publication Date \'{:/_?___/
20 January 2011 (20.01.2011) PCT WO 2011/008592 A2

(51) International Patent Classification: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
E21B 43/117 (2006.01) E21B 43/118 (2006.01) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
i L. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(21) International Application Number: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
PCT/US2010/041052 SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(22) International Filing Date: TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
6 July 2010 (06.07.2010) (84) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind of regional protection available). ARIPO (BW, GH,
L . GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(26) Publication Language: English ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(30) Priority Data: TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
12/503,577 15 July 2009 (15.07.2009) US ES/ ]13\/%6 FII\;HER»M ("}B,N(IiR,NIg)R,PIEUi?”}E,I{I(S), rer Lgf g‘é
(71) Applicant (for all designated States except US): BAKER SM, TR), OAPI (BF, BI, CF, CG, CL CM, GA, GN, GQ.

HUGHES INCORPORATED [US/US]; PO Box 4740, GW, ML, MR, NE, SN, TD, TG).

Houston, Texas 77210-4740 (US). Declarations under Rule 4.17:

72) Inventor; and . , .
275; Inventor/Applicant (for US only): PHILLIPS, James, 95 [0 applicant’s entitlement to apply for and be granted
G. [US/US]; 2702 Twin Creek Cove, Grapevine, Texas @ patent (Rule 4.17(i1)
76051 (US). — as to the applicant's entitlement to claim the priority of

. L the earlier application (Rule 4.17(iii))
(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM, Published:
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: PERFORATING AND FRACTURING SYSTEM

84 '/-60

A Ae— A—
=

101

]
b 7767
) L a0 88 8
110
- e —
70 80 100
FIG. 2

(57) Abstract: A system for use in borehole completion is provided and includes a pertforating sub, a firing sub having a first port
and an interior and including a firing assembly disposable within the interior and operably coupled to the perforating sub and a
drilling fluid barrier, which is formed with a second port and is displaceable toward a position at which the first and second ports
align to form a fluid path through the interior that is sufticiently pressurizable to actuate the firing assembly, a drop plug selective-
ly engageable with the drilling fluid barrier to enable displacement thereof to the position in response to applied pressures and an
isolation sub, into which the drop plug is receivable following disengagement thereof from the drilling fluid barrier.



WO 2011/008592 PCT/US2010/041052

PERFORATING AND FRACTURING SYSTEM

CROSS REFERENCE

[0001]This application claims the benefit of the filing date of United States Patent
Application Serial Number 12/503,577 filed July 15,2009, for “PERFORATING AND
FRACTURING SYSTEM.”

BACKGROUND

[0002] Perforation is well known in the downhole drilling and completion industry.
Those of skill in the art are well familiar with “perf guns” that are run into a borehole to a
selected depth and actuated to apply the energy of one or more shaped charges to perforate a
casing or liner installed in the borehole.

[0003] Commonly, perforation guns use electrical signals from the surface to fire the
guns. Alternative technologies allow the guns to be run by way of a mechanism on the gun
that arms the charges upon reaching a selected temperature and/or pressure within the
borehole. A timer can be added to fire them following a set interval. Perforation provides

access to the formation for either production or treatment including frac treatments.

SUMMARY

[0004] According to an aspect of the invention, a system is provided and includes a
perforating sub, a firing sub having a first port and an interior and including a firing assembly
disposable within the interior and operably coupled to the perforating sub and a drilling fluid
barrier, which is formed with a second port and is displaceable toward a position at which the
first and second ports align to form a fluid path through the interior that is sufficiently
pressurizable to actuate the firing assembly, a drop plug selectively engageable with the
drilling fluid barrier to enable displacement thereof to the position in response to applied
pressures and an isolation sub, into which the drop plug is receivable following
disengagement thereof from the drilling fluid barrier.

[0005] According to another aspect of the invention, a firing sub for use in borehole
completion is provided and includes a body formed with a first port and an interior, a firing
assembly, including an igniter operably coupled to a perforating sub and a firing piston
disposable in the interior and displaceable toward an operational position at which the firing
piston abuts and thereby actuates the igniter, and a fluid pressure barrier, which is formed

with a second port and is displaceable to a position at which the first and second ports align to
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form a fluid path through the interior that is sufficiently pressurizable to displace the firing
piston to the operational position.

[0006] According to yet another aspect of the invention, a method for use in borehole
completion is provided and includes associating a perforating sub and a firing sub with an
isolation sub, conveying a perforating sub, a firing sub and an isolation sub downhole,
dropping a drop plug downhole to cause the drop plug to engage with and displace a fluid
pressure barrier of the firing sub, and pressuring up to cause the drop plug to disengage and to

proceed downhole toward a plug position relative to the isolation sub.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Referring now to the drawings wherein like elements are numbered alike in
the several Figures:

[0008] FIG. 1 is a sectional view of a borehole including multiple perforating zones;
and

[0009] FIG. 2 is a sectional view of a perforating sub, a firing sub and an isolation sub

for use in the borehole of FIG. 1.

DETAILED DESCRIPTION

[0010] With reference to FIGS. 1 and 2, a borehole 10 is illustrated in a formation 20.
The formation, in some iterations may be a hydrocarbon bearing formation while in others
may be one useful for example for Carbon Dioxide sequestration. The borehole 10, in one
embodiment, includes a substantially vertical section 30 at an uphole portion thereof, a
curved section 31 downhole from the substantially vertical section 30 and a substantially
horizontal section 32 downhole from the curved section 31 although it is to be understood
that this configuration is not required. The borehole 10 may be formed with an open hole
configuration or with a casing 40 and/or a cemented liner 50. For brevity, the following
discussion will relate to the casing 40 configuration although it is to be understood that this is
not a limiting embodiment.

[0011] Completion of the borehole 10 is achieved in some cases by perforating and/or
fracing operations. With reference to FIG. 2 and, in accordance with embodiments of the
invention, a system 60 for use in borehole completion includes a perforating sub 70, a firing
sub 80 and an isolation sub 100.

[0012] The perforating sub 70 includes charges 75 supported therein. The charges 75

may include an expendable communication device, such as a shape charge 77 or a
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pyrotechnic bolt, for example, that can be configured to hold pressure integrity for a previous
fracture stage. When ignited, the charges 75 penetrate at least the outer wall 77, the casing 40
and at least a short depth into the cemented liner 50. In some cases, the charges 75 may be
configured to penetrate into the formation 20 as well.

[0013] A length of the perforating sub 70, a number of the charges 75, an interval
between the charges 75 and a shot density of each of the charges 75 may all be variable for a
given application. For example, as shown in the exemplary configuration of FIG. 2, the
perforating sub 70 may include 3 or more charges 75 separated from one another and from
the igniter 120. In addition, while the charges 75 are shown as being perimetrically aligned,
it is to be understood that the charges could also be arranged at varying perimetric positions
around a central axis of the borehole 10.

[0014] The firing sub 80 is disposable to be substantially adjacent to the perforating
sub 70 although this is not required. The firing sub includes a body 81 having a base 81A
and inner and outer walls 81B and 81C extending therefrom. The inner wall 81B is formed to
define a first port 82 and the inner and outer walls 81B and 81C delimit an interior 83, which
is communicable with the first port 82. A firing assembly 84 is disposable within the interior
83 and operably coupled to the perforating sub 70.

[0015] The body 81 may include a shoulder 85 and a fluid pressure barrier, which
may include for example a sleeve 87 although this is not required and it is understood that
other configurations are possible. The sleeve 87 is formed with a second port 88 and a first
mating part 89 and is movably connected to an interior diameter of the body 81. The sleeve
87 is displaceable from an initial position, at which a leading edge of the sleeve 87 is
separated from a rear surface of the shoulder 85 and toward an open position (see FIG. 2), at
which the leading edge of the sleeve 87 abuts the rear surface of the shoulder 85 and the first
and second ports 82 and 88 align to form a fluid path 90. The fluid path 90 extends through
the first and second ports 82 and 88 and the interior 83 and is sufficiently pressurizable to
actuate the firing assembly 84 to operate the perforating sub 70.

[0016] A drop plug 110 including a second mating part 111 is introducible into the
borehole 10 along with drilling fluid, such as mud, which is pressurized to force the drop plug
110 downhole. In one embodiment, the drop plug 110 may be torpedo shaped with a forward
section 115, from which the second mating part 111 protrudes, and a substantially flat rear
section 116. With the sleeve 87 positioned on an interior diameter of the body 81, the first
and second mating parts 89 and 111 engage one another by the pressurized movement of the

drop plug 110 to thereby displace the sleeve 87 toward the open position. At the open
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position, the first and second mating parts 89 and 111 disengage automatically or are forced
to disengage by an increase in the drilling fluid pressure.

[0017] The isolation sub 100 is disposable downhole from the firing sub 80 and
includes a drillable plug seat 101 that is receptive of the drop plug 110 following the
disengagement of the first and second mating parts 89 and 111. With the drop plug 110
received, the isolation sub 100 isolates an active fracture stage, including the perforating sub
70, the firing sub 80 and, in some cases, additional perforating/firing sub pairs, from a
previous fracture stage.

[0018] The firing assembly 84 of the firing sub 80 may include an igniter 120 and a
firing piston 130. The igniter 120 is operably coupled to the charges 75 by for example
wiring 121 (or some other type of fuse) and, when activated, performs an ignition sequence
that ignites the charges 75. The igniter 120 may perform this ignition sequence following a
delay having a sufficient duration to allow the drop plug 110 to displace the sleeves 87 of
each of the firing subs 80 of the active stage.

[0019] The firing piston 130 is displaceable from an initial non-operational position
within the interior 83 of the firing sub 80 and toward an operational position. The firing
piston 130 may be secured in the non-operational position by a series of pins 131, which are
breakable as a result of the fluid path 90 becoming flooded with drilling fluid at a selected
pressure. The selected pressure may be the pressure of the drilling fluid required to pressure
the drop plug 110 downhole or an increased pressure in which case the pins 131 are breakable
only by a drilling fluid pressure that exceeds a pressure to move the drop plug 110 downhole.
This way, premature activation of the firing assembly 84 can be prevented. Once the pins
131 are broken, the drilling fluid displaces the firing piston 130 toward the operational
position where the firing piston 130 abuts and thereby actuates the igniter 120.

[0020] The system 60 can be installed in multiple sections of the borehole 10. As
shown in FIG. 1, for example, the borehole 10 may be formed to include zones 1, 2 and 3.
Here, each zone includes respective perforation, firing and isolation subs 70, 80 and 100.
Alternatively, zones 1, 2 and 3 may be classified as being parts of a fracture stage in which
each zone includes a respective perforation sub 70 and a respective firing sub 80. A single
isolation sub 100 is then disposable downhole from the last-in-sequence firing sub 80 to
delimit a border between fracture stages. Thus, each fracture stage may include multiple
perforating and firing subs 70 and 80, with each being associated with a single isolation sub

100 and with each firing sub 80 being associated with a corresponding perforating sub 70.
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[0021] In accordance with another aspect of the invention, a method for use in
borehole 10 completion is provided and includes associating one or more perforating subs 70
with a corresponding number of firing subs 80 with an isolation sub 100 and conveying the
perforating sub 70, the firing sub 80 and the isolation sub 100 downhole. A drop plug 110 is
then dropped or pressured downhole to cause the drop plug 110 to engage with and displace a
fluid pressure barrier or, for example, a sleeve 87 of the firing sub 80 toward an open
position. At this point, drop plug 110 is pressured up to cause the drop plug 110 to disengage
from the sleeve 87 and to continue to move downhole toward a plug position relative to the
isolation sub 100.

[0022] With the sleeve 87 in the open position, a firing assembly 84 of the firing sub
80 may be automatically actuated by the presence of pressurized drilling fluid in the interior
83 of the firing sub. In other embodiments, the method may further include increasing the
drilling fluid pressure within the borehole 10 to selectively actuate the firing assembly 84.

[0023] While one or more embodiments have been shown and described,
modifications and substitutions may be made thereto without departing from the spirit and
scope of the invention. Accordingly, it is to be understood that the present invention has been

described by way of illustrations and not limitation.
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CLAIMS:

1. A system for use in borehole completion, the system comprising:

a perforating sub;

a firing sub having a first port and an interior and including a firing assembly
disposable within the interior and operably coupled to the perforating sub and a drilling fluid
barrier, which is formed with a second port and is displaceable toward a position at which the
first and second ports align to form a fluid path through the interior that is sufficiently
pressurizable to actuate the firing assembly;

a drop plug selectively engageable with the drilling fluid barrier to enable
displacement thereof to the position in response to applied pressures; and

an isolation sub, into which the drop plug is receivable following disengagement

thereof from the drilling fluid barrier.

2. The system according to claim 1, further comprising multiple perforating and
firing subs.

3. The system according to claim 1, wherein a length of the perforating sub is
variable.

4. The system according to claim 1, wherein a shot density of a charge of the

perforating sub is variable.

5. The system according to claim 4, wherein the charge holds pressure integrity
for a previous stage.

6. The system according to claim 4, wherein the charge comprises at least one of
a shape charge and a pyrotechnic bolt.

7. The system according to claim 1, wherein the drilling fluid barrier comprises a
sleeve positioned on an interior diameter of the firing sub.

8. The system according to claim 7, wherein the sleeve and the drop plug each
comprise a selectively engageable corresponding mating part.

9. The system according to claim 8, wherein the mating part of the drop plug
exclusively mates with the mating part of the sleeve of the firing sub in an active stage.

10. The system according to claim 1, wherein the firing assembly comprises:

a time delayed igniter to perform an ignition sequence for operating the perforating
sub following a delay; and

a firing piston, which is displaceable to an operational position at which the firing
piston abuts the igniter in response to drilling fluid pressure applied to the firing piston when

the first and second ports are aligned.
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11. The system according to claim 10, wherein the delay is sufficient to allow the
drop plug to displace respective drilling fluid barriers of multiple firing subs.

12. The system according to claim 10, wherein the firing piston is disposed at an
initial secured position from which the firing piston is displaceable.

13. The system according to claim 12, wherein the firing piston is secured at the
initial secured position by firing pins.

14. A firing sub for use in borehole completion, comprising:

a body formed with a first port and an interior;

a firing assembly, including an igniter operably coupled to a perforating sub and a
firing piston disposable in the interior and displaceable toward an operational position at
which the firing piston abuts and thereby actuates the igniter; and

a fluid pressure barrier, which is formed with a second port and is displaceable to a
position at which the first and second ports align to form a fluid path through the interior that
is sufficiently pressurizable to displace the firing piston to the operational position.

15. A system for use in borehole completion including multiple perforating subs
each of which is associated with a respective firing sub in accordance with claim 14, the
multiple perforating and firing subs being associated with a single isolation sub.

16. The system according to claim 15, comprising a drop plug selectively
engageable with and disengageable from the respective fluid pressure barriers of each firing
sub to enable displacement thereof to the respective positions.

17. A method for use in borehole completion, the method comprising:

conveying a perforating sub, a firing sub and an isolation sub downhole;

dropping a drop plug downhole to cause the drop plug to engage with and displace a
fluid pressure barrier of the firing sub; and

pressuring up to cause the drop plug to disengage and to proceed downhole toward a
plug position relative to the isolation sub.

18. The method according to claim 17, further comprising increasing the drilling
fluid pressure to actuate a firing assembly of the firing sub.

19. The method according to claim 18, wherein the conveying comprises
conveying multiple perforating and firing subs downhole.

20. The method according to claim 19, further comprising repeating the dropping

and the pressuring up for each of the firing subs.
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