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USING OPPOSING CHARGES TO BALANCE FORCE

BACKGROUND

[0001] After drilling various sections of a wellbore that traverse a subterranean
formation, individual metal tubulars may be secured together to form a casing string that is
cemented within the wellbore. The casing string may provide a path for fluids to flow from
producing subterranean intervals to the surface. To allow the fluids into the casing string, the
casing string may be perforated.

[0002] Typically, the perforations may be created by detonating a series of charges
within the casing string. Specifically, one or more charge carriers may be loaded with the
charges. The charge carriers may then be secured within a tool string that is lowered into the
casing string. Once the charge carriers are positioned at a desired depth, the charges may be
detonated. Upon detonation, the charges may form jets that may cause perforations through the

casing string, the cement, and a portion of the subterranean formation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] These drawings illustrate certain aspects of some examples of the present
disclosure and should not be used to limit or define the disclosure.

[0004] Figure 1 illustrates an operating environment for a perforating tool, in
accordance with examples of the present disclosure;

[0005] Figures 2A and 2B illustrate different configurations of opposing shaped
charges positioned on the perforating tool, in accordance with examples of the present
disclosure;

[0006] Figure 2C illustrates the opposing shaped charges positioned at different non-
perpendicular angles, in accordance with examples of the present disclosure;

[0007] Figure 2D illustrates the opposing shaped charges having different magnitudes,
in accordance with examples of the present disclosure;

[0008] Figure 3A illustrates shaped charges mounted/oriented at 45° relative to a
longitudinal axis of the perforating tool, in accordance with examples of the present disclosure;

[0009] Figure 3B illustrates shaped charges mounted/oriented at 60° relative to a
longitudinal axis of the perforating tool, in accordance with examples of the present disclosure;

and
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[0010] Figure 4 illustrates an operative sequence for the perforating tool, in accordance

with examples of the present disclosure.

DETAILED DESCRIPTION

[0011] The present disclosure relates to techniques for detonating charges that are
positioned on opposing sides of the perforating tool at angles that are not perpendicular to a
longitudinal axis of the perforating tool. Historically, charges are typically mounted
perpendicular to the axis of the gun system. Charges that are not perpendicular to the axis of
the gun system create forces to propel the system up or down the well. These forces and created
motions can cause problems with conveyance methods, i.e., breaking or birdnesting the
wireline, as well as tensile stress on tubing and connections. Therefore, by mounting some of
the charges in opposing directions, one set of forces counteracts other forces. For example,
upward facing charges create forces to resist the forces created by downward facing charges.

[0012] A force-balanced perforating gun system as described herein allows the charges
to shoot in desired direction(s) relative to formation stress planes or other lithological features,
without compromising/damaging the conveyance (e.g., wireline, slickline, braided cable,
coiled tubing). This facilitates the ability to shoot charges at angles other than perpendicular to
the tubing/casing axis as desired based on the formation lithology, i.e., in the direction of
minimum stress in unconsolidated formations, thereby maximizing connectivity in the
formation to drive increased production.

[0013] In some examples, the force-balanced perforating gun systems allow for
shooting truly vertically upwards and downwards in a deviated well (e.g., 45° inclined well).
In examples, the configurations of the charges include a multitude of angles, different quantity
and ratio of upward and downward facing charges. The opposing charges may or may not
include the same type, magnitude, quantity, and/or angle.

[0014] Figure 1 illustrates an operating environment for a perforating tool 100, in
accordance with examples of the present disclosure. A semi-submersible platform (“platform
102”) may be centered over a submerged oil and gas formation 104 that may be located below
a sea floor 106. A subsea conduit 108 may extend from the platform 102 to a wellhead
installation 110 which may include subsea blow-out preventers 112. The platform 102 may
include a hoisting apparatus 114 and a derrick 116 for raising and lowering pipe strings such

as a conveyance 118 (e.g., a work string) which may include the perforating tool 100.
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[0015] The conveyance 118 may include a wireline, slickline, coiled tubing, pipe, or
downbhole tractor, which may provide mechanical suspension, as well as electrical connectivity,
for the perforating tool 100, for example. It should be understood that the configuration of the
perforating tool 100 shown on Figure 1 is merely illustrative and other configurations of the
perforating tool 100 may be utilized with the present techniques. For example, although Figure
1 depicts an offshore environment, systems and methods of the present disclosure may also be
utilized onshore.

[0016] A wellbore 120 may extend through various earth strata including the formation
104. A casing string 122 may be cemented within the wellbore 120 by cement 124. The
wellbore 120 may include an initial, generally vertical portion 128 and a lower, generally
deviated portion 130 which is illustrated as being inclined roughly 45 degrees. It should be
noted, however, by those skilled in the art that the perforating tool 100 may also be suited for
use in other well configurations including, but not limited to, horizontal wells, wells with
restrictions, non-deviated wells, and/or multilateral wells, for example.

[0017] The perforating tool 100 may include at least one perforating gun 126. Although
illustrated with a single perforating gun, it should be noted that the perforating tool may include
a plurality of perforating guns. For example, a gun string may include a plurality of connected
perforating guns. To perforate the casing string 122, the perforating tool 100 may be lowered
in the casing string 122 until the perforating gun 126 is properly positioned relative to the
formation 104. The shaped charges 127 of the perforating tool 100 are oriented in opposing
directions, such that one set of forces counteracts other forces.

[0018] Upward facing charges create forces to resist the forces created by downward
facing charges. This force-balanced perforating gun system allows charges to shoot in a desired
direction relative to the formation stress planes or other lithological features, without
compromising/damaging the conveyance 118 (e.g., wireline, slickline, braided cable, coiled
tubing). This facilitates the ability to shoot charges at angles other than perpendicular to the
tubing/casing axis as desired based on the formation lithology, i.e., in the direction of minimum
stress in unconsolidated formations, thereby maximizing connectivity in the formation to drive
increased production.

[0019] The configurations of the angled charges allow for shooting truly vertically
upwards and downwards in a deviated well (e.g., 45° inclined well). That is, each of the

perforations 129 may intersect a subterranean formation layer (e.g., the formation 104)
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perpendicularly, due to the orientation of the shaped charges 127. After positioning the
perforating tool 100 in the wellbore 120, the shaped charges 127 within the perforating gun
126 are detonated.

[0020] Upon detonation, liners of the shaped charges 127 may form a spaced series of
perforations 129 extending outwardly through the casing string 122, the cement 124, and into
the formation 104, thereby allowing fluid communication between the formation 104 and the
wellbore 120. In some examples, the perforations 129 may extend in a true vertical direction
to intersect formation layers perpendicularly. The perforations 129 may extend at angles other
than perpendicular to a tubing/casing axis.

[0021] Figures 2A-2D illustrate example configurations of orientations of the shaped
charges 127 of the perforating gun 126. At least two of the charges 127 are oriented in opposing
directions (e.g., opposing sides of the tool), such that one set of forces counteracts the opposing
forces. The shaped charges 127 are oriented at non-perpendicular angles. Upon detonation,
upward facing charges create forces 200 to resist downward forces 202 created by downward
facing charges. The shaped charges 127 may be retained in a charge tube 203 (e.g., a charge
holder).

[0022] A detonator cord may contact each of the shaped charges 127. The charge tube
203 may be disposed in a gun body 206. The gun body 206 may include a sleeve containing
scallops or recesses. Aligned with the recesses are the shaped charges 127. The firing of the
shaped charges 127 may occur within microseconds of one another due to the use of a single
detonator. Each of the shaped charges 127 may include a charge case and a liner. Explosive
material may be disposed between the charge case and the liner.

[0023] In some examples, forces 207 and 208 may extend in directions of a
longitudinal axis L of the perforating gun 126. As noted above, the orientation of the shaped
charges 127 (i.e., not perpendicular to the longitudinal axis of the perforating tool) allows the
charges to be shot in a desired direction relative to formation stress planes or other lithological
features, without compromising/damaging the conveyance. This allows the shaped charges 127
to be positioned/oriented at angles other than perpendicular to the tubing/casing axis (e.g., L)
as desired based on the formation lithology, i.e., in the direction of minimum stress in
unconsolidated formations, thereby maximizing connectivity in the formation to drive

increased production.
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[0024] The orientation of shaped charges 127 may be configured for shooting truly
vertically upwards and downwards in a deviated well. In examples, the configurations of the
charges 127 include a multitude of angles, placement, and a different quantity and ratio of
upward and downward facing charges. The opposing charges may or may not include the same
type, magnitude, quantity, and/or angle. Figure 2C illustrates a configuration that includes
opposing shaped charges positioned on the perforating gun 126 at different non-perpendicular
angles. For example, a shaped charge 127a may be positioned at an angle (e.g., 60°) that is
different than an angle for a shaped charge 127b (e.g., 30°). A force 200a is created with a
shaped charge 127a. A force 202a is created with a shaped charge 127b. Figure 2D illustrates
different shaped charges such as a shaped charge 127¢c and a shaped charge 127d that may have
different magnitudes and/or be different types to create different forces. The shaped charge
127¢ may create a force 200b, and the shaped charge 127d may create a force 202b.

[0025] Figures 3A and 3B illustrate examples of a perforating gun 126 with non-
perpendicular orientations for the shaped charges 127 disposed in the charge tube 203 of the
gun 126, relative to longitudinal axis L of the gun 126 (or casing). Each perforating gun 126
may house any number of shaped charges 127. A detonator cord 300 connects the shaped
charges 127 and a detonator is used to detonate/fire the shaped charges 127. These
configurations allow for firing of the shaped charges 127 in opposing directions to urge
balancing of forces.

[0026] Figure 3 A illustrates a 45° orientation and Figure 3B illustrates a 60° orientation
relative to L. Although illustrated as upward facing charges, these orientations may be used for
upward and/or downward facing charges. It should be noted that these angles are non-limiting
examples, and any angle that is not perpendicular to L may be used for shaped charge
orientation. Also, a combination of different or similar angles may be used for firing the shaped
charges in opposing directions. Each of the shaped charges 127 may include a charge case 302
and a liner 304. Explosive material 306 may be disposed between the charge case 302 and the
liner 304.

[0027] Figure 4 illustrates an operative sequence to perforate a wellbore such as a
deviated section of the wellbore, for example. At step 400, a force-balanced perforating gun
system (e.g., perforating tool 100) is disposed in a deviated wellbore. For example,
the perforating guns may be incorporated into a tool string that is lowered into a cased wellbore
at the end of a conveyance (e.g., tubing string, wireline, slickline, coiled tubing).
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[0028] The perforating guns may be positioned in the wellbore as desired (e.g., inclined
section, 45° incline), such that the shaped charges are facing target formation(s). The
perforating guns include at least two shaped charges that are oriented in opposing directions
that may allow for shooting truly vertically upwards and downwards in a deviated well,
minimizing damage to the conveyance, and/or shooting in the direction of minimum stress in
unconsolidated formations.

[0029] At step 402, the shaped charges may be fired to create perforations in the
subterranean formation. For example, the at least two shaped charges are fired at angles other
than perpendicular to the tubing/casing axis as desired based on the formation lithology, i.e.,
in the direction of minimum stress in unconsolidated formations, thereby maximizing
connectivity in the formation to drive increased production. As noted above, this may include
a multitude of angles, placement, and a different quantity and ratio of upward and downward
facing charges. The opposing charges may or may not include the same type, magnitude,
quantity, and/or angle.

[0030] Accordingly, the force-balanced perforating gun systems and methods of the
present disclosure employ opposing non-perpendicular shaped charge orientations to maximize
connectivity in deviated wellbores to drive increased hydrocarbon production, as well as
minimize damage to the conveyance. The systems and methods may include any of the various
features disclosed herein, including one or more of the following statements.

[0031] Statement 1. A perforating tool comprising at least two shaped charges
positioned to fire in opposing directions, wherein each shaped charged is oriented at an angle
that is not perpendicular to a longitudinal axis of the perforating tool.

[0032] Statement 2. The tool of the statement 1, wherein at least one shaped charge is
oriented in a direction of the longitudinal axis.

[0033] Statement 3. The tool of any one of the preceding statements, wherein at least
one shaped charge is oriented upward.

[0034] Statement 4. The tool of any one of the preceding statements, wherein at least
one shaped charge is oriented downward.

[0035] Statement 5. The tool of any one of the preceding statements, wherein the angles

are different for the at least two shaped charges.
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[0036] Statement 6. The tool of any one of the preceding statements, wherein at least
one shaped charge is oriented upward or downward, and wherein at least one shaped charge is
oriented in a direction of the longitudinal axis.

[0037] Statement 7. The tool of any one of the preceding statements, wherein a
magnitude of each shaped charge is different.

[0038] Statement 8. The tool of any one of the preceding statements, wherein a
magnitude of each shaped charge is the same.

[0039] Statement 9. The tool of any one of the preceding statements, wherein at least
one shaped charge is oriented downward, and wherein at least one shaped charge is oriented in
a direction of the longitudinal axis.

[0040] Statement 10. The tool of any one of the preceding statements, wherein at least
one shaped charge is oriented upward and wherein at least one shaped charge is oriented
downward.

[0041] Statement 11. A method comprising: positioning a perforating tool in a
wellbore, the perforating tool comprising at least two shaped charges positioned to fire in
opposing directions, wherein each shaped charged is oriented at an angle that is not
perpendicular to a longitudinal axis of the perforating tool.

[0042] Statement 12. The method of the statement 11, wherein the perforating tool is
disposed in an inclined section of a wellbore.

[0043] Statement 13. The method of any one of the statements 11 or 12, wherein at
least one shaped charge is oriented upward.

[0044] Statement 14. The method of any one of the statements 11-13, wherein at least
one shaped charge is oriented in a direction of the longitudinal axis.

[0045] Statement 15. The method of any one of the statements 11-14, wherein at least
one shaped charge is oriented downward.

[0046] Statement 16. The method of any one of the statements 11-15, wherein the
angles are different for the at least two shaped charges.

[0047] Statement 17. The method of any one of the statements 11-16, wherein at least
one shaped charge is oriented upward or downward, and wherein at least one shaped charge is
oriented in a direction of the longitudinal axis.

[0048] Statement 18. The method of any one of the statements 11-17, wherein a

magnitude of each shaped charge is different.
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[0049] Statement 19. The method of any one of the statements 11-18, wherein a
magnitude of each shaped charge is the same.

[0050] Statement 20. The method of any one of the statements 11-19, wherein at least
one shaped charge is oriented downward, and wherein at least one shaped charge is oriented in
a direction of the longitudinal axis.

[0051] Statement 21. The method of any one of the preceding statements, wherein at
least one shaped charge is of a different type than other charges in the system. For example, a
Deep Penetrating charge oriented upward and a Big Hole charge or a Limited Entry charge
oriented downward.

[0052] Although the present disclosure and its advantages have been described in
detail, it should be understood that various changes, substitutions and alterations may be made
herein without departing from the spirit and scope of the disclosure as defined by the appended
claims. The preceding description provides various examples of the systems and methods of
use disclosed herein which may contain different method steps and alternative combinations of
components. It should be understood that, although individual examples may be discussed
herein, the present disclosure covers all combinations of the disclosed examples, including,
without limitation, the different component combinations, method step combinations, and
properties of the system. It should be understood that the compositions and methods are

29 CC

described in terms of “comprising,” “containing,” or “including” various components or steps,
the compositions and methods can also “consist essentially of” or “consist of” the various
components and steps. Moreover, the indefinite articles “a” or “an,” as used in the claims, are
defined herein to mean one or more than one of the elements that it introduces.

[0053] For the sake of brevity, only certain ranges are explicitly disclosed herein.
However, ranges from any lower limit may be combined with any upper limit to recite a range
not explicitly recited, as well as ranges from any lower limit may be combined with any other
lower limit to recite a range not explicitly recited, in the same way, ranges from any upper limit
may be combined with any other upper limit to recite a range not explicitly recited.
Additionally, whenever a numerical range with a lower limit and an upper limit is disclosed,
any number and any included range falling within the range are specifically disclosed. In
particular, every range of values (of the form, “from about a to about b,” or, equivalently, “from
approximately a to b,” or, equivalently, “from approximately a-b”) disclosed herein is to be
understood to set forth every number and range encompassed within the broader range of
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values even if not explicitly recited. Thus, every point or individual value may serve as its own
lower or upper limit combined with any other point or individual value or any other lower or
upper limit, to recite a range not explicitly recited.

[0054] Therefore, the present examples are well adapted to attain the ends and
advantages mentioned as well as those that are inherent therein. The particular examples
disclosed above are illustrative only and may be modified and practiced in different but
equivalent manners apparent to those skilled in the art having the benefit of the teachings
herein. Although individual examples are discussed, the disclosure covers all combinations of
all of the examples. Furthermore, no limitations are intended to the details of construction or
design herein shown, other than as described in the claims below. Also, the terms in the claims
have their plain, ordinary meaning unless otherwise explicitly and clearly defined by the
patentee. It is therefore evident that the particular illustrative examples disclosed above may
be altered or modified and all such variations are considered within the scope and spirit of those
examples. If there is any conflict in the usages of a word or term in this specification and one
or more patent(s) or other documents that may be incorporated herein by reference, the

definitions that are consistent with this specification should be adopted.
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CLAIMS

What is claimed is:

1. A perforating tool comprising:
at least two shaped charges positioned to fire in opposing directions, wherein
each shaped charged is oriented at an angle that is not perpendicular to a longitudinal axis of

the perforating tool.

2. The perforating tool of claim 1, wherein at least one shaped charge is oriented
downward.

3. The perforating tool of claim 1, wherein at least one shaped charge is oriented upward.
4. The perforating tool of claim 1, wherein at least one shaped charge is oriented in a

direction of the longitudinal axis.

5. The perforating tool of claim 1, wherein the angles are different for the at least two
shaped charges.
6. The perforating tool of claim 1, wherein at least one shaped charge is oriented upward

and wherein at least one shaped charge is oriented downward.

7. The perforating tool of claim 1, wherein a magnitude of each shaped charge is different.
8. The perforating tool of claim 1, wherein a magnitude of each shaped charge is the same.
9. The perforating tool of claim 1, wherein a type of each shaped charge is different.
10. The perforating tool of claim 1, wherein a type of each shaped charge is the same.

10
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11.  The perforating tool of claim 1, wherein at least one shaped charge is oriented
downward, and wherein at least one shaped charge is oriented in a direction of the longitudinal

axis.

12. The perforating tool of claim 1, wherein at least one shaped charge is oriented upward,

and wherein at least one shaped charge is oriented in a direction of the longitudinal axis.

13. A method comprising:
positioning a perforating tool in a wellbore, the perforating tool comprising:
at least two shaped charges positioned to fire in opposing directions,
wherein each shaped charged is oriented at an angle that is not perpendicular to a longitudinal

axis of the perforating tool.

14. The method of claim 13, wherein the perforating tool is disposed in an inclined section

of a wellbore.

15. The method of claim 13, wherein at least one shaped charge is oriented upward.
16. The method of claim 13, wherein at least one shaped charge is oriented downward.
17. The method of claim 13, wherein at least one shaped charge is oriented in a direction

of the longitudinal axis.

18. The method of claim 13, wherein the angles are different for the at least two shaped
charges.
19. The method of claim 13, wherein at least one shaped charge is oriented upward or

downward, and wherein at least one shaped charge is oriented in a direction of the longitudinal

axis.

20. The method of claim 13, wherein a magnitude of each shaped charge is different.

11
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21. The method of claim 13, wherein a magnitude of each shaped charge is the same.

22. The method of claim 13, wherein a type of each shaped charge is different.

23. The method of claim 13, wherein a type of each shaped charge is the same.

24, The method of claim 13, wherein at least one shaped charge is oriented downward, and

wherein at least one shaped charge is oriented in a direction of the longitudinal axis.
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POSITIONING A PERFORATING TOOL IN A
DEVIATED WELLBORE, THE PERFORATING TOOL
INCLUDING AT LEAST TWO SHAPED CHARGES
400~/ THAT ARE ORIENTED IN OPPOSING DIRECTIONS,

WHEREIN THE SHAPED CHARGES ARE ORIENTED
ON THE PERFORATING TOOL AT
NON-PERPENDICULAR ANGLES RELATIVE TO A
LONGITUDINAL AXIS OF THE PERFORATING TOOL

Y
402" FIRING THE AT LEAST TWO SHAPED CHARGES

FIG. 4
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