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FLOW CONTROL ASSEMBLIES FOR DOWNHOLE OPERATIONS AND
SYSTEMS AND METHODS INCLUDING THE SAME

Cross-Reference to Related Applications
[0001] This application claims the benefit of U.S. Provisional Patent Application

No. 61/745,136, filed December 21, 2012, U.S. Provisional Patent Application No.

61/834,296, filed June 12, 2013, and U.S. Provisional Patent Application No. 61/894,302,

filed October 22, 2013, the complete disclosure of each is hereby incorporated by reference.
Field of the Disclosure

[0002] The present disclosure is directed generally to flow control assemblies for
downhole operations, and more particularly to flow control assemblies that include a housing,
which includes and/or defines an injection conduit and a ball sealer seat, and a hydraulically
actuated sliding sleeve, which selectively regulates fluid flow through the injection conduit.

Background of the Disclosure

[0003] A well, such as a hydrocarbon well and/or an oil well, may include a casing string
that defines a casing conduit and extends between a surface region and a subterranean
formation. During construction and/or operation of the well, it may be desirable to perform
any one of a number of downhole operations. Illustrative, non-exclusive examples of these
downhole operations include locating one or more downhole tools within the casing conduit,
stimulating at least a portion of the subterranecan formation, fluidly isolating an uphole
portion of the casing conduit from a downhole portion of the casing conduit, and/or fluidly
isolating the casing conduit from the subterranean formation.

[0004] These downhole operations may utilize one or more flow control assemblies to
control fluid flows within the casing conduit and/or between the casing conduit and the
subterranean formation. However, current flow control assemblies may not provide a desired
level of operational flexibility and/or may be costly to install, utilize, and/or remove from the
casing conduit. Thus, there exists a need for improved flow control assemblies for downhole
operations.

Summary of the Disclosure

[0005] Flow control assemblies for downhole operations are disclosed herein, as are
systems and methods including the same. The systems include a flow control assembly that
is configured to control a fluid flow between a casing conduit and a subterranean formation.
The flow control assembly includes a housing that includes a housing body that defines at

least a portion of the casing conduit. The housing also includes an injection conduit, which
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extends between the casing conduit and the subterrancan formation, and a ball sealer seat,
which defines a portion of the injection conduit. The flow control assembly further includes
a hydraulically actuated sliding sleeve that is configured to transition between a closed
configuration and an open configuration responsive to a pressure differential to control an
injection conduit fluid flow through the injection conduit.

[0006] In some embodiments, the pressure differential includes a pressure differential
between the casing conduit and the subterrancan formation. In some embodiments, the
sliding sleeve is located within the casing conduit. In some embodiments, the sliding sleeve
fluidly isolates the ball sealer seat from the casing conduit when the sliding sleeve is in the
closed configuration. In some embodiments, the sliding sleeve is external to the casing
conduit. In some embodiments, the assembly further includes a retention structure that is
configured to retain the sliding sleeve in the closed configuration and to selectively permit the
sliding sleeve to transition to the open configuration responsive to the pressure differential.
[0007] In some embodiments, the injection conduit is sized to permit stimulation of the
subterranean formation by the injection conduit fluid flow. In some embodiments, the
injection conduit is sized to maintain at least a threshold pressure drop thereacross when the
injection conduit fluid flow of a stimulant fluid flows therethrough.

[0008] In some embodiments, the flow control assembly includes a plurality of injection
conduits and a plurality of corresponding ball sealer seats. In some embodiments, the ball
sealer seat defines a ball sealer sealing surface that is configured to form a fluid seal with a
ball sealer. In some embodiments, the ball sealer seat is a machined ball sealer seat. In some
embodiments, a material composition of the ball sealer seat is different from a material
composition of the housing body.

[0009] In some embodiments, the flow control assembly may form a portion of a casing
string. In some embodiments, the casing string may include a plurality of flow control
assemblies. In some embodiments, the casing string may extend within a wellbore and/or
may form a portion of a hydrocarbon well.

[0010] The methods include pressurizing a portion of the casing conduit to generate a
pressurized region within the casing conduit. The methods further include transitioning the
hydraulically actuated sliding sleeve from the closed configuration to the open configuration
responsive to the pressure differential exceeding a threshold pressure differential. The
methods then include stimulating the subterranean formation by flowing the stimulant fluid

through the injection conduit and into the subterranean formation as the injection conduit
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fluid flow. The methods also include receiving a ball sealer on the ball sealer seat to restrict
the injection conduit fluid flow.

[0011] In some embodiments, the transitioning includes translating the sliding sleeve
within the casing conduit. In some embodiments, the transitioning includes translating the
sliding sleeve along an outer surface of the flow control assembly. In some embodiments, the
pressurizing includes providing the stimulant fluid to the casing conduit.

[0012] In some embodiments, the methods further include producing a reservoir fluid
from the subterranean formation. In some embodiments, the methods further include
repeating the methods to stimulate another portion of the subterranean formation.

Brief Description of the Drawings

[0013] Fig. 1 is a schematic representation of illustrative, non-exclusive examples of a
hydrocarbon well that may include the systems and/or be utilized with the systems and
methods according to the present disclosure.

[0014] Fig. 2 is a less schematic representation of illustrative, non-exclusive examples of
a flow control assembly according to the present disclosure in a closed configuration.

[0015] Fig. 3 is a less schematic representation of illustrative, non-exclusive examples of
the flow control assembly of Fig. 2 in an open configuration.

[0016] Fig. 4 is a less schematic representation of illustrative, non-exclusive examples of
another flow control assembly according to the present disclosure in a closed configuration.
[0017] Fig. 5 is a less schematic representation of illustrative, non-exclusive examples of
the flow control assembly of Fig. 4 in an open configuration.

[0018] Fig. 6 is a schematic representation of illustrative, non-exclusive examples of a
portion of a housing body that includes and/or defines a ball sealer scat and may form a
portion of a flow control assembly according to the present disclosure.

[0019] Fig. 7 is a fragmentary schematic representation of illustrative, non-exclusive
examples of a stimulation process that may be performed in a hydrocarbon well and that may
include and/or utilize the systems and methods according to the present disclosure.

[0020] Fig. 8 is another fragmentary schematic representation of illustrative, non-
exclusive examples of a stimulation process that may be performed in a hydrocarbon well and
that may include and/or utilize the systems and methods according to the present disclosure.
[0021] Fig. 9 is another fragmentary schematic representation of illustrative, non-
exclusive examples of a stimulation process that may be performed in a hydrocarbon well and

that may include and/or utilize the systems and methods according to the present disclosure.
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[0022] Fig. 10 is another fragmentary schematic representation of illustrative, non-
exclusive examples of a stimulation process that may be performed in a hydrocarbon well and
that may include and/or utilize the systems and methods according to the present disclosure.
[0023] Fig. 11 is another fragmentary schematic representation of illustrative, non-
exclusive examples of a stimulation process that may be performed in a hydrocarbon well and
that may include and/or utilize the systems and methods according to the present disclosure.
[0024] Fig. 12 is another fragmentary schematic representation of illustrative, non-
exclusive examples of a stimulation process that may be performed in a hydrocarbon well and
that may include and/or utilize the systems and methods according to the present disclosure.
[0025] Fig. 13 is a flowchart depicting methods according to the present disclosure of
stimulating a subterranean formation.

Detailed Description and Best Mode of the Disclosure

[0026] Figs. 1-12 provide illustrative, non-exclusive examples of flow control assemblies
100 according to the present disclosure, of components of flow control assemblies 100,
and/or of casing strings 30 and/or hydrocarbon wells 20 that may include and/or utilize flow
control assemblies 100. FElements that serve a similar, or at least substantially similar,
purpose are labeled with like numbers in each of Figs. 1-12, and these elements may not be
discussed in detail herein with reference to each of Figs. 1-12. Similarly, all elements may
not be labeled in each of Figs. 1-12, but reference numerals associated therewith may be
utilized herein for consistency. Elements, components, and/or features that are discussed
herein with reference to one or more of Figs. 1-12 may be included in and/or utilized with
any of Figs. 1-12 without departing from the scope of the present disclosure.

[0027] In general, elements that are likely to be included in a given (i.e., a particular)
embodiment are illustrated in solid lines, while elements that are optional to a given
embodiment are illustrated in dashed lines. However, elements that are shown in solid lines
are not cssential to all embodiments, and an element shown in solid lines may be omitted
from a particular embodiment without departing from the scope of the present disclosure.
[0028] Fig. 1 is a schematic representation of illustrative, non-exclusive examples of a
hydrocarbon well 20 that may be utilized with and/or include the systems and methods
according to the present disclosure. Hydrocarbon well 20 includes, defines, and/or is
associated with a wellbore 22, which extends between a surface region 24 and a subterranean
formation 28 that is present within a subsurface region 26. Hydrocarbon well 20 also
includes a casing string 30 that extends within wellbore 22 and defines a casing conduit 38

therein.
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[0029] As illustrated in Fig. 1 and discussed in more detail herein, hydrocarbon well 20
may include (and/or casing conduit 38 may contain) a perforation device 50 that is configured
to create one or more perforations 60 within casing string 30. Perforations 60 may permit
stimulation of subterranean formation 28, such as by permitting flow of a stimulant fluid 62
from casing conduit 38 into subterrancan formation 28. Additionally or alternatively,
perforations 60 also may permit production of a reservoir fluid 29 from subterranean
formation 28 to surface region 24 via casing conduit 38. Reservoir fluid 29 additionally or
alternatively may be referred to herein as, and/or may be, a hydrocarbon 29 and/or a
hydrocarbon fluid 29. Perforation device 50 may include and/or define any suitable structure
that is configured to create perforations 60. As an illustrative, non-exclusive example,
perforation device 50 may include and/or be a perforation gun that includes at least one
perforation charge, and optionally a plurality of perforation charges.

[0030] As illustrated in dashed lines in Fig. 1 and also discussed in more detail herein,
one or more ball sealers 118 may be selectively located within casing conduit 38 and, when
present, may prevent a fluid flow through perforations 60 from the casing conduit into the
subterranean formation. In addition, and as also illustrated in dashed lines in Fig. 1, casing
conduit 38 further may include an isolation device 56, which may be configured to fluidly
isolate at least a portion of casing conduit 38 from subterranean formation 28.

[0031] Hydrocarbon well 20 and/or wellbore 22, casing string 30, and/or casing conduit
38 thereof may define an uphole direction 44 and a downhole direction 40. Uphole direction
44 may define a direction within and/or along a length of wellbore 22, casing string 30,
and/or casing conduit 38 that is directed toward surface region 24. Conversely, downhole
direction 40 may define a direction within and/or along a length of wellbore 22, casing string
30, and/or casing conduit 38 that is directed away from surface region 24 and/or toward a
terminal end 42 of wellbore 22.

[0032] Additionally or alternatively, uphole direction 44 and downhole direction 40 may
be relative terms that may be utilized herein to describe a relative location of one portion of
hydrocarbon well 20 with respect to another portion of hydrocarbon well 20. As an
illustrative, non-exclusive example, and in the illustrative, non-exclusive example of Fig. 1,
terminal end 42 may be downhole, or located downhole, from ball sealers 118 and/or from
perforation device 50. Similarly, ball sealers 118 and/or perforation device 50 may be
uphole, or located uphole, from terminal end 42.

[0033] Casing string 30 includes a plurality of lengths of casing 34 and at least one

hydraulically actuated flow control assembly 100. As an illustrative, non-exclusive example,
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casing string 30 may include at least a first length (or portion) 35 of casing 34 that defines a
first, or uphole, portion 48 of casing conduit 38, and a second length (or portion) 36 of casing
34 that defines a second, or downhole, portion 46 of casing conduit 38. Hydraulically
actuated flow control assembly 100 also may be referred to herein as flow control assembly
100 and may be located between and/or may be operatively attached to first length 35 and
second length 36.

[0034] It is within the scope of the present disclosure that casing string 30 may include
any suitable number of lengths of casing 34 and/or any suitable number of flow control
assemblies 100. As illustrative, non-exclusive examples, casing string 30 may include a
plurality of lengths of casing 34 and a plurality of flow control assemblies 100, with each
flow control assembly 100 being located between a respective pair of lengths of casing 34.
As additional illustrative, non-exclusive examples, casing string 30 may include at least 2, at
least 3, at least 4, at least 5, at lcast 6, at least 7, at least 8, at least 9, at least 10, at least 12, at
least 14, at lcast 16, at least 18, at lcast 20, at least 22, at least 24, at least 26, at least 28, or at
least 30 flow control assemblies and/or a corresponding number of respective lengths of
casing 34.

[0035] Flow control assembly 100 may include any suitable structure that may form a
portion of casing sting 30 and/or that may be configured to selectively control a fluid flow
between casing conduit 38 and subterranean formation 28. More specific but still illustrative,
non-exclusive examples of flow control assemblies 100 according to the present disclosure
are illustrated in Figs. 2-6 and discussed in more detail herein with reference thereto.
[lustrative, non-exclusive examples of process flows that may be utilized with hydrocarbon
wells 20 that include flow control assemblies 100 according to the present disclosure are
illustrated in Figs. 7-12.

[0036] Flow control assemblies 100 may include a housing 110 that includes a housing
body 112. As illustrated in Figs. 1-6, housing body 112 has an inner surface 126, which
defines at least a portion of casing conduit 38. The housing body also may have an outer
surface 128, which may be opposed to inner surface 126 and/or may be proximal to and/or in
direct fluid communication with subterranean formation 28 (when the flow control assembly
is present within the subterranean formation).

[0037] When flow control assembly 100 is located within casing string 30, housing body
112 may be referred to herein as defining a portion of the casing string and/or as being
located within the casing string. As an illustrative, non-exclusive example, housing body 112

may be operatively attached to a first (or downhole) portion 31 of casing string 30 and also to



WO 2014/099306 PCT/US2013/072027

a second (or uphole) portion 32 of casing string 30 via attachment structures 122, which are
discussed in more detail herein.

[0038] Housing body 112 also defines an injection conduit 114 that extends through the
housing body between inner surface 126 and outer surface 128. Thus, when flow control
assembly 100 is present within subterranean formation 28, injection conduit 114 extends
and/or selectively provides fluid communication between casing conduit 38 and subterrancan
formation 28. Illustrative, non-exclusive examples of injection conduit 114 are discussed in
more detail herein.

[0039] Housing 110 (and/or housing body 112 thereof) further includes and/or defines a
ball sealer seat 116. Ball sealer seat 116 defines a portion of injection conduit 114 and may
be defined on, near, and/or by inner surface 126 of housing 110. Ball sealer seat 116 may be
formed with the housing body or separately formed and then secured to the housing body.
Ball sealer seat 116 is sized to receive ball sealer 118. When present on ball sealer seat 116,
ball sealer 118 restricts fluid flow from casing conduit 38 through injection conduit 114 and
into subterrancan formation 28. Illustrative, non-exclusive examples of ball sealer seats 116
are discussed in more detail herein with reference to Fig. 6.

[0040] Flow control assembly 100 further includes a hydraulically actuated sliding sleeve
140. Hydraulically actuated sliding sleeve 140 also may be referred to herecin as sliding
sleeve 140 and may be located within casing conduit 38 (as illustrated in Figs. 2-3) and/or
located external to casing conduit 38 (as illustrated in Figs. 4-5). Sliding sleeve 140 is
configured to selectively transition between a closed configuration 142, as illustrated in Figs.
1-2 and 4, and an open configuration 144, as illustrated in Figs. 1, 3, and 5, responsive to a
pressure differential. When sliding sleeve 140 is in closed configuration 142, flow control
assembly 100 also may be referred to herein as being in closed configuration 142. Similarly,
and when sliding sleeve 140 is in open configuration 144, flow control assembly 100 also
may be referred to herein as being in open configuration 144.

[0041] When sliding sleeve 140 is in closed configuration 142, the sliding sleeve resists,
blocks, occludes, and/or stops a fluid flow through the injection conduit. Although not
required, this fluid flow may be referred to herein as an injection conduit fluid flow.
Conversely, when sliding sleeve 140 is in open configuration 144, the sliding sleeve permits,
facilitates, allows, and/or provides for the fluid flow through the injection conduit.

[0042] The pressure differential may include and/or be any suitable pressure differential
that may be defined within hydrocarbon well 20 and/or any suitable portion(s) thereof. As an

illustrative, non-exclusive example, the pressure differential may include a pressure
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differential between subterrancan formation 28 and casing conduit 38. As more specific but
still illustrative, non-exclusive examples, the pressure differential may be defined between
subterranean formation 28 and downhole portion 46 of casing conduit 38, between the
subterranean formation and uphole portion 48 of the casing conduit, between the
subterranean formation and a portion of the casing conduit that is defined by inner surface
126 of housing body 112, and/or between uphole portion 48 and downhole portion 46. As
additional more specific but still illustrative, non-exclusive examples, the pressure differential
may include, be, and/or be defined such that a pressure within casing conduit 38 is greater
than a pressure within subterranean formation 28 and/or such that a pressure within uphole
portion 48 of casing conduit 38 is greater than a pressure within downhole portion 46 of
casing conduit 38.

[0043] Flow control assembly 100 also may include a retention structure 170. Retention
structure 170 may be configured to retain sliding sleeve 140 in the closed configuration and
to selectively permit the sliding sleeve to transition to the open configuration responsive to
the pressure differential.

[0044] As an illustrative, non-exclusive example, retention structure 170 may include
and/or be at least one shear pin that may be configured to retain the sliding sleeve in the
closed configuration and to permit the sliding sleeve to transition from the closed
configuration to the open configuration upon, responsive to, or as a result of, shearing of the
shear pin(s). As another illustrative, non-exclusive example, retention structure 170 also may
include and/or be a pressure pad that may be configured to retain the sliding sleeve in the
closed configuration and to selectively permit the sliding sleeve to transition to the open
configuration responsive to motion of, pressure on, and/or fluid pressure on the pressure pad.
[0045] It is within the scope of the present disclosure that retention structure 170
(optionally) may be configured to retain sliding sleeve 140 in the open configuration. As
such, the sliding sleeve may be configured to be retained in the open configuration
subsequent to transitioning thereto.

[0046] It is also within the scope of the present disclosure that flow control assembly 100
and/or retention structure 170 thereof may include an optional biasing mechanism 172.
Biasing mechanism 172 may be configured to bias the sliding sleeve to the closed
configuration. As such, the sliding sleeve may be configured to return to the closed
configuration (via a motive force that may be applied by the biasing mechanism) responsive
to the pressure differential being less than the threshold pressure differential, responsive to a

different pressure differential, and/or responsive to any other suitable system parameter.
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Additionally or alternatively, biasing mechanism 172 also may be configured to bias sliding
sleeve 140 toward the open configuration and/or to retain sliding sleeve 140 in the open
configuration subsequent to the sliding sleeve transitioning thereto. Illustrative, non-
exclusive examples of biasing mechanism 172 include any suitable spring, compressed fluid,
and/or elastomer (or elastomeric material).

[0047] In addition, flow control assembly 100 also may include and/or be associated with
one or more attachment structures 122 and/or a sleeve stop 124. Attachment structures 122
may include any suitable structure that may be configured and/or designed to operatively
attach flow control assembly 100 to respective lengths of casing 34. Sleeve stop 124 may
include any suitable structure that is configured to limit a motion of sliding sleeve 140 when
the sliding sleeve transitions between the closed configuration and the open configuration,
from the closed configuration to the open configuration, and/or from the open configuration
to the closed configuration.

[0048] As schematically illustrated in dashed lines in Fig. 1, hydrocarbon well 20, and/or
casing conduit 38 thereof, also may include one or more supplemental sealing materials 119.
Supplemental sealing materials 119 may be located within casing conduit 38 proximal to, in
physical contact with, and/or in mechanical contact with ball sealers 118. The supplemental
sealing materials may be configured to retain ball sealers 118 on perforations 60 and/or on
ball sealer seats 116, may be configured to decrease fluid leakage past ball sealers 118 when
ball sealers 118 are located on perforations 60 and/or on ball sealer seats 116, and/or may be
configured to seal perforations 60 and/or ball sealer seats 116 that do not have a respective
ball sealer 118 associated therewith. Illustrative, non-exclusive examples of supplemental
sealing materials 119 include a supplemental ball sealer, a fibrous material, a particulate
material, a granular material, cellophane flakes, cotton seed hulls, sawdust, benzoic acid
flakes, shaved rock salt, walnut shells, and/or sieve-sided sand.

[0049] Fig. 2 is a less schematic representation of illustrative, non-exclusive examples of
a flow control assembly 100 according to the present disclosure in closed configuration 142,
while Fig. 3 is a less schematic representation of flow control assembly 100 of Fig. 2 in open
configuration 144. In Figs. 2-3, flow control assembly 100 includes a sliding sleeve 140 that
is located within casing conduit 38, that is in contact with inner surface 126 of housing body
112, and/or that is located within a portion of casing conduit 38 that is defined by housing
body 112.

[0050] As such, and when in closed configuration 142, sliding sleeve 140 fluidly isolates

injection conduits 114 and/or ball sealer seats 116 from casing conduit 38 (as illustrated in
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Fig. 2). However, and upon transitioning to open configuration 144, sliding sleeve 140
permits fluid communication between injection conduits 114 (and/or ball sealer seats 116)
and casing conduit 38, thereby permitting fluid flow between casing conduit 38 and
subterranean formation 28 (as illustrated in Fig. 3).

[0051] Fig. 4 is a less schematic representation of illustrative, non-exclusive examples of
another flow control assembly 100 according to the present disclosure in closed configuration
142, while Fig. § is a less schematic representation of flow control assembly 100 of Fig. 4 in
open configuration 144. In Figs. 4-5, flow control assembly 100 includes a sliding sleeve 140
that is located external to casing conduit 38. As illustrative, non-exclusive examples, sliding
sleeve 140 may be in contact with outer surface 128 of housing body 112, may surround at
least a portion of housing body 112, and/or may be located between at least a portion of
housing body 112 and subterranean formation 28.

[0052] Thus, and when in closed configuration 142, sliding sleeve 140 extends between
injection conduits 114 and subterranean formation 28, thereby restricting fluid flow between
casing conduit 38 and subterrancan formation 28 (as illustrated in Fig. 4). However, and
when in open configuration 144, sliding sleeve 140 does not extend between the injection
conduits and the subterrancan formation, thereby permitting fluid flow between casing
conduit 38 and subterranean formation 28 via injection conduits 114 (as illustrated in Fig. 5).
[0053] Fig. 6 is a schematic representation of illustrative, non-exclusive examples of a
portion of a housing 110 that includes and/or defines a ball sealer seat 116 and may form a
portion of flow control assemblies 100 according to the present disclosure. Ball sealer seats
116 according to the present disclosure may be specifically configured, designed, machined,
sized, and/or selected to form a fluid seal with a ball sealer, when present therecon. As such, a
size, shape, and/or material of construction of the ball sealer seat may be selected to permit,
encourage, and/or facilitate effective sealing by the ball sealer.

[0054] As an illustrative, non-exclusive example, ball sealer seats 116 may include and/or
define a ball sealer sealing surface 117 that is specifically configured to form the fluid seal.
In contrast to a portion of casing string 30 that may define perforations 60 (as illustrated in
Fig. 1), ball sealer sealing surface 117 may include and/or be a smooth surface and/or a
regular surface. As an illustrative, non-exclusive example, the ball sealer sealing surface may
include and/or be a circular, or at least substantially circular, ball sealer sealing perimeter,
edge, surface, or surface region. As additional illustrative, non-exclusive examples, ball

sealer sealing surface 117 may include a rounded edge (or edge region) 132, a chamfered, or
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tapered, edge (or edge region) 134, and/or an edge (or edge region) 133 that is shaped to
conform to the shape of the portion of a ball sealer that engages the edge.

[0055] It is within the scope of the present disclosure that ball sealer seat 116 may be
defined by and/or formed from the same material as housing body 112. Alternatively, it is
also within the scope of the present disclosure that ball sealer seat 116 may be defined by
and/or formed from a material that is different from, or has a different material composition
than, that of housing body 112. As illustrative, non-exclusive examples, ball sealer seat 116
may include and/or be defined by a coating 136 that is operatively attached to housing body
112, a surface treatment 138 of housing body 112, and/or an insert 130 that is operatively
attached to housing body 112 and is defined by an insert material 131 that may be different
from a material that defines housing body 112.

[0056] Additionally or alternatively, it is also within the scope of the present disclosure
that ball sealer seat 116 (and/or a material of construction thercof) may be sclected to
improve formation of the fluid seal with the ball sealer and/or to resist damage during flow of
fluid, granular materials, and/or proppant therethrough. As illustrative, non-exclusive
examples, the ball sealer seat may include and/or be an erosion-resistant ball sealer seat, a
corrosion-resistant ball sealer seat, a hardened ball sealer scat, a resilient ball sealer seat, an
elastomeric ball sealer seat, and/or a compliant ball sealer seat. Accordingly, the ball sealer
seat may be constructed of, be coated with, be lined with, and/or include (i) a material and/or
composition (including, but not limited to, a carbide seat or a carbide insert or engagement
surface for a seat) that is harder and/or more resistant to abrasion than the material from
which housing body 112 is formed, (ii) a material that is less reactive and/or more resistant to
corrosion (in wellbore environments) than the material from which housing body 112 is
formed, and/or (iii) a material that is softer and/or more resilient, compressible, and/or
compliant than the material from which housing body 112 is formed.

[0057] It is within the scope of the present disclosure that ball sealer sealing surface 117
may define any suitable diameter, or inner diameter. As illustrative, non-exclusive examples,
the inner diameter of the ball sealer sealing surface may be at least 0.5 centimeters (cm), at
least 0.6 cm, at least 0.7 cm, at least 0.8 cm, at least 0.9 cm, at least 1 cm, or at least 1.1 cm.
Additionally or alternatively, the inner diameter of the ball sealer sealing surface also may be
less than 1.5 cm, less than 1.4 cm, less than 1.3 cm, less than 1.2 cm, less than 1.1 cm, or less
than 1 cm. As further non-exclusive examples, the inner diameter of the ball sealer sealing
surface may be in a range bounded by any of the preceding non-exclusive examples of

minimum and maximum inner diameters.
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[0058] It is also within the scope of the present disclosure that the inner diameter of the
ball sealer sealing surface may be selected relative to an outer diameter of a ball sealer that is
configured to form the fluid seal therewith. As illustrative, non-exclusive examples, the inner
diameter of the ball sealer sealing surface may be at least 25%, at least 30%, at least 35%, at
least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, or
at least 75% of an outer diameter of the ball sealer. Additionally or alternatively, the inner
diameter of the ball sealer sealing surface also may be less than 95%, less than 90%, less than
85%, less than 80%, less than 75%, less than 70%, less than 65%, less than 60%, less than
55%, less than 50%, less than 45%, or less than 40% of the outer diameter of the ball sealer.
As further non-exclusive examples, the inner diameter of the ball sealer sealing surface may
be in a range bounded by any of the preceding non-exclusive examples of minimum and
maximum percentages of the outer diameter of the ball sealer.

[0059] [lustrative, non-exclusive examples of outer diameters of ball sealers that may be
utilized with the systems and methods according to the present disclosure include outer
diameters of at least 1 cm, at least 1.1 cm, at least 1.2 cm, at least 1.3 cm, at least 1.4 cm, at
least 1.5 cm, at least 1.6 cm, at least 1.7 cm, at least 1.8 cm, at least 1.9 cm, or at least 2 cm.
Additionally or alternatively, the outer diameter of the ball sealers also may be less than 3
cm, less than 2.9 cm, less than 2.8 cm, less than 2.7 ¢cm, less than 2.6 cm, less than 2.5 cm,
less than 2.4 cm, less than 2.3 cm, less than 2.2 cm, less than 2.1 cm, or less than 2 cm. As
further non-exclusive examples, the outer diameter of the ball sealers may be in a range
bounded by any of the preceding non-exclusive examples of minimum and maximum outer
diameters.

[0060] It is further within the scope of the present disclosure that the inner diameter of
the ball sealer sealing surface may be selected relative to an inner diameter of casing conduit
38 that is defined by casing string 30. As illustrative, non-exclusive examples, the inner
diameter of the ball sealer sealing surface may be at least 1%, at least 2%, at least 3%, at least
4%, at least 5%, at least 6%, at least 7%, or at least 8% of the inner diameter of the casing
conduit. Additionally or alternatively, the inner diameter of the ball sealer sealing surface
also may be less than 15%, less than 14%, less than 13%, less than 12%, less than 11%, less
than 10%, less than 9%, less than 8%, less than 7%, less than 6%, less than 5%, or less than
4% of the inner diameter of the casing conduit. As further non-exclusive examples, the inner
diameter of the ball sealing surface may be in a range bounded by any of the preceding non-
exclusive examples of minimum and maximum percentages of the inner diameter of the

casing conduit.
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[0061] Figs. 7-12 are schematic representations of illustrative, non-exclusive examples of
stimulation processes that may be performed in a hydrocarbon well 20 and that may include
and/or utilize the systems and methods according to the present disclosure. In Figs. 7-12,
hydrocarbon well 20 includes a casing string 30 that defines a casing conduit 38. Casing
string 30 extends within a wellbore 22 that is present within a subterranean formation 28 and
includes a plurality of lengths of casing 34 and a plurality of hydraulically actuated flow
control assemblies 100 that may be located between respective lengths of casing.
Hydrocarbon well 20 also includes an isolation device 56, which fluidly isolates at least a
portion of casing conduit 38 from subterranean formation 28.

[0062] Flow control assemblies 100 are illustrated schematically in Figs. 7-12 and
include at least a hydraulically actuated sliding sleeve 140 and an injection conduit 114 that is
defined at least partially by a ball sealer seat 116. In addition, the flow control assemblies
also may include, utilize, and/or be utilized with any of the additional structures that are
disclosed herein with reference to any of Figs. 1-6.

[0063] The plurality of flow control assemblies 100 includes at least a first flow control
assembly 101 and a second flow control assembly 102. Both first flow control assembly 101
and second flow control assembly 102 may be configured to transition from a closed
configuration to an open configuration responsive to a pressure differential. Illustrative, non-
exclusive examples of the pressure differential are disclosed herein. However, first flow
control assembly 101 may be configured to transition responsive to the pressure differential
exceeding a first magnitude, second flow control assembly 102 may be configured to
transition responsive to the pressure differential exceeding a second magnitude, and the first
magnitude may be less than or otherwise different from the second magnitude. This may
permit selective and/or independent transitioning of first flow control assembly 101 and
second flow control assembly 102, as discussed herein.

[0064] In Fig. 7, sliding sleeves 140 of first flow control assembly 101 and second flow
control assembly 102 are in closed configurations 142 and thus resist fluid flow through
respective injection conduits 114. Therefore, casing conduit 38 is (at least substantially)
fluidly isolated from subterranean formation 28. As also illustrated, a stimulant fluid 62 is
provided to casing conduit 38, thereby increasing a pressure within the casing conduit.
Subsequent to the pressure differential meeting and/or exceeding the first magnitude, and as
illustrated in Fig. 8, sliding sleeve 140 of first flow control assembly 101 transitions to open
configuration 144. This is illustrated in Fig. 8 by the absence of sliding sleeve 140 around

injection conduit 114 of first flow control assembly 101.
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[0065] This may permit an injection conduit fluid flow 115 of stimulant fluid 62 to flow
through injection conduit(s) 114 of first flow control device 101 into subterranean formation
28. Injection conduit fluid flow 115 may stimulate the subterranean formation, such as by
creating one or more stimulated regions 64, which also may be referred to herein as and/or
may be fractures 64, therein.

[0066] Then, and as illustrated in Fig. 9, one or more ball sealers 118 may be provided to
casing conduit 38 (such as by flowing the ball sealers from a surface region and/or within the
casing conduit in stimulant fluid 62). These ball sealers may be received on ball sealer seats
116 and may restrict the injection conduit fluid flow, thereby permitting pressurization of
casing conduit 38. Subsequent to the pressure differential exceeding the second magnitude,
and as illustrated in Fig. 10, sliding sleeve 140 of second flow control assembly 102 may
transition to open configuration 144. This may permit injection conduit fluid flow 115
through injection conduit(s) 114 of second flow control device 102 into subterranean
formation 28, thereby creating another stimulated region 64. This process may be repeated
any suitable number of times with any suitable number of flow control devices 100 to
gencrate any suitable number of stimulated regions 64 within subterranean formation 28. It
also is within the scope of the present disclosure that a stimulated region 64 may be re-
stimulated, such as through repeated use of flow control devices 100.

[0067] Additionally or alternatively, and as illustrated in Fig. 11, a perforation device 50
also may be utilized to create one or more perforations 60 within casing string 30 and/or to
generate one or more additional stimulated regions 64 within subterranean formation 28. As
an illustrative, non-exclusive example, and subsequent to first flow control assembly 101
transitioning to open configuration 142 (as illustrated in Fig. 9), perforation device 50 may be
flowed into casing conduit 38 with stimulant fluid flow 62 and may be utilized to create one
or more perforations uphole from first flow control assembly 101. This may include
pressurizing casing conduit 38 with stimulant fluid flow 62, creating one or more perforations
60 within casing string 30 with perforation device 50 (such as responsive to the pressure
within casing conduit 38 exceeding a threshold perforating pressure), permitting stimulant
fluid flow 62 to enter subterranean formation 28 via perforations 60 to generate stimulated
regions 64, and restricting fluid flow through the perforations with ball sealers 118. This
process may be repeated any suitable number of times to create any suitable number of
perforations within casing string 30 and/or to generate any suitable number of stimulated

regions 64.
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[0068] Subsequent to generation of stimulated regions 64 within subterranean formation
28, and as illustrated in Fig. 12, reservoir fluid 29 may be produced from hydrocarbon well
20. This production of reservoir fluid 29 may dislodge, remove, and/or otherwise displace
ball sealers 118 from ball sealer seats 114 and/or from perforations 60, thereby permitting the
reservoir fluid to enter casing conduit 38 therethrough and/or permitting ball sealers 118 to
flow from the casing conduit and/or to the surface region.

[0069] Figs. 1-12 provide illustrative, non-exclusive examples of hydrocarbon wells 20,
casing strings 30, flow control assemblies 100, and/or components thercof that may be
included in and/or utilized with the systems and methods according to the present disclosure.
With this in mind, the following are additional illustrative, non-exclusive examples of
components of flow control assemblies 100 according to the present disclosure that may be
included in and/or utilized with any of the structures of any of Figs. 1-12.

[0070] Sliding sleeve 140 may be configured to transition between closed configuration
142 and open configuration 144 in any suitable manner. As an illustrative, non-exclusive
example, the sliding sleeve may translate when transitioning from the closed configuration to
the open configuration. As a more specific but still illustrative, non-exclusive example,
casing string 30 and/or casing conduit 38 thereof may define a longitudinal direction, and
sliding sleeve 140 may be configured to translate in the longitudinal direction when
transitioning between the closed configuration and the open configuration (as illustrated in
Figs. 2-5 and discussed herein). As another more specific but still illustrative, non-exclusive
example, sliding sleeve 140 may translate in downhole direction 40 when transitioning
between the closed configuration and the open configuration.

[0071] It is within the scope of the present disclosure that, when in closed configuration
142, sliding sleeve 140 may be in contact with, may cover, and/or may occlude injection
conduits 114 and/or ball sealer seats 116 thereof. This may include the sliding sleeve being
located between casing conduit 38 and injection conduits 114 and/or ball sealer seats 116 (as
illustrated in Figs. 2-3) and/or being located between injection conduits 114 and subterranean
formation 28 (as illustrated in Figs. 4-5). However, and upon transitioning to open
configuration 144, sliding sleeve 140 may be located downhole (or uphole) from injection
conduits 114 and/or from ball sealer seats 116.

[0072] It is also within the scope of the present disclosure that sliding sleeve 140 may not
be configured to transition between closed configuration 142 and open configuration 144
responsive to and/or based upon a stimulus other than (or in addition to) the pressure

differential. As illustrative, non-exclusive examples, the sliding sleeve may not transition
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responsive to mechanical contact between the sliding sleeve and another structure, receipt of
an electrical stimulus, receipt of a mechanical force, and/or motion of a mechanical actuator.
[0073] Injection conduits 114 may be any suitable fluid conduit that is defined by
housing 110, housing body 112, and/or ball sealer seat 116, that is configured to permit fluid
flow therethrough when the ball sealer is not present on the ball sealer seat and/or when
sliding sleeve 140 is in open configuration 144, and that is configured to restrict fluid flow
from the casing conduit therethrough when the ball sealer is located on the ball sealer seat
and/or when the sliding sleeve is in closed configuration 142. As discussed, the systems and
methods disclosed herein may include stimulating a subterranean formation by flowing a
stimulant fluid through the injection conduit and into the subterranean formation. As such, a
cross-sectional area of injection conduits 114 may be selected to permit and/or facilitate
stimulation of the subterranean formation.

[0074] This may include selecting the cross-sectional area of the injection conduits to
maintain at least a threshold pressure drop thereacross when the stimulant fluid flows
therethrough, to maintain a positive net pressure within the casing conduit when the stimulant
fluid flows through the injection conduit, and/or to maintain at least a threshold stimulant
fluid velocity when the stimulant fluid flows through the injection conduit. The threshold
pressure drop and/or the positive net pressure may be selected to (or to be sufficient to) retain
ball sealers on occluded ball sealer seats during the stimulating (as illustrated in Fig. 10).
[0075] Figs. 1-12 illustrate flow control assemblies 100 that include various numbers of
injection conduits 114. It is within the scope of the present disclosure that the flow control
assembly may include a single injection conduit 114 or a plurality of injection conduits 114
that may be at least partially defined by a single or a respective plurality of ball sealer seats
116. As illustrative, non-exclusive examples, flow control assemblies 100 may include at
least 2, at least 4, at least 6, at least 8, at least 10, at least 12, at least 14, or at least 16 ball
sealer seats and a corresponding number of injection conduits 114. Additionally or
alternatively, flow control assemblies 100 also may include fewer than 24, fewer than 22,
fewer than 20, fewer than 18, fewer than 16, fewer than 14, fewer than 12, fewer than 10, or
fewer than 8 ball sealer seats and a corresponding number of injection conduits 114. When
two or more ball sealer seats 116 are present in/on a flow control assembly 100, the seats may
be spaced in any suitable relative spacing, including axially and/or radially around/along
housing body 112. However, the seats should be spaced sufficiently from each other to

permit effective locating and sealing of ball sealers on each of the seats so that fluid flow
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through all of the corresponding injection conduits may be restricted or blocked
simultaneously by ball sealers 118.

[0076] When flow control assembly 100 includes a plurality of ball sealer seats 116, it is
within the scope of the present disclosure that the plurality of ball sealer seats may define any
suitable total flow area (or total cross-sectional area). As illustrative, non-exclusive
examples, the total flow area may be at least 4 square centimeters, at least 6 square
centimeters, at least 8 square centimeters, at least 10 square centimeters, at least 12 square
centimeters, at least 14 square centimeters, at least 16 square centimeters, at least 18 square
centimeters, at least 20 square centimeters, at least 22 square centimeters, at least 24 square
centimeters, or at least 26 square centimeters. Additionally or alternatively, the total flow
area also may be less than 60 square centimeters, less than 55 square centimeters, less than 50
square centimeters, less than 45 square centimeters, less than 40 square centimeters, less than
35 square centimeters, less than 30 square centimeters, less than 25 square centimeters, less
than 20 square centimeters, less than 18 square centimeters, less than 16 square centimeters,
less than 14 square centimeters, or less than 12 square centimeters. As further non-exclusive
examples, the total flow arca may be in a range that is bounded by any of the preceding non-
exclusive examples of minimum and maximum total flow areas.

[0077] When flow control assemblies 100 form a portion of casing strings 30 that include
perforations 60, it is within the scope of the present disclosure that a cross-sectional area of
injection conduits 114 (or of ball sealer seats 116) may be within a threshold percentage of a
cross-sectional area of perforations 60. As discussed with reference to Figs. 1 and 7-12, the
systems and methods disclosed herein may include stimulating subterranean formation 28 by
flowing stimulant fluid 62 through both perforations 60 and injection conduits 114. As such,
matching the cross-sectional area of the injection conduits to the cross-sectional area of the
perforations to within the threshold percentage may permit the use of equivalent, at least
substantially equivalent, and/or similar flow rates of stimulant fluid 62 during stimulation of
the subterranean formation via the perforations and the injection conduits. Illustrative, non-
exclusive examples of threshold percentages according to the present disclosure include
threshold percentages of less than 50%, less than 45%, less than 40%, less than 35%, less
than 30%, less than 25%, less than 20%, less than 15%, less than 10%, or less than 5% of the
cross-sectional area of the perforation.

[0078] Isolation device 56, which is illustrated in Figs. 1 and 7-12, may include any
suitable structure that may be configured to fluidly isolate at least a portion of casing conduit

38 from subterranean formation 28 and/or to fluidly isolate at least a portion of casing
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conduit 38 from a remainder of the casing conduit. As an illustrative, non-exclusive
example, and as illustrated in Fig. 1, isolation device 56 may be located at, near, and/or
proximal to terminal end 42 of casing string 30 and may fluidly isolate a majority (or
substantially all) of the casing conduit from the subterrancan formation. As another
illustrative, non-exclusive example, isolation device 56 may be located uphole from terminal
end 42.

[0079] An illustrative, non-exclusive example of isolation device 56 includes an isolation
ball 148 and corresponding isolation ball seat 146. Isolation ball seat 146 may extend within
casing conduit 38 and may be configured to receive isolation ball 148 thereon, to form a fluid
seal with the isolation ball, and/or to restrict fluid flow between a portion of casing conduit
38 that is uphole from isolation device 56 and a portion of the casing conduit that is
downbhole from the isolation device.

[0080] An additional illustrative, non-exclusive example of isolation device 56 includes
ball sealers 118. In this context, ball sealers 118 may be configured to form a fluid seal with
perforations 60 and/or with ball sealer seats 116 of injection conduits 114, thereby restricting
flow between casing conduit 38 and subterrancan formation 28. Another illustrative, non-
exclusive example of isolation device 56 is a plug 58, which also may be referred to herein
as, and/or may be, a bridge plug 58.

[0081] Isolation ball seat 146, when present, may include any suitable structure that may
be configured to receive isolation ball 148 and to form a fluid scal therewith. As an
illustrative, non-exclusive example, isolation ball seat 146 may include and/or be a machined
isolation ball seat. As another illustrative, non-exclusive example, isolation ball seat 146 may
define an isolation ball sealing surface that is configured to form the fluid seal with isolation
ball 148. The isolation ball sealing surface may include any suitable property and/or may
define any suitable shape and/or structure, illustrative, non-exclusive examples of which are
discussed herein with reference to ball sealer sealing surface 117. Isolation ball seat 146 also
may be referred to herein as and/or may be an isolation seat 146, an isolation surface 146, a
designated isolation surface 146, a designed isolation surface 146, an isolation body
receptacle 146, an isolation device receptacle 146, and/or an isolation structure receptacle
116. Similarly, isolation ball 148 also may be referred to herein as and/or may be an isolation
device 148, an isolation unit 148, an isolation body 148, and/or an isolation structure 148.
[0082] The illustrative, non-exclusive examples of hydrocarbon wells 20, casing strings
30, and/or flow control assemblies 100 that are disclosed herein have been discussed in the

context of a ball sealer 118 that is configured to seal a ball sealer seat 116 that is defined by
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flow control assembly 100. However, it is within the scope of the present disclosure that
flow control assemblies 100 may be utilized with any suitable sealing structure that may be
configured to selectively permit and/or restrict fluid flow through injection conduits 114.
With this in mind, ball sealer seat 116 also may be, and/or may be referred to herein as, a
sealing seat 116, a sealing surface 116, a designated sealing surface 116, a designed sealing
surface 116, a sealing body receptacle 116, a sealing device receptacle 116, a sealing unit
receptacle 116, and/or a sealing structure receptacle 116. Similarly, ball sealer 118 also may
be referred to herein as, and/or may be, a sealing device 118, a sealing unit 118, a sealing
body 118, and/or a sealing structure 118.

[0083] Fig. 13 is a flowchart depicting methods 300 according to the present disclosure of
stimulating a subterranean formation. Methods 300 include pressurizing a region of a casing
conduit at 310 and transitioning a hydraulically actuated sliding sleeve to an open
configuration at 320. Methods 300 further include stimulating a portion of a subterranean
formation at 330 and receiving a ball sealer on a ball sealer seat at 340. Methods 300 further
may include receiving a supplemental sealing material at 350, creating a perforation within a
casing string at 360, repeating at least a portion of the methods at 370, producing a reservoir
fluid at 380, and/or re-stimulating at least a portion of the subterranean formation at 390.
[0084] Pressurizing the region of the casing conduit at 310 may include pressurizing any
suitable portion of the casing conduit, which is defined at least partially by the casing string.
This may include pressurizing to generate a pressurized region within the casing conduit. At
least a portion of the pressurized region may be defined by a flow control assembly. The
flow control assembly includes the hydraulically actuated sliding sleeve and an injection
conduit, which extends between the casing conduit and the subterranean formation.

[0085] As an illustrative, non-exclusive example, the pressurizing at 310 may include
generating a pressure differential. This may include generating the pressure differential
between the casing conduit and the subterranean formation and/or generating the pressure
differential between the pressurized region of the casing conduit and a portion of the casing
conduit that is downhole from the hydraulically actuated flow control assembly, which also
may be referred to herein as a downhole portion of the casing conduit.

[0086] It is within the scope of the present disclosure that the pressurizing at 310 further
may include fluidly isolating the pressurized region to permit pressurization therecof. This
may be accomplished in any suitable manner and may include fluidly isolating the
pressurized region from the downhole portion of the casing conduit and/or fluidly isolating

the pressurized region from the subterranean formation. As illustrative, non-exclusive
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examples, the fluidly isolating may include locating an isolation device within the casing
conduit, providing a pressurizing ball sealer to the casing conduit, receiving the pressurizing
ball sealer on an open ball sealer seat, providing an isolation ball to the casing conduit, and/or
receiving the isolation ball on an isolation ball seat.

[0087] As another illustrative, non-exclusive example, the pressurizing at 310 also may
include providing a stimulant fluid to the casing conduit, such as by pumping the stimulant
fluid into the uphole portion of the casing conduit. Illustrative, non-exclusive examples of
the stimulant fluid include water, a foam, an acid, and/or a proppant. The providing at 310
may include maintaining a positive net pressure within the casing conduit. Additionally or
alternatively, the providing at 310 also may include continuously, or at least substantially
continuously, providing the stimulant fluid during a remainder of methods 300. This may
include providing the stimulant fluid during at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 97.5%, at least 99%, or 100% of a time period during which
methods 300 are performed.

[0088] Transitioning the hydraulically actuated sliding sleeve to the open configuration at
320 may include transitioning responsive to the pressure differential exceeding a threshold
pressure differential. This may include transitioning the hydraulically actuated sliding sleeve
from a closed configuration, in which the hydraulically actuated sliding sleeve resists an
injection conduit fluid flow from the casing conduit through the injection conduit and into the
subterranean formation, to the open configuration, in which the hydraulically actuated sliding
sleeve permits the injection conduit fluid flow from the casing conduit through the injection
conduit and into the subterrancan formation. As illustrative, non-exclusive examples, the
transitioning at 320 may include translating the hydraulically actuated sliding sleeve within
the casing conduit, along an outer surface of the flow control assembly, along a longitudinal
axis of the casing conduit, and/or in a downhole direction.

[0089] Stimulating the portion of the subterranean formation at 330 may include
stimulating by flowing the stimulant fluid through the injection conduit and into the
subterranean formation as the injection conduit fluid flow. As illustrative, non-exclusive
examples, the stimulating at 330 may include fracturing the portion of the subterranean
formation, dissolving a fraction of the portion of the subterranean formation, and/or
increasing a fluid permeability of the portion of the subterranean formation. It is within the
scope of the present disclosure that the stimulating at 330 may be performed at any suitable

time and/or with any suitable sequence within methods 300. As illustrative, non-exclusive
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examples, the stimulating at 330 may be subsequent to the pressurizing at 310, subsequent to
the transitioning at 320, and/or (directly) responsive to the transitioning at 320.

[0090] Receiving the ball sealer on the ball sealer seat at 340 may include receiving the
ball sealer to restrict the injection conduit fluid flow from the casing conduit into the
subterranean formation. This may include receiving the ball sealer on any suitable ball sealer
seat that is defined by the flow control assembly and that defines at least a portion of the
injection conduit. Additionally or alternatively, the receiving at 340 also may include
forming a fluid seal between the ball sealer and the ball sealer seat and/or fluidly isolating the
casing conduit from the subterrancan formation.

[0091] It is within the scope of the present disclosure that the receiving at 340 further
may include providing the ball sealer to an uphole portion of the casing conduit and flowing
the ball sealer into contact with the ball sealer seat. This may include flowing the ball sealer
with the stimulant fluid that may be provided during the pressurizing at 310. It is also within
the scope of the present disclosure that the receiving at 340 may be performed at any suitable
time and/or with any suitable sequence within methods 300. As illustrative, non-exclusive
examples, the receiving at 340 may be performed subsequent to the pressurizing at 310, at
least partially concurrently with the pressurizing at 310, subsequent to the transitioning at
320, and/or subsequent to the stimulating at 330.

[0092] Receiving the supplemental sealing material at 350 may include receiving any
suitable supplemental sealing material with, near, and/or proximal to the flow control
assembly and/or the ball sealer. This may include establishing physical and/or mechanical
contact between the supplemental sealing material and the ball sealer and/or the flow control
assembly. Illustrative, non-exclusive examples of the supplemental sealing material are
disclosed herein.

[0093] Creating the perforation within the casing string at 360 may include creating any
suitable perforation within any suitable portion of the casing string and may be performed at
any suitable time and/or with any suitable sequence within methods 300. As an illustrative,
non-exclusive example, the creating at 360 may include creating the perforation with a
perforation device.

[0094] When methods 300 include the creating at 360, the methods further may include
stimulating the subterranean formation through, or via, the perforation. This may be at least
substantially similar to the stimulating at 330 but may include flowing the stimulant fluid

through the perforation to stimulate the subterranean formation.
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[0095] Additionally or alternatively, and when methods 300 include the creating at 360,
the methods also may include limiting, blocking, and/or occluding fluid flow through the
perforation. This may include locating a ball sealer on the perforation.

[0096] Repeating at least a portion of the methods at 370 may include repeating any
suitable portion of methods 300. As an illustrative, non-exclusive example, the repeating at
300 may include repeating to re-stimulate the subterranean formation and/or any suitable
portion thereof. This may include repeating prior to the producing at 380 and/or subsequent
to the producing at 380.

[0097] As a more specific but still illustrative, non-exclusive example, the hydraulically
actuated flow control assembly may be a first hydraulically actuated flow control assembly
that includes a first injection conduit, a first ball sealer seat, and a first hydraulically actuated
sliding sleeve. The first hydraulically actuated sliding sleeve may be configured to transition
from the closed configuration to the open configuration responsive to the pressure differential
exceeding a first threshold pressure differential and to stimulate a first portion of the
subterranean formation. Under these conditions, and subsequent to the receiving at 340, the
repeating at 370 may include repeating the pressurizing at 310, such as to pressurize a second
portion of the casing conduit.

[0098] Then, the repeating at 370 may include repeating the transitioning at 320 to
transition a second hydraulically actuated sliding sleeve, which is associated with a second
hydraulically actuated flow control assembly, from the closed configuration to the open
configuration responsive to the pressure differential exceeding a second threshold pressure
differential that is greater than the first threshold pressure differential. Subsequently, the
repeating at 370 may include repeating the stimulating at 330 to stimulate a second portion of
the subterranean formation, which may be different from and/or spaced apart from the first
portion of the subterranean formation, by flowing the stimulant fluid through the second
injection conduit. Then, the repeating at 370 may include repeating the receiving at 340 to
receive a second ball sealer on a second ball sealer seat that defines a portion of the second
injection conduit and to restrict fluid flow from the casing conduit through the second
injection conduit and into the subterranean formation.

[0099] It is within the scope of the present disclosure that the first hydraulically actuated
flow control assembly and the second hydraulically actuated flow control assembly may
define any suitable relative orientation within the casing string. As an illustrative, non-
exclusive example, the first hydraulically actuated flow control assembly may be uphole from

the second hydraulically actuated flow control assembly. As another illustrative, non-
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exclusive example, the first hydraulically actuated flow control assembly may be downhole
from the second hydraulically actuated flow control assembly.

[00100] It is also within the scope of the present disclosure that the repeating at 370 may
include repeating any suitable number of times. This may include repeating to sequentially
transition a plurality of hydraulically actuated flow control assemblies from respective closed
configurations to respective open configurations to thereby permit injection conduit fluid
flows through respective injection conduits responsive to the pressure differential exceeding
respective threshold pressure differentials. This also may include sequentially stimulating a
plurality of respective portions of the subterranean formation that may be associated with the
respective hydraulically actuated sliding sleeves and/or sequentially receiving a respective
ball sealer on a respective ball sealer seat that may define a portion of the respective injection
conduit.

[00101] Additionally or alternatively, it is also within the scope of the present disclosure
that the repeating at 370 may include performing (or repeating) the creating at 360. As an
illustrative, non-exclusive example, and subsequent to the receiving at 340, the repeating at
370 may include repeating the pressurizing at 310 and then performing (or repeating) the
creating at 360 to create the perforation within the casing conduit. Subsequently, the
repeating at 370 further may include stimulating the subterranean formation via the
perforation and receiving a ball sealer on the perforation to restrict fluid flow through the
perforation. When the repeating at 370 includes the creating at 360, it is within the scope of
the present disclosure that the creating at 360 may include creating the perforation in a
portion of the casing string that is uphole from the hydraulically actuated flow control
assembly. Additionally or alternatively, it is also within the scope of the present disclosure
that the creating at 360 may include creating the perforation in a portion of the casing string
that is downhole from the hydraulically actuated flow control assembly.

[00102] Producing the reservoir fluid at 380 may include producing the reservoir fluid
from the subterrancan formation through, or via, the casing conduit. This may include
flowing the reservoir fluid from the subterranean formation into the casing conduit, such as
via any suitable injection conduit and/or perforation that may extend between the casing
conduit and the subterrancan formation. This also may include flowing the reservoir fluid
through the casing conduit from the subterranean formation to, or near, a surface region.
When methods 300 include the producing at 380, it is within the scope of the present
disclosure that methods 300 further may include transitioning from the stimulating at 330 to

the producing at 380 without removing a bridge plug from the casing conduit.

23



WO 2014/099306 PCT/US2013/072027

[00103] While not required, it is within the scope of the present disclosure that flow
control assemblies 100 with a hydraulically actuated sliding sleeve 140 may be utilized to re-
stimulate a subterranean formation after production of reservoir fluids through casing conduit
38 (such as via the producing 380). In particular, conventional sliding sleeves that do not
include ball sealer seats 116 inhibit such a re-stimulation process because injection conduits
between the casing conduit and the subterranean formation remain open after the sleeve is
transitioned to its open configuration. Without an effective mechanism to at least temporarily
seal these injection conduits, it is difficult to re-stimulate the subterranean formation via the
casing conduit except through the use of coiled tubing and/or similar devices for delivering
pressurized stimulant fluid directly to a specific injection conduit.

[00104] In contrast, ball sealer seats 116 of hydraulically actuated sliding sleeves 140
and/or flow control assemblies 100 according to the present disclosure overcome this
challenge because they may be (re)sealed with ball sealers 118 to inhibit or otherwise prevent
fluid flow between the casing conduit and the subterranean formation, even after production
of reservoir fluids through the corresponding injection conduits 114. Therefore, if there is a
desire to re-stimulate a region of the subterrancan formation through casing conduit 38,
production of reservoir fluids may be interrupted and stimulant fluid 62 may be pumped into
the casing conduit. This stimulant fluid will flow through one or more injection conduits 114
into the subterranean formation to re-stimulate corresponding regions of the subterrancan
formation. This flow of stimulant fluid will be greatest in regions of the subterranean
formation that have greatest permeability and/or least resistance to fluid flow therethrough
(i.e., are “weakest”). To increase the effectiveness of the injected stimulant fluid to re-
stimulate other regions of the subterranean formation, ball sealers 118 may be placed into the
casing conduit. These ball sealers will flow with the stimulant fluid and will land or
otherwise seat on the corresponding ball sealer seats through which this greatest flow of
stimulant fluid to the subterranean formation is occurring, thereby preventing stimulant fluid
flow through the corresponding injection conduits. Once the ball sealers are seated on the
corresponding ball sealer seats, the injected stimulant fluid will flow through other injection
conduits (such as the conduits that are proximate the regions of the subterranean formation
with the next greatest permeability (i.e., the next weakest regions) to restimulate other regions
of the subterranean formation. This process may be repeated, as desired.

[00105] Because the injection conduits associated with the ball sealer seats of
hydraulically actuated sliding sleeve 140 also may be (re)sealed with ball sealers, the re-

stimulation process is not inhibited by the use of hydraulically actuated sliding sleeve 140
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after the sleeve has been slid or otherwise transitioned to its open configuration. Instead, ball
sealers may be used to obstruct flow through the injection conduits that are opened by the
sliding/transitioning of the sleeve. This optional re-stimulation process is indicated
schematically in Fig. 13 at 390.

[00106] Methods 300 that are disclosed herein may permit more efficient stimulation of
the subterranean formation when compared to more traditional stimulation operations that
may utilize a bridge plug to regulate fluid flows within the casing conduit. With this in mind,
it is within the scope of the present disclosure that methods 300 may be performed without
setting a bridge plug within the casing conduit.

[00107] In the present disclosure, several of the illustrative, non-exclusive examples have
been discussed and/or presented in the context of flow diagrams, or flow charts, in which the
methods are shown and described as a series of blocks, or steps. Unless specifically set forth
in the accompanying description, it is within the scope of the present disclosure that the order
of the blocks may vary from the illustrated order in the flow diagram, including with two or
more of the blocks (or steps) occurring in a different order and/or concurrently. It is also
within the scope of the present disclosure that the blocks, or steps, may be implemented as
logic, which also may be described as implementing the blocks, or steps, as logics. In some
applications, the blocks, or steps, may represent expressions and/or actions to be performed
by functionally equivalent circuits or other logic devices. The illustrated blocks may, but are
not required to, represent executable instructions that cause a computer, processor, and/or
other logic device to respond, to perform an action, to change states, to generate an output or
display, and/or to make decisions.

[00108] As used herein, the term “and/or” placed between a first entity and a second entity
means one of (1) the first entity, (2) the second entity, and (3) the first entity and the second
entity. Multiple entities listed with “and/or” should be construed in the same manner, i.e.,
“one or more” of the entities so conjoined. Other entities may optionally be present other
than the entities specifically identified by the “and/or” clause, whether related or unrelated to
those entities specifically identified. Thus, as a non-limiting example, a reference to “A
and/or B,” when used in conjunction with open-ended language such as “comprising” may
refer, in one embodiment, to A only (optionally including entities other than B); in another
embodiment, to B only (optionally including entities other than A); in yet another
embodiment, to both A and B (optionally including other entities). These entities may refer

to elements, actions, structures, steps, operations, values, and the like.

25



WO 2014/099306 PCT/US2013/072027

[00109] As used herein, the phrase “at least one,” in reference to a list of one or more
entities should be understood to mean at least one entity selected from any one or more of the
entity in the list of entities, but not necessarily including at least one of each and every entity
specifically listed within the list of entities and not excluding any combinations of entities in
the list of entitics. This definition also allows that entitics may optionally be present other
than the entities specifically identified within the list of entities to which the phrase “at least
one” refers, whether related or unrelated to those entities specifically identified. Thus, as a
non-limiting example, “at least one of A and B” (or, equivalently, “at least one of A or B,” or,
equivalently “at least one of A and/or B”) may refer, in one embodiment, to at least one,
optionally including more than one, A, with no B present (and optionally including entities
other than B); in another embodiment, to at least one, optionally including more than one, B,
with no A present (and optionally including entities other than A); in yet another
embodiment, to at least one, optionally including more than one, A, and at least one,
optionally including more than one, B (and optionally including other entities). In other
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words, the phrases “at least one,” “one or more,” and “and/or” are open-ended expressions
that are both conjunctive and disjunctive in operation. For example, each of the expressions
“at least one of A, B and C,” “at least one of A, B, or C,” “one or more of A, B, and C,” “one
or more of A, B, or C” and “A, B, and/or C” may mean A alone, B alone, C alone, A and B
together, A and C together, B and C together, A, B and C together, and optionally any of the
above in combination with at least one other entity.

[00110] In the event that any patents, patent applications, or other references are
incorporated by reference herein and (1) define a term in a manner that is inconsistent with
and/or (2) are otherwise inconsistent with, either the non-incorporated portion of the present
disclosure or any of the other incorporated references, the non-incorporated portion of the
present disclosure shall control, and the term or incorporated disclosure therein shall only
control with respect to the reference in which the term is defined and/or the incorporated
disclosure was present originally.

[00111] As used herein the terms “adapted” and “configured” mean that the element,
component, or other subject matter is designed and/or intended to perform a given function.
Thus, the use of the terms “adapted” and “configured” should not be construed to mean that a
given element, component, or other subject matter is simply “capable of” performing a given
function but that the element, component, and/or other subject matter is specifically selected,
created, implemented, utilized, programmed, and/or designed for the purpose of performing

the function. It is also within the scope of the present disclosure that elements, components,
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and/or other recited subject matter that is recited as being adapted to perform a particular
function may additionally or alternatively be described as being configured to perform that
function, and vice versa.

Industrial Applicability

[00112] The systems and methods disclosed herein are applicable to the oil and gas
industries.

[00113] It is believed that the disclosure set forth above encompasses multiple distinct
inventions with independent utility. While each of these inventions has been disclosed in its
preferred form, the specific embodiments thereof as disclosed and illustrated herein are not to
be considered in a limiting sense as numerous variations are possible. The subject matter of
the inventions includes all novel and non-obvious combinations and subcombinations of the
various elements, features, functions and/or properties disclosed herein. Similarly, where the
claims recite “a” or “a first” clement or the equivalent thercof, such claims should be
understood to include incorporation of one or more such elements, neither requiring nor
excluding two or more such elements.

[00114] It is believed that the following claims particularly point out certain combinations
and subcombinations that are directed to one of the disclosed inventions and are novel and
non-obvious. Inventions embodied in other combinations and subcombinations of features,
functions, elements and/or properties may be claimed through amendment of the present
claims or presentation of new claims in this or a related application. Such amended or new
claims, whether they are directed to a different invention or directed to the same invention,
whether different, broader, narrower, or equal in scope to the original claims, are also

regarded as included within the subject matter of the inventions of the present disclosure.
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CLAIMS

L. A flow control assembly that is configured to control a fluid flow between a
subterranean formation and a casing conduit of a casing string, the assembly comprising:
a housing that includes:
a housing body with an inner surface that defines at least a portion of a casing
conduit that extends within the subterranecan formation;
an injection conduit that extends through the housing body between the casing
conduit and the subterranean formation; and
a ball sealer seat that defines a portion of the injection conduit and is sized to
receive a ball sealer to restrict fluid flow from the casing conduit through the injection
conduit; and
a hydraulically actuated sliding sleeve that is configured to transition, responsive to a
pressure differential, between a closed configuration, in which the hydraulically actuated
sliding sleeve resists an injection conduit fluid flow from the casing conduit through the
injection conduit to the subterrancan formation, and an open configuration, in which the
hydraulically actuated sliding sleeve permits the injection conduit fluid flow from the casing

conduit through the injection conduit to the subterrancan formation.

2. The assembly of claim 1, wherein the pressure differential includes a pressure
differential between the subterranean formation and the casing conduit, and further wherein
the pressure differential includes a pressure within the casing conduit being greater than a

pressure within the subterranean formation.

3. The assembly of claim 1, wherein the hydraulically actuated sliding sleeve is
at least one of located within the casing conduit, in contact with the inner surface of the
housing body, and located within the portion of the casing conduit that is defined by the inner
surface of the housing body.

4, The assembly of claim 3, wherein, when in the closed configuration, the
hydraulically actuated sliding sleeve fluidly isolates the ball sealer seat from the casing
conduit, and further wherein, in the open configuration, the hydraulically actuated sliding

sleeve permits fluid communication between the ball sealer seat and the casing conduit.

5. The assembly of claim 1, wherein the hydraulically actuated sliding sleeve at

least one of is located external to the casing conduit, surrounds at least a portion of the
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housing body, is in contact with an outer surface of the housing body that is opposed to the
inner surface of the housing body, and is located between at least the portion of the housing

body and the subterranean formation.

6. The assembly of claim 1, wherein the flow control assembly further includes a
retention structure that is configured to retain the hydraulically actuated sliding sleeve in the
closed configuration and to selectively permit the hydraulically actuated sliding sleeve to

transition to the open configuration responsive to the pressure differential.

7. The assembly of claim 1, wherein a cross-sectional area of the injection
conduit is sized to permit stimulation of the subterranean formation when a stimulant fluid
flows from the casing conduit, through the injection conduit, and into the subterrancan

formation.

8. The assembly of claim 1, wherein the injection conduit is sized to maintain at
least a threshold pressure drop thereacross when a stimulant fluid flows from the casing
conduit, through the injection conduit, and into the subterrancan formation, wherein the
threshold pressure drop is selected to retain a seated ball sealer on an occluded ball sealer seat

during the stimulant fluid flow.

9. The assembly of claim 1, wherein the injection conduit is a first injection
conduit, wherein the ball sealer seat is a first ball sealer seat, and further wherein the housing

includes a plurality of injection conduits and a plurality of respective ball sealer seats.

10. The assembly of claim 1, wherein the ball sealer seat defines a ball sealer
sealing surface that is configured to form a fluid seal with the ball sealer, and further wherein
the ball sealer sealing surface is a circular, or at least substantially circular, ball sealer sealing

surface.

11. The assembly of claim 1, wherein the ball sealer seat is a machined ball sealer

seat.

12. The assembly of claim 1, wherein a material composition of the ball sealer

seat is different from a material composition of the housing body.

13. The assembly of claim 1, wherein the ball sealer seat includes at least one of

an erosion-resistant ball sealer scat, a corrosion-resistant ball scaler seat, a hardened ball
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sealer seat, a resilient ball sealer seat, an elastomeric ball sealer seat, and a compliant ball

sealer seat.

14. The assembly of claim 1, wherein the ball sealer seat is defined on at least one

of a chamfered surface, a tapered surface, and a rounded surface.

15. A casing string that defines a casing conduit and is configured to extend
within a subterranean formation, the casing string comprising:

a plurality of lengths of casing; and

a plurality of the flow control assemblies of claim 1 that are spaced apart along a

length of the casing string.

16. The casing string of claim 15, wherein the plurality of flow control assemblies
includes a first flow control assembly, which includes a first hydraulically actuated sliding
sleeve that is configured to transition between the closed configuration and the open
configuration responsive to the pressure differential exceeding a first magnitude, and a
second flow control assembly, which includes a second hydraulically actuated sliding sleeve
that is configured to transition between the closed configuration and the open configuration
responsive to the pressure differential exceeding a second magnitude, wherein the first flow
control assembly is downhole from the second flow control assembly, and further wherein the

first magnitude is less than the second magnitude.

17. A hydrocarbon well, comprising:
a wellbore that extends between a surface region and a subterranean formation; and

the casing string of claim 15, wherein the casing string extends within the wellbore.

18. A method of stimulating a subterranean formation, the method comprising:

pressurizing a region of a casing conduit with a stimulant fluid to generate a
pressurized region within the casing conduit, wherein at least a portion of the pressurized
region is defined by a flow control assembly that includes a hydraulically actuated sliding
sleeve and an injection conduit that extends between the casing conduit and the subterranean
formation;

transitioning, responsive to a pressure differential exceeding a threshold pressure
differential, the hydraulically actuated sliding sleeve from a closed configuration, in which
the hydraulically actuated sliding sleeve resists an injection conduit fluid flow from the

casing conduit through the injection conduit to the subterranean formation, to an open
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configuration, in which the hydraulically actuated sliding sleeve permits the injection conduit
fluid flow from the casing conduit through the injection conduit to the subterranean
formation;

stimulating a portion of the subterrancan formation by flowing the stimulant fluid
through the injection conduit and into the subterranean formation as the injection conduit
fluid flow; and

receiving a ball sealer on a ball sealer seat that defines a portion of the injection
conduit to restrict the injection conduit fluid flow from the casing conduit through the

injection conduit and into the subterranean formation.

19. The method of claim 18, wherein the pressurizing includes generating the
pressure differential between the pressurized region of the casing conduit and the

subterranean formation.

20. The method of claim 18, wherein the transitioning includes translating the

hydraulically actuated sliding sleeve within the casing conduit.

21. The method of claim 18, wherein the transitioning includes translating the

hydraulically actuated sliding sleeve along an outer surface of the flow control assembly.

22. The method of claim 18, wherein the pressurizing includes providing the

stimulant fluid to the casing conduit.

23. The method of claim 18, wherein the stimulating includes at least one of:
(1) fracturing the portion of the subterranean formation;
(i1) dissolving a fraction of the portion of the subterranean formation; and

(iii)  increasing a fluid permeability of the portion of the subterranean formation.

24.  The method of claim 18, wherein the receiving the ball sealer includes

forming a fluid seal between the ball sealer and the ball sealer seat.

25. The method of claim 18, wherein the method further includes producing a
reservoir fluid from the subterrancan formation, and further wherein the method includes
transitioning from the stimulating to the producing without removing a bridge plug from the

casing conduit.
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26. The method of claim 18, wherein the hydraulically actuated sliding sleeve is a
first hydraulically actuated sliding sleeve that is configured to transition from the closed
configuration to the open configuration responsive to the pressure differential exceeding a
first threshold pressure differential, wherein the injection conduit is a first injection conduit,
wherein the portion of the subterranean formation is a first portion of the subterranean
formation, and further wherein, subsequent to the receiving, the method further includes:

repeating the pressurizing;

transitioning a second hydraulically actuated sliding sleeve from the closed
configuration to the open configuration to permit fluid flow through a second injection
conduit responsive to the pressure differential exceeding a second threshold pressure
differential that is greater than the first threshold pressure differential; and

stimulating a second portion of the subterranean formation that is spaced apart from
the first portion of the subterranean formation by flowing the stimulant fluid through the

second injection conduit.

27.  The method of claim 26, wherein, subsequent to the receiving, the method
further includes:

repeating the pressurizing;

creating a perforation in a casing string that defines the casing conduit with a
perforation device;

stimulating a subsequent portion of the subterranean formation by flowing the
stimulant fluid through the perforation; and

receiving a subsequent ball sealer on the perforation to restrict flow of the stimulant

fluid from the casing conduit through the perforation and into the subterranean formation.
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