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(57) Abrege/Abstract:

A wellbore servicing apparatus comprising a housing defining an axial flowbore and comprising one or more ports providing a route
of fluld communication between the axial flowbore and an exterior of the housing, a sliding sleeve disposed within the housing and
comprising a seat and an orifice, the sliding sleeve being movable from a first position In which the ports are obstructed by the
sliding sleeve to a second position In which the ports are unobstructed by the sliding sleeve, and the seat being configured to
engage and retain an obturating member, and a fluid delay system comprising a fluid chamber containing a fluid, wherein the fluid
delay system Is operable to allow the sliding sleeve to transition from the first position to the second position at a delayed rate.
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(57) Abstract: A wellbore servicing apparatus comprising a housing defining an axial tflowbore and comprising one or more ports
providing a route of tluid communication between the axial tlowbore and an exterior of the housing, a sliding sleeve disposed within
the housing and comprising a seat and an orifice, the sliding sleeve being movable from a first position in which the ports are ob -

& structed by the sliding sleeve to a second position i which the ports are unobstructed by the sliding sleeve, and the seat being con-

S

W

figured to engage and retain an obturating member, and a fluid delay system comprising a tfluid chamber containing a fluid, wherein
the tluid delay system 1s operable to allow the sliding sleeve to transition from the first position to the second position at a delayed
rate.
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DELAYED ACTIVATION ACTIVATABLE STIMULATION ASSEMBLY
BACKGROUND

[0001] Hydrocarbon-producing wells often are stimulated by hydraulic fracturing operations,
wherein a servicing fluid such as a fracturing fluid or a perforating fluid may be introduced into a
portion of a subterranean formation penetrated by a wellbore at a hydraulic pressure sufficient to
create or enhance at least one fracture theremn. Such a subterranean formation stimulation
treatment may increase hydrocarbon production tfrom the well.

[0002] Additionally, in some wellbores, it may be desirable to individually and selectively
create multiple fractures along a wellbore at a distance apart from each other, creating multiple
"pay zones." The multiple fractures should have adequatc conductivity, so that the greatest
possible quantity of hydrocarbons 1n an o1l and gas reservoir can be produced from the wellbore.
Some pay zones may extend a substantial distance along the length of a wellbore. In order to
adequately induce the formation of fractures within such zones, it may be advantageous to
introduce a stimulation fluid via multiple stimulation assemblies positioned within a wellbore
adjacent to multiple zones. To accomplish this, it is necessary to configure multiple stimulation
assemblies for the communication of fluid via those stimulation assemblies.

[0003] An activatable stimulation tool may be employed to allow selective access to one or
more zones along a wellbore. However, it is not always apparcnt when or if a particular one, of
sometimes several, of such activatable stimulation tools has, i fact, been activated, thereby
allowing access to a particular zone of a formation. As such, where 1t 1s unknown whether or not a
particular downhole tool has been activated, 1t cannot be determined if fluids thereafter
communicated into a wellbore, for example 1n the performance of a servicing operation, will reach

the formation zone as intended.

[0004] A's such, there exists a need for a downhole tool, particularly, an activatable stimulation
tool, capable of indicating to an operator that it, in particular, has been activated and will function
as intended, as well as methods of utilizing the same in the performance of a wellbore servicing

operation.

SUMMARY
[0005] Disclosed herein 1s a wellbore servicing apparatus comprising a housing defining an
axial flowbore and comprising on¢ or morc ports providing a route of fluid communication

between the axial flowbore and an exterior of thc housing, a shiding slecve disposed within the
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housing and comprising a seat and an orifice, the sliding sleeve being movable from a first
position in which the ports are obstructed by the sliding sleeve to a second position 1n which the
ports are unobstructed by the sliding sleeve, and the seat being configured to engage and retain
an obturating member, and a fluid delay system comprising a fluid chamber containing a fluid,
wherein the fluid delay system is operable to allow the shiding sleeve to transition from the first
position to the second position at a delayed rate.

[0006] Also disclosed herein is a wellbore servicing method comprising positioning a casing
string within a wellbore, the casing string having incorporated therein a wellbore servicing
apparatus, the wellbore servicing apparatus comprising a housing defining an axial flowbore and
comprising one or more ports providing a route of fluid communication between the axial
flowbore and an exterior of the housing, a sliding sleeve disposed within the housing and
comprising a seat and an orifice, the sliding sleeve being movable from a first position to a
second position, and a fluid delay system comprising a fluid chamber containing a fluid,
transitioning the sliding sleeve from the first position in which the ports of the housing are
obstructed by the sliding sleeve to the second position in which the ports of the housing are
unobstructed by the sliding sleeve, wherein the fluid delay system causes the shding sleeve to
transition from the first position to the second position at a delayed rate, wherein the delayed rate
of transition from the first position to the second position causes an elevation of pressure within
casing string, verifying that the sliding sleeve has transitioned from the first position to the
second position, and communicating a wellbore servicing fluid via the ports.

[0007] Further disclosed herein i1s a wellbore servicing method comprising activating a
wellbore servicing apparatus by transitioning the wellbore servicing apparatus from a first mode
to a second mode, wherein the wellbore servicing apparatus is configured to transition from the
first mode to the second mode at a delayed rate and to cause an elevation of pressure within a
flowbore of the wellbore servicing apparatus, and detecting the elevation of the pressure within
the flowbore, wherein detection of the elevation of the pressure within the flowbore for a
predetermined duration, to a predetermined magnitude, or both serves as an indication that the

wellbore servicing apparatus is transitioning from the first mode to the second mode.

J
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] For a more complete understanding of the present disclosure and the advantages

thereof, reference is now made to the following brief description, taken in connection with the

accompanying drawings and detailed description:

[0009] Figure 1 is partial cut-away view of an embodiment of an environment in which at least

one activation-indicating stimulation assembly (ASA) may be employed;

[0010] Figure 2A is a cross-sectional view of an embodiment of an ASA in a first, 1installation
configuration;
[0011] Figure 2B is a cross-sectional view of an embodiment of the ASA of Figure 1 in

transition from the first, installation configuration to a second, activated configuration; and

[0012] Figure 2C 1s a cross-sectional view of an embodiment of the ASA of Figure 1 1n the

second, activated configuration.
DETAILED DESCRIPTION OF THE EMBODIMENTS

[0013] In the drawings and description that follow, like parts are typically marked throughout
the specification and drawings with the same reference numerals, respectively. In addition, similar
reference numerals may refer to similar components 1n different embodiments disclosed herein.
The drawing figures are not necessarily to scale. Certain features of the invention may be shown
exaggerated 1 scale or in somewhat schematic form and some details of conventional elements
may not be shown in the interest of clanity and conciseness. The present invention 1s susceptible to
cmbodiments of different forms. Specific embodiments are described in detail and are shown 1n
the drawings, with the understanding that the present disclosure 1s not intended to himit the
invention to the embodiments 1illustrated and descrnibed herein. It is to be fully recognized that the
different teachings of the cmbodiments discussed herein may be employed separately or in any

suitable combination to produce desired results.

'Y N T n

[0014] Unless otherwise specified, use of the terms "connect,” "engage,” "couple,” "attach,” or
any other like term describing an interaction between elements i1s not meant to limit the mnteraction

to direct interaction between the clements and may also include indirect interaction between the

clements described.
[0015] Unless otherwise specitied, use of the terms "up,” "upper,” "upward,” "up-hole,"
"upstrcam,” or other hike terms shall be construcd as generally from the formation toward the

surface or toward the surface of a body of water; hkewise, use of "down," "lower," "downward,"

2
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"down-hole," "downstream,” or other like terms shall be construed as generally into the formation
away from the surface or away from the surface of a body of water, regardless of the wellbore
orientation. Use of any one or more of the foregoing terms shall not be construed as denoting
positions along a perfectly vertical axis.

[0016] Unless otherwise specified, use of the term "subterranean formation" shall be construed
as encompassing both arcas below exposed earth and areas below earth covered by water such as
ocean or fresh water.

[0017] Disclosed herein are embodiments of wellbore servicing apparatuses, systems, and
methods of using the same. Particularly, disclosed herein are one or more embodiments of a
wellbore servicing system comprising one or more activation-indicating stimulation assemblies
(ASAs), configured for selective activation in the performance of a wellbore servicing operation.
In an embodiment, an ASA, as will be disclosed herein, may be configured to indicate that it has

been and/or is being activated by inducing varations in the pressure of a fluid being communicated
to the ASA.

[0018] Referring to Figure 1, an embodiment of an operating environment in which such a
wellbore servicing apparatus and/or system may be employed is illustrated. It 1s noted that
although some of the figures may exemplify horizontal or vertical wellbores, the principles of the
apparatuses, systems, and methods disclosed may be similarly applicable to horizontal wellbore
configurations, conventional vertical wellbore configurations, and combinations thereof.
Thercfore, the horizontal or vertical nature of any figure i1s not to be construed as limiting the
wellbore to any particular configuration.

[0019] As depicted in Figure 1, the operating environment generally comprises a wellbore 114
that penetratcs a subterranean formation 102 comprising a plurality of formation zones 2, 4, and 6
for the purpose of recovering hydrocarbons, storing hydrocarbons, disposing of carbon dioxide, or
the like. The wellbore 114 may be dnilled into the subterranean formation 102 using any suitable
drilling technique. In an cmbodiment, a drilling or servicing rig comprises a derrick with a rig
floor through which a work string (e.g., a drill string, a tool string, a scgmcnted tubing string, a
jomnted tubing string, or any other suitable conveyance, or combinations thereof) generally defining
an axial flowborc may be positioned within or partially within the wellbore 114, In an
embodiment, such a work string may comprise two or more concentrically positioned strings of

pipe or tubing (e.g., a first work string may be positioned within a second work string). The
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drilling or servicing rig may be conventional and may comprise a motor driven winch and other

associated equipment for lowering the work string into the wellbore 114. Alternatively, a mobile
workover rig, a wellbore servicing unit (e.g., coiled tubing units), or the like may be used to lower
the work string into the wellbore 114. In such an embodiment, the work string may be utilized 1n
drilling, stimulating, completing, or otherwise servicing the wellbore, or combinations thereof.
[0020] The wellbore 114 may extend substantially vertically away trom the earth's surtace
over a vertical wellbore portion, or may deviate at any angle from the earth's surtace 104 over a
deviated or horizontal wellbore portion. In alternative operating environments, portions or
substantially all of the wellbore 114 may be vertical, deviated, horizontal, and/or curved and such
wellbore may be cased, uncased, or combinations thereof.

[0021] In an embodiment, the wellbore 114 may be at least partially cased with a casing string
120 generally defining an axial flowbore 121. In an alternative embodiment, a wellbore like
wellbore 114 may remain at least partially uncased. The casing string 120 may be secured into
position within the wellbore 114 1n a conventional manner with cement 122, alternatively, the
casing string 120 may be partially cemented within the wellbore, or alternatively, the casing string
may be uncemented. For example, i an alternative embodiment, a portion of the wellbore 114
may remain uncemented, but may employ one or more packers (e.g., Swellpackers™,
commercially available from Halliburton Energy Services, Inc.) to 1solate two or more adjacent
portions or zones within the wellbore 114. In an embodiment, a casing string like casing string 120
may be positioned within a portion of the wellbore 114, for example, lowered into the wellbore
I 14 suspended from the work string. In such an embodiment, the casing string may be suspended
from the work string by a liner hanger or the like. Such a hner hanger may comprise any suitable
type or configuration of liner hanger, as will be appreciated by one of skill in the art with the aid of
thits disclosure.

10022] Referring to Figure 1, a wellbore servicing system 100 1s illustrated. In the
embodiment of Figure 1, the wellbore servicing system 100 comprises a first, second, and third
ASA, denoted 200a, 200b, and 200c, respectively, incorporated within the casing string 120 and
cach positioned proximate and/or substantially adjacent to one of subterranean formation zones
(or "pay zones") 2,4, or 6. Although the embodiment of Figure 1 illustrates three ASAs (e.g.,
each being positioned substantially proximate or adjacent to one of three formation zones), one

of skill in the art viewing this disclosure will appreciate that any suitable number of ASAs may

wa
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be similarly incorporated within a casing such as casing string 120, tor example, 2, 3,4, 5,6, 7,
8,9, 10, etc. ASAs. Additionally, although the embodiment of Figure 1 illustrates the wellbore
servicing system 100 incorporated within casing string 120, a similar wellbore servicing system
may be similarly incorporated within another casing string (e.g., a secondary casing string), or
within any suitable work string (e.g., a dnill string, a tool string, a segmented tubing string, a
jointed tubing string, or any other suitable conveyance, or combinations thercof), as may be
appropriate for a given servicing operation. Additionally, while 1n the embodiment of Figure 1, a
single ASA 1s located and/or positioned substantially adjacent to each zone (e.g., each of zones
2.4, and 6); in alternative embodiments, two or more ASAs may be positioned proximate and/or
substantially adjacent to a given zone, alternatively, a given single ASA may be positioned
adjacent to two or more zones.

[0023] In the embodiment of Figure 1, the wellbore servicing system 100 further comprises a
plurality of wellbore 1solation devices 130. In the embodiment of Figure 1, the wellbore
1solation devices 130 are positioned between adjacent ASAs 200a-200c, for example, so as to
1solate the various formation zones 2, 4, and/or 6. Alternatively, two or more adjacent formation
zones may remain unisolated. Suitable wellbore isolation devices are generally known to those
of skill 1n the art and include but are not limited to packers, such as mechanical packers and
swellable packers (e.g., Swellpackers™, commercially available from Halliburton Energy
Services, Inc.), sand plugs, sealant compositions such as cement, or combinations thereof.

[0024] In one or more of the embodiments disclosed herem, one or more of the ASAs
(cumulatively and non-specifically referred to as an ASA 200) may be configured to be activated
while disposed within a wellbore like wellbore 114 and to indicate when such activation has
occurred and/or 1s occurring. In an embodiment, an ASA 200 may be transitionable from a
"first" mode or configuration to a "second" mode or configuration.

[0025] Referring to Figure 2A, an embodiment of an ASA 200 is illustrated in the first mode
or configuration. In an embodiment, when the ASA 200 is 1n the first mode or configuration,

also referred to as a run-in or installation modec, the ASA 200 will not provide a route of fluid

communication from the flowborc 121 of the casing string 120 to the proximate and/or
substantially adjacent zone of the subterrancan formation 102, as will be described hercin.
[0026] Referring to Figure 2B, an embodiment of an ASA 200 1s illustrated i transition

from the first mode or configuration to a second modc¢ or configuration. In an embodiment, as



CA 02871885 2014-10-28

WO 2013/165643 PCT/US2013/035122

will be disclosed herein, the ASA may be configured to provide a delay in the transition of the
ASA 200 from the first mode to the second and, as will be disclosed herein, to thereby provide a
signal that the ASA 200 has transitioned and/or is transitioning from the first mode to the second
mode.

[0027] Referring to Figure 2C, an embodiment of an ASA 200 1s illustrated in the second
mode or configuration. In an embodiment, when the ASA 200 is in the second mode or
configuration, also referred to as an activated mode, the ASA will provide a route of fluid
communication from the flowbore 121 of the casing 120 to the proximate and/or substantially
adjacent zone of the subterranean formation 102, as will be described herein.

[0028] Referring to the embodiments of Figures 2A, 2B, and 2C, the ASA 200 generally
comprises a housing 220, a sliding sleeve 240, and a delay system 260. The ASA 200 may be
characterized as having a longitudinal axis 201.

10029] In an embodiment, the housing 220 may be characterized as a generally tubular body
generally defining a longitudinal, axial flowbore 221. In an embodiment, the housing may
comprise an mner bore surface 220a generally defining the axial flowbore 221 . In an embodiment,
the housing 220 may be configured for connection to and/or incorporation within a string, such
as the casing string 120 or, alternatively, a work string. For example, the housing 220 may
comprise a suitable means of connection to the casing string 120 (e.g., to a casing member such
as casing joint or the like). For example, 1n the embodiment of Figures 2A, 2B, and 2C, the
terminal ends of the housing 220 comprise one or more internally and/or externally threaded
surfaces 222, for example, as may be suitably employed 1in making a threaded connection to the
casing string 120. Alternatively, an ASA hike ASA 200 may be incorporated within a casing
string (or other work string) lhike casing string 120 by any suitable connection, such as, for
example, via one or more quick-connector type connections. Suitable connections to a casing
member will be known to those of skill in the art viewing this disclosure. The axial tlowbore 221
may be in fluild communication with the axial flowbore 121 defined by the casing string 120.
For example, a fluid communicated via the axial flowbores 121 of the casing will flow into and
via the axial flowbore 22 1.

[0030] In an embodiment, the housing 220 may comprise one or more ports 225 suitable for
the communication of fluid from the axial flowbore 221 of the housing 220 to a proximate

subterranean formation zone when the ASA 200 is so-configured. For example, m the
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embodiment of Figures 2A and 2B, the ports 225 within the housing 220 are obstructed, as will be
discussed herein, and will not communicate fluid from the axial flowbore 221 to the surrounding
formation. In the embodiment of Figure 2C, the ports 225 within the housing 220 are
unobstructed, as will be discussed herein, and may communicate fluid from the axial flowbore 221
to the surrounding formation 102. In an embodiment, the ports 225 may be fitted with one or more
pressure-altering devices (e.g., nozzles, erodible nozzles, or the lhike). In an additional
embodiment, the ports 225 may be fitted with plugs, screens, covers, or shields, for example, to
prevent debris from entering the ports 225.

[0031] In an embodiment, the housing 220 may comprise a unitary structure (e.g., a continuous
length of pipe or tubing); alternatively, the housing 220 may comprise two or more operably
connected components (e.g., two or more coupled sub-components, such as by a threaded
connection). Alternatively, a housing like housing 220 may comprise any suitable structure; such
suitable structures will be appreciated by those of skill in the art upon viewing this disclosure.
[0032] In an embodiment, the housing 220 may comprise a recessed, sliding sleeve bore 224.
For example, in the embodiments of Figures 2A, 2B, and 2C, the sleeve bore 224 may generally
comprise a passageway (e.g., a circumferential recess extending a length parallel to the
longitudinal axis 201) in which the shding sleeve 240 may move longitudinally, axially, radially,
or combinations thereof within the axial flowbore 221. In an embodiment, the shding sleeve bore
224 may extend circumferentially from the housing 220 (e.g., at a depth beneath that of the mnner
bore surface 220a). For example, 1in the embodiment of Figures 2A, 2B, and 2C, the sliding sleeve
bore 224 comprises a diameter greater than the diameter of the inner surface of the housing 220a.
In the embodiments of Figures 2A, 2B, and 2C, the shding sleeve bore 224 is generally defined by

an upper shoulder 224a, a lower shoulder 224b, a first recessed bore surface 224c¢ extending from
the upper shoulder 224a 1n the direction of the lower shoulder 224b, and a second recessed bore
surface 224d extending from the lower shoulder 224b in the direction of the upper shoulder 224a.
In an embodiment, the first recessed bore surface 224¢ may have a diameter greater than the
diameter of the second recessed bore surface 224d. In an embodiment, the shding sieeve bore 224
may comprise one or more grooves, guides, or the like (e.g., longitudinal grooves), for example, to

align and/or orient the shding sleeve 240 via a complementary structure (e.g.. one or more lugs,

pegs, grooves, or the like) on the second shding sleeve 240.
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[0033] In an embodiment, the housing 220 may further comprise a recessed bore in which the
delay system 260 may be at least partially disposed, that is, a delay system recess 226. In an
embodiment, the delay system recess 226 may generally comprise a circumferential recess
extending a length along the longitudinal axis and may extend circumferentially from the surfaces
of the shiding sleeve bore 224 (e.g., to a depth beneath that of the first and second recessed bore
surfaces 224¢ and 224d). For example, in the embodiment of Figures 2A, 2B, and 2C, the delay
system recess comprises a diameter greater than the diameter of the first and/or second recessed
bore surfaces, 224c¢ and 224d, respectively. In an embodiment, for example, as illustrated in the
embodiments of Figures 2A, 2B, and 2C, the delay system recess 226 may be longitudinally
spaced within the sleeve bore 224. In the embodiment of Figures 2A, 2B, and 2C, the delay
system recess 226 is generally defined by an upper shoulder 226a, a lower shoulder 226b, and a
recessed bore surface 226¢ extending between the upper shoulder 226a and the lower shoulder
226b.

[0034] In an embodiment, the sliding sleeve 240 generally comprises a cylindrical or tubular
structure. In an embodiment, the sliding sleeve 240 generally comprises an upper orthogonal face
240a, a lower orthogonal face 240b, an mner cylindrical surface 240c at least partially defining an
axial tlowbore 241 extending thercthrough, a downward-facing shoulder 240d, a first outer
cylindrical surface 240e extending between the upper orthogonal face 240a and the shoulder 240d,
and a second outer cylindrical surface 240f extending between the shoulder 240d and the lower
orthogonal face 240b. In an embodiment, the diamecter of the first outer cylindrical surface 240e
may be greater than the diameter of the second outer cylindrical surface 240f. In an embodiment,
the axial flowbore 241 defined by the sliding sleeve 240 may be coaxial with and in fluid
communication with the axial flowbore 221 defined by the housing 220. In the embodiment of
Figures 2A, 2B, and 2C, the shiding slceve 240 may comprise a single component piece. In an
alternative embodiment, a shiding sleeve like the shiding sleeve 240 may comprise two or more
operably connccted or coupled component picces.

[0035] In an embodiment, the shiding slecve 240 may be slidably and concentrically positioned
within the housing 220. As illustrated in the embodiment of Figures 2A, 2B, and 2C, the sliding
sleeve 240 may be positioned within the axial flowbore 221 of the housing 220. For example, in
thc embodiment of Figures 2A, 2B, and 2C, at Icast a portion of the first outer cylindrical surface

240c¢ of the shding slecve 240 may be shidably fitted against at least a portion of the first recessed
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bore surface 224c of the shiding sleeve bore 224 and/or at least a portion of the second outer
cylindrical surface 240f of the sliding sleeve 240 may be shdably fitted against at least a portion of
the second recessed bore surface 224d of the sliding sleeve bore 224.

[0036] In an embodiment, the sliding sleeve 240, the housing 220, or both may comprise one
or more seals at the interface between the first outer cylindrical surface 240e of the shiding sleeve
240 and the first recessed bore surface 224c of the shiding sleeve bore 224 and/or between the
second outer cylindrical surface 240f of the shiding sleeve 240 and the second recessed bore
surface 224d of the shiding sleeve bore 224. For example, in an embodiment, the first shding
sleeve 240 may further comprise one or more radial or concentric recesses or grooves configured
to recerve one or more suitable fluid seals, for example, to restrict fluidd movement via the interface
between the first outer cylindrical surface 240e of the shiding sleeve 240 and the first recessed bore
surface 224¢ of the sliding sleeve bore 224 and/or between the second outer cylindrical surface
2401 of the shiding sleeve 240 and the second recessed bore surface 224d of the shiding sleeve bore
224. Suitable seals include but are not limited to a T-seal, an O-ring, a gasket, or combinations
thereof. For example, in the embodiments of Figures 2A, 2B, and 2C, the shiding sleeve 240
comprises a first scal 244a at the interface between the first outer cylindrical surface 240e¢ of the
shiding sleeve 240 and the first recessed bore surtace 224c¢ of the shiding sleeve bore 224, and a
second, a third, and a fourth seal, 244b, 244c, and 244d, respectively, at the interface between the
second outer cylindrical surface 240f of the sliding sleeve 240 and the second recessed bore
surtace 224d of'the sliding sleeve bore 224.

[0037] In an embodiment, the sliding sleeve 240 may be slidably movable from a first position
to a second position within the housing 220. Referring again to Figure 2A, the sliding sleeve 240
1s shown 1n the first position. In the embodiment illustrated in Figure 2A, when the sliding sleeve

240 1s 1n the first position, the sliding sleeve 240 obstructs the ports 225 of the housing 220, for
example, such that tluid will not be communicated between the axial flowbore 221 of the housing
220 and the exterior of the housing (e.g., to proximate and/or substantially adjacent zone of the
subterranean formation 102) via the ports 225. In an embodiment, in the first position, the sliding
sleeve 240 may be characterized as in a relatively up-hole position within the housing 220 (that is,
relative to the second position and to the left as illustrated). For example, as illustrated in Figure
2A, m the first position the upper orthogonal face 240a of the sliding sleeve 240 may abut the

upper shoulder 224a of the shiding sleeve bore 224. In an embodiment, the sliding sleeve 240 may
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be held in the first position by suitable retaining mechanism. For example, in the embodiment of
Figure 2A, the sliding sleeve 240 is retained in the first position by one or more frangible
members, such as shear-pins 242 or the like. The shear pins may be received by a shear-pin bore
within the sliding sleeve 240 and shear-pin bore in the housing 220. In an embodiment, when the
sliding sleeve 240 is 1n the first position, the ASA 200 is configured in the first mode or
configuration (e.g., a run-in or installation mode).

[0038] Referring to Figure 2C, the shiding sleeve 240 is shown 1n the second position. In the
embodiment 1illustrated 1n Figure 2C, when the shiding sleeve 240 1s in the second position, the
sliding sleeve 240 does not obstruct the ports 225 of the housing 220, for example, such fluid may
be communicated between the axial flowbore 221 of the housing 220 and the exterior of the
housing (e.g., to the proximate and/or substantially adjacent zone of the subterranean formation
102) via the ports 225. In an embodiment, mn the second position, the sliding sleeve 240 may be
characterized as 1n a relatively down-hole position within the housing 220 (that 1s, relative to the
first position and to the right as illustrated). For example, as illustrated in Figure 2C, n the second
position the lower orthogonal face 240b of the sliding sleeve may abut the lower shoulder 224b of
the sliding sleeve bore 224. In an embodiment, the sliding sleeve 240 may be held in the second
position by a suitable retaining mechanism. For example, 1n an embodiment the sliding sleeve 240
may be retained 1n the second position by a snap-ring, a snap-pin, or the hike. For example, such a
snap-ring may be received and/or carried within snap-ring groove within the first shiding sleeve
240 and may expand into a complementary groove within the housing 220 when the shiding sleeve
240 1s 1n the second position and, thereby, retain the first sliding sleeve 240 in the second position.
Alternatively, the shiding sleeve may be retained in the second position by the application of
pressure (e.g., fluid pressure) to the axial flowbore 221 (e.g., due to a differential between the

upward and downward forces applied to the shding sleeve 240 by such a tluid pressure).

(0039] In an alternative embodiment, a first shiding sleeve like first shiding sleeve 240 may
comprise one or more ports suitable for the communication of fluid from the axial flowbore 221 of
the housing 220 and/or the axial flowbore 241 of the first sliding sleeve 240 to a proximate

subterranean formation zone when the master ASA 200 is so-configured. For example, in an
embodiment where such a first sliding sleeve 1s 1n the first position, as disclosed herein above, the
ports within the first shiding sleeve 240 will be misaligned with the ports 225 of the housing and

will not communicate fluid from the axial flowbore 221 and/or axial flowbore 241 to the wellbore
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and/or surrounding formation. When such a first sliding sleeve 1s 1n the second position, as
disclosed herein above, the ports within the first sliding sleeve will be aligned with the ports 225 of
the housing and will communicate fluid from the axial flowbore 221 and/or axial flowbore 241 to
the wellbore and/or surrounding formation.

[0040] In an embodiment, the first sliding sleeve 240 may be configured to be selectively
transitioned from the first position to the second position. For example, in the embodiment of
Figures 2A-2C, the first shiding sleeve 240 comprises a seat 248 configured to receive, engage,
and/or retain an obturating member (e.g., a ball or dart) of a given size and/or configuration
moving via axial flowbores 221 and 241 . For example, in an embodiment the seat 248 comprises a
reduced flowbore diameter in comparison to the diameter of axial flowbores 221 and/or 241 and a
bevel or chamfer 248a at the reduction in flowbore diameter, for example, to engage and retain
such an obturating member. In such an embodiment, the seat 248 may be configured such that,
when the seat 248 engages and retains such an obturating member, fluid movement via the axial
flowbores 221 and/or 241 may be impeded, thereby causing hydraulic pressure to be applied to
the first shding sleeve 240 so as to move the first shiding sleeve 240 from the first position to the
second position. As will be appreciated by one of skill in the art viewing this disclosure, a seat,
such as seat 248, may be sized and/or otherwise configured to engage and retain an obturating
member (c.g., a ball, a dart, or the like) or a given size or configuration. In an embodiment, the
seat 248 may be integral with (e.g., joined as a single unitary structure and/or formed as a single
piece) and/or connected to the first sliding sleeve 240. For example, in embodiment, the
expandable seat 248 may be attached to the first sliding sleeve 240. In an alternative embodiment,
a seat may comprise an independent and/or separate component from the first sliding sleeve but
nonetheless capable of applying a pressure to the first shiding sleeve to transition the first sliding
sleeve from the first position to the second position. For example, such a seat may loosely rest

against and/or adjacent to the first shiding sleeve.
[0041] In an alternative cmbodiment, a first shiding sleeve like first sliding sleeve 240 may be

configured such that the application of a fluid and/or hydraulic pressure (e.g., a hydraulic pressure
exceeding a threshold) to the axial flowbore thereof will cause such the first sliding sleeve to
transition from the first position to the sccond position. For example, in such an embodiment, the
first shiding sleeve may be configured such that the application of fluid pressure to the axial

flowbore results in a net hydraulic force applied to the first sliding sleeve in the direction of the
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second position. For example, the hydraulic forces applied to the first shding sleeve may be
greater 1n the direction that would move the first sliding sleeve toward the second position than the
hydraulic forces applied in the direction that would move the first sliding sleeve away from the
second position, as may result from a differential in the surface area of the downward-facing and
upward-facing surfaces of the first sliding sleeve. One of skill in the art, upon viewing this
disclosure, will appreciate that a first sliding sleeve may be configured for movement upon the
application of a sufficient hydraulic pressure.

[0042] In an embodiment, the delay system 260 generally comprises one or more suitable
devices, structures, assemblages configured to delay the movement of the sliding sleeve 240 from
the first position to the second position, for example, such that at least a portion of the movement
of the sliding sleeve 240 from the first position to the second position occurs at a controlled rate.
[0043] In the embodiment of Figures 2A, 2B, and 2C, the delay system 260 comprnises a fluid
delay system. In such an embodiment, the fluid delay system generally comprises a fluid chamber
265 having a volume that varies dependent upon the position of the sliding sleeve 240 1n relation to
the housing 220, a fluid disposed within the fluid chamber, and a meter or other means of allowing
the fluid within the chamber to escape and/or dissipate therefrom at a controlled rate.

[0044] In an embodiment, the fluid chamber 265 may be cooperatively defined by the housing
220 and the shiding slceve 240. For example, in the embodiment of Figures 2A, 2B, and 2C, the
fluid chamber 265 1s substantially defined by the upper shoulder 226a, the lower shoulder 226b,
and the recessed borc surface 226c¢ of the delay system recess 226 and the shoulder 240d, the
second outcr cyhindrical surface 2401, and, depending upon the configuration of the ASA 200, the
first outer cylindrical surface 240e of the shiding sleeve 240.

[0045] In an embodiment, the fluid chamber 265 may be characterized as having a variable
volume, dependent upon the position of the sliding slceve 240 relative to the housing 220. For
example, when the shiding sleeve 240 1s 1n the first position, the volume of the fluid reservoir 265
may be a maximum and, when the shiding sleeve 240 is in the second position, the volume of the
fluid reservoir may be relatively less (e.g., a mmimum). For example, in the embodiment of Figure
2A, where the sliding sleeve 240 is in the first position, the shoulder 240d of the shiding sleeve 240
1s a predetermined (c.g., an increased or maximum) distance from the lower shoulder 226b of the
delay system recess 226, thereby increasing the volume of the fluud chamber 265. Also. 1n the

cmbodiment of Figure 2C, where the shiding slecve 1s in the second posttion, the shoulder 240d of
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the sliding sleeve 240 is a predetermined (e.g., a decreased or minimum) distance from the lower
shoulder 226b of the delay system recess 226, thereby decreasing the volume of the tluid chamber
265.

[0046] In an embodiment, the fluid chamber 265 may be filled, substantially filled, or partially
filled with a suitable fluid. In an embodiment, the fluid may be characterized as having a suitable
rheology. In an embodiment, for example, in an embodiment where the fluid chamber 265 1s filled
or substantially filled with the fluid, the fluid may be characterized as a compressible fluid, for
example a fluid having a relatively low compressibility. In an alternative embodiment, for
example, in an embodiment where the fluid chamber 265 is incompletely or partially filled with the
by the fluid, the fluid may be characterized as substantially incompressible. In an embodiment, the
fluid may be characterized as having a suitable bulk modulus, for example, a relatively high bulk
modulus. For example, in an embodiment, the fluid may be characterized as having a bulk
modulus in the range of from about 1.8 10° psi, Ib/in” to about 2.8 10° psi, Ib/in° from about 1.9
105 psi, 1b/in? to about 2.6 107 psi, Ib/in?, alternatively, from about 2.0 10° psi, Ib /in” to about 2.4
10° psi, lbt/inz. In an additional embodiment, the fluid may be characterized as having a relatively
low coefficient of thermal expansion. For example, in an embodiment, the fluid may be

characterized as having a coeffictent of thermal expansion in the range of from about 0.0004

cc/ce/°C to about 0.0015 cc/cc/°C, alternatively, from about 0.0006 cc/cc/°C to about 0.0013
cc/ec/°C, alternatively, from about 0.0007 cc/cc/°C to about 0.001 1 cc/cc/°C. In another additional
embodiment, the fluid may be characterized as having a stable fluid viscosity across a relatively
wide temperature range (e.g., a working range), for example, across a temperature range from
about 50° F to about 400° F, alternatively, from about 60° F to about 350° F, alternatively, from
about 70° F to about 300° F. In another embodiment, the fluid may be characterized as having a
viscosity in the range of from about 50 centistokes to about 500 centistokes. Examples of a
suitable fluid include, but are not limited to oils, such as synthetic fluids, hydrocarbons, or
combinations thereof. Particular examples of a suitable fluid include silicon oil, paratfin oil,
petroleum-based oils, brake fluid (glycol-ether-based {luids, mineral-based oils, and/or silicon-
based fluids), transmission fluid, synthetic fluids, or combinations thereof.

[0047] In an embodiment, the meter or means for allowing escape and/or dissipation of the
fluid from the fluid chamber may comprise an orifice. For example, i the embodiment of Figures

2A, 2B, and 2C, the first shding sleeve 240 comprises oritice 245. In various embodiments, the
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orifice 245 may be sized and/or otherwise configured to communicate a fluid of a given
character at a given rate. In an embodiment, a plurality of orifices life orifice 245 may be used
(e.g., two orifices, as illustrated in the embodiments of Figures 2A, 2B, and 2C). As may be
appreciated by one of skill in the art, the rate at which a fluid 1s communicated via the orifice 245
may be at least partially dependent upon the viscosity of the fluid, the temperature of the fluid,
the pressure of the fluid, the presence or absence of particulate material 1n the fluid, the tlow-rate
of the fluid, or combinations thercof and/or, the pack-off the opening over time, thereby
restricting flow therethrough.

[0048] In an embodiment, the orifice 245 may be formed by any suitable process or apparatus.
For example, the orifice 245 may be cut into the first sliding sleeve 240 with a laser, a bit, or any
suitable apparatus in order to achieve a precise size and/or configuration. In an embodiment, an
orifice like orifice 245 may be fitted with nozzles or fluid metering devices, for example, such that
the flow rate at which the fluid is communicated via the orifice is controlled at a predetermined
rate. Additionally, an orifice like orifice 245 may be fitted with erodible fittings, for example, such
that the flow rate at which fluid is communicated via the orifice varies over time. Also, 1n an
embodiment, an orifice like orifice 245 may be fitted with screens of a given size, for example, to
restrict particulate flow through the orifice.

[0049] In an additional or alternative embodiment, the orifice 245 may further comprise a
fluid metering device received at least partially thercin. In such an embodiment, the fluid
metering device may comprise a fluid restrictor, for example a precision microhydraulics fluid
restrictor or micro-dispensing valve of the type produced by The Lee Company of Westbrook,
CT. However, it will be appreciated that in alternative embodiments any other suitable fluid
metering device may be used. For example, any suitable clectro-fluid device may be used to
selectively pump and/or restrict passage of fluid through the device. In further alternative
embodiments, a fluid metering device may be selectively controlled by an operator and/or
computer so that passage of fluid through the metering device may be started, stopped, and/or a
rate of fluid flow through the device may be changed. Such controllable fluid metering devices
may be, for example, substantially similar to the fluid restrictors produced by The Lee Company.
[0050] Referring to Figurc 2A. when the shiding sleeve 240 1s n the first position, the orifice
245 1s not 1n fluid communication with the fluid chamber 265, for example, such that the fluid 1s

rectaincd within the fluid chamber 265. Rceferming to Figures 2B and 2C, when the shding slecve
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240 has moved from the first position in the direction of the second position, the oritice 245 comes
into fluid communication with the fluid chamber 265, for example, such that the fluid may escape
from the fluid chamber 265 via the orifice, as will be disclosed herein.

[0051] In an alternative embodiment, the delay system may comprise an alternative means of
controlling the movement of the sliding sleeve 240 from the first position to the second position. A
suitable alternative delay system may include, but is not hmited to, a friction rings, (e.g.,
configured to cause friction between the sliding sleeve and the housing), a crushable or frangible
member, or the like, as may be appreciated by one of skill in the art upon viewing this disclosure.
[0052] One or more embodiments of an ASA 200 and a wellbore servicing system 100
comprising one or more ASAs 200 (e.g., ASAs 200a-200c) having been disclosed, one or more
embodiments of a wellbore servicing method employing such a wellbore servicing system 100
and/or such an ASA 200 are also disclosed herein. In an embodiment, a wellbore servicing method
may generally comprise the steps of positioning a wellbore servicing system comprising one or
more ASAs within a wellbore such that each of the ASAs is proximate to a zone of a subterranean
formation, optionally, 1solating adjacent zones of the subterranean formation, transitioning the
sliding sleeve within an ASA from its first position to its second position, detecting the
configuration of the first ASA, and communicating a servicing fluid to the zone proximate to the
ASA via the ASA.

[0053] In an embodiment, the process of transitioning a shiding sleeve within an ASA from 1ts
first position to its second position, detecting the configuration of that ASA, and communicating a
servicing fluid to the zone proximate to the ASA via that ASA, as will be disclosed herein, may be
repeated, for as many ASAs as may be incorporated within the wellbore servicing system.

[0054] In an embodiment, one or more ASAs may be incorporated within a work string or
casing string, for example, like casing string 120, and may be positioned within a wellbore like
wellbore 114, For example, in the embodiment of Figure 1, the casing string 120 has incorporated
therein the first ASA 200a, the second ASA 200b, and the third ASA 200c. Also 1n the
embodiment of Figure 1, the casing string 120 is positioned within the wellbore 114 such that the
first ASA 200a 1s proximate and/or substantially adjacent to the first subterranean formation zone

2, the second ASA 200b 1s proximate and/or substantially adjacent to the second zone 4, and the

third ASA 200c¢ 1s proximate and/or substanttally adjacent to the third zone 6. Alternatively, any

suitable number of ASAs may be incorporated within a casing string. In an embodiment, the
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ASAs (e.g., ASAs 200a-200c) may be positioned within the wellbore 114 in a configuration 1n
which no ASA will communicate fluid to the subterranean formation, particularly, the ASAs may
be positioned within the wellbore 114 in the first, run-in, or installation mode or configuration.
[0055] In an embodiment where the ASAs (e.g., ASAs 200a-200c¢) incorporated within the
casing string 120 are configured for activation by an obturating member engaging a seat within
each ASA, as disclosed herein, the ASAs may be configured such that progressively more uphole
ASAs are configured to engage progressively larger obturating members and to allow the passage
of smaller obturating members. For example, in the embodiment of Figure 1, the first ASA 200a
may be configured to engage a first-sized obturating member, while such obturating member will
pass through the second and third ASAs, 200b and 200c, respectively. The second ASA 200b may
be configured to engage a second-sized obturating member, while such obturating member will
pass through the third ASA 200c, and the third ASA 200c¢ may be configured to engage a third-
sized obturating member.

[0056] In an embodiment, once the casing string 120 comprising the ASAs (e.g., ASAs 200a-
200c¢) has been positioned within the wellbore 114, adjacent zones may be 1solated and/or the
casing string 120 may be secured within the formation. For example, in the embodiment of Figure
[, the first zone 2 may be 1solated from the second zone 4, the second zone 4 from the third zone 6,
or combinations thereof. In the embodiment of Figure 1, the adjacent zones (2, 4, and/or 6) are
separated by one or more suitable wellbore 1solation devices 130. Sutable wellbore 1solation
devices 130 are generally known to those of skill in the art and include but are not himited to
packers, such as mechanical packers and swellable packers (e.g., Swellpackers™, commercially
available from Halliburton Energy Services, Inc.), sand plugs, sealant compositions such as
cement, or combinations thereof. In an alternative embodiment, only a portion of the zones (e.g.,
2. 4, and/or 6) may be 1solated, alternatively, the zones may remam unisolated. Additionally
and/or alternatively, the casing string 120 may be secured within the formation, as noted above, for
example, by cementing.

[0057] In an embodiment, the zones of the subterranean formation (e.g., 2, 4, and/or 6) may be
serviced working from the zone that 1s furthest down-hole (e.g., in the embodiment of Figure 1, the
first formation zone 2) progressively upward toward the'furthest up-hole zone (c.g., mn the
embodiment of Figure 1, the third formation zone 6). In alternative embodiments, the zones of the

subterranean formation may be serviced in any suitable order. As will be appreciated by one of
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skill in the art, upon viewing this disclosure, the order in which the zones are serviced may be

dependent upon, or at least influenced by, the method of activation chosen for each of the ASAs

associated with each of these zones.

[0058] In an embodiment where the wellbore 1s serviced working from the furthest down-hole
progressively upward, once the casing string comprising thec ASAs has been positioned within the
wellbore and, optionally, once adjacent zones of the subterranean formation (e.g., 2, 4, and/or 6)
have been isolated, the first ASA 200a may be prepared for the communication of a fluid to the
proximate and/or adjacent zone. In such an embodiment, the shding sleeve 240 within the ASA
(e.g., ASA 200a) proximate and/or substantially adjacent to the first zone to be serviced (e.g.,
formation zone 2), is transitioned from its first position to its second position. In an embodiment
wherein the ASA is activated by an obturating member engaging a seat within the ASA,
transitioning the sliding sleeve 240 within the ASA 200 to its second position may comprise
introducing an obturating member (e.g., a ball or dart) configured to engage the seat 248 of that
ASA 200 (e.g., ASA 200a) into the casing string 120 and forward-circulating (e.g., pumping) the
obturating member to engage the seat 248.

[0059] In such an embodiment, when the obturating member has engaged the seat 248,
continued application of a fluid pressure to the flowbore 221, for example, by continuing to pump
fluid, may increase the force apphied to the seat 248 and the first shiding sleeve 240 via the
obturating member. Referring to Figure 2B, applhication of sutficient force to the first sliding
sleeve 240 via the seat 248 may cause the shear-pin 242 to shear, sever, or break, and the fluid
within the fluid chamber 265 to be compressed. As the fluid becomes compressed, the first shiding
sleeve 240 slidably moves from the first position (e.g., as shown in Figure 2A) toward the second
position (e.g., from left to right as shown in Figures 2B, and 2C). As the shding sleeve 240
continues to move toward the second position, thereby compressing the fluid within the fluid
chamber 265, the orifice 245 within the shiding sleeve 240 may come nto fluild communication
with the fluid chamber 265, thereby allowing the fluid within the fluid chamber 265 to escape
and/or be dissipated therefrom (e.g., as illustrated by flow arrow/ of Figurc 2B). For example, the
orifice 245 may come mto fluid communication with the fluid chamber 265 when the sccond seal

244 and/or when the orifice 245 reaches the upper shoulder 226a defining the fluid chamber 265.
Ass fluid cscapes and/or 1s dissipated trom the fluid chamber 265, the shding sleeve 240 1s allowed

to continuc to move toward the sccond position. As such, the rate at which the shding sleeve 240
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may move from the first position to the second position is dependent upon the rate at which tluid 1s
allowed to escape and/or dissipate from the fluid chamber 265 via orifice 245.

[0060] In an embodiment, the ASA 200 may be configured to allow the tluid to escape and/or
dissipate from the fluid chamber 265 at a controlled rate over the entire length of the stroke (e.g.,
movement from the first position to the second position) of the sliding sleeve 240 or some portion
thereof. For example, referring to the embodiments of Figures 2A, 2B, and 2C, the ASA 200 1s
configured to control the rate of movement of the shiding sleeve 240 over a first portion of the
stroke and the allow the sliding sleeve 240 to move at a greater rate over a second portion of the
stroke. For example, in the embodiment of Figures 2A, 2B, and 2C, when the third seal 244c
reaches the upper shoulder 226a of the delay recess 226, fluid may be allowed to escape from the
fluid chamber 265 at a much greater rate, for example, because the tluid may be allowed to escape
and/or dissipate via the interface between the first outer cylindrical surface 240e of the shiding
sleeve 240 and the first recessed bore surface 224c¢ (e.g., and through the ports 225). Additionally
or alternatively, in an embodiment additional orifices positioned within the shiding sleeve
longitudinally between the first and second seals, 244a and 244b, may also be employed to control
the rate at which fluid is dissipated.

[0061] In an embodiment, as the first sliding sleeve 240 moves from the first position to the
second position, the first sliding sleeve 240 ceases to obscure the ports 225 within the housing 220.
[0062] In an embodiment, the ASA 200 may be configured such that the sliding sleeve 240
will transition from the first position to the second position at a rate such that the obstruction of the
axial flowbore creates an increase in pressure (e.g., the fluid pressure within the axial flowbore 121
of the casing string 120) that is detectable by an operator (e.g., a pressure spike). For example,
because the obturating member obstructs the movement of fluid via the axial flowbore 221 and
because the ports remain obstructed (and, therefore, unable to communicate fluid) during the time
(c.g., the delay or transition time) while the shiding sleeve 240 transitions from the first position to
the second position, the pressure within the axial flowbore 221 of the ASA 200, and theretore, the
pressure within the flowbore 121 of the casing string 120 may increase and/or remain at elevated
pressure until the ports 225 begin to open, at which point the pressure make begin to decrease.

Upon the shding sleeve 240 reaching the second position, the ports 225 are unobstructed and the

pressure may be allowed dissipate.
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[0063] In such an embodiment, an operator may recognize that such a "pressure spike" may
indicate the engagement of an obturating member by the seat of an ASA. In addition, the operator
may recognize that such a "pressure spike," followed by a dissipation of the pressure may ndicate
the engagement of an obturating member by the seat of an ASA and the subsequent transitioning of
the shiding sleeve of that ASA from the first position to the second position, thereby mdicating that
the obturating member has been engaged by the seat (e.g., landed on the seat) and that the ASA is
configured for the communication of a servicing fluid to the formation or a zone thereof. As will
be appreciated by one of skill in the art with the aid of this disclosure, such a "pressure spike” may
be detectable by an operator, for example, at the surface. As will also be appreciated by one of
skill in the art, the magnitude and/or duration (e.g., time of pressure spike, which may be about
equal to an expccted or designed delay or transition time) of such a "pressure spike” may be at
lcast partially dependent upon the configuration of the ASA, for example, the volume of the fluid
chamber, the ratc at which fluid is allowed to escape and/or dissipate from the chamber, the length
of the stroke of the shiding slceve, or combinations of these and other like variables.

[0064] For example, an ASA may be configured to provide a pressure increase, as observed at
the surface, of at least 300 ps1, alternatively at least 400 psi, alternatively, in the range of from
about 500 psi1 to about 3000 psi. Also, for example, an ASA may be configured to provide a
pressure increase, as observed at the surface, for a duration of at least 0.1 seconds, alternatively, 1n
the range of from about 1 second to about 30 seconds, alternatively, from about 2 seconds to about
10 seconds. In an additional embodiment, the duration of any such deviation i the observed
pressure may be monitored and/or analyzed with reference to a predetermined or expected design
value (e.g., for comparison to threshold value).

[0065] In an embodiment, when the operator has confirmed that the first ASA 200a 1is
configurcd for the communication of a servicing fluid, for example, by detection of a "pressure
spike" as disclosed herein, a suitable wellbore servicing fluid may be communicated to the first
subterrancan formation zone 2 via the ports 225 of the first ASA 200a. Nonlimiting examples of a
suitable wellbore servicing fluid include but are not hmited to a fracturing fluid, a perforating or
hydrajctting fluid, an acidizing fluid, the like, or combinations thcrcot. The wellbore servicing
fluid may be communicated at a suitable rate and pressure for a surtable duration. For example, the

wellbore servicing fluid may be communicated at a rate and/or pressure sufficient to nitiate or



CA 02871885 2014-10-28

WO 2013/165643 PCT/US2013/035122

extend a fluid pathway (e.g., a perforation or fracture) within the subterranean formation 102
and/or a zone thereof.

[0066] In an embodiment, when a desired amount of the servicing fluid has been
communicated to the first formation zone 2, an operator may cease the communication of fluid to
the first formation zone 2. Optionally, the treated zone may be isolated, for example, via a
mechanical plug, sand plug, or the like, placed within the flowbore between two zones (e.g.,
between the first and second zones, 2 and 4). The process of transitioning a shiding sleeve within
an ASA from its first position to its second position, detecting the configuration of that ASA, and
communicating a servicing fluid to the zone proximate to the ASA via that ASA may be repeated
with respect the second and third ASAs, 200b and 200c, respectively, and tormation zones 4 and 6,
associated therewith. Additionally, in an embodiment where additional zones are present, the
process may be repeated for any one or more of the additional zones and the associated ASAs.
[0067] In an embodiment, an ASA such as ASA 200, a wellbore servicing system such as
wellbore servicing system 100 comprising an ASA such as ASA 200, a wellbore servicing method
employing such a wellbore servicing system 100 and/or such an ASA 200, or combinations thereot
may be advantageously employed in the performance of a wellbore servicing operation. For
example, as disclosed herein, as ASA such as ASA 200 may allow an operator to ascertain the
configuration of such an ASA while the ASA remains disposed within the subterranean formation.
As such, the operator can be assured that a given servicing fluid will be communicated to a given
zone within the subterranean formation. Such assurances may allow the operator to avoid mistakes
in the performance of various servicing opecrations, for example, communicating a given fluid to
the wrong zone of a formation. In addition, the operator can perform servicing operations with the

confidence that the operation is, in fact, rcaching the intended zone.

ADDITIONAL DISCLOSURE

[0068] The following are nonlimiting, spccific embodiments 1n accordance with the present
disclosure:
0069] Embodiment A. A wellbore scrvicing apparatus comprising:

a housing defining an axial flowbore and comprising one or more ports providing a route
of fluild communication between the axial flowbore and an cxterior of the housing;
a shding sleeve disposed within the housing and comprising a scat and an orifice, the

sliding sleeve being movable from a first position 1n which the ports are obstructed by the shiding
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sleeve to a second position 1n which the ports are unobstructed by the sliding sleeve, and the seat
bemg configured to engage and retain an obturating member; and

a fluid delay system comprising a fluid chamber containing a fluid, wherein the fluid
delay system is operable to allow the sliding sleeve to transition from the first position to the
second position at a delayed rate.
[0070] Embodiment B. The wellbore servicing apparatus of embodiment A, wherein the
orifice of the shding sleeve 1s not in fluid communication with the fluild chamber when the
shding sleeve is 1n the first position.
[0071] Embodiment C. The wellbore servicing apparatus of embodiment B, wherein the
orificc of the sliding sleeve comes into fluid communication with the fluid chamber upon
movement of the shiding sleeve from the first position in the direction of the second position.
[0072] Embodiment D. The wellbore servicing apparatus of embodiment A, B, or C,
wherein the orifice is configured to allow at least a portion of the compressible fluid to escape
from the fluid chamber at a controlled rate.
[0073] Embodiment E. The wellbore servicing apparatus ot embodiment A, B, C, or D,
wherein the wellbore servicing apparatus is configured such that an application of pressure to the
sliding sleeve via an obturating member and the seat, a force is applied to the shding sleeve in
the direction of the second position.
[0074] Embodiment F. The wellbore servicing apparatus of embodiment E, wherein the

wellbore servicing apparatus 1s configured such that the force causes the compressible fluid to be

compressed.
[0075] Embodiment G. The wellbore servicing apparatus of embodiment A, B, C, D, E, or
F, wherein the shiding sleeve 1s retained in the first position by a shear-pin.
[0076] Embodiment H. The wellbore servicing apparatus of embodiment A, B, C, D, E, F,
or G, wherein the fluid has a bulk modulus in the range of from about 1.8 10” psi, Ib/in" to about
2.8 10° psi, Ib/in?,
[0077] Embodiment 1. The wellbore servicing apparatus of embodiment A, B, C, D, E, F,
G, or H, wherem the compressible fluid comprises silicon oil.
[0078] Embodiment J. A wellbore servicing mcthod comprising:

positioning a casing string within a wellbore, the casing string having incorporated therein a

wellbore servicing apparatus, the wellbore servicing apparatus comprising:

N
\J
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a housing defining an axial flowbore and comprising one or more ports providing
a route of fluid communication between the axial tlowbore and an exterior of the
housing;
a shiding sleeve disposed within the housing and comprising a seat and an orifice,
the slhiding sleeve being movable from a first position to a second position; and
a fluid delay system comprising a fluid chamber containing a fluid;
transitioning the sliding sleeve from the first position 1n which the ports of the housing
are obstructed by the sliding sleeve to the second position in which the ports of the housing are
unobstructed by the sliding sleeve, wherein the fluid delay system causes the shding sleeve to
transition from the first position to the second position at a delayed rate, wherein the delayed rate
of transition from the first position to the second position causes an elevation of pressure within
casing string;
verifying that the shiding sleeve has transitioned from the first position to the second
position; and
communicating a wellbore servicing fluid via the ports.
[0079] Embodiment K. The wellbore servicing method of embodiment J, wherein
transitioning the sliding sleeve from the first position to the second position comprises:
introducing an obturating member into the casing string;
flowing the obturating member through the casing string to engage the seat within the
wellbore servicing apparatus;
applying a fluid pressure to the sliding sleeve via the obturating member and the seat.
[0080] Embodiment L. The wellbore servicing method of the embodiment K, wherein
applying the flumid pressure to the sliding sleeve results in a force applied to the sliding sleeve in the
direction of the second position.
10081] Embodiment M. The wellbore servicing method of embodiment L, where the force
applied to the shiding sleeve in the direction of the second position causes the sliding sleeve to move
in the direction of the second position and compresses the compressible tluid within the fluid
chamber.
[0082] Embodiment N. The wellbore servicing method of embodiment M, wherein the

orifice 1s not in fluild communication with the fhuid chamber when the sliding sleeve is in the first

posItion.

N
L9
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[0083] Embodiment O. The wellbore servicing method of embodiment N, wherein
movement of the shiding sleeve a distance from the first position in the direction of the second
position causes the orifice to come into fluid communication with the fluid chamber.
[0084] Embodiment P. The wellbore servicing method of embodiment O, wherein the
compressible fluid is allowed to escape from the fluid chamber via the orifice after the orifice comes
into fluid communication with the fluid chamber.
[0085] Embodiment Q. The wellbore servicing method of embodiment J, K, L, M, N, O, or
P, wherein verifying that the sliding sleeve has transitioned from the first position to the second
position comprises observing the elevation of pressure within the casing string.
[0086] Embodiment R. The wellbore servicing method of embodiment J, K, L, M, N, O, P,
or Q, wherein the elevation of pressure within the casing string dissipates upon the sliding sleeve
reaching the second position.
[0087] Embodiment S. The wellbore servicing method of embodiment R, wherein
veritying that the sliding sleeve has transitioned from the first position to the second position
comprises observing the elevation of pressure within the casing string followed by the
dissipation of the elevated pressure from the casing string.
[0088] Embodiment T. The wellbore servicing method of embodiment S, wherein
verifying that the sliding sleeve has transitioned from the first position to the second position
comprises observing the elevation of pressure to at least a threshold magnitude.
[0089] Embodiment U. The wellbore servicing method of embodiment S, wherein
verifying that the shiding sleeve has transitioned from the first position to the second position
comprises observing the elevation of pressure for at least a threshold duration.
[0090] Embodiment V. A wellbore servicing method comprising:

activating a wellbore servicing apparatus by transitioning the wellbore servicing
apparatus from a first mode to a second mode, wherein the wellbore servicing apparatus is
contfigured to transition from the first mode to the second mode at a delayed rate and to cause an
elevation of pressure within a flowbore of the wellbore servicing apparatus; and

detecting the elevation of the pressure within the flowbore, wherein detection of the
elevation of the pressure within the flowbore for a predetermined duration, to a predetermined

magnitude, or both serves as an indication that the wellbore servicing apparatus is transitioning

from the first mode to the second mode.
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[0091] Embodiment W. The wellbore servicing method of embodiment V, further
comprising:
communicating a wellbore servicing fluid via the wellbore servicing apparatus.

[0092] While embodiments of the invention have been shown and described, modifications
thereof can be made by one skilled 1n the art without departing from the spirit and teachings of the
invention. The embodiments described herein are exemplary only, and are not intended to be
limiting. Many variations and modifications of the invention disclosed herein are possible and are
within the scope of the invention. Where numerical ranges or limitations are expressly stated, such
express ranges or limitations should be understood to include iterative ranges or limitations of like
magnitude falling within the expressly stated ranges or limitations (e.g., from about 1 to about 10
includes, 2, 3, 4, etc.; greater than 0.10 includes 0.1 1, 0.12, 0.13, etc.). For example, whenever a
numerical range with a lower lmit, Rl, and an upper limit, Ru, is disclosed, any number falling
within the range is spectfically disclosed. In particular, the following numbers within the range are
specifically disclosed: R=R1 +k* (Ru-Rl), wherein k is a variable ranging from 1 percent to 100
percent with a 1 percent increment, 1.e., k 1s | percent, 2 percent, 3 percent, 4 percent, 5 percent,
..... 50 percent, 51 percent, 52 percent, ....., 95 percent, 96 percent, 97 percent, 98 percent, 99
percent, or 100 percent. Moreover, any numerical range defined by two R numbers as defined 1n
the above 1s also specitically disclosed. Use of the term "optionally" with respect to any element
of a claim 1s intended to mean that the subject element is required, or alternatively, is not required.
Both alternatives are intended to be within the scope of the claim. Use of broader terms such as
comprises, includes, having, etc. should be understood to provide support for narrower terms such
as consisting of, consisting essentially of, comprised substantially of, etc.

[0093] Accordingly, the scope of protection 1s not limited by the description set out above but
1s only limited by the claims which follow, that scope including all equivalents of the subject
matter of the claims. Each and every claim is incorporated into the specification as an embodiment
of the present invention. Thus, the claims are a further description and are an addition to the
embodiments of the present invention. The discussion of a reference in the Detailed Description of
the Embodiments is not an admission that 1t 1s prior art to the present invention, especially any
reference that may have a publication date after the priority date of this application. The

disclosures of all patents, patent applications, and publications cited herein are hereby incorporated
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by reference, to the extent that they provide exemplary, procedural or other details supplementary

to those set forth herein.
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CLAIMS

What 1s claimed is:
L. A wellbore servicing apparatus comprising:

a housing defining an axial flowbore and comprising one or more ports providing a route
of fluid communication between the axial flowbore and an exterior of the housing;

a sliding sleeve disposed within the housing and comprising a seat and an orifice, the
sliding sleeve being movable from a first position in which the ports are obstructed by the sliding
sleeve to a second position in which the ports are unobstructed by the sliding sleeve, and the seat
being configured to engage and retain an obturating member; and

a fluid delay system comprising a fluid chamber containing a fluid, wherein the flud
delay system is operable to allow the sliding sleeve to transition from the first position to the
second position at a delayed rate.

2. The wellbore servicing apparatus of claim 1, wherein the orifice of the shiding sleeve i1s
not in fluid communication with the fluid chamber when the sliding sleeve is 1n the first position.
3. The wellbore servicing apparatus of claim 2, wherein the orifice of the shding sleeve
comes into fluild communication with the fluid chamber upon movement of the sliding sleeve
from the first position in the direction of the second position.

4. The wellbore servicing apparatus of claim 1, 2, or 3, wherein the orifice is configured to
allow at least a portion of the compressible fluid to escape from the fluid chamber at a controlled
rate.

5. The wellbore servicing apparatus of claim 1, 2, 3, or 4, wherein the wellbore servicing
apparatus is configured such that an application of pressure to the sliding sleeve via an obturating
member and the seat, a force is applied to the shiding sleeve in the direction of the second
posttion.

6. The wellbore servicing apparatus of claim 5, wherein the wellbore servicing apparatus 1s
configured such that the force causes the compressible fluid to be compressed.

7. The wellbore servicing apparatus of claim 1, 2, 3. 4, 5, or 6, wherein the shding sleeve 1s
retained 1n the first position by a shear-pin.

8. The wellbore servicing apparatus of claim 1, 2, 3, 4. 5, 6. or 7, wherein the fluid has a bulk

modulus in the range of from about 1.8 10° psi, Ib/in” to about 2.8 107 psi, lbf/inz.
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9. The wellbore servicing apparatus of claim 1, 2, 3,4, 5, 6, 7, or 8, wherein the compressible
fluid comprises silicon oil.
10. A wellbore servicing method comprising:
positioning a casing string within a wellbore, the casing string having incorporated therein a
wellbore servicing apparatus, the wellbore servicing apparatus comprising:
a housing defining an axial flowbore and comprising one or more ports providing
a route of fluid communication between the axial flowbore and an exterior of the
housing;
a sliding sleeve disposed within the housing and comprising a seat and an ornfice,
the sliding sleeve being movable from a first position to a second position; and
a fluid delay system comprising a fluid chamber containing a fluid;
transitioning the sliding sleeve from the first position in which the ports of the housing
are obstructed by the sliding sleeve to the second position in which the ports of the housing are
unobstructed by the sliding sleeve, wherein the fluid delay system causes the shding sleeve to
transition from the first position to the second position at a delayed rate, wherein the delayed rate
of transition from the first position to the second position causes an elevation of pressure within
casing string;
verifying that the sliding sleeve has transitioned from the first position to the second
position; and
communicating a wellbore servicing fluid via the ports.
11 The wellbore servicing method of claim 10, wherein transitioning the sliding sleeve from
the first position to the second position comprises:
introducing an obturating member into the casing string;
flowing the obturating member through the casing string to engage the seat within the
wellbore servicing apparatus;
applying a fluid pressure to the sliding sleeve via the obturating member and the seat.
12. The wellbore servicing method of the claim 11, wherein applymg the fluid pressure to the
sliding sleeve results 1n a force applied to the shiding sleeve 1n the direction of the second position.
3. The wellbore servicing method of claim 12, where the force applied to the shiding sleeve in
the direction of the second position causes the sliding sleeve to move 1n the direction of the second

position and compresses the compressible fluid within the fluid chamber.
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14, The wellbore servicing method of claim 13, wherein the ornfice is not m flud
communication with the fluid chamber when the sliding sleeve is in the first position.

15. The wellbore servicing method of claim 14, wherein movement of the shding sleeve a
distance from the first position in the direction of the second position causes the orifice to come nto
fluidd communication with the fluid chamber.

16. The wellbore servicing method of claim 15, wherein the compressible fluid is allowed to
escape from the fluid chamber via the orifice after the orifice comes into fluid communication with
the fluid chamber.

17. The wellbore servicing method of claim 10, 11, 12, 13, 14, 15, or 16, wherein verifying
that the sliding sleeve has transitioned from the first position to the second position comprises
observing the elevation of pressure within the casing string.

18. The wellbore servicing method of claim 10, 11, 12, 13, 14, 15, 16, or 17, wherein the
elevation of pressure within the casing string dissipates upon the sliding sleeve reaching the
second position.

19. The wellbore servicing method of claim 18, wherein verifying that the sliding sleeve has
transitioned from the first position to the second position comprises observing the elevation of
pressure within the casing string followed by the dissipation of the elevated pressure from the
casing string.

20. The wellbore servicing method of claim 19, wherein verifying that the shiding sleeve has

transitioned from the first position to the second position comprises observing the elevation of

pressure to at least a threshold magnitude.
21. The wellbore servicing method of claim 19, wherein verifying that the shiding sleeve has
transitioned from the first position to the second position comprises observing the elevation of

pressure for at least a threshold duration.
22. A wellbore servicing method comprising:

activating a wellbore servicing apparatus by transitioning the wellbore servicing
apparatus from a first mode to a second mode, wherein the wellbore servicing apparatus is
configured to transition from the first mode to the second mode at a delayed rate and to cause an
elevation of pressure within a flowbore of the wellbore servicing apparatus; and

detecting the elevation of the pressure within the flowbore, wherein detection of the

elevation of the pressure within the flowbore for a predetermined duration, to a predetermined

29
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magnitude, or both serves as an indication that the wellbore servicing apparatus is transitioning

from the first mode to the second mode.

23. The wellbore servicing method of claim 22, further comprising:

communicating a wellbore servicing fluid via the wellbore servicing apparatus.

e
-—
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