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PRESSURE RELIEF-ASSISTED PACKER
BACKGROUND
[0001] Oil and gas wells are often cased from the surface location of the wells down to and
sometimes through a production formation. Casing, (e.g., steel pipe) is lowered into the wellbore
to a desired depth. Often, at least a portion of the space between the casing and the wellbore, i.e.
the annulus, is then typically filled with cement (e.g., cemented). Once the cement sets in the
annulus, it holds the casing in place and prevents flow of fluids to, from, or between earth
formations (or portions thereof) through which the well passes (e.g., aquifers).
[0002] It is sometimes desirable to complete the well or a portion there-of as an open-hole
completion. Generally, this means that at least a portion of the well is not cased, for example,
through the producing zone or zones. However, the well may still be cased and cemented from
the surface location down to a depth just above the producing formation. It is desirable not to fill
or contaminate the open-hole portion of the well with cement during the cementing process.
[0003] Sometimes, a second casing string or liner may be later incorporated with the
previously installed casing string. In order to join the second casing string to the first casing
string, the second casing string may need to be fixed into position, for example, using casing
packers, cement, and/or any combination of any other suitable methods. One or more methods,
systems, and/or apparatuses which may be employed to secure a second casing string with
respect to (e.g., within) a first casing string are disclosed herein.
SUMMARY
[0004] Disclosed herein is a wellbore completion method comprising disposing a pressure
relief-assisted packer comprising two packer elements within an axial flow bore of a first tubular
string disposed within a wellbore so as to define an annular space between the pressure relief-
assisted packer and the first tubular string, and setting the pressure relief-assisted packer such
that a portion of the annular space between the two packer elements comes into fluid
communication with a pressure relief volume during the setting of the pressure relief-assisted
packer.
[0005] Also disclosed herein is a wellbore completion system comprising a pressure relief-
assisted packer, wherein the pressure relief-assisted packer is disposed within an axial flow bore
of a first casing string disposed within a wellbore penetrating a subterranean formation, and

wherein the pressure relief-assisted packer comprises a first packer element, a second packer



WO 2014/092836 PCT/US2013/061386

element, and a pressure relief chamber, the pressure relief chamber at least partially defining a
pressure relief volume, wherein the pressure relief volume relieves a pressure between the first
packer element and the second packer element, and a second casing string, wherein the pressure
relief-assisted packer is incorporated within the second casing string.
[0006] Further disclosed herein is a wellbore completion method comprising disposing a
pressure relief-assisted packer within an axial flow bore of a first tubular string disposed within a
wellbore, wherein the pressure relief-assisted packer comprises a first packer element, a second
packer element, and a pressure relief chamber, the pressure relief chamber at least partially
defining a pressure relief volume, causing the first packer element and the second packer element
to expand radially so as to engage the first tubular string, wherein causing the first packer
element and the second packer element to expand radially causes an increase in pressure in an
annular space between the first packer element and the second packer element, wherein the
increase in pressure in the annular space causes the pressure relief volume to come into fluid
communication with the annular space.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] 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:
[0008] Figure 1 is a partial cut-away view of an operating environment of a pressure relief-
assisted packer depicting a wellbore penetrating the subterranean formation, a first casing string
positioned within the wellbore, and a second casing string positioned within the first casing string;
[0009] Figure 2A is a cut-away view of an embodiment of a pressure relief-assisted packer in a
first configuration;
[0010] Figure 2B is a cut-away view of an embodiment of a pressure relief-assisted packer in a
second configuration;
[0011] Figure 2C is a cut-away view of an embodiment of a pressure relief-assisted packer in a
third configuration; and

[0012] Figured 3 is a cut-away view of an embodiment of a pressure relief chamber.
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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 in different embodiments disclosed herein.
The drawing figures are not necessarily to scale. Certain features of the invention may be shown
exaggerated in scale or in somewhat schematic form and some details of conventional elements
may not be shown in the interest of clarity and conciseness. The present disclosure is susceptible
to embodiments of different forms. Specific embodiments are described in detail and are shown in
the drawings, with the understanding that the present disclosure is not intended to limit the
invention to the embodiments illustrated and described herein. It is to be fully recognized that the
different teachings of the embodiments discussed herein may be employed separately or in any
suitable combination to produce desired results.
[0014] Unless otherwise specified, use of the terms “connect,” “engage,” “couple,” “attach,” or
any other like term describing an interaction between elements is not meant to limit the interaction
to direct interaction between the elements and may also include indirect interaction between the
elements described.
[0015] Unless otherwise specified, use of the terms “up,” “upper,” “upward,” “up-hole,”
“upstream,” or other like terms shall be construed as generally from the formation toward the
surface or toward the surface of a body of water; likewise, use of “down,” “lower,” “downward,”
“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 areas below exposed earth and areas below earth covered by water such as
ocean or fresh water.
[0017] Disclosed herein are embodiments of a pressure relief-assisted packer (PRP) and
methods of using the same. Following the placement of a first tubular (e.g., casing string) within a
wellbore, it may be desirable to place and secure a second tubular within a wellbore, for example,
within a first casing string. In embodiments disclosed herein, a wellbore completion and/or

cementing tool comprising a PRP is attached and/or incorporated within the second tubular (e.g., a
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second casing string or liner), for example, which is to be secured with respect to the first casing
string. Particularly, the PRP may be configured to provide an improved connection between the
first casing string and the tubular, for example, by the increased compression provided by the PRP.
The use of the PRP may enable a more secure (e.g., rigid) connection between the first casing
string and the tubular (e.g., the second casing string or liner) and may isolate two or more portions
of an annular space, for example, for the purpose of subsequent wellbore completion and/or
cementing operations.

[0018] It is noted that, although, a PRP is referred to as being incorporated within a second
tubular (such as a casing string, liner, or the like) in one or more embodiments, the specification
should not be construed as so-limiting, and a PRP in accordance with the present disclosure may be
used in any suitable working environment and configuration.

[0019] Referring to Figure 1, an embodiment of an operating environment in which a PRP may
be utilized is illustrated. It is noted that although some of the figures may exemplify horizontal or
vertical wellbores, the principles of the methods, apparatuses, and systems disclosed herein may be
similarly applicable to horizontal wellbore configurations, conventional vertical wellbore
configurations, and combinations thereof. Therefore, the horizontal or vertical nature of any figure
is not to be construed as limiting the wellbore to any particular configuration.

[0020] Referring to Figure 1, the operating environment comprises a drilling or servicing rig
106 that is positioned on the earth’s surface 104 and extends over and around a wellbore 114 that
penetrates a subterranean formation 102. The wellbore 114 may be drilled into the subterranean
formation 102 by any suitable drilling technique. In an embodiment, the drilling or servicing rig
106 comprises a derrick 108 with a rig floor 110 through which a casing string or other tubular
string may be positioned within the wellbore 114. The drilling or servicing rig 106 may be
conventional and may further comprise a motor driven winch and other associated equipment for
lowering the casing and/or tubular into the wellbore 114 and to position the casing and/or tubular at
the desired depth.

[0021] In an embodiment, the wellbore 114 may extend substantially vertically away from the
earth’s surface 104 over a vertical wellbore portion, or may deviate at any angle from the earth’s
surface 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.
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[0022] In an embodiment, at least a portion (e.g., an upper portion) of the wellbore 114
proximate to and/or extending from the earth’s surface 104 into the subterranean formation 102
may be cased with a first casing string 120, leaving a portion (e.g., a lower portion) of the wellbore
114 in an open-hole condition, for example, in a production portion of the formation. In an
embodiment, at least a portion of the first casing string 120 may be secured into position against
the formation 102 using conventional methods as appreciated by one of skill in the art (e.g., using
cement 122). In such an embodiment, the wellbore 114 may be partially cased and cemented
thereby resulting in a portion of the wellbore 114 being uncemented. Additionally and/or
alternatively, the first casing string 120 may be secured into the formation 102 using one or more
packers, as would be appreciated by one of skill in the art.

[0023] In the embodiment of Figure 1, the second tubular 160 is positioned within a first
casing string 120 (e.g., within a flowbore of the first casing string 120) within the wellbore 114. In
the embodiment of Figure 1, a PRP 200, as will be disclosed herein, is incorporated within the
tubular 160. The second tubular 160 having the PRP 200 incorporated therein may be delivered to
a predetermined depth within the wellbore 114. In an embodiment, the second tubular 160 may
further comprise a multiple stage cementing tool 140. For example, in the embodiment of Figure
1, a multiple stage cementing tool 140 is incorporated within the second tubular 160 uphole (e.g.,
above) relative to the PRP 200. In such an embodiment, the multiple stage cementing tool 140
may be configured to selectively allow fluid communication (e.g., via one or more ports) from the
axial flowbore of the second tubular 160 to an annular space 144 extending between the first casing
string 120 and the second tubular 160

[0024] Referring to Figures 2A-2C, an embodiment of the PRP 200 is illustrated. In the
embodiment of Figures 2A-2C, the PRP 200 may generally comprise a housing 180, pressure relief
chamber 208, two or more packer elements 202, a sliding sleeve 210, and a triggering system 212.
[0025] While an embodiment of a PRP (particularly, PRP 200) is disclosed with respect to
Figures 2A-2C, one of skill in the art, upon viewing this disclosure, will recognize suitable
alternative configurations, for example, which may similarly comprise a pressure relief chamber as
will be disclosed herein. For example, while the PRP 200 disclosed herein is settable via the
operation the triggering system 212 and the movement of the sleeve 210, as will be disclosed

herein, a PRP may take any suitable alternative configurations, as will be disclosed herein. As
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such, while a PRP may be disclosed with reference to a given configuration (e.g., PRP 200, as will
be disclosed with respect to Figures 2A-2C), this disclosure should not be construed as so-limited.
[0026] In an embodiment, the housing 180 of the PRP 200 is a generally cylindrical or tubular-
like structure. In an embodiment, the housing 180 may comprise a unitary structure, alternatively,
two or more operably connected components. Alternatively, a housing of a PRP 200 may comprise
any suitable structure; such suitable structures will be appreciated by those of skill in the art with
the aid of this disclosure.

[0027] In an embodiment, the PRP 200 may be configured for incorporation into the second
tubular 160. In such an embodiment, the housing 180 may comprise a suitable connection to the
second tubular 160 (e.g., to a casing string member, such as a casing joint). Suitable connections to
a casing string will be known to those of skill in the art. In such an embodiment, the PRP 200 is
incorporated within the second tubular 160 such that the axial flowbore 151 of the PRP 200 is in
fluid communication with the axial flowbore of the second tubular 160 and/or the first casing string
120.

[0028] In an embodiment, the housing may generally comprises a first outer cylindrical surface
180a, a first orthogonal face 180b, an outer annular portion 182 having a first inner cylindrical
surface 180c and extending over at least a portion of the first outer cylindrical surface 180a,
thereby at least partially defining an annular space 180d therebetween.

[0029] In an embodiment, the housing 180 may comprise an inwardly extending compression
shoulder 216, for example, extending radially inward from the annular portion 182. In the
embodiment of Figures 2A-2C, the compression shoulder 216 comprises an orthogonal
compression face 216a, positioned generally perpendicular to the axial flowbore 151.
Additionally, the compression face 216a may remain in a fixed position when a force is applied to
the compression face 216a, for example, a force generated by a packer element being compressed
by the sleeve 210, as will be disclosed herein.

[0030] In an alternative embodiment, the compression face 216a may be movable and slidably
positioned along the exterior of the housing 180, for example, the compression face 216a may be
incorporated with a piston or a sliding sleeve (e.g., a second sleeve).

[0031] In an embodiment, the housing 180 may comprise a recess or chamber configured to
house at least a portion of the triggering system 212. For example, in the embodiment of Figures

2A-2C, the housing 180 comprises a triggering device compartment 124. In an embodiment, the
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recess (e.g., compartment) may generally comprise a hollow, a cut-out, a void, or the like. Such a
recess may be wholly or substantially contained within the housing 180; alternatively, such a
recess may allow access to the all or a portion of the triggering system 212. In an embodiment, the
housing 180 may comprise multiple recesses, for example, to contain or house multiple elements
of the triggering system 212 and/or multiple triggering systems 212, as will be disclosed herein.
[0032] In an embodiment, the packer elements 202 may generally be configured to selectively
seal and/or isolate two or more portions of an annular space (e.g., annular space 144), for example,
by selectively providing a barrier extending circumferentially around at least a portion of the
exterior of the PRP 200 and positioned concentrically between the PRP 200 and a casing string
(e.g., the first casing string 120) or other tubular member.

[0033] In an embodiment, each of the two or more packer elements 202 may generally
comprise a cylindrical structure having an interior bore (e.g., a tube-like and/or a ring-like
structure). The packer elements 202 may comprise a suitable interior diameter, a suitable external
diameter, and/or a suitable thickness, for example, as may be selected by one of skill in the upon
viewing this disclosure and in consideration of factors including, but not limited to, the
size/diameter of the housing 180 of the PRP 200, the size/diameter of the tubular against which the
packer elements are configured to seal (e.g., the interior bore diameter of the first casing string
120), the force with which the packer elements are configured to engage the tubular against which
the packer elements will seal, or other related factors.

[0034] In an embodiment, each of the two or more packer elements 202 may be configured to
exhibit a radial expansion (e.g., an increase in exterior diameter) upon being subjected to an axial
compression (e.g., a force compressing the packer elements in a direction generally parallel to the
bore/axis of the packer elements 202). For example, each of the two or more packer elements may
comprise (e.g., be formed from) a suitable material, such as an elastomeric compound and/or
multiple elastomeric compounds. Examples of suitable elastomeric compounds include, but are
not limited to nitrile butadiene rubber (NBR), hydrogenated nitrile butadiene rubber (HNBR),
ethylene propylene diene monomer (EPDM), fluoroelastomers (FKM) [for example, commercially
available as Viton®], perfluoroelastomers (FFKM) [for example, commercially available as
Kalrez®, Chemraz®, and Zalak®], fluoropolymer elastomers [for example, commercially
available as Viton®], polytetrafluoroethylene, copolymer of tetrafluoroethylene and propylene
(FEPM) [for example, commercially available as Aflas®], and polyetheretherketone (PEEK),
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polyetherketone (PEK), polyamide-imide (PAI), polyimide [for example, commercially available
as Vespel®], polyphenylene sulfide (PPS) [for example, commercially available as Ryton®], and
any combination thereof. For example, instead of Aflas®, a fluoroelastomer, such as Viton®
available from DuPont, may be used for the packer elements 202. Not intending to be bound by
theory, the use of a fluoroelastomer may allow for increased extrusion resistance and a greater
resistance to acidic and/or basic fluids. In an embodiment, the packer elements 202 may be
constructed of a single layer; alternatively, the packer elements 202 may be constructed of multiple
layers (e.g., plies), for example, with each layer or ply comprise either the same, alternatively,
different elastomeric compounds.

[0035] In an embodiment, the two or more packer elements 202 may be formed from the same
material. Alternatively, the two or more packer elements 202 may be formed from different
materials. For example, in an embodiment, each of the two or more packer elements 202 may
exhibit substantially similarly rates of radial expansion per unit of compression (e.g., compressive
force and/or amount of compression). Alternatively, in an embodiment, the two or more packer
elements 202 may exhibit different rates of radial expansion per unit of compression (e.g.,
compressive force and/or amount of compression).

[0036] In an embodiment, the pressure relief chamber 208, in cooperation with a rupture disc
206, generally encloses and/or defines a pressure relief volume 204. In an embodiment, the
pressure relief chamber 208 may comprise a cylindrical or ring-like structure. Referring to Figure
3, a detailed view of the pressure relief chamber is illustrated. In the embodiment of Figures 2A-
2C and 3, the pressure relief chamber 208 may comprise a plurality of chamber surfaces 208a and
208b (e.g., walls) and a base surface 208c. In an embodiment, the chamber surfaces 208a and 208b
may be, for example, angled (e.g., inclined) surfaces which converge outwardly (e.g., away from
the base surface 208c). For example, in such an embodiment, the chamber surfaces 208a and/or
208b may be constructed and/or oriented (e.g., angled) such that the plurality packer elements 202
may be able to slide laterally along such surfaces and outwardly from the housing 180. For
example, in such an embodiment, the chamber surfaces 208a and/or 208b may comprise “ramps,”
as will be disclosed in greater detail herein. In such an embodiment, the chamber surfaces 208a
and/or 208b may be oriented at any suitable angle (e.g., exhibiting any suitable degree of rise), as
will be appreciated by one of skill in the art upon viewing this disclosure. In an alternative

embodiment, the chamber surfaces 208a and/or 208b may be about perpendicular surfaces with
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respect to the axial flowbore 151 of the housing 180. In an alternative embodiment, the chamber
surfaces 208a and/or 208b may be oriented to any suitable position as would be appreciated by one
of skill in the art.

[0037] In an embodiment, the pressure relief chamber 208 may be formed from a suitable
material. Examples of suitable materials include, but are not limited to, metals, alloys, composites,
ceramics, or combinations thereof.

[0038] As noted above, in an embodiment, the chamber surfaces 208a and 208b of the pressure
relief chamber 208 and a rupture disc 206 generally define the pressure relief volume 204, as
illustrated in Figures 2A-2B and 3. In such an embodiment, the pressure relief volume 204 may be
suitably sized, as will be appreciated by one of skill in the art upon viewing this disclosure. For
example, in an embodiment, the size and/or volume of the pressure relief volume may be varied,
for example, to conform to one or more specifications associated with a particular application
and/or operation. Also, in an embodiment, the pressure relief chamber 208 may be characterized
as having a suitable cross-sectional shape. For example, while the embodiment of Figures 2A-2C
and 3 illustrates a generally triangular cross-sectional shape, one of skill in the art, upon viewing
this disclosure, will appreciate other suitable design configurations.

[0039] In an embodiment, the rupture disc 206 may generally be configured to seal the
pressure relief volume. For example, in an embodiment, the rupture disc 206, alternatively, a
plurality of rupture discs, be disposed over an opening into the pressure relief chamber 208, for
example, via attachment into and/or onto the chamber surfaces 208a and 208b of the pressure relief
chamber 208. In an embodiment, the rupture disc 206 may contain/seal the pressure relief volume
204, for example, as illustrated in Figures 2A-2B and 3. In such an embodiment, the rupture disc
206 may provide for isolation of pressures and/or fluids between the interior of the pressure relief
chamber 208 (e.g., the pressure relief volume 204) and an exterior of the pressure relief chamber
208. The rupture disc 206 may comprise any suitable number and/or configuration of such
components. For example, a pressure relief chamber, like pressure relief chamber 208, may be
sealed via a single rupture disc, alternatively, a single rupture panel comprising a ring-like
configuration and extending radially around the pressure relief chamber 208, alternatively, a
plurality of rupture discs, such as two, three, four, five, six, seven, eight, nine, ten, or more rupture

discs.
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[0040] In an embodiment, the rupture disc 206 may be configured and/or selected to rupture,
break, disintegrate, or otherwise loose structural integrity when a desired threshold pressure level
(e.g., a differential in the pressures experienced by the rupture disc 206) is experienced (for
example, a difference in pressure reached as a result of the compression of the plurality of packer
elements 202 proximate to and/or surrounding the rupture disc 206, as will be disclosed herein). In
an embodiment, the threshold pressure may be about 1,000 p.s.i., alternatively, at least about 2,000
p.s.i., alternatively, at least at about 3,000 p.s.i, alternatively, at least about 4,000 p.s.i,
alternatively, at least about 5,000 p.s.i, alternatively, at least about 6,000 p.s.i, alternatively, at least
about 7,000 p.s.i, alternatively, at least about 8,000 p.s.i, alternatively, at least about 9,000 p.s.i,
alternatively, at least about 10,000 p.s.1, alternatively, any suitable pressure.

[0041] In an embodiment, the rupture disc (e.g., a “burst” disc) 206 may be formed from any
suitable material. As will be appreciated by one of skill in the art, upon viewing this disclosure, the
choice of the material or materials employed may be dependent upon factors including, but not
limited to, the desired threshold pressure. Examples of suitable materials from which the rupture
disc may be formed include, but are not limited to, ceramics, glass, graphite, plastics, metals and/or
alloys (such as carbon steel, stainless steel, or Hastelloy®), deformable materials such as rubber, or
combinations thereof. Additionally, in an embodiment, the rupture disc 206 may comprise a
degradable material, for example, an acid-erodible material or thermally degradable material. In
such an embodiment, the rupture disc 206 may be configured to lose structural integrity in the
presence of a predetermined condition (e.g., exposure to a downhole condition such as heat or an
acid), for example, such that the rupture disc 206 is at least partially degraded and will rupture
when subjected to pressure.

[0042] In an embodiment, the pressure relief chamber 208, when sealed by the rupture disc
206, may contain fluid such as a liquid and/or a gas. In such an embodiment, the fluid contained
within the pressure relief chamber 208 may be characterized as compressible. In an embodiment,
the pressure within the pressure relief chamber 208, when sealed by the rupture disc 206 (e.g., the
pressure of pressure relief volume 204), may be about atmospheric pressure, alternatively, the
pressue within the pressure relief chamber 208 may be a negative pressure (e.g., a vacuum),
alternatively, about 100 p.s.i., alternatively, about 200 p.s.i., alternatively, about 300 p.s.i,
alternatively, about 400 p.s.i, alternatively, about 500 p.s.i, alternatively, about 600 p.s.i,

10
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alternatively, about 700 p.s.i, alternatively, about 800 p.s.i, alternatively, about 900 p.s.i,
alternatively, at least about 1,000 p.s.i, alternatively, any suitable pressure.

[0043] In an alternative embodiment, a pressure relief chamber (e.g., like pressure relief
chamber 208) may comprise a pressure relief valve (e.g., a “pop-off-valve”), a blowoff valve, or
other like components.

[0044] In an embodiment, the sleeve 210 generally comprises a cylindrical or tubular structure,
for example having a c-shaped cross-section. In the embodiment of Figures 2A-2C, the sliding
sleeve 210 generally comprises a lower orthogonal face 210a; an upper orthogonal face 210c; an
inner cylindrical surface 210b extending between the lower orthogonal face 210a and the upper
orthogonal face 210c; an upper outer cylindrical surface 210d; an intermediary outer cylindrical
surface 210f extending between an upper shoulder 210e and a lower shoulder 210g; and a lower
outer cylindrical surface 210h. In an embodiment, the sleeve 210 may comprise a single
component piece; alternatively, a sleeve like the sliding sleeve 210 may comprise two or more
operably connected or coupled component pieces (e.g., a collar or collars fixed about a tubular
sleeve).

[0045] In an embodiment, the sleeve 210 may be slidably and concentrically positioned about
and/or around at least a portion of the exterior of the PRP 200 housing 180. For example, in the
embodiment of Figures 2A-2C, the inner cylindrical surface 210b of the sleeve 210 may be
slidably fitted against/about at least a portion of the first outer cylindrical surface 180a of the
housing 180. Also, in the embodiment of Figures 2A-2C, the lower outer cylindrical surface 210h
of the sleeve 210 may be slidably fitted against at least a portion of the first inner cylindrical
surface 180c of the annular portion 182. As shown in the embodiment of Figures 2A-2C, the lower
shoulder 210g is positioned within the annular space 180d defined by the housing 180, the annular
portion 182, and the compression shoulder 216. In an embodiment, the sleeve 210 and/or the
housing 180 may comprise one or more seals or the like at one or more of the interfaces
therebetween. Suitable seals include but are not limited to a T-seal, an O-ring, a gasket, or
combinations thereof. For example, in an embodiment, the sleeve 210 and/or the housing 180 may
comprise such a seal at the interface between the inner cylindrical surface 210b of the sleeve 210
and the first outer cylindrical surface 180a of the housing 180 and/or at the interface between the

lower outer cylindrical surface 210h of the sleeve 210 and the first inner cylindrical surface 180c of
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the annular portion 182. In such an embodiment, the presence of one or more of such seals may
create a fluid-tight interaction, thereby preventing fluid communication between such interfaces.
[0046] In an embodiment, the housing 180 and the sleeve 210 may cooperatively define a
hydraulic fluid reservoir 232. For example, as shown in Figures 2A-2C, the hydraulic fluid
reservoir 232 is generally defined by the first outer cylindrical surface 180a, the first orthogonal
face 180b, and the first inner cylindrical surface 180c of the housing 180 and by the lower
orthogonal face 210a of the sleeve 210. In an embodiment, the hydraulic fluid reservoir 232 may
be characterized as having a variable volume. For example, volume of the hydraulic fluid
reservoir 232 may vary with movement of the sleeve 210, as will be disclosed herein.

[0047] In an embodiment, fluid access to/from the hydraulic fluid reservoir 232 may be
controlled by the destructible member 230. For example, in an embodiment, the hydraulic fluid
reservoir 232 may be fluidically connected to the triggering device compartment 124. In an
embodiment, the destructible member 230 (e.g., a rupture disc, a rupture plate, etc.) may restrict or
prohibit flow through the passage. In an embodiment, any suitable configurations for passage and
flow restriction may be used as would be appreciated by one of skill in the art.

[0048] In an embodiment, the destructible member 230 may allow for the hydraulic fluid to be
substantially contained, for example, within the hydraulic fluid reservoir 232 until a triggering
event occurs, as will be disclosed herein. In an embodiment, the destructible member 230 may be
ruptured or opened, for example, via the operation of the triggering system 212. In such an
embodiment, once the destructible member 230 is open, the hydraulic fluid within the hydraulic
fluid reservoir 232 may be free to move out of the hydraulic fluid reservoir 232 via flow passage
previously controlled by the destructible member 230.

[0049] In an embodiment, the hydraulic fluid may comprise any suitable fluid. In an
embodiment, the hydraulic fluid may be characterized as having a suitable rheology. In an
embodiment, the hydraulic fluid reservoir 232 is filled or substantially filled with a hydraulic fluid
that may be characterized as a compressible fluid, for example a fluid having a relatively low
compressibility, alternatively, the hydraulic fluid may be characterized as substantially
incompressible. In an embodiment, the hydraulic fluid may be characterized as having a suitable
bulk modulus, for example, a relatively high bulk modulus. Particular examples of a suitable

hydraulic fluid include silicon oil, paraffin oil, petroleum-based oils, brake fluid (glycol-ether-
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based fluids, mineral-based oils, and/or silicon-based fluids), transmission fluid, synthetic fluids, or
combinations thereof.

[0050] In an embodiment, each of the packer elements 202 may be disposed about at least a
portion of the sleeve 210, which may be slidably and concentrically disposed about/around at least
a portion of the housing 180. In an embodiment, the packer elements 202 may be slidably
disposed about the sleeve 210, as will be disclosed herein, for example, such that the packer
elements (or a portion thereof) may slide or otherwise move (e.g., axially and/or radially) with
respect to the sleeve 210, for example, upon the application of a force to the packer elements 202.
[0051] Also, in an embodiment, the pressure relief chamber 208 may also be disposed
concentrically about/around at least a portion of the sleeve 210. In an embodiment, the pressure
relief chamber 208 may be slidably disposed about the sleeve 210, as will be disclosed herein, for
example, such that the pressure relief chamber 208 may slide or otherwise move (e.g., axially
and/or radially) with respect to the sleeve 210.

[0052] For example, in the embodiment of Figures 2A-2C, the packer elements 202 are
slidably disposed about/around the sleeve 210 separated (e.g., longitudinally) via the pressure relief
chamber 208. For example, in the embodiment of Figures 2A-2C, the pressure relief chamber 208
is positioned between the two packer elements 202. For example, in the embodiment of Figures
2A-2C, a first of the two packer elements is slidably positioned about the sleeve 210 abutting the
upper shoulder 210e of the sleeve 210 and also abutting another of the chamber surfaces 208b
(e.g., ramps) of the pressure relief chamber 208; also, a second of the two packer elements is
slidably positioned about the sleeve 210 abutting the compression face 216a (e.g., the compression
shoulder 216) of the housing 180 and also abutting another of the chamber surfaces 208a (e.g.,
ramps) of the pressure relief chamber 208.

[0053] While in the embodiment of Figure 2A-2C the pressure relief chamber 208 comprises
inclined or “ramped” surfaces abutting the packer elements, in an alternative embodiment, the
surfaces of the sleeve (e.g., upper shoulder 210e) which abut the packer elements 202, the surfaces
of the housing (e.g., compression surface 216a), the surfaces of the pressure relief chamber 208, or
combinations thereof may similarly comprise such “ramped” surfaces, as will be appreciated by
one of skill in the art upon viewing this disclosure.

[0054] Also, while in the embodiment of Figures 2A-2C the packer elements 202 and pressure

relief chamber 208 are slidably positioned about the sleeve, in an alternative embodiment, one or
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more of such components may be at least partially fixed with respect to the sleeve and/or the
housing.

[0055] In an embodiment, while the PRP 200 comprises two packer elements 202 separated by
a single pressure relief chamber 208, one of skill in the art, upon viewing this disclosure, will
appreciate that that a similar PRP may comprise three, four, five, six, seven, or more packer
elements, with any two adjacent packer elements having a pressure relief chamber (like pressure
relief chamber 208, disclosed herein) disposed therebetween.

[0056] In an embodiment, the sleeve 210 may be movable with respect to the housing 180, for
example, following the destruction of the destructible member 230, as will be disclosed herein. In
an embodiment, the sleeve 210 may be slidably movable from a first position (relative to the
housing 180) to a second position and from the second position to a third position, as shown in
Figures 2A, 2B, and 2C, respectively. In an embodiment, the first position may comprise a
relatively upward position of the sleeve 210, the third position may comprise a relatively
downward position of the sleeve 210, and the second position may comprise an intermediate
position between the first and third positions, as will be disclosed herein.

[0057] As shown in the embodiment of Figure 2A, with the sleeve 210 in the first position, the
packer elements 202 are relatively uncompressed (e.g., laterally) and, as such, are relatively
unexpanded (e.g., radially). In an embodiment, the sleeve 210 may be retained in the first position
by the presence of the hydraulic fluid within the hydraulic fluid reservoir 232. For example, in the
embodiment of Figure 2A, the sleeve 210 may be retained in first position where the triggering
system 212 has not yet been actuated, as will be disclosed herein, so as to allow the hydraulic fluid
to escape and/or be emitted from the hydraulic fluid reservoir 232.

[0058] As shown in the embodiment of Figure 2B, with the sleeve 210 in the second position,
the packer elements 202 are relatively more compressed (e.g., laterally) and, as such, relatively
more radially expanded (in comparison to the packer elements when the sleeve 210 is in the first
position). For example, movement of the sleeve 210 from the first position to the second position,
may decrease the space between the upper shoulder 210e of the sleeve 210 and the compression
face 216a of the housing 180, thereby compressing the packer elements 202 and forcing the packer
elements 202 to expand radially (for example, against the first casing string 120). In an
embodiment, as shown in Figure 2B, the second position may comprise an intermediate position

between the first position and the third position. In an embodiment, following actuation of the
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triggering system 212, as will be disclosed herein, the sleeve 210 may be configured and/or to
allowed move in the direction of second and/or third positions. For example, in an embodiment,
the sleeve 210 may be configured to transition from the first position to the second position (and in
the direction of the third position) upon the application of a hydraulic (e.g., fluid) pressure to the
PRP 200. In such an embodiment, the sleeve 210 may comprise a differential in the surface area of
the upward-facing surfaces which are fluidicly exposed and the surface area of the downward-
facing surfaces which are fluidicly exposed. For example, in an embodiment, the exposed surface
area of the surfaces of the sleeve 210 which will apply a force (e.g., a hydraulic force) in the
direction toward the second and/or third position (e.g., a downward force) may be greater than
exposed surface area of the surfaces of the sleeve 210 which will apply a force (e.g., a hydraulic
force) in the direction away from the second position (e.g., an upward force). For example, in the
embodiment of Figures 2A-2C, and not intending to be bound by theory, the hydraulic fluid
reservoir 232 is fluidicly sealed (e.g., by fluid seals at the interface between the inner cylindrical
surface 210b of the sleeve 210 and the first outer cylindrical surface 180a of the housing 180 and at
the interface between the lower outer cylindrical surface 210h of the sleeve 210 and the first inner
cylindrical surface 180c of the annular portion 182), and therefore unexposed to fluid pressures
applied (e.g., externally) to the PRP 200, thereby resulting in such a differential in the force applied
(e.g., fluidicly) to the sleeve 210 in the direction toward the second/third positions (e.g., a
downward force) and the force applied to the sleeve 210 in the direction away from the second
position (e.g., an upward force). In an embodiment, a hydraulic pressure applied to the annular
space 144 (e.g., by pumping via the annular space 144 and/or as a result of the ambient fluid
pressures surrounding the PRP 200) may act upon the surfaces of the sleeve 210, as disclosed
herein. For example, in the embodiment of Figure 2A-2C the fluid pressure may be applied to the
upper orthogonal face 210c of the sleeve to force in the sleeve 210 toward the second/third
position. Additionally, in the embodiment of Figures 2A-2C the fluid pressure may also be applied
to the lower shoulder 210g of the sleeve 210 via port 181 within the housing 180 (e.g., annular
portion 182), for example, to similarly force the sleeve 210 toward the second/third position.

[0059] As shown in the embodiment of Figure 2C, with the sleeve 210 in the third position, the
packer elements 202 are relatively more compressed (e.g., laterally) and, as such, relatively more
radially expanded (in comparison to the packer elements when the sleeve 210 is in both the first

position and the second position). For examples, in an embodiment, upon the sleeve 210
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approaching and/or reaching the second position, the packer elements 202 expand radially to
contact (e.g., compress against) the first casing string 120. As such, the pressure within a portion
of the annular space 144 between the two packer elements 202 (e.g., intermediate annular space
144c) may increase. For example and not intending to be bound by theory, as the packer elements
202 expand, the volume between the packer elements 202 (e.g., the volume of the intermediate
annular space 144c) decreases, thereby resulting in an increase of the pressure in this volume. In
an embodiment, when the pressure of the volume between the two packer elements 206 meets
and/or exceeds the threshold pressure associated with the rupture disc 206, the rupture disc 206
(which is exposed to the intermediate annular space 144c) may be configured to rupture, break,
disintegrate, or otherwise loose structural integrity, thereby allowing fluid communication between
the volume between the two packer elements 206 and the pressure relief chamber 208. In an
embodiment, upon allowing fluid communication between the volume between the two packer
elements 206 and the pressure relief chamber 208 (e.g., as a result of the rupturing, breaking,
disintegrating, or the like of the rupture disc 206), the pressure between the two packer elements
206 may be decreased (e.g., by allowing fluids within the intermediate annular volume 144c to
move into the pressure relief volume 204). In an embodiment, and not intending to be bound by
theory, such a decrease in the pressure may allow the packer elements 206 to be further radially
expanded (e.g., by further compression of the sleeve 210). For example, in the embodiment, of
Figure 2C, where the pressure between the two packer elements 206 may be decreased (e.g., by
allowing fluids within the intermediate annular volume 114c to move into the pressure relief
volume 204), the sleeve 210 may be configured and/or allowed to move toward the third position
(e.g., from the first and second positions). For example, the sleeve 210 may be further compressed
as a result of fluid pressure (e.g., forces) applied thereto.

[0060] In an embodiment, PRP 200 may be configured such that the sleeve 210, upon reaching
a position in which the packer elements 260 are relatively more compressed (e.g., the second
and/or third positions), remains and/or is retained or locked in such a position. For example, in an
embodiment, the sleeve 210 and/or the housing 180 may comprise any suitable configuration of
locks, latches, dogs, keys, catches, ratchets, ratcheting teeth, expandable rings, snap rings, biased
pin, grooves, receiving bores, or any suitable combination of structures or devices. For example,

the housing 180 and sleeve 210 may comprise a series of ratcheting teeth configured such that the
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sleeve 210, upon reaching the third position, will be unable to return in the direction of the first
and/or second positions.

[0061] In an embodiment, a hydraulic fluid reservoir 232 may be configured to selectively
allow the movement of the sleeve 210, for example, as noted above, when the hydraulic fluid is
retained in the hydraulic fluid reservoir 232 (e.g., by the destructible member 230), the sleeve 210
may be retained or locked in the first position and, when the hydraulic fluid is not retained in the
hydraulic fluid reservoir 232 (e.g., upon destruction or other loss of structural integrity by the
destructible member 230), the sleeve 210 may be allowed to move from the first position in the
direction of the second and/or third positions, for example, as also disclosed herein. For example,
in such an embodiment, during run-in the fluid pressures experienced by the sleeve 210 may cause
substantially no movement in the position of the sleeve 210. Additionally or alternatively, the
sleeve 210 may be held securely in the first position by one or more shear pins that shear upon
application of sufficient fluid pressure to annulus 144.

[0062] In an embodiment, the triggering system 212 may be configured to control fluid
communication to and/or from the hydraulic fluid reservoir 232. For example, in an embodiment,
the destructible member 230 (e.g., which may be configured to allow/disallow fluid access to the
hydraulic chamber 232) may be opened (e.g., punctured, perforated, ruptured, pierced, destroyed,
disintegrated, combusted, or otherwise caused to cease to enclose the hydraulic fluid reservoir 232)
by the triggering system 212. In an embodiment, the triggering system 212 may generally comprise
a sensing system 240, a piercing member 234, and electronic circuitry 236. In an embodiment,
some or all of the triggering system 212 components may be disposed within the triggering device
compartment 124; alternatively, exterior to the housing 180; alternatively, integrated within the
housing 180. It is noted that the scope of this disclosure is not limited to any particular
configuration, position, and/or number of the pressure sensing systems 240, piercing members 234,
and or electronic circuits 236. For example, although the embodiment of Figures 2A-2C illustrates
a triggering system 212 comprising multiple distributed components (e.g., a single sensing system
240, a single components electronic circuitry 236, and a single piercing member 234, each of
which comprises a separate, distinct component), in an alternative embodiment, a similar triggering
system may perform similar functions via a single, unitary component; alternatively, the functions

performed by these components (e.g., the sensing system 240, the electronic circuitry 236, and the
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single piercing member 234) may be distributed across any suitable number and/or configuration
of like componentry, as will be appreciated by one of skill in the art with the aid of this disclosure.
[0063] In an embodiment, the sensing system 240 may comprise a sensor capable of detecting
a predetermined signal and communicating with the electronic circuitry 236. For example, in an
embodiment, the sensor may be a magnetic pick-up capable of detecting when a magnetic element
is positioned (or moved) proximate to the sensor and may transmit a signal (e.g., via an electrical
current) to the electronic circuitry 236. In an alternative embodiment, a strain sensor may sense and
change in response to variations of an internal pressure. In an alternative embodiment, a pressure
sensor may be mounted to the on the tool to sense pressure changes imposed from the surface. In
an alternative embodiment, a sonic sensor or hydrophone may sense sound signatures generated at
or near the wellhead through the casing and/or fluid. In an alternative embodiment, a Hall Effect
sensor, Giant Magnetoresistive (GMR), or other magnetic field sensor may receive a signal from a
wiper, dart, or pump tool pumped through the axial flowbore 151 of the PRP 200. In an alternative
embodiment, a Hall Effect sensor may sense and increased metal density caused by a snap ring
being shifted into a sensor groove as a wiper plug or other pump tool passes through the axial
flowbore 151 of the PRP 200. In an alternative embodiment, a Radio Frequency identification
(RFID) signal may be generated by one or more radio frequency devices pumped in the fluid
through the PRP 200. In an alternative embodiment, a mechanical proximity device may sense a
change in a magnetic field generated by a sensor assembly (e.g., an iron bar passing through a coil
as part of a wiper assembly or other pump tool). In an alternative embodiment, an inductive
powered coil may pass through the axial flowbore 151 of the PRP 200 and may induce a current in
sensors within the PRP 200. In an alternative embodiment, an acoustic source in a wiper, dart, or
other pump tool may be pumped through the axial flowbore 151 of the PRP 200. In an alternative
embodiment, an ionic sensor may detect the presence of a particular component. In an alternative
embodiment, a pH sensor may detect pH signals or values.

[0064] In an embodiment, the electronic circuitry 236 may be generally configured to receive
a signal from the sensing system 240, for example, so as to determine if the sensing system 240
has experienced a predetermined signal), and, upon a determination that such a signal has been
experienced, to output an actuating signal to the piercing member 234. In such an embodiment,
the electronic circuitry 236 may be in signal communication with the sensing system 240 and/or

the piercing member 234. In an embodiment, the electronic circuitry 236 may comprise any
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suitable configuration, for example, comprising one or more printed circuit boards, one or more
integrated circuits, a one or more discrete circuit components, one or more microprocessors, one
or more microcontrollers, one or more wires, an electromechanical interface, a power supply
and/or any combination thereof. As noted above, the electronic circuitry 236 may comprise a
single, unitary, or non-distributed component capable of performing the function disclosed
herein; alternatively, the electronic circuitry 236 may comprise a plurality of distributed
components capable of performing the functions disclosed herein.

[0065] In an embodiment, the electronic circuitry 236 may be supplied with electrical power
via a power source. For example, in such an embodiment, the PRP 200 may further comprise an
on-board battery, a power generation device, or combinations thereof. In such an embodiment, the
power source and/or power generation device may supply power to the electronic circuitry 236, to
the sensing system 240, to the piercing member 234, or combinations thereof. Suitable power
generation devices, such as a turbo-generator and a thermoelectric generator are disclosed in U.S.
Patent 8,162,050 to Roddy, et al., which is incorporated herein by reference in its entirety. In an
embodiment, the electronic circuitry 236 may be configured to output a digital voltage or current
signal to the piercing member 234 upon determining that the sensing system 240 has experienced
a predetermined signal, as will be disclosed herein.

[0066] In the embodiment of Figures 2A-2C, the piercing member 234 comprises a punch or
needle. In such an embodiment, the piercing member 234 may be configured, when activated, to
puncture, perforate, rupture, pierce, destroy, disintegrate, combust, or otherwise cause the
destructible member 230 to cease to enclose the hydraulic fluid reservoir 232. In such an
embodiment, the piercing member 234 may be electrically driven, for example, via an electrically-
driven motor or an electromagnet. Alternatively, the punch may be propelled or driven via a
hydraulic means, a mechanical means (such as a spring or threaded rod), a chemical reaction, an
explosion, or any other suitable means of propulsion, in response to receipt of an activating signal.
Suitable types and/or configuration of piercing member 234 are described in U.S. Patent
Application Nos. 12/688,058 and 12/353,664, the entire disclosures of which are incorporated
herein by this reference, and may be similarly employed. In an alternative embodiment, the
piercing member 234 may be configured to cause combustion of the destructible member. For
example, the destructible member 230 may comprise a combustible material (e.g., thermite) that,

when detonated or ignited may burn a hole in the destructible member 230. In an embodiment, the
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piercing member 234 may comprise a flow path (e.g., ported, slotted, surface channels, etc.) to
allow hydraulic fluid to readily pass therethrough. In an embodiment, the piercing member 234
comprises a flow path having a metering device of the type disclosed herein (e.g., a fluidic diode)
disposed therein. In an embodiment, the piercing member 234 comprises ports that flow into the
fluidic diode, for example, integrated internally within the body of the piercing member 234.
[0067] In an embodiment, upon destruction of the destructible member 230 (e.g., open), the
hydraulic fluid within hydraulic fluid chamber 232 may be free to move out of the hydraulic fluid
chamber 232 via the pathway previously contained/obstructed by the destructible member 230.
For example, in the embodiment of Figures 2A-2C, upon destruction of the destructible member
230, the hydraulic fluid chamber 232 may be configured such that the hydraulic fluid may be free
to flow out of the hydraulic fluid chamber and into the triggering device compartment 124. In
alternative embodiments, the hydraulic fluid chamber 232 may be configured such that the
hydraulic fluid flows into a secondary chamber (e.g., an expansion chamber), out of the PRP 200
(e.g., into the wellbore, for example, via a check-valve or fluidic diode), into the flow passage, or
combinations thereof. Additionally or alternatively, the hydraulic fluid chamber 232 may be
configured to allow the fluid to flow therefrom at a predetermined or controlled rate. For example,
in such an embodiment, the atmospheric chamber may further comprise a fluid meter, a fluidic
diode, a fluidic restrictor, or the like. For example, in such an embodiment, the hydraulic fluid
may be emitted from the atmospheric chamber via a fluid aperture, for example, a fluid aperture
which may comprise or be fitted with a fluid pressure and/or fluid flow-rate altering device, such
as a nozzle or a metering device such as a fluidic diode. In an embodiment, such a fluid aperture
may be sized to allow a given flow-rate of fluid, and thereby provide a desired opening time or
delay associated with flow of hydraulic fluid exiting the hydraulic fluid chamber 232 and, as
such, the movement of the sleeve 210. Fluid flow-rate control devices and methods of utilizing
the same are disclosed in U.S. Patent Application Serial No. 12/539,392, which is incorporated
herein in its entirety by this reference.

[0068] In an embodiment, a signal may comprise any suitable device, condition, or otherwise
detectable event recognizable by the sensing system 240. For example, in the embodiment of
Figure 2A-2C, a signal (e.g., denoted by flow arrow 238) comprises a modification and/or
transmission of a magnetic signal, for example, by dropping a ball or dart to engage, move, and or

manipulate a signaling element 220. In an alternative embodiment, the signal 238 may comprise a
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modification and/or transmission of a magnetic signal from a pump tool or other apparatus pumped
through the axial flowbore 151 of the PRP 200. In another embodiment, the signal 238 may
comprise a sound generated proximate to a wellhead and passing through fluid within the axial
flowbore 151 of the PRP 200. Additionally or alternatively, the signal 238 may comprise a sound
generated by a pump tool or other apparatus passing through the axial flowbore 151 of the PRP
200. In an alternative embodiment, the signal 238 may comprise a current induced by an inductive
powered device passing through the axial flowbore 151 of the PRP 200. In an alternative
embodiment, the signal 238 may comprise a RFID signal generated by radio frequency devices
pumped with fluid passing through the axial flowbore 151 of the PRP 200. In an alternative
embodiment, the signal 238 may comprise a pressure signal induced from the surface in the well
which may then be picked up by pressure transducers or strain gauges mounted on or in the
housing 180 of the PRP 200. In an alternative embodiment, any other suitable signal may be
transmitted to trigger the triggering device 212, as would be appreciated by one of skill in the art.
Suitable signals and/or methods of applying such signals for recognition by wellbore tool (such as
the PRP 200) comprising a triggering system are disclosed in U.S. Patent Application No.
13/179,762 entitled “Remotely Activated Downhole Apparatus and Methods™ to Tips, et al, and in
U.S. Patent Application No. 13/179,833 entitled “Remotely Activated Downhole Apparatus and
Methods™ to Tips, et al, and U.S. Patent Application No. 13/624,173 to Streich, er al. and entitled
Method of Completing a Multi-Zone Fracture Stimulation Treatment of a Wellbore, each of which
is incorporated herein in its entirety by reference.

[0069] In an embodiment, while the PRP 200 has been disclosed with respect to Figures 2A-
2C and 3, one of skill in the art, upon viewing this disclosure, will recognize that a similar PRP
may take various alternative configurations. For example, while in the embodiment(s) disclosed
herein with reference to Figures 2A-2C, the PRP 200 comprises compression-set packer
configuration utilizing a single sleeve (e.g., sleeve 210, which applies pressure to the packer
elements), in additional or alternative embodiments a similar PRP may comprise a compression set
packer utilizing multiple movable sleeves. Additionally or alternatively, while the PRP disclosed
here is set via the application of a fluid pressure to the sleeve (e.g., acting upon a differential area),
in another embodiment, a PRP may be set via the operation of a ball or dart (e.g., which engages a
seat to apply pressure to one or more ramps and thereby compress the packer elements). In still

other embodiments, the pressure relief-assisted packer may comprise one or more swellable packer
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elements, for example, having a pressure relief chamber like pressure relief chamber 208 disposed
therebetween as similarly disclosed herein. Examples of commercially available configurations of
packers as may comprise a pressure relief-assisted packer (e.g., like PRP 200) include the
Presidium EC2™ and the Presidium MC2™, commercially available from Halliburton Energy
Services. Additionally or alternatively, suitable packer configurations are disclosed in U.S. Patent
Application No. 13/414,140 entitled “External Casing Packer and Method of Performing
Cementing Job” to Helms, et al., U.S. Patent Application No. 13/414,016 entitled “Remotely
Activated Down Hole System and Methods™ to Acosta, et al. and U.S. Application No. 13/350,030
entitled “Double Ramp Compression Packer” to Acosta et al., each of which is incorporated herein
in its entirety by reference.

[0070] In an embodiment, a wellbore completion method utilizing a PRP (such as the PRP
200) is disclosed herein. An embodiment of such a method may generally comprise the steps of
positioning the PRP 200 within a first wellbore tubular (e.g., first casing string 120) that penetrates
the subterranean formation 102; and setting the PRP 200 such that, during the setting of the PRP
200, the pressure between the plurality of packer elements 202 comes into fluid communication
with the pressure relief volume 204.

[0071] Additionally, in an embodiment, a wellbore completion method may further comprise
cementing a lower annular space 144a (e.g., below the plurality of packer elements 202),
cementing an upper annular space 144b (e.g., above the plurality of packer elements 202), or
combinations thereof.

[0072] In an embodiment, the wellbore completion method comprises positioning or “running
in” a second tubular (e.g., a second casing string) 160 comprising a PRP 200. For example, as
illustrated in Figure 1, second tubular 160 may be positioned within the flow bore of first casing
string 120 such that the PRP 200, which is incorporated within the second tubular string 160, is
positioned within the first casing string 120.

[0073] In an embodiment, the PRP 200 is introduced and/or positioned within a first casing
string 120 in a first configuration (e.g., a run-in configuration) as shown in Figure 2A, for example,
in a configuration in which the packer elements 202 are relatively uncompressed and radially
unexpanded. In the embodiment of Figures 2A-2C as disclosed herein, the sleeve 210 is retained
in the first position the hydraulic fluid, which is selectively retained within the hydraulic fluid

reservoir as disclosed herein.

22



WO 2014/092836 PCT/US2013/061386

[0074] In an embodiment, setting the PRP 200 generally comprises actuating the PRP 200 for
example, such that the packer elements 202 are caused to expand (e.g., radially), for example, such
that the pressure within a portion of the annular space 144 between the packer elements 202 (e.g.,
the intermediate annular space 144c) approaches the threshold pressure associated with the rupture
disc 206.

[0075] For example, in an embodiment as disclosed with reference to Figures 2A-2C, setting
the PRP 200 may comprise passing a signal (e.g., signal 238) through the axial flowbore 151 of the
PRP 200. As disclosed herein, passing the signal 238 may comprise communicating a suitable
signal, as disclosed herein. In such an embodiment, upon recognition of the signal, the triggering
system 212 of the PRP 200 may be actuated, for example, such that the destructible member 230
(e.g., a rupture disc) is caused to release the hydraulic fluid from the hydraulic fluid reservoir 232
(e.g., into the triggering compartment 124), thereby allowing the sleeve to move from the first
position, as also disclosed herein. Also, in such an embodiment, the release of the hydraulic fluid
pressure from the hydraulic fluid reservoir 232 may allow the sleeve 210 to move along the
exterior of the housing 180 in the direction of the compression face 216a (e.g., in the direction of
the second/third positions). In such an embodiment, setting the PRP 200 may further comprise
applying a fluid pressure to the PRP 200 (e.g., via the annular space 144), for example, to cause the
sleeve 210 to move in the direction of the second and/or third positions, thereby causing the packer
elements 202 to expand outwardly to engage the first casing string 120.

[0076] In alternative embodiments, setting a PRP like PRP 200 may comprise communicating
an obturating member (e.g., a ball or dart), for example, so as to engage a seat within the PRP.
Upon engagement of the seat, the obturating member may substantially restrict fluid
communication via the axial flowbore of the PRP and, hydraulic and/or fluid pressure (e.g., by
pumping via the axial flowbore) applied to seat via the ball or dart may be employed to cause the
radial expansion of the packer elements.

[0077] In an embodiment, as the packer elements 202 expand radially outward, the packer
elements 202 may come into contact with the first casing string 120. In such an embodiment, the
plurality of packer elements 202 may isolate an upper annular space 144b from a lower annular
space 144a, such that fluid communication is disallowed therebetween via the radially expanded

packer elements 202. Also, as disclosed above, the packer elements 202 may also isolate a portion
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of the annular space 144 between the packer elements 202, that is, the intermediate annular space
144c.

[0078] Also, as the packer elements 202 expand radially outward the pressure within the
intermediate annular space 144c increases, for example, as the sleeve 210 approaches the second
position, until the pressure meets and/or exceeds the threshold pressure associated with the rupture
disc 206. In an embodiment, upon the pressure within the intermediate annular space 144c
reaching the threshold pressure of the rupture disc 206 (e.g., between the plurality of packer
elements 202) the rupture disc 206 may rupture, break, disintegrate, or otherwise fail, thereby
allowing the intermediate annular space 144c to be exposed to the pressure relief volume 204,
thereby allowing the pressure within the intermediate annular space 144c (e.g., fluids) to enter the
pressure relief volume 204. In such an embodiment, the pressure between the packer elements 202
may be dissipated, for example, thereby allowing further compression of the packer elements 202.
For example, in the embodiment disclosed with respect to Figures 2A-2C, upon the dissipation of
pressure between the packer elements, the sleeve 210 may be moved further in the direction of the
third position, thereby further compressing the packer elements 202 and causing the packer
elements 202 be further radially expanded. In such an embodiment, the further compression of the
packer elements 202 may cause an improved pressure seal between the first casing string 120 and
the second tubular 160, for example and not intending to be bound by theory, resulting from the
increased compression of the packer elements 202 against the first casing string 120.

[0079] In an embodiment, the wellbore completion method may further comprise cementing at
least a portion of the second tubular 160 (e.g., a second casing string) within the wellbore 114, for
example, so as to secure the second tubular with respect to the formation 102. In an embodiment,
the wellbore completion method may further comprise cementing all or a portion of the upper
annular space 144b (e.g., the portion of the annular space 144 located uphole from and/or above
the packer elements 202). For example, as disclosed herein, the multiple stage cementing tool 140
positioned uphole from the PRP 200 may allow access to the upper annular space 144b while the
PRP 200 provides isolation of the upper annular space 144b from the lower annular space 144a
(e.g., thereby providing a “floor” for a cement column within the upper annular space 144b). In
such an embodiment, cement (e.g., a cementitious slurry) may be introduced into the upper annular

space 144b (e.g., via the multiple stage cementing tool) and allowed to set.

24



WO 2014/092836 PCT/US2013/061386

[0080] In an additional or alternative embodiment, the wellbore completion method may
further comprise cementing the lower annular space 144a (e.g., the portion of the annular space
located downhole from and/or below the packer elements 202). For example, in such an
embodiment, cement may be introduced into the lower annular space 144a (e.g., via a float shoe
integrated within the second tubular 160 downhole from the PRP 200, e.g., adjacent a terminal end
of the second tubular 160) and allowed to set.

[0081] In an embodiment, a PRP as disclosed herein or in some portion thereof, may be
advantageously employed in a wellbore completion system and/or method, for example, in
connecting a first casing string 120 to a second tubular (e.g., a second casing string) 160.
Particularly, and as disclosed herein, a pressure relief-assisted packer may be capable of engaging
the interior of a casing (or other tubular within which the pressure relief-assisted packer is
positioned) with increased radial force and/or pressure (relative to conventional packers), thereby
yielding improved isolation. For example, in an embodiment, the use of such a pressure relief-
assisted packer enables improved isolation between two or more portions of an annular space (e.g.,
as disclosed herein) relative to conventional apparatuses, systems, and/or methods. Therefore,
such a pressure relief-assisted packer may decrease the possibility of undesirable gas and/or fluid
migration via the annular space. Also, in an embodiment, the use of such a pressure relief-assisted
packer may result in an improved connection (e.g., via the packer elements) between concentric

tubulars (e.g., a first and second casing string) disposed within a wellbore.

ADDITIONAL DISCLOSURE
[0082] The following are nonlimiting, specific embodiments in accordance with the present
disclosure:
[0083] A first embodiment, which is a wellbore completion method comprising:

disposing a pressure relief-assisted packer comprising two packer elements within an
axial flow bore of a first tubular string disposed within a wellbore so as to define an
annular space between the pressure relief-assisted packer and the first tubular string; and
setting the pressure relief-assisted packer such that a portion of the annular space between
the two packer elements comes into fluid communication with a pressure relief volume
during the setting of the pressure relief-assisted packer.

[0084] A second embodiment, which is the method of the first embodiment, wherein

disposing the pressure relief-assisted packer within the axial flow bore of the first tubular string
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comprises disposing at least a portion of a second tubular string within the axial flow bore of the
first tubular string, wherein the pressure relief-assisted packer is incorporated within the second
tubular string.
[0085] A third embodiment, which is the method of the second embodiment, wherein the
first tubular string, the second tubular string, or both comprises a casing string.
[0086] A fourth embodiment, which is the method of one of the first through the third
embodiments, wherein setting the pressure relief-assisted packer comprises longitudinally
compressing the two packer elements.
[0087] A fifth embodiment, which is the method of the fourth embodiment, wherein
longitudinally compressing the two packer elements causes the two packer elements to expand
radially.
[0088] A sixth embodiment, which is the method of the fifth embodiment, wherein radial
expansion of the two packer elements causes the two packer elements to engage the first tubular
string.
[0089] A seventh embodiment, which is the method of one of the first through the sixth
embodiments, wherein the pressure relief volume is at least partially defined by a pressure relief
chamber.
[0090] An eighth embodiment, which is the method of one of the first through the seventh
embodiments, wherein the portion of the annular space between the two packer elements comes
into fluid communication with the pressure relief volume upon the portion of the annular space
reaching at least a threshold pressure.
[0091] A ninth embodiment, which is the method of one of the second through the third
embodiments, further comprising:
introducing a cementitious slurry into an annular space surrounding at least a portion of
the second tubular string and relatively downhole from the two packer elements; and
allowing the cementitious slurry to set.
[0092] A tenth embodiment, which is the method of one of the second through the third
embodiments, further comprising:
introducing a cementitious slurry into an annular space between the second tubular string
and the first tubular string and relatively uphole from the two packer elements; and

allowing the cementitious slurry to set.
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[0093] An eleventh embodiment, which is a wellbore completion system comprising:
a pressure relief-assisted packer, wherein the pressure relief-assisted packer is disposed
within an axial flow bore of a first casing string disposed within a wellbore penetrating a
subterranean formation, and wherein the pressure relief-assisted packer comprises:
a first packer element;
a second packer element; and
a pressure relief chamber, the pressure relief chamber at least partially defining a
pressure relief volume, wherein the pressure relief volume relieves a pressure
between the first packer element and the second packer element; and
a second casing string, wherein the pressure relief-assisted packer is incorporated within
the second casing string.
[0094] A twelfth embodiment, which is the wellbore completion system of the eleventh
embodiment, wherein the pressure relief chamber comprises a rupture disc, wherein the rupture
disc controls fluid communication to the pressure relief volume.
[0095] A thirteenth embodiment, which is the wellbore completion system of the twelfth
embodiment, wherein the rupture disc allows fluid communication to the pressure relief volume
upon experiencing at least a threshold pressure.
[0096] A fourteenth embodiment, which is the wellbore completion system of the thirteenth
embodiment, wherein the threshold pressure is in the range of from about 1,000 p.s.i. to about
10,000 p.s.i.
[0097] A fifteenth embodiment, which is the wellbore completion system of one of the
thirteenth through the fourteenth embodiments, wherein the threshold pressure is in the range of
from about 4,000 p.s.i. to about 8,000 p.s.i.
[0098] A sixteenth embodiment, which is the wellbore completion system of one of the
eleventh through the fifteenth embodiments, wherein the pressure relief chamber comprises one
or more ramped surfaces.
[0099] A seventeenth embodiment, which is the wellbore completion system of one of the
eleventh through the sixteenth embodiments, wherein the pressure relief chamber is positioned
between the first packer element and the second packer element.

[00100] An eighteenth embodiment, which is a wellbore completion method comprising:
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disposing a pressure relief-assisted packer within an axial flow bore of a first tubular
string disposed within a wellbore, wherein the pressure relief-assisted packer comprises:
a first packer element;
a second packer element; and
a pressure relief chamber, the pressure relief chamber at least partially defining a
pressure relief volume;
causing the first packer element and the second packer element to expand radially so as to
engage the first tubular string, wherein causing the first packer element and the second
packer element to expand radially causes an increase in pressure in an annular space
between the first packer element and the second packer element, wherein the increase in
pressure in the annular space causes the pressure relief volume to come into fluid
communication with the annular space.
[00101] A nineteenth embodiment, which is the wellbore completion method of the eighteenth
embodiment, wherein the pressure relief chamber comprises a rupture disc, wherein the rupture
disc controls fluid communication to the pressure relief volume.
[00102] A twentieth embodiment, which is the wellbore completion method of the nineteenth
embodiment, wherein the rupture disc allows fluid communication to the pressure relief volume
upon experiencing at least a threshold pressure.
[00103] A twenty-first embodiment, which is the wellbore completion method of one of the
eighteenth through the twentieth embodiments, wherein the pressure relief-assisted packer is
incorporated within a second tubular string.
[00104] A twenty-second embodiment, which is the wellbore completion method of the
twenty-first embodiment, further comprising:
introducing a cementitious slurry into an annular space surrounding at least a portion of
the second tubular string and relatively downhole from the first and second packer
elements; and
allowing the cementitious slurry to set.
[00105] A twenty-third embodiment, which is the wellbore completion method of the twenty-

first embodiment, further comprising:
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introducing a cementitious slurry into an annular space between the second tubular string

and the first tubular string and relatively uphole from the first and second packer

elements; and

allowing the cementitious slurry to set.
[00106] While embodiments of the invention have been shown and described, modifications
thereof can be made by one skilled in 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 0.11, 0.12, 0.13, etc.). For example, whenever a
numerical range with a lower limit, Rl, and an upper limit, Ru, is disclosed, any number falling
within the range is specifically disclosed. In particular, the following numbers within the range are
specifically disclosed: R=RIl +k* (Ru-Rl), wherein k is a variable ranging from 1 percent to 100
percent with a 1 percent increment, i.e., k is 1 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 in
the above is also specifically disclosed. Use of the term "optionally” with respect to any element
of a claim is 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.
[00107]  Accordingly, the scope of protection is not limited by the description set out above but
is 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 it is 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 is claimed is:
1. A wellbore completion method comprising:

disposing a pressure relief-assisted packer comprising two packer elements within an
axial flow bore of a first tubular string disposed within a wellbore so as to define an annular
space between the pressure relief-assisted packer and the first tubular string; and

setting the pressure relief-assisted packer such that a portion of the annular space between
the two packer elements comes into fluid communication with a pressure relief volume during
the setting of the pressure relief-assisted packer.
2. The method of claim 1, wherein disposing the pressure relief-assisted packer within the
axial flow bore of the first tubular string comprises disposing at least a portion of a second
tubular string within the axial flow bore of the first tubular string, wherein the pressure relief-
assisted packer is incorporated within the second tubular string.
3. The method of claim 2, wherein the first tubular string, the second tubular string, or both
comprises a casing string.
4. The method of any of claims 1-3, wherein setting the pressure relief-assisted packer
comprises longitudinally compressing the two packer elements.
S. The method of claim 4, wherein longitudinally compressing the two packer elements causes
the two packer elements to expand radially.
6. The method of claim 5, wherein radial expansion of the two packer elements causes the two
packer elements to engage the first tubular string.
7. The method of any of claims 1-6, wherein the pressure relief volume is at least partially
defined by a pressure relief chamber.
8. The method of any of claims 1-7, wherein the portion of the annular space between the two
packer elements comes into fluid communication with the pressure relief volume upon the
portion of the annular space reaching at least a threshold pressure.
9. The method of any of claims 2-3, further comprising:

introducing a cementitious slurry into an annular space surrounding at least a portion of
the second tubular string and relatively downhole from the two packer elements; and

allowing the cementitious slurry to set.
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10.  The method of any of claims 2-3, further comprising:
introducing a cementitious slurry into an annular space between the second tubular string
and the first tubular string and relatively uphole from the two packer elements; and
allowing the cementitious slurry to set.
11. A wellbore completion system comprising:
a pressure relief-assisted packer, wherein the pressure relief-assisted packer is disposed
within an axial flow bore of a first casing string disposed within a wellbore penetrating a
subterranean formation, and wherein the pressure relief-assisted packer comprises:
a first packer element;
a second packer element; and
a pressure relief chamber, the pressure relief chamber at least partially defining a
pressure relief volume, wherein the pressure relief volume relieves a pressure between
the first packer element and the second packer element; and
a second casing string, wherein the pressure relief-assisted packer is incorporated within
the second casing string.
12. The wellbore completion system of claim 11, wherein the pressure relief chamber
comprises a rupture disc, wherein the rupture disc controls fluid communication to the pressure
relief volume.
13. The wellbore completion system of claim 12, wherein the rupture disc allows fluid
communication to the pressure relief volume upon experiencing at least a threshold pressure.
14. The wellbore completion system of claim 13, wherein the threshold pressure is in the
range of from about 1,000 p.s.i. to about 10,000 p.s.i.
15. The wellbore completion system of any of claims 13-14, wherein the threshold pressure is
in the range of from about 4,000 p.s.i. to about 8,000 p.s.i.
16. The wellbore completion system of any of claims 11-15, wherein the pressure relief
chamber comprises one or more ramped surfaces.
17. The wellbore completion system of any of claims 11-16, wherein the pressure relief
chamber is positioned between the first packer element and the second packer element.
18. A wellbore completion method comprising:
disposing a pressure relief-assisted packer within an axial flow bore of a first tubular

string disposed within a wellbore, wherein the pressure relief-assisted packer comprises:
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a first packer element;
a second packer element; and
a pressure relief chamber, the pressure relief chamber at least partially defining a
pressure relief volume;
causing the first packer element and the second packer element to expand radially so as to
engage the first tubular string, wherein causing the first packer element and the second packer
element to expand radially causes an increase in pressure in an annular space between the first
packer element and the second packer element, wherein the increase in pressure in the annular
space causes the pressure relief volume to come into fluid communication with the annular
space.
19. The wellbore completion method of claim 18, wherein the pressure relief chamber
comprises a rupture disc, wherein the rupture disc controls fluid communication to the pressure
relief volume.
20. The wellbore completion method of claim 19, wherein the rupture disc allows fluid
communication to the pressure relief volume upon experiencing at least a threshold pressure.
21. The wellbore completion method of any of claims 18-20, wherein the pressure relief-
assisted packer is incorporated within a second tubular string.
22. The wellbore completion method of claim 21, further comprising:
introducing a cementitious slurry into an annular space surrounding at least a portion of
the second tubular string and relatively downhole from the first and second packer elements; and
allowing the cementitious slurry to set.
23. The wellbore completion method of claim 21, further comprising:
introducing a cementitious slurry into an annular space between the second tubular string
and the first tubular string and relatively uphole from the first and second packer elements; and

allowing the cementitious slurry to set.
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