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(57) Abstract: An element sealing system includes a packing element including a groove in a surface thereof, the packing element
adapted to form a double hump configuration upon compression, and a first ring member disposed a first end of the packing element.
A second ring member is disposed at a second end of the packing element, a first seal ring is disposed laterally outward of the first
ring member, and a second seal ring is disposed laterally outward of the second ring member. A first inner backup ring is disposed
laterally outward of the first seal ring. The first inner back-up ring includes slots. A first outer back-up ring is disposed adjacent the
first inner back-up ring and includes slots, wherein that slots in the first outer back-up ring are offset from the slots in the first inner
back-up ring.
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BIG GAP ELEMENT SEALING SYSTEM

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

[0001] Embodiments of this disclosure generally relate to a wellbore tool, and

more particularly, to an element sealing system for a wellbore tool.

Description of the Related Art

[0002] A liner-top packer is run as an integral part of the liner hanger assembly o
provide a reliable, high-integrity seal thal isolates the gap between an outer diameter of
the liner and an inner diameter of a surrounding casing. The liner-top packer is
configured to provide pressure integrity, isolate the cement, and prevent gas migration
or flow while the cement sets.

[0003] The liner-top packer is normally set by setting down weight on the polished
bore receptacle (PBR} with a packer actuator after the running tool is released. The
weight is transferred to the linertop packer o set a packing element in a conventional

element sealing system.

[0004] With the conventional element sealing system, the typical pre-set cross-
sectional thickness of the packing element is greater than the cross-sectional thickness
of the gap between the outer diameter of the liner, and the inner diameter of the
surrounding casing. Thus, the conventional element sealing system in the liner-top
packer is able to create a seal with the surrounding casing. However, when the cross-
sectional thickness of the gap between the ouler diameter of the liner and the inner
diameter of the surrounding casing is larger than the pre-set cross-sectional thickness
of the packing element, the conventional element sealing system is unable to create a

seal with the surrounding casing.

[0005] Therefore, there is a need for an element sealing system that is configured to
create a seal with the surrounding casing when the gap between the outer diameter of
the liner and the inner diameter of the surrcunding casing is greater than the thickness

of the packing element.
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SUMMARY OF THE DISCLOSURE

[0006] In one embodiment of this disclosure, an element sealing system for a
wellbore tool is provided.

[0007] In one aspect of the disclosure, a sealing system for use in a downhole tool
comprises a packing element including a groove in a surface thereof, the packing
element adapted to form a double hump configuration upon compression; & first ring
member disposed a first end of the packing element; a second ring member disposed
at a second end of the packing element; a first seal ring disposed laterally outward of
the first ring member; a second seal ring disposed laterally cutward of the second ring
member; a first inner back-up ring disposed laterally outward of the first seal ring, the
first inner back-up ring having slots; and & first cuter back-up ring having slots, the
first outer back-up ring disposed adjacent the first inner back-up ring, wherein that
slots in the first outer back-up ring are offset from the slots in the first inner back-up

ring.

[0008] In another aspect, a method of hanging a liner string from a tubular string
cemented in a wellbore comprises running the liner string into a wellbore using a
workstring having a deployment assembly, wherein the deployment assembly
comprises a setting tool, a running tool, a catcher, and a plug release system: setting
the liner hanger against the tubular string by pumping a setting plug to the catcher;
after setting the hanger, releasing the running tool from the mandrel; after releasing
the running tool, pumping cement slurry through the workstring followed by a release
plug, wherein the release plug engages a wiper plug of the plug release system and
drives the cement slurry through the liner string and into an annulus formed between
the liner string and the wellbore; and raising the deployment assembly and setting
weight on the polished bore receptacle using the setting tool, thereby: radially
expanding the packing element and sealing a gap formed between the sealing system
and the tubular string, wherein radially expanding the packing element results in the
packing element forming a double hump configuration, and radially expanding the
back-up rings into contact with the tubular string. The liner string includes a mandrel
having a profile formed in an inner surface thereof for releasable connection to a
running tool; the sealing system of claim 6 disposed along the mandrel; a liner
hanger disposed along the mandrel; and a polished bore receptacle connected to
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the first cone member.

[0009] In a further aspect, a sealing system for use in a downhole tool is provided.
The downhole tool being disposed in a casing such that a gap is formed between the
downhole tool and the casing. The sealing system comprises a packing element
with a first end and a second end, the packing element having a pre-set cross-
sectional thickness that is less than a cross-sectional thickness of the gap formed
between the downhole tool and the casing; a first ring member disposed a first end of
the packing element; a second ring member disposed at a second end of the packing
element; a first seal ring disposed laterally outward of the first ring member; a second
seal ring disposed laterally outward of the second ring member; a first inner back-up
ring disposed laterally outward of the first seal ring; a first cuter back-up ring
disposed adjacent the first inner back-up ring; a second inner back-up ring disposed
laterally outward of the second seal ring; and a second outer back-up ring disposed
adjacent the second inner back-up ring.

[0010] In another aspect, a method of setting a packer, comprises positioning a
mandrel having a sealing system thereon within a wellbore, the sealing system
comprising a packing element having a groove formed therein, the groove adjacent
the mandrel; a first inner back-up ring disposed at a first end of the packing element,
the first inner back-up ring having slots; and a first outer back-up ring having slots,
the first outer back-up ring disposed adjacent the first inner back-up ring, wherein
that slots in the first outer back-up ring are offset from the slots in the first inner back-
up ring; and setting the packing element, wherein setting the packing element
includes forming a double hump configuration with the packing element.

[0011] In another embodiment, a method of setting a packer in a wellbore
includes positioning a mandrel having a sealing element within the wellbore; and
setting the packing element such that the packing element forms a double hump

configuration.

[0012] In one or more of the embodiments described herein, the sealing element
is positioned at a distance from the wellbore bore that is more than a thickness of the

sealing element.

[0013] In one or more of the embodiments described herein, a ratio of the
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distance between the sealing element and the wellbore wall to the thickness of the
sealing element is from about 1.05 to about 2.0.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the
disclosure, briefly summarized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only typical embodiments of this disclosure and
are therefore not to be considered limiting of its scope, for the disclosure may admit

to other equally effective embodiments.

[0015] Figure 1A illustrates a liner-top packer, according to an embodiment of this

disclosure.

[0016] Figure 1B illustrates an element sealing system in the liner-top packer.
[0017] Figure 2 illustrates the element sealing system in a casing.

[0018] Figure 3 is an enlargement of a portion of Figure 2.

[0019] Figure 4A illustrates an outer backup ring of the element sealing system in
an expanded position.

[0020] Figure 4B illustrates an inner backup ring of the element sealing system in
an expanded position.

[0021] Figure 5 illustrates the element sealing system prior to expansion of a
packing element.

[0022] Figure 6 illustrates the element sealing sysiem after expansion of a packing

glement.
[0023] Figures 7A-7C illustrate the outer backup ring.
[0024] Figures 8A-8C illustrate the inner backup ring.

[0025] Figure 9 illustrates a liner string having the liner top packer, according to
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another embodiment of this disclosure.

[0026] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. It is
contemplated that elements disclosed in one embodiment may be beneficially
utilized on other embodiments without specific recitation.

DETAILED DESCRIPTION

[0027] Embodiments of this disclosure generally relate to an element sealing
system for a wellbore tool. The element sealing system will be described herein in
relation to a iiner-top packer. It is to be understood, however, that the element
sealing system may also be used with other downhole tools without departing from
principles of the present disclosure. Further, the element sealing system may be
used in a wellbore tool that is disposed within a cased wellbore or within an open-
hole wellbore. To better understand the element sealing system of the present
disclosure and the methods of use thereof, reference is hereafter made to the

accompanying drawings.

[0028] In one embodiment, a rubber packer seal assembly is provided to achieve a
positive high temperature, high pressure seal in an annulus area where the annular
sealing gap is greater than the available element thickness. This rubber packer seal
assembly design includes multiple metal back-up rings, which deform under load
(mechanical load and/or pressure load) to form a chamber that encloses a packing
element, such as a rubber element, under load. The chamber formed by the metal
back-up rings also prevents the packing element from extrusion and thus allows the

packing element to achieve a consistent seal against an internal surface of a casing.

[0029] Figure 1A illustrates a liner-top packer 100, according to one embodiment of
this disclosure. The liner-lop packer 100 includes an element sealing system 200 that
is configured to create a seal that isolates a gap between an cuter diameter of the
liner-top packer 100 and an inner diameter of a surrounding casing 10 (shown in Figure
2). Generally, the liner-top packer 100 is configured to provide pressure integrity,

isolate cement, prevent gas migration or flow while the cement sets.

[0030] Figure 1B illustrates a view of the element sealing system 200 in the liner-
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top packer 100. As shown, the element sealing system 200 includes an annular
packing element 225 and seal rings 2104, 2108 disposed at opposite ends thereof.
The packing element 225 is separated from the seal rings 210A, 210B by ring
members 2054, 2058 disposed therebetween. The packing element 225 includes a
groove 230 on an inner surface thereof adiacent a tubular mandrel 105. The groove
230 facilitates flexing of the packing element 225 at the groove 230 location during a
setting operation for the liner-top packer 100. In one embodiment, the packing element
225 has a lower durometer than the seal rings 2104, 210B, such as the packing
element 225 being made from an elastomer or elastomeric copolymer and the seal
rings 210A, 210B being made from an engineering polymer, metal, or alloy. In one
example, the packing element may have a durometer of about 75, while the seal rings

2104, 210B may have a durometer of about 85.

[0031] As shown, a first outer back-up ring 250A and a first inner back-up ring 270A
are disposed at a first laterally-outward end of the seal ring 2104, while a second outer
back-up ring 250B and a second inner back-up ring 2708 are disposed at a second
laterally-outward end of the seal ring 201B. The second laterally-outward end may be
opposite the first laterally-outward end, as shown. The outer back-up rings 250A, 2508
each include slois 255 (Figures 7A-7C) formed therein, and the inner back-up rings
270A, 2708 each include slots 275 (Figures 8A-8C) formed therein. The slots 255, 275
are positioned paralle! to one another and are formed concentrically around the ouler
back-up rings 250AB and inner back-up rings 270A.B, respectively. The slots 255,
275 facilitate expansion of the outer back-up rings 250A8B and inner back-up rings
270A,B 1o contact the casing 10, thus forming a containment region for the packing
glement 225, as explained below.

[0032] During assembly of the element sealing system 200, the outer back-up rings
250A, 2508 are positioned on and over the inner back-up rings 2704, 2708 such that
the slots 255 of the outer back-up rings 250A, 2508 are offset from the slots 275 of the
inner back-up rings 2704, 270B. The offset of the slols 255, 275 substantially prevents
the exirusion of the seal rings 2104, 210B through the siots 255, 275 when the element
sealing system 200 is set. Additionally, the siots 255, 275 in the back-up rings 250A,B
and 270AB allow the back-up rings 250A.B and 270A,B to expand iurther radially
outward as compared to back-up rings without slots.  As shown in Figure 1B, laterally
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outward ends of the outer back-up rings 2504, 250B and the inner back-up rings 270A,
2708 are respectively attached to a first cone member 110 and a second cone member
120 of the liner-top packer 100 by fasteners 115, such as socket head cap screws.
The Tasteners 115 are configured to prevent rotational movement of the back-up rings
250AB and 270A.B relative to each other after assembly. In ancther embodiment,
only one back-up ring 250A,8B and 270A,B has slots. In yet another embodiment, the
back-up rings 250A,B and 270A,B may have a different number of slots.

[0033] As shown in Figures 1A-1B, the element sealing system 200 is disposed
between the first cone member 110 and the second cone member 120 of the liner-iop
packer 100. As set forth herein, the first cone member 110 moves along a mandrel
105 of the liner-top packer 100 in the direction of the arrow 145 to actuate the element
sealing sysiem 200 during the setting operation. Optionally, the second cone member
120 may move in a direction opposite the first cone member 110, or the second cone
member 120 may be fixed to resist force applied first cone member 110, thereby
facilitate expansion of the packing element 225, the seal rings 210A,B, and the rings
250A,B and 270A,B. The liner-top packer 100 includes a locking mechanism 122,
which allows the first cong member 110 to travel in one direction and prevents travel
in the opposite direction. The locking mechanism 122 may be a ratchet ring
disposed on a ratchet surface of the mandrel 105.

[0034] Figure 2 illustrates the element sealing system 200 positioned within a
casing 10. A gap 50 is formed between an outer diameter of the element sealing
system 200 and an inner diameter of the casing 10. The gap 50 has a cross-sectional
thickness “A” and the packing element 225 has a pre-set cross-sectional thickness "B
The cross-sectional thickness A may be grealer than the cross-sectional thickness B.
in one embodiment, the cross-sectional thickness A is about .834 inches and the pre-
set cross-sectional thickness B is about 651 inches. In this embodiment, the ratio of
thickness A to thickness B is 1.28. In other embodiments, the ratio of thickness A o
thickness B may be in the range of 1.05 to 1.50. In another embodiment, the ratio of
thickness A to thickness B may be about 1.05 fo about 2.0, such as about 1.1 to about
1.4, With respect to conventional sealing systems, a conventional element sealing
system is unable to create a seal with the surrounding casing when the cross-sectional
thickness A is greater than the cross-sectional thickness B. In contrast, however, the
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element sealing system 200 is configured to create a seal with the casing 10 when the
cross-sectional thickness A is greater than the cross-sectional thickness B. In one
example, when the ratio of thickness A to thickness B is greater than about 1.05, the
packing element 225 is adapted to form a “double hump” or multiple protrusion
configuration upon compression, as ilustrated in Figure 6. The element sealing system
200 may also be used fo creale a seal with the casing 10 when the cross-sectional
thickness A is equal {0 or less than the cross-sectional thickness B.

[0035] The ring members 205A,B include laterally-outward surfaces adjacent the
seal rings 210A,B. The laterally-outward surfaces are formed at an angle relative to
perpendicular to mandrel 105, for example, about 5 degrees to about 20 degrees,
such as about 10 degrees to about 15 degrees or about 8 degrees to about 15
degrees. One or more of the laterally-outward angled surfaces may also facilitate
the formation of a double humped formation of the packing element 225 during
compression (shown in Figure 6).

[0036] Figure 3 is an enlargement of a portion of Figure 2. The element sealing
systermn 200 is illustrated prior fo setting.  The length of the back-up rings 250A, 270A
may be different. As shown, the length of the back-up ring 250A is less than the length
of the back-up ring 270A, and thus the back-up ring 270A extends beyond the back-up
ring 250A. The inner back-up ring 270A may be disposed on in and contact with the
seal ring 210A, while the outer back-ring 250A may be disposed on and in contact with
the inner back-up ring 270A. The seal ring 210A, the inner back-up ring 270A, and the
outer back-up ring 250A may include similarly-contoured mating surfaces. Likewise,
the seal ring 2108, the inner back-up ring 2708, and the ouler back-up ring 2508 may

also include similarly-contoured mating surfaces.

[0037] Figure 4A illustrates the outer backup ring 250A of the element sealing
system 200 in an expanded position. The inner back-up ring 270A is not shown for
clarity purposes. During the setling operation, the first cone 110 is actuated along the
mandrel 105 toward the second cone 120. The movement of the cone 110
compresses the element sealing sysiem 200 between the cones 110, 120, which
cause the packer element 225 and the seal rings 210A to expand radially outward. As
the seal ring 210A expands radially outward, an end of the back-up ring 250A is forced
radially outward and into contact with the casing 10. The end of the back-up ring 250A
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contacts the inner diameter of the casing 10 to form an anti-extrusion volume for the
seal rings 210A. A portion of the back-up ring 250A may bend as the end contacts the
inner diameter of the casing 10. The end of the back-up ring 250A is configured to
contact the inner diameter of the casing 10 betore the seal ring 210A contacts the inner
diameter of the casing 10 due o compressive forces applied by cones 110, 120. While
not shown, i is 1o be undersiood the outer back-up ring 2508 operates similarly to the
outer back-up ring 250A.

[0038] Figure 4B illustrates the inner back-up ring 270A and outer back-up ring
250A of the element sealing system 200 in an expanded position.  In a similar manner
to the outer backup ring 250A, an end of the inner backup ring 270A expands radially
outward as the seal ring 210 expands radially outward. An unsecured end of the back-
up ring 270A contacts the inner diameter of the casing 10 to form an anti-exirusion
volume for the seal rings 210A. A portion of the back-up ring 270A may bend as the
end contacts the inner diameter of the casing 10. While not shown, it is to be
understood the inner back-up ring 2708 operates similarly to the inner back-up ring
270A. In one embodiment, the inner back-up rings 270A,B may expand outward
simultaneously within the outer back-up rings 250A,B. In another embodiment, inner
back-up rings 270A,B may expand outward subsequent to the outer back-up rings
250A,B.

[0039] Additionally, the use of variable lengths of back-up rings 250A, 270A,
particularly the extra length of the inner back-up rings 270AB, may be used o facilitate
contact of unsecured ends of each back-up ring 250A,B and 270AB with the inner
diameter of the casing 10 in formation of a containment region. Thus, in operation, the
seal rings 210A,B and the packing element 225 can expand outward towards the inner
diameter of the casing 10, creating a seal that is completely contained and supported
by the back-up rings 250A,B and 270A,B.

[0040] Figure 5 illustrates the glement sealing system 200 prior to expansion of the
packing element 225. Figure 6 illustrates the element sealing systern 200 after
expansion of the packing element 225. In comparing Figures 5 and ©, it can be seen
that the axial length of the element sealing system 200 is reduced due to compressive
force applied by the first cone member 110 during setting, and consequentially the
radialiy-outward expansion, of the packing element 225. In one embodiment, the axial



WO 2014/160972 PCT/US2014/032236

length of the element sealing system 200 in a pre-set position {Figure 5) is about 14
inches and the axial length of the element sealing system 200 in a post-set position
{(Figure 8} is about 6.875 inches, and thus, setting of the element sealing system 200
can reduce the axial length thereof by about half or more. As also shown in Figure 6,
the packing element 225 in the post-set position has two packing element seclions
225A, 225B. The packing element sections 225A, 225B {e.g., a double hump
configuration in the compressed staie) may be formed during expansion of the packing
element 225 due fo the presence of the groove 230 formed in the packing element 225
when a ratio of thickness A to thickness B (shown in Figure 2} is about 1.05 or greater.

[0041] Figures 7A-7C Illustrate the outer backup ring 250A. Figures 8A-8C
illustrate the inner backup ring 270A. It is to be understood that the back-up rings
250B, 270B may be mirror images of the back-up rings 250A, 270A. Each back-up
ring 250A,B and 270A.B may include a respective shoulder 260, 280 coupling portions
of the respective back-up ring having different diameters. The shoulder 280 of the
back-up ring 270A has a thickness greater than the shoulder 260 of the back-up ring
250A o allow the back-up ring 270A to withstand the maijority of the pressure load from
actuation of the cone member 110 during setting of the linertop packer 100. In
addition, the shoulder 260 of the back-up ring 250A has a greater thickness than other
portions of the back-up ring 2504, such as the end portions. Likewise, the shoulder
280 of the back-up ring 270A has a greater thickness than the remaining portions of the
back-up ring 270A, such as the end portions.

[0042] The back-up ring 250A may include an angle 265 at the shoulder 260
thereof, and the back-up ring 270A may include an angle 285 at the shoulder 280
thereof. The angles 265, 285 of the back-up rings 250A, 270A may be selected to
facilitate a desired amount of contact between the back-up rings and the inner diameter
of the casing 10. In one embodiment, the angies 265, 285 may about 60 degrees. In
another embodiment, the angles 265, 285 may be between about 55-65 degrees. In
vet another embodiment, the angles 265, 285 may be beilween about 45-75 degrees. |t
is contemplated that the angles 265 may or may not be equal. The portions of the
back-up ring 250A, 270A having the larger inner diameter {e.g., the unsecured ends of
the back-up rings 250A, 270A) may minimize stress concentrations at the corner of the
back-up ring 2504, 270A while also reducing the shearing stress under maximum

10
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pressure.

[0043] Figure 9 illustrates a liner string 90 having the liner-top packer 100,
according to another embodiment of this disclosure. A liner deployment assembly
(LDA) 89 may be used to deploy the liner string 90. The liner string 90 may include a
polished bore receptacle (PBR) 90r, the packer 100 having the element sealing
system 200 and the mandrel 105, a liner hanger 90h also carried on the mandrel
105, joints of liner 90j, a landing collar 90c, and a reamer shoe 90s. The mandrel
105, liner joints 90j, landing collar 90c, and reamer shoe 90s may be interconnected,
such as by threaded couplings. The PBR 90r may be connected to the first cone
110, such as by threaded coupling 133 (Figure 1A).

[0044] The LDA 89 may include a setting tool 89b,0,p,s, a running tool 89r, a
catcher 89t, and a plug release system 89e,g. An upper end of the setting tool
89b,0,p,s may be connected to a lower end the drill pipe 9p, such as by threaded
couplings. A lower end of the setting tool 89b,0,p,s may be fastened to an upper end
of the running tool 89r. The running tool 89r may also be releasably connected to the
mandrel 105. An upper end of the catcher 89t may be connected to a lower end of
the running tool 89r and a lower end of the catcher may be connected to an upper
end of the plug release system 89e,g, such as by threaded couplings.

[0045] For deployment of the liner string 90, a junk bonnet 89b of the setting tool
89b,0,p,s may be engaged with and close an upper end of the PBR 90r, thereby
forming an upper end of a buffer chamber. A lower end of the buffer chamber may
be formed by a sealed interface between a packoff 890 of the setting tool 89b,0,p,s
and the PBR 90r. The buffer chamber may be filled with a buffer fluid (not shown),
such as fresh water, refined/synthetic oil, or other liquid. The buffer chamber may

prevent infiltration of debris from the wellbore.

[0046] The setting tool 89b,0,p,s may include a hydraulic actuator 89p for setting
the liner hanger 90h and a mechanical actuator 89s for setting the liner-top packer
100. A cementing head (not shown) may be connected to an upper end of the drill
pipe 9p for launching a setting plug, such as ball 91b and a release plug, such as a
dart 91d. The ball 91b may be pumped down the workstring 9p, 89 to the catcher
89t. The catcher 89t may be a mechanical ball seat including a body and a seat

11
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fastened to the body, such as by one or more shearable fasteners. The seat may
also be linked to the body by a cam and follower. Once the ball 91b is caught, the
seat may be released from the body by a threshold pressure exerted on the ball. The
threshold pressure may be greater than a pressure required to set the liner hanger
90h, unlock the running tool 89r, and release the junk bonnet 89b. Once the seated
ball has been released, the seat and ball 91b may swing relative to the body into a
capture chamber, thereby reopening the LDA bore.

[0047] Once the liner hanger 90h has been set and the running tool 89r unlocked,
the workstring 9p, 89 may be rotated, thereby releasing a floating nut of the running
tool from a threaded profile 131 (Figure 1A) of the mandrel 105. The workstring 9p,
89 may be raised to verify successful release and lowered to torsionally engage an
LDA 89 with a torsional profile 132 (Figure 1A) of the mandrel 105 for rotation during
pumping of the cement slurry 56. The cement slurry 56 may be pumped and
followed by the dart 91d to release the wiper plug 89g from the plug release system
89e,9. The wiper plug 89g and seated dart 91d may be propelled through the liner
bore by chaser fluid (not shown) and drive the cement slurry 56 into an annulus 95
formed between the liner string 90 and the wellbore. The LDA 89 may then be
lowered until the mechanical actuator 89s engages a top of the PBR 90r and
lowering may continue to set the liner-top packer 100 by actuation of the cone
member 110, release of dogs 130 (Figure 1A), and fracturing of a shearable fastener
135. The first cone member 110 may be actuated axially along the mandrel 105 to
compress the element sealing system 200, facilitating expansion thereof, during the
setting operation. After the liner-top packer 100 is set, the running tool may be pulled
out of the wellbore.

[0048] In one embodiment, a sealing system for use in a downhole tool that is
disposed in a casing such that a gap is formed between the downhole tool and the
casing. The sealing system includes a packing element with a first end and a
second end, the packing element having a pre-set cross-sectional thickness that is
less than a cross-sectional thickness of the gap formed between the downhole tool
and the casing; a first ring member disposed a first end of the packing element;
a second ring member disposed at a second end of the packing element; a first seal
ring disposed laterally outward of the first ring member; a second seal ring disposed
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laterally outward of the second ring member; a first inner back-up ring disposed
laterally outward of the first seal ring; a first cuter back-up ring disposed adjacent the
first inner back-up ring; a second inner back-up ring disposed laterally outward of the
second seal ring; and a second outer back-up ring disposed adjacent the second

inner back-up ring.

[0049] In one or more of the embodiments described herein, the packing element
is made from an elastomer or elastomeric copolymer, and the seal rings are made

from a metal, alloy, or engineering polymer.

[0050] In one or more of the embodiments described herein, the first inner back-
up ring includes a shoulder having a thickness greater than remaining portions of the
first inner back-up ring.

[0051] In one or more of the embodiments described herein, the packing element
includes a groove formed therein, the groove adjacent a mandrel, and wherein each
of the first inner back-up ring and the first outer back-up ring include a shoulder
formed therein.

[0052] In another embodiment, a method of setting a packer includes positioning
a mandrel having a sealing system thereon within a wellbore, and setting the packing
element such that the packing element forms a double hump configuration. In one
embodiment, the sealing system includes a packing element having a groove formed
therein, the groove adjacent the mandrel; a first inner back-up ring disposed at a first
end of the packing element, the first inner back-up ring having slots; and & first outer
back-up ring having slots, the first outer back-up ring disposed adjacent the first
inner back-up ring, wherein that slots in the first cuter back-up ring are offset from the
slots in the first inner back-up ring; and setting the packing element, wherein setting
the packing element includes forming a double hump configuration with the packing

element.

[0053] In another embodiment, a method of setting a packer in a wellbore
includes positioning a mandrel having a sealing element within the wellbore; and
setting the packing element such that the packing element forms a double hump

configuration.
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[0054] In one or more of the embodiments described herein, the sealing element
is positioned at a distance from the wellbore bore that is more than a thickness of the

sealing element.

[0055] In one or more of the embodiments described herein, a ratio of the
distance between the sealing element and the wellbore wall to the thickness of the

sealing element is from about 1.05 to about 2.0.

[0056] In another embodiment, a liner string includes a mandrel having a profile
formed in an inner surface thereof for releasable connection to a running tool; the
sealing system according to an embodiment described herein, the sealing system
disposed along the mandrel; a liner hanger disposed along the mandrel; and a
polished bore receptacle connected to a first cone member of the sealing system.

[0057] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof, and the scope of the invention is determined by the

claims that follow.
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CLAIMS

What is claimed is:

1. A sealing system for use in a downhole tool, the sealing system comprising:

a packing element including a groove in a surface thereof, the packing
element adapted to form a double hump configuration upon compression;

a first ring member disposed a first end of the packing element;

a second ring member disposed at a second end of the packing element;

a first seal ring disposed laterally outward of the first ring member;

a second seal ring disposed laterally outward of the second ring member;

a first inner back-up ring disposed laterally outward of the first seal ring, the
first inner back-up ring having slots; and

a first outer back-up ring having slots, the first outer back-up ring disposed
adjacent the first inner back-up ring, wherein that slots in the first outer back-up ring
are offset from the slots in the first inner back-up ring.

2. The sealing system of claim 1, further comprising:

a second inner back-up ring disposed laterally outward of the second seal
ring, the second inner back-up ring having slots; and

a second outer back-up ring having slots, the second outer back-up ring
disposed adjacent the second inner back-up ring, wherein the slots in the second
outer back-up ring are offset from the slots in the second inner back-up ring.

3. The sealing system of claim 2, further comprising:
a groove formed in the packing element; and
a fastener coupling the first inner back-up ring to the first outer back-up ring to

prevent rotational movement therebetween.

4. The sealing system of claim 2, wherein the slots in each of the first inner
back-up ring, the second inner back-up ring, the first outer back-up ring, and the
second outer back-up ring are disposed circumferentially therearound.

5. The sealing system of claim 1, wherein the first inner back-up ring and the
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second inner back-up ring include shoulders disposed therearound, and wherein the
shoulder of the first back-up ring has a first thickness greater than a thickness of the

remaining portions of the first back-up ring.

6. The sealing system of claim 1, further comprising:

a first cone member coupled to the first inner back-up ring and the first outer
back-up ring by a first shearable fastener; and

a second cone member coupled to the second inner back-up ring and the
second outer back-up ring by a second shearable fastener.

7. The sealing system of claim 1, wherein the first inner back-up ring has a

greater length than the first outer back-up ring.

8. A liner string, comprising:

a mandrel having a profile formed in an inner surface thereof for releasable
connection to a running tool,

the sealing system of claim 6 disposed along the mandrel;

a liner hanger disposed along the mandrel; and

a polished bore receptacle connected to the first cone member.

9. A method of hanging a liner string of claim 8 from a tubular string cemented in
a wellbore, comprising:

running the liner string into a wellbore using a workstring having a deployment
assembly, wherein the deployment assembly comprises a setting tool, a running tool,
a catcher, and a plug release system:

setting the liner hanger against the tubular string by pumping a setting plug to
the catcher;

after setting the hanger, releasing the running tool from the mandrel;

after releasing the running tool, pumping cement slurry through the workstring
followed by a release plug, wherein the release plug engages a wiper plug of the
plug release system and drives the cement slurry through the liner string and into an
annulus formed between the liner string and the wellbore; and

raising the deployment assembly and setting weight on the polished bore

receptacle using the setting tool, thereby:
16
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radially expanding the packing element and sealing a gap formed
between the sealing system and the tubular string, wherein radially expanding
the packing element results in the packing element forming a double hump
configuration; and

radially expanding the back-up rings into contact with the tubular string.

10.  The method of claim 9 wherein:

the packing element has a groove formed in an inner surface thereof, and the
groove causes upper and lower sections of the packing element to expand into the
gap; and.

a ratio of the thickness of a thickness of the gap to a thickness of the packing

element is greater than about 1.05.

11. A sealing system for use in a downhole tool, the downhole tool being disposed
in a casing such that a gap is formed between the downhole tool and the casing, the
sealing system comprising:

a packing element with a first end and a second end, the packing element
having a pre-set cross-sectional thickness that is less than a cross-sectional thickness
of the gap formed between the downhole tool and the casing;

a first ring member disposed a first end of the packing element;

a second ring member disposed at a second end of the packing element;

a first seal ring disposed laterally outward of the first ring member;

a second seal ring disposed laterally outward of the second ring member;

a first inner back-up ring disposed laterally outward of the first seal ring;

a first outer back-up ring disposed adjacent the first inner back-up ring;

a second inner back-up ring disposed laterally outward of the second seal
ring; and

a second outer back-up ring disposed adjacent the second inner back-up ring.

12.  The sealing system of claim 11, wherein the first outer back-up ring and the
first inner back-up ring include a plurality of slots formed therein.

13. The sealing system of claim 11, wherein the first inner back-up ring has a

length greater than a length of the first outer back-up ring, and the second inner
17
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back-up ring has a length greater than a length of the second outer back-up ring.

14.  The sealing system of claim 12, wherein the first inner back-up ring and the

first outer back-up ring include mating contoured surfaces.

15. The sealing system of claim 14, wherein the second inner back-up ring and
the second outer back-up ring include mating contoured surfaces.

16.  The sealing system of claim 12, further comprising a fastener coupling the first
inner back-up ring to the first outer back-up ring to prevent rotational movement
therebetween.

17. A liner string, comprising:

a mandrel having a profile formed in an inner surface thereof for releasable
connection to a running tool,

the sealing system of claim 11 disposed along the mandrel;

a liner hanger disposed along the mandrel; and

a polished bore receptacle connected to a first cone member of the sealing

system.

18. A method of setting a packer in a wellbore, comprising:
positioning a mandrel having a sealing element within the wellbore; and
setting the packing element such that the packing element forms a double

hump configuration.
19.  The method of claim 18, wherein positioning the mandrel comprises
positioning the sealing element at a distance from the wellbore bore that is more

than a thickness of the sealing element.

20. The method of claim 19, wherein a ratio of the distance to the thickness of the

sealing element is from about 1.05 to about 2.0.
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