Office de la Proprieté Canadian CA 2872620 C 2017/03/21

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 872 620
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2012/06/04 (51) CLInt./Int.Cl. £E278B 33/727(2006.01),
(87) Date publication PCT/PCT Publication Date: 2012/12/06 E218 35/126(2000.01)
- . (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2017/03/21 O'MALLEY EDWARD J. US
(85) Entréee phase nationale/National Entry: 2014/11/04 L
(73) Proprietaire/Owner:
(86) N demande PCT/PCT Application No.: US 2012/040/719 BAKER HUGHES INCORPORATED, US

(87) N® publication PCT/PCT Publication No.: 2012/167240 (74) Agent: SIM & MCBURNEY
(30) Priorité/Priority: 2011/06/03 (US13/152,346)

(54) Titre : DISPOSITIFS D'/ETANCHEITE POUR L'ETANCHEITE DE SURFACES DE PAROI INTERNE D'UN PUITS DE

FORAGE ET PROCEDES D'INSTALLATION DE CEUX-CI DANS UN PUITS DE FORAGE
(54) Title: SEALING DEVICES FOR SEALING INNER WALL SURFACES OF A WELLBORE AND METHODS OF

INSTALLING SAME IN A WELLBORE

> \‘E“Z ’ /\ i 20
"é A g 0
Y 22 "
; . ;5, 2
14~ 7
¢$\‘/ . it
\
Al N 28
) TN 34
R
2/ / ./\
” \: Z
A -
N 36
N
\\‘%"%
RN A9 29~
165 SR :
> \g\ 7 Z
r\-’§ ; %
N ¢ 7
N 9
NG ]
N | ,/
AN 7 Z
N ¢ 7
LN 1 Z
RN 7 Z
=
. 2N’
PRGK 7
N
_/: g
*% N\%
7 f \
V

(57) Abréegée/Abstract:
Sealing devices for use In a wellbore to seal a leak path through an inner wall surface of the wellbore comprise a mandrel, an

expandable element, and a shape deforming sealing element. Expansion or inflation of the expandable element moves the shape
deforming sealing element from its run-in shape to its set shape. A stimulus, such as a change in temperature, acts upon the shape
deforming sealing element facilitating the shape deforming sealing element changing shape. Removal of the stimulus causes the
shape deforming sealing element to remain in the set shape. Thereafter, the mandrel and expandable element can be removed to

leave only the shape deforming sealing element within the wellbore to seal the leak path.
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SEALING DEVICES FOR SEALING INNER WALL SURFACES OF A
WELLBORE AND METHODS OF INSTALLING SAME IN A WELLBORE

BACKGROUND
1. Field of Invention

[0001] The mvention 1s directed to sealing devices for sealing a leak path through
an inner wall surface of a wellbore and, in particular, to sealing devices having a shape
deforming element that can be moved from a run-in shape to a set shape in which the
sealing device 1s secured to the inner wall surface of the wellbore.
2. Description of Art

[0002] In subterranean wellbores, undesirable flow paths can occur. These may be
the result of existing fractures present in the formation or occurring after some time, or they
may be holes or perforations in the well casing or tubing that intersect a formation that is
either taking fluid or producing an undesirable fluid (such as water). One way address
these 1ssues 1s to seal off portions of a wellbore containing the undesirable flow paths such
as by disposing plugs, packers, or other sealing elements within the wellbore above and
below the fractures. Because the zone comprising the fracture is isolated by the packers or
other sealing devices, access to the region below the 1solated section can be denied or

geometrically hhmited by the bore in packer.

SUMMARY OF INVENTION

0003 ] Broadly, sealing devices for use in a wellbore to seal a leak path through an
inner wall surface of the wellbore are disclosed. In one specific embodiment, the sealing
device comprises a tubular member or mandrel, an expandable element, and a shape
deforming sealing element. Expansion or inflation of the expandable element moves the
shape deforming sealing element from 1ts run-in shape to its set shape. A stimulus, such as
a change 1n temperature, acts upon the shape deforming sealing element facilitating the
shape deforming sealing element changing shape. Removal of the stimulus causes the
shape deforming sealing element to remain 1n the set shape. Thereafter, the mandrel and
expandable element can be removed to leave only the shape deforming sealing element

within the wellbore to seal the leak path.
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[0004] Accordingly, in one aspect there is provided a sealing device foruse in a
wellbore to seal a leak path through an inner wall surface of the wellbore, the sealing
device comprising: a tubular member comprising an outer wall surface and an inner wall
surface; an expandable element, the expandable element being disposed on the outer wall
surface of the tubular member, the expandable element comprising an outer wall surface, a
collapsed position, and an expanded position; a shape deforming sealing element, the shape
deforming sealing element comprising a run-in shape and a set shape, the shape deforming
sealing element being releasably connected to the outer wall surface of the expandable
element, the shape deforming element comprising an outer wall surface adapted to be
secured to an inner wall surface of a wellbore when the shape deforming sealing element 1s
in the set shape; and a first fluid pumped into the expandable element at a first temperature,
the first temperature being at or above a transition temperature for the shape deforming
sealing element, and the first temperature facilitating the shape deforming sealing element
deforming from the run-in shape to the set shape by raising the temperature of the sealing
element to a transition temperature at which the sealing element 1s deformable by the
expandable element to the set shape and below which the sealing element is not deformable
to the set shape, wherein expansion of the expandable element using fluid pressure from the
collapsed position to the expanded position moves the shape deforming sealing element
from the run-in shape to the set shape, and wherein the shape deforming sealing element i1s
adapted to be secured to the inner wall surface of the wellbore after collapsing the
expandable element from the expanded position to the collapsed position.

[0004a] According to another aspect there 1s provided a sealing device for use 1n a
wellbore to seal a leak path through an inner wall surface of the wellbore, the sealing

device comprising: a mandrel comprising an outer wall surface and an inner wall surtace;

an expandable element sleeve, the expandable element sleeve being disposed on the outer
wall surface of the mandrel, the expandable element sleeve comprising an outer wall
surface, a collapsed position, and an expanded posttion; a shape deforming sealing element
sleeve, the shape deforming sealing element sleeve comprising a run-in inner diameter, a
set inner diameter, and a plurality of intermediate inner diameters, the shape deforming
sealing element sleeve comprising an inner wall surface and an outer wall surface adapted
to be secured to an inner wall surface of a wellbore when the shape deforming sealing

element sleeve 1s in the set shape; and a first fluid pumped into the expandable element

sleeve at a first temperature, the first temperature being at or above a transition temperature
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for the shape deforming sealing element, and the first temperature facilitating the shape
deforming sealing element deforming from the run-in shape to the set shape by raising the
temperature of the sealing element to a transition temperature at which the sealing element
is deformable by the expandable element to the set shape and below which the sealing
element is not deformable to the set shape, wherein expansion of the expandable element
sleeve from the collapsed position to the expanded position using fluid pressure moves the
shape deforming sealing element sleeve from the run-in shape to the set shape, and wherein
the shape deforming sealing element sleeve is adapted to be secured to the inner wall
surface of the wellbore after collapsing the expandable element sleeve from the expanded
position to the collapsed position.

[0004b] According to yet another aspect there 1s provided a method of sealing a
leak path through an inner wall surface of a wellbore, the method comprising the steps of:
(a) providing a sealing device comprising: a tubular member comprising an outer wall
surface and an iner wall surface; and a shape deforming sealing element operatively
associated with the outer wall surface of the tubular member, the shape deforming sealing
element comprising a run-in shape and a set shape, the shape deforming sealing element
comprising an inner wall surface and outer wall surface adapted to be secured to an inner
wall surface of a wellbore when the shape deforming sealing element is in the set shape; (b)
disposing the sealing device 1n a wellbore aligning the shape deforming sealing element
with a leak path in an inner wall surface of a wellbore; (¢) pumping a first fluid into an
expandable element at a first temperature, the first temperature being at or above a
transition temperature for the shape deforming sealing element, and the first temperature
facilitating the shape deforming sealing element deforming from the run-in shape to the set
shape by raising the temperature of the sealing element to a transition temperature at which
the sealing element 1s deformable by the expandable element to the set shape and below
which the sealing element 1s not deformable to the set shape, the expandable element being
disposed on the outer wall surface of the tubular member and having an interior into which
the first tluid 1s being pumped; (d) moving the shape deforming sealing element from the
run-in shape to the set shape using fluid pressure to cause the shape deforming sealing

clement to be secured to the inner wall surface over the leak path; and (e) removing the

tubular member from the wellbore leaving the shape deforming sealing element 1n the

wellbore.

2a
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BRIEF DESCRIPTION OF DRAWINGS

[0005] FIG. 1 is a cross-sectional view of one specific embodiment of a sealing
device shown with an expandable element in a collapsed position and a shape deforming
sealing element in a run-in shape.

[0006] FIG. 2 is a cross-sectional view of the sealing device of FIG. 1 shown with
the expandable element in a partially expanded position and the shape deforming sealing
element in the run-in shape.

[0007] FIG. 3 1s a cross-sectional view of the sealing device of FIG. 1 shown with

the expandable element in an expanded position and the shape deforming sealing element

in a set shape.

[0008] FIG. 4 1s a cross-sectional view of the sealing device of FIG. 1 shown with
the expandable element in the collapsed position and the shape detorming sealing element
in a set shape.

[0009] FIG. 5 1s a cross-sectional view of another specific embodiment of a sealing
device shown with an expandable element in a collapsed position and a shape deforming

sealing element 1n a run-in shape.

[0010] FIG. 6 1s a cross-sectional view of one specific embodiment of a sealing
device shown with the expandable element in an expanded position and a shape deforming
sealing element 1n a set shape.

[0011] While the invention will be described in connection with the preferred
embodiments, 1t will be understood that 1t 1s not intended to limit the invention to that
embodiment. On the contrary, it 1s intended to cover all alternatives, modifications, and
equivalents, as may be included within the spirit and scope of the invention as defined by

the appended claims.

DETAILED DESCRIPTION OF INVENTION
[0012] Reterring now to FIGS. 1-4, wellbore 10 is disposed 1n formation 14.
Wellbore 10 comprises inner wall surface 12. Disposed in inner wall surface 12 1s leak path

16. Wellbore 10 can be an open-hole wellbore or a cased wellbore. Thus, as used herein,

the term “wellbore” 1s given 1ts broadest meaning to include both open-hole wells or

wellbores and cased wells or wellbores.

2b



CA 02872620 2014-11-04

WO 2012/167240 PCT/US2012/040719

[0013] One embodiment of the sealing devices disclosed herein 1s shown with
reference to FIGS. 1-4. Sealing device 20 comprises tubular member or mandrel 22 having
outer wall surface 24 and inner wall surface 26 defining bore 28. One or more ports 29 are
disposed 1n mandrel 22 placing bore 28 m fluid communication with outer wall surface 24.

[0014] Disposed along outer wall surface 24 of mandrel 22 1s expandable element 30.
Expandable clement 30 may be formed of an clastomeric material or any other material that
facilitates radial expansion of expandable element 30. In one particular embodiment,
expandable element 30 1s an inflatable element, such as a bladder, having interior arca 38 for
recerving a fluid to cause expansion or inflation. In these embodiments, ports 29 are in fluid
communication with mterior arca 38 so that a fluid pumped down bore 28 can enter interior
arca 38 and expand expandable element 30.

[0015] Expandable element 30 comprises upper end 31, lower end 32, inner wall
surface 34, outer wall surface 36, and interior areca 38 (FIGS. 2-3). In the embodiment
shown m FIGS. 1-4, expandable element 30 1s secured to outer wall surface 24 of mandrel
20 at upper and lower ends 31, 32. Securing upper and lower ends 31, 32 to mandrel 20 can
be accomplished through any device or method known in the art. As discussed in greater
detail below, expandable element 30 comprises a first or run-in position (FIG. 1), an
expanded position (shown m FIG. 3), and one or more intermediate positions, one of which
1s shown m FIG. 2.

[0016] Releasably attached to outer wall surface 36 of expandable element 30 18
shape deforming sealing element 40. Shape deforming sealing element 40 comprises mner
wall surface 42 and outer wall surface 44. Inner wall surface 42 is operatively associated
with outer wall surface 36 of expandable element 30 so that upon being disposed 1n the set
position (discussed 1n greater detail below), shape deforming scaling element 40 will be
released from outer wall surface 36 of expandable element 30 so that shape deforming
secaling element 40 can be left within the wellbore 10 when mandrel 20 1s removed.

[0017] Outer wall surface 44 of shape deforming scaling element 40 1s adapted to be
secured to mner wall surface 12 of wellbore 10 when shape deforming sealing element 40 1s
in the set position so that leak path 16 will be sealed.

[0018] In one particular embodiment, shape deforming scaling element 40 comprises
a high temperature shape memory polymer. These types of materials change shape upon
being heated to the material’s transition temperature. Upon reaching the transition
temperature, the materials deform automatically, or with the assistance of some other

stimulus, ¢.g., force, so that the material takes another shape such as by returning to its

3
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natural or “memorized” shape. Suitable high temperature shape memory polymers include
polyurcthane. Alternatively, shape deforming sealing element 40 can comprise curable
clastomers such as nitrile rubber, EPDM, and perfluroclastomers. Curable elastomers are
those that can be deformed into another shape and that other shape can be maintained.

[0019] As 1illustrated in the embodiment of FIGS. 1-4, expandable element 30 and
shape deforming sealing element 40 both comprise sleeves having variable inner diameters.

[0020] As shown 1n FIGS. 2-3, fluid (not shown) 1s pumped down bore 28 of
mandrel 22 and through ports 29 mto interior arca 38 of expandable element 30 causing
expandable element 30 to radially expand. In so doing, shape deforming sealing element 40
also radially expands until outer wall surface 44 engages inner wall surface 12 of wellbore
10 (FIG. 10). Additional fluid 1s pumped down bore 28 of mandrel 22 and through ports 29
into mterior arca 38 of expandable element 30 causing expandable element 30 to further
radially expand and deform shape deforming sealing element 40 from the run-in shape
(shown 1 FIGS. 1-2) to the set shape (shown m FIGS. 3-4). In so doing, leak path 16 1s
secaled by shape deforming sealing element 40. Thereafter, fluid pressure within interior areca
38 of expandable element 30 1s relieved causing expandable element 30 to collapse or return
toward 1ts run-in position. At this point, sealing device 20 can be removed from wellbore
10. In so doing, shape deforming sealing element 40 remains 1n place within wellbore 10
secaling leak path 16, yet permitting additional downhole tools to be performed below shape
deforming scaling element 40. Because only shape deforming scaling element 40 remains 1n
the wellbore, more of the inner diameter of wellbore 10 18 unrestricted so that more
downhole operations can be performed. For example, additional shape deforming sealing
clements (not shown) can be run-in wellbore 10 below shape deforming sealing element 40
so that additional leak paths (not shown) can be sealed.

[0021] In one particular embodiment of the method of sealing leak path 16 using
scaling device 20 shown m FIGS. 1-4, the fluid used to expand expandable element 30 18
wellbore fluid disposed within wellbore 10. In another specific embodiment, the fluid 1s
heated to a temperature at which shape deforming scaling element 40 1s deformable from the
run-in shape (FIGS. 1-2) to the set shape (FIGS. 3-4). In still another embodiment, prior to
collapsing or deflating expandable element 30 after shape deforming sealing element 40 1s
disposed in the set shape, the fluid 1n interior area 38 can be cooled to a lower temperature
thereby causing shape deforming sealing element 40 to remain 1 the set shape. Morcover,
expandable element 30 can be expanded from the collapsed position to the expanded

position using known mflation methods, whether on wireline or tubing strings.

4
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[0022] Referring now to FIGS. 5-6, in another embodiment, sealing device 120,
having the same components as the embodiment of FIGS. 1-4 and, thus, like reference
numerals, further comprises support sleeve 50 and one or more pressure rehiet devices 60
operatively associated with mterior area 38 of expandable element 30. As shown 1 the
embodiment of FIGS. 5-6, four pressure reliet devices 60 are disposed 1n fluid
communication with mterior arca 38 of expandable element 30. Pressure relief devices 60
arc shown 1s one-way check valves, although pressure relief devices 60 can be any known
pressure relief devices. In the embodiment of FIGS. 5-6, pressure reliet devices 60 mclude
flange portions 62 that facilitate attaching first and second ends 31, 32 to outer wall surface
24 of mandrel 22.

[0023] Support sleeve 50 comprises an expandable tubular member having inner wall
surface 52 operatively associated with outer wall surface 36 of expandable element 30 and
outer wall surface 54 operatively associated with inner wall surface 42 of shape deforming
scaling element 40. Support sleeve 50 expands with shape deforming sealing element 40
and, after shape deforming sealing element 40 1s placed m the set shape, support sleeve 1s
released from expandable element 30 so that shape deforming sealing element 40 and
support sleeve 50 are left in wellbore 10. As a result, support sleeve 50 provides mechanical
back-up to shape deforming sealing clement 40 to facilitate maintaining shape deforming
scaling element 40 m the set position and 1 sealing engagement with mnner wall surface 12
of wellbore 10. In one embodiment, support sleeve comprises a slotted tubular member
formed of a high temperature polymer or metallic material.

[0024] Operation of the embodiment of FIGS. 4-5 1s similar to the embodiment of
FIGS. 1-2, however, the fluid flowing into mterior arca 38 for expansion or mflation of
expandable element 30 1s permitted to flow out of interior area 38 through pressure relief
devices 60. As a result, the temperature of the fluid can be increased or decreased as desired
to facilitate moving shape deforming sealing element 40 from the run-in shape to the set
shape. For example, fluid at a first temperature can be initially pumped down bore 28
through ports 29 and mto interior arca 38 of expandable element 30 causing expandable
clement 30 to expand or inflate to the expanded position. As peck pressure 1s achieved
within interior arca 38, pressure reliet device(s) 60 are actuated allowing pressure, ¢.g., fluid
within interior area 38 to be released. Therefore, new fluid, at a second, different,
temperature, can be pumped into mterior arca 38.

[0025] In one embodiment, the temperature of the fluid being pumped mto interior

arca 38 can be increased to the transition temperature of the material forming shape

d
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deforming scaling element 40. As the fluid flows into expandable element 30 and the
transition temperature 18 reached, shape deforming scaling element 40 begins to move from
the run-1n shape toward the set shape. As a result, expandable element 30 continues to
expand until shape deforming sealing element 40 reaches the set position, covers leak path
16, and 1s engaged with mner wall surface 16 of wellbore 10. Thereafter, fluid having a
lower temperature can be pumped mto interior arca 38. This cooler fluid displaces the
higher temperature fluid within interior arca 38 by forcing the higher temperature fluid out of
interior arca 38 through pressure relief devices 60. Lowering the temperature of the fluid
within interior arca 38 below the transition temperature of the material forming shape
deforming sealing element 40 causes shape deforming sealing element 40 to be retamed
the set position. Accordingly, shape deforming sealing element 40 1s sealed against and
attached to inner wall surface 16 of wellbore 10, thereby sealing leak path 16.

[0026] As discussed above, scaling devices 20, 120 can be disposed within a
wellbore using a conventional tubing string through which fluid 1s pumped or on electric
wireline through-tubing. In the case of electric wireline through-tubing, an electric wireline
setting tool can use fluid from the wellbore to be simultancously heated by the setting tool
and pumped into mterior arca 38 of the expandable element 30. Alternatively, the
expandable element can have a battery powered or electric wireline powered heating element
disposed within or in fluid communication with mterior arca 38 of expandable element 30.
In another embodiment, the heating element can be operatively associated with shape
deforming sealing element 40. Further, a spring-powered syringe pump can be coupled to
the mlet of expandable element 30 to facilitate inflation or expansion of expandable element
30. As shape deforming scaling clement 40 1s heated and begins to deform, the decreasmg
modulus of shape deforming sealing element 40 allows expandable element 40 to expand via
the stored energy 1 the spring.

[0027] It 18 to be understood that the mnvention 18 not limited to the exact details of
construction, operation, exact materials, or embodiments shown and described, as
modifications and equivalents will be apparent to one skilled in the art. For example,
pressure relief devices are not required. Moreover, 1f a pressure relief device 1s included,
only one can be sufficient to displace the fluid within the interior of the expandable element.
In addition, on¢ or more attachment members may be included on the outer wall surface of
the shape deforming scaling element to facilitate the shape deforming sealing element
maintaiing its connection to the inner wall surface of the wellbore. Further, the sealing

devices can be disposed 1 a wellbore using tubular strings as well as electric wireline
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strings. Additionally, the sealing devices can be used 1 open-hole or cased wellbores.
Accordingly, the mnvention 1s therefore to be limited only by the scope of the appended

claims.
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What is claimed is:

1. A sealing device for use in a wellbore to seal a leak path through an inner wall
surface of the wellbore, the sealing device comprising:

a tubular member comprising an outer wall surface and an inner wall surface;

an expandable element, the expandable element being disposed on the outer wall
surface of the tubular member, the expandable element comprising an outer wall surface, a
collapsed position, and an expanded position; |

a shape deforming sealing element, the shape deforming sealing element
comprising a run-in shape and a set shape, the shape deforming sealing element being
releasably connected to the outer wall surface of the expandable element, the shape
deforming element comprising an outer wall surface adapted to be secured to an mnner wall
surface of a wellbore when the shape deforming sealing element 1s in the set shape; and

a first fluid pumped into the expandable element at a first temperature, the first
temperature being at or above a transition temperature for the shape deforming sealing
element, and the first temperature facilitating the shape deforming sealing element
deforming from the run-in shape to the set shape by raising the temperature of the sealing
element to a transition temperature at which the sealing element 1s deformable by the
expandable element to the set shape and below which the sealing element 1s not deformable
to the set shape,

wherein expansion of the expandable element using fluid pressure from the
collapsed position to the expanded position moves the shape deforming sealing element
from the run-in shape to the set shape, and

wherein the shape deforming sealing element 1s adapted to be secured to the inner
wall surface of the wellbore after collapsing the expandable element from the expanded

position to the collapsed position.

2. The sealing device of claim 1, wherein the shape deforming sealing element

comprises a sleeve disposed around the outer wall surface of the expandable element and

the expandable element comprises an elastomeric bladder disposed around the outer wall

surface ot the tubular member.
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3. The sealing device of claim 2, wherein the inner wall surface of the tubular member
defines a tubular member bore, the tubular member further comprising a port in flmd
communication with the tubular member bore and an interior of the elastomeric bladder,
and the elastomeric bladder being moved from the collapsed position to the expanded

position by a fluid flowing through the port into the interior of the elastomeric bladder.

4, The sealing device of claim 3, wherein the expandable element further comprises at
least one pressufe rehief device in fluid communication with the interior portion of the

expandable element.
5. The sealing device of claim 4, wherein the pressure relief device 1s a valve.

6. The sealing device of claim 5, wherein the pressure relief device 1s a one-way

check valve.

7. The sealing device of claim 1, wherein the shape deforming sealing element 1s
formed by a temperature reactive material, the temperature reactive material having a
transition temperature at which the temperature reactive material 1s deformable and below

which the temperature reactive material 1s not deformable.

3. The sealing device of any one of claims 1 to 7, wherein the expandable support

member comprises a slotted metal tubular member.

9. A sealing device for use in a wellbore to seal a leak path through an inner wall
surface of the wellbore, the sealing device comprising:

a mandrel comprising an outer wall surface and an inner wall surface;

an expandable element sleeve, the expandable element sleeve being disposed on the
outer wall surface of the mandrel, the expandable element sleeve comprising an outer wall
surface, a collapsed position, and an expanded position;

a shape deforming sealing element sleeve, the shape deforming sealing element

sleeve comprising a run-in inner diameter, a set inner diameter, and a plurality of

intermediate inner diameters, the shape deforming sealing element sleeve comprising an
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inner wall surface and an outer wall surface adapted to be secured to an inner wall surface
of a wellbore when the shape deforming sealing element sleeve is in the set shape; and

a first fluid pumped into the expandable element sleeve at a first temperature, the
first temperature being at or above a transition temperature for the shape deforming sealing
element, and the first temperature facilitating the shape deforming sealing element
detforming from the run-in shape to the set shape by raising the temperature of the sealing
element to a transition temperature at which the sealing element is deformable by the
expandable element to the set shape and below which the sealing element is not deformable
to the set shape,

wherein expansion of the expandable element sleeve from the collapsed position to
the expanded position using fluid pressure moves the shape deforming sealing element
sleeve from the run-in shape to the set shape, and

wherein the shape deforming sealing element sleeve is adapted to be secured to the
inner wall surface of the wellbore after collapsing the expandable element sleeve from the

expanded position to the collapsed position.

10. The sealing device of claim 9, wherein the inner wall surface of the mandrel
detfines a mandrel bore and the expandable element sleeve comprises an elastomeric
bladder, the mandrel further comprising a port in fluid communication with the mandrel
bore and an interior of the elastomeric bladder, the elastomeric bladder being moved from
the collapsed position to the expanded position by a fluid flowing through the port into the

interior of the elastomeric bladder.

11. The sealing device of claim 10, wherein the expandable element sleeve further
comprises at least one pressure relief device in fluid communication with the interior

portion of the expandable element sleeve.

12. The sealing device of any one of claims 9 to 11, wherein the shape deforming
sealing element 1s formed by a temperature reactive material having a transition

temperature at which the temperature reactive material 1s deformable and below which the

temperature reactive material is not deformable.

10
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13. The sealing device of any one of claims 9 to 11, wherein the shape deforming

sealing element sleeve comprises a shape memory polymeric material.

14. A method of sealing a leak path through an inner wall surface of a wellbore, the
method comprising the steps of:

(a) providing a sealing device comprising:

a tubular member comprising an outer wall surface and an inner wall
surface; and .

a shape deforming sealing element operatively associated with the outer
wall surface of the tubular member, the shape deforming sealing element comprising a run-
in shape and a set shape, the shape deforming sealing element comprising an inner wall
surface and outer wall surface adapted to be secured to an inner wall surface of a wellbore
when the shape deforming sealing element is in the set shape;

(b) disposing the sealing device in a wellbore aligning the shape deforming sealing
clement with a leak path 1n an inner wall surface of a wellbore;

(c) pumping a first fluid 1nto an expandable element at a first temperature, the first
temperature being at or above a transition temperature for the shape deforming sealing
element, and the first temperature facilitating the shape deforming sealing element
deforming from the run-in shape to the set shape by raising the temperature of the sealing
element to a transition temperature at which the sealing element is deformable by the
expandable element to the set shape and below which the sealing element 1s not deformable
to the set shape, the expandable element being disposed on the outer wall surface of the
tubular member and having an interior into which the first fluid 1s being pumped;

(d) moving the shape deforming sealing element from the run-in shape to the set

shape using fluid pressure to cause the shape deforming sealing element to be secured to

the inner wall surtace over the leak path; and
(e) removing the tubular member from the wellbore leaving the shape deforming

sealing element in the wellbore.

15. The method of claim 14 further comprising the step of displacing the first fluid

within the expandable element with a second fluid that is at a second temperature.

| 1
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16. The method of claim 15 wherein the second temperature is lower than the first

temperature and causes the shape deforming sealing element to remain in the set shape.

17. The method of claim 15, wherein the shape deforming sealing element is formed of
a temperature reactive material having a transition temperature at which the temperature
reactive material 1s deformable and below which the temperature reactive material is not

deformable.

18. The method of any one of claims 14 to 17, wherein the first fluid is a wellbore fluid

that 1s heated while being pumped into the expandable element.

12
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