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DESCRIPTION

TECHNICAL FIELD

[0001] This disclosure relates generally to equipment utilized and operations performed in
conjunction with a subterranean well and, in an example described below, more particularly
provides a high expansion well tool and associated methods.

BACKGROUND

[0002] A well plug may be used to isolate one section of a wellbore from another section,
either permanently or temporarily. If temporary isolation is desired, the well plug may be
retrievable from the wellbore. Typically, a well plug includes an annular seal for sealing off an
annulus between the wellbore and a body of the plug, and an anchoring device (such as one
or more slips) for securing the plug against displacement in the wellbore.

[0003] A well packer is typically similar to a well plug, in that a well packer can include an
annular seal and an anchoring device. However, a well packer is typically provided with an
interior longitudinal flow passage that permits flow through the packer and any tubular string
connected to the packer. Note that the terms "plug” and "packer” are not mutually exclusive,
since some plugs provide

[0004] for selective flow therethrough, and some packers have provisions for selectively
blocking flow therethrough.

[0005] It will, therefore, be appreciated that improvements are continually needed in the arts of
designing, constructing and utilizing plugs and packers for subterranean wells.

[0006] GB2296520 discloses a retrievable sealing/packing tool used to provide a pressure/fluid
barrier. The tool is provided with at least one ring with "petalloid” extensions. The petalloid
extensions, when deployed radially outward, serve to align/centralize the tool within the
conduit. The petalloid extensions also serve as a backup to a packing element. During retrieval
of the tool, the petalloid extensions initially remain in their deployed positions. However, upon
encountering an obstruction, the petalloid extensions are able to contract due to a pre-
determined weak point designed into their geometry.

[0007] US3702634 discloses a retrievable packer including an equalizing valve designed to
release pressure in two stages. When a desired location within a well bore has been reached,
downward movement of a tubing string is interrupted. The tubing string is pulled upward and
rotated to cause long J-slot legs to align with respective J-slot lugs. The tubing string is then
moved downward to cam lower slip segments radially outwardly. Further downward movement
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causes upper slips to set, the equalizing valve to close, and packer elements to extend radially
outward. Unsetting and retrieving of the packer is accomplished by moving the tubing string
upward.

[0008] EP2118552 discloses a tool with a mandrel having a radially expandable annular
sealing element and an anchoring element. A centering arrangement defines at least one axial
passage extending through the annular sealing element. A closing arrangement closes the
axial passage during deployment of the mandrel from a contracted configuration to a radially
expanded configuration.

[0009] US6772844 discloses a high pressure liner packer seal including a top seal ring and a
bottom seal ring separated by a double-ramped cylinder. Once at a desired location, a setting
tool places a load on a setting sleeve. Once the load reaches a predetermined magnitude, a
bottom seal ring notch shears or bends, causing the bottom ramp surface to slide under and
expand an expandable arm of the bottom seal ring. As the bottom seal ring expandable arm
expands, elastomeric material and a back-up extension form a combined elastomeric and
metal-to-metal pressure tight seal against an outer tubular. Once the bottom seal ring is
expanded, additional load causes the top seal ring notch to shear or bend, causing the top seal
ring expandable arm to slide over the top ramp surface and expand. As the top seal ring
expandable arm expands, the elastomeric material and the back up extension form a
combined elastomeric and metal-to-metal pressure tight seal against the outer tubular.

DETAILED DESCRIPTION

[0010] Representatively illustrated in FIG. 1 is a well system 10 for use with a subterranean
well, and an associated method, which can embody principles of this disclosure. However, it
should be clearly understood that the system 10 and method are merely one example of an
application of the principles of this disclosure in practice, and a wide variety of other examples
are possible. Therefore, the scope of this disclosure is not limited at all to the details of the
system 10 and method described herein and/or depicted in the drawings.

[0011] In the FIG. 1 example, a wellbore 12 is lined with casing 14 and cement 16. In other
examples, a portion of the wellbore 12 in which the principles of this disclosure are practiced
may be uncased, unlined or "open hole."

[0012] As depicted in FIG. 1, there is a restriction 18 in the wellbore 12. In this example, the
restriction 18 is a reduced inner diameter, that is, an inner diameter less than an inner
diameter of the casing 14 on either side of the restriction. For example, the restriction 18 could
comprise a nipple or reduced diameter seat, an interior portion of a casing valve or other well
tool, a casing patch, etc. In other examples, the restriction 18 could comprise an obstruction
other than a reduced inner diameter (such as, a partial casing collapse or other casing
damage, etc.). Thus, the scope of this disclosure is not limited to any particular type of
restriction, or to the presence of a restriction at all.
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[0013] It is desired in the FIG. 1 example to isolate a lower portion of the wellbore 12 from an
upper portion of the wellbore. This isolation is to be accomplished at a location below or further
downhole from the restriction 18. For this purpose, a bottom hole assembly 20 is introduced
into the wellbore 12.

[0014] In the FIG. 1 example, the bottom hole assembly 20 includes a setting tool 22 and a
well tool 24. The bottom hole assembly 20 is conveyed into the wellbore 12 by a wireline,
slickline, electric line, coiled tubing or other type of conveyance 26. In other examples, the
bottom hole assembly 20 could include other or different tools (such as, a casing collar locator,
etc.), and a conveyance may not be used for positioning the bottom hole assembly in the
wellbore 12 (for example, fluid flow could be used to convey the bottom hole assembly to a
desired location).

[0015] The well tool 24 in the FIG. 1 example is of the type referred to by those skilled in the
art as a "bridge plug.”" After setting the well tool 24 in the wellbore 12, a portion of the wellbore
downhole from the well tool will be fluid- and pressure-isolated from a portion of the wellbore
uphole from the well tool. However, in other examples, the well tool 24 could be of the type
referred to by those skilled in the art as a "packer.” Thus, the scope of this disclosure is not
limited to use of any particular type or configuration of well tool.

[0016] As depicted in FIG. 1, the well tool 24 includes an annular seal 28 and an anchor
mechanism 30. The annular seal 28 is radially extendable from the well tool 24 downhole to
thereby sealingly engage an inner surface of the wellbore 12. In this manner, the annular seal
28 prevents fluid flow through an annulus 31 formed radially between the well tool 24 and the
wellbore 12.

[0017] The anchor mechanism 30 is outwardly extendable from the well tool 24 downhole to
thereby grippingly engage the inner surface of the wellbore 12. In this manner, the anchor
mechanism 30 secures the well tool 24 against longitudinal displacement relative to the
wellbore 12.

[0018] Note that it is not necessary for the well tool 24 to include the anchor mechanism 30, or
for the anchor mechanism to be separate from the annular seal 28. For example, the sealing
engagement between the annular seal 28 and the wellbore 12 could also provide sufficient
gripping engagement to secure the well tool 24 against longitudinal displacement, or the
anchor mechanism 30 could be integral with the annular seal. Thus, the scope of this
disclosure is not limited to any particular components, combination of components or
configuration of the well tool 24.

[0019] In the FIG. 1 example, the well tool 24 must pass through the restriction 18, in order to
be positioned at the desired location for setting the well tool. The annular seal 28 and the
anchor mechanism 30 cannot extend too far outward from the well tool 24, so that they prevent
the well tool from passing through the restriction 18, but the annular seal and the anchor
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mechanism must be capable of extending sufficiently far outward from the well tool when it is
desired for the annular seal to sealingly engage the wellbore 12, and for the anchor
mechanism to grippingly engage the wellbore.

[0020] If there is a relatively large inner dimensional difference between the wellbore 12 and
the restriction 18, this means that the annular seal 28 and the anchor mechanism 30 must be
capable of a corresponding relatively large outward extension from the well tool 24 after the
well tool has passed through the restriction 18. In addition, if the well tool 24 is to be
subsequently retrieved from the wellbore 12, the annular seal 28 and the anchor mechanism
30 must be capable of a corresponding relatively large inward retraction when desired, so that
the well tool can pass back through the restriction.

[0021] Referring additionally now to FIGS. 2A-F, cross-sectional views of an example of the
well tool 24 that may be used in the system 10 and method of FIG. 1 are representatively
illustrated. For convenience and clarity of description, the well tool 24 is described below as it
may be used in the FIG. 1 system 10 and method, however, it should be clearly understood
that the well tool may be used in other systems and methods, in keeping with the principles of
this disclosure.

[0022] In FIGS. 2A-D, successive longitudinal sections of the well tool 24 are depicted. In FIG.
2E, a lateral cross-section is depicted, taken along line 2E-2E of FIG. 2C. In FIG. 2F, a
longitudinal cross-section is depicted, taken along line 2F-2F of FIG. 2E. Accordingly, the
longitudinal cross-section depicted in FIG. 2F is orthogonal to the longitudinal cross-section
depicted in FIG. 2C.

[0023] The well tool 24 is in a run-in configuration as illustrated in FIGS. 2A-F. In this
configuration, the well tool 24 can be conveyed to a desired location in the wellbore 12, and
then set using the setting tool 22, for example. If necessary, the well tool 24 can be displaced
through the restriction 18 prior to being set. In addition, the well tool 24 is capable of being
retrieved through the restriction 18 after having been set in the wellbore 12.

[0024] Note that the setting tool 22 is not depicted in FIGS. 2A-F. The setting tool 22 may be
any type of mechanically, electrically, hydraulically or otherwise actuated setting tool capable of
applying a longitudinally directed force to an outer setting sleeve 32 of the well tool 12, and an
oppositely directed force to a connector 34 of the well tool, to thereby produce relative
longitudinal displacement between the setting sleeve and the connector. The longitudinal force
applied to the setting sleeve 32 is in a downward direction as viewed in FIGS. 2A-D, and the
force applied to the connector 34 is in an upward direction as viewed in FIGS. 2A-D. Such
setting tools are well known to those skilled in the art, and so the setting tool 22 is not
described further herein.

[0025] As viewed in FIGS. 2A-F, the connector 34 is connected at an upper end of an inner
mandrel assembly 36 that extends longitudinally through most of the well tool 24. A significant
portion of the mandrel assembly 36 is tubular, so that a flow passage 38 is provided through
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the mandrel assembly between upper ports 40 and lower ports 42 formed through a wall of the
mandrel assembly. Note, however, that flow through the upper ports 40 is blocked by a valve
sleeve 44 in the FIGS. 2A-F run-in configuration. The valve sleeve 44 is releasably secured in
this flow blocking position relative to the inner mandrel assembly 36 by release members 46
(such as, shear pins, shear screws, a snap ring, etc.).

[0026] The setting sleeve 32 comprises an uppermost portion of an outer housing assembly
48 of the well tool 24. A body lock ring 50 is initially inwardly retained in engagement with an
outer surface of the inner mandrel assembly 36 by a retainer sleeve 52, so that the body lock
ring permits upward displacement of the inner mandrel assembly 36 relative to the outer
housing assembly 48, but prevents downward displacement of the inner mandrel assembly
relative to the outer housing assembly.

[0027] A similar body lock ring 54 is contained in a collar 56 secured to the outer housing
assembly 48. However, the body lock ring 54 does not engage the inner mandrel assembly 36
in the run-in configuration.

[0028] An upper section 48a of the outer housing assembly 48 is initially releasably secured
against upward longitudinal displacement relative to a lower section 48b of the outer housing
assembly by release members 60 (such as, shear pins, shear screws, a snap ring, etc.). A
downwardly directed force can be applied by the setting tool 22 to the outer housing assembly
48 (and transmitted from the upper section 48a to the lower section 48b) to set the well tool 24,
but the release members 60 ensure that only a predetermined upwardly directed force can be
applied to the upper section 48a, prior to permitting limited upward displacement of the upper
section 48a relative to the lower section 48b during retrieval of the well tool 24, as described
more fully below. A stop ring 62 (such as, a C-ring or snap ring, etc.) permits only limited
upward displacement of the upper section 48a relative to the lower section 48b, after the
release members 60 are sheared or otherwise released.

[0029] In the FIGS. 2A-F example, the well tool 24 includes two annular seals 28, an upper
annular seal 28a and a lower annular seal 28b. The upper and lower annular seals 28a,b are
configured the same in this example, although they face in opposite longitudinal directions. In
other examples, only a single annular seal may be used, or other numbers of annular seals
may be used.

[0030] As may be seen in FIG. 2B, the lower section 48b of the outer housing assembly 48 is
connected to an upper end of the upper annular seal 28a. An upper anti-extrusion back-up or
barrier 64a is also connected to the lower section 48a and outwardly overlies most of the upper
annular seal 28a. A lower anti-extrusion barrier 64b outwardly overlies most of the lower
annular seal 28b. The upper and lower anti-extrusion barriers 64a,b are configured the same
in this example, although they face in opposite longitudinal directions.

[0031] The upper and lower annular seals 28a,b in this example are in the form of deformable
sleeves. The deformable sleeves may be made of a resilient material (such as, an elastomer)
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capable of sealingly engaging the inner surface of the wellbore 12. In other examples, the
deformable sleeves could be made of a substantially non-resilient material (such as, a plastic,
metal or composite material). The scope of this disclosure is not limited to use of any particular
material or configuration for the upper or lower annular seals 28a,b.

[0032] The upper and lower anti-extrusion barriers 64a,b in this example are in the form of
deformable sleeves that have a substantially increased rigidity and/or strength as compared to
the annular seals 28a,b. The anti-extrusion barriers 64a,b serve to prevent extrusion of the
annular seals 28a,b when the annular seals sealingly engage the inner surface of the wellbore
12 and a pressure differential is experienced across the annular seals in the annulus 31 (see
FIG. 1).

[0033] Thus, in this example, the anti-extrusion barriers 64a,b are outwardly extendable with
the respective annular seals 28a,b, but are significantly more resistant to extrusion than are
the annular seals. For example, the anti-extrusion barriers 64a,b may be made of a relatively

high-strength material (such as, KEVLAR™, a metal or composite material). However, use of
the anti-extrusion barriers 64a,b is not necessary, since the annular seals 28a,b may be
sufficiently extrusion resistant in some cases to resist extrusion due to an expected pressure
differential in the annulus 31.

[0034] In some examples, the anti-extrusion barriers 64a,b could be integrated with the
annular seals 28a,b as "reinforcements” in the seals. One example of this is representatively
illustrated in FIG. 8 for the upper annular seal 28a.

[0035] As depicted in FIG. 2C, a radial expansion mechanism 66 is positioned on the inner
mandrel assembly 36 between the upper and lower annular seals 28a,b. The radial expansion
mechanism 66 serves to radially outwardly extend the annular seals 28a,b downhole when the
well tool 24 is set. For this purpose, the radial expansion mechanism 66 includes an upper set
of circumferentially distributed segments 66a cooperatively engaged with a lower set of
circumferentially distributed segments 66b.

[0036] In the FIGS. 2A-F run-in configuration, the radial expansion mechanism 66 is radially
retracted and the annular seals 28a,b are longitudinally spaced apart from the segments 66a,b
so that the annular seals and the segments can pass through the restriction 18, in this
example. When the well tool 24 is set, the annular seals 28a,b are longitudinally displaced
relative to the radial expansion mechanism 66, so that the annular seals then radially overlie
and encircle the segments 66a,b, and the radial expansion mechanism can then radially
outwardly extend the annular seals into sealing engagement with the inner surface of the
wellbore 12, as described more fully below.

[0037] Longitudinal compression of the segments 66a,b is initially prevented by an inner
sleeve assembly 68 including an upper sleeve 68a, a middle sleeve 68b and a lower sleeve
68c. The sleeves 68a-c abut each other, a release member 70 (such as, a shear ring) initially
prevents upward displacement of the middle sleeve 68b relative to the upper sleeve 68a, and
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release members 72 (such as, shear pins, shear screws, a snap ring, etc.) initially prevent
downward displacement of the lower sleeve 68c relative to an outer housing 74.

[0038] The outer housing 74 is initially releasably secured against longitudinal displacement
relative to the inner mandrel assembly 36 by release members 76 (which are more clearly
visible in FIG. 2E). The lower ports 42 in the inner mandrel assembly 36 are rotationally
aligned with ports 78 in the outer housing 74. This alignment is maintained by bolts or lugs 80
(which are more clearly visible in FIG. 2F) extending through the outer housing 74 and into
slots 82 formed on the inner mandrel assembly 36.

[0039] The anchor mechanism 30 includes a set of multiple slips 84 positioned longitudinally
between a lower conical wedge 86 connected at a lower end of the inner mandrel assembly
36, and an upper wedge 88 connected to the outer housing 74. In the run-in configuration of
FIGS. 2A-F, the slips 84 are inwardly retracted, so that they can pass through the restriction 18
(see FIG. 1).

[0040] Extension springs 90 radially inwardly bias the slips 84 toward the inner mandrel
assembly 36. When the well tool 24 is set, as described more fully below, a longitudinal
distance between the lower and upper wedges 86, 88 will decrease, thereby outwardly
extending the slips 84 into gripping engagement with the inner surface of the wellbore 12.

[0041] Release members 92 (such as, shear pins, shear screws, a snap ring, etc.) initially
prevent upward longitudinal displacement of the outer housing 74 relative to the upper wedge
88. A body lock ring 94 is initially retained in engagement with an outer surface of the inner
mandrel assembly 36 by a lower retainer sleeve extension 96 of the outer housing 74. The
body lock ring 94 prevents upward displacement of the outer housing 74 and upper wedge 88
relative to the inner mandrel assembly 36 when the well tool 24 is set, as described more fully
below.

[0042] Referring additionally now to FIGS. 3A-D, the well tool 24 is representatively illustrated
in a set configuration. The annular seals 28a,b have been extended radially outward, so that
they can sealingly contact the inner surface of the wellbore 12 (see FIG. 1). The slips 84 have
been extended outward, so that they can grippingly engage the inner surface of the wellbore
12.

[0043] To achieve this set configuration of the well tool 24 from the run-in configuration
depicted in FIGS. 2A-F, a downwardly directed (as viewed in FIGS. 3A-D) force is applied by
the setting tool 22 to the setting sleeve 32 while an upwardly directed (as viewed in FIGS. 3A-
D) force is applied by the setting tool to the connector 34. When sufficient force has been
applied, the inner mandrel assembly 36 displaces upward relative to the outer housing
assembly 48.

[0044] At this point, the release members 76 prevent relative longitudinal displacement
between the inner mandrel assembly 36 and the outer housing 74, and so the outer housing
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74 displaces upward with the inner mandrel assembly relative to the outer housing assembly
48 (which is biased downward by the force exerted by the setting tool 22 on the setting sleeve
32). This results in a decrease in the longitudinal separation between the outer housing 74 and
the outer housing assembly 48.

[0045] The upper annular seal 28a and upper anti-extrusion barrier 64a are radially outwardly
deformed by passing downwardly over an upper expansion cone 98 secured to the upper inner
sleeve 68a. In this manner, the upper annular seal 28a and the upper anti-extrusion barrier
64a are expanded radially over the radial expansion mechanism 66, so that they outwardly
overlie and encircle an upper portion of the radial expansion mechanism.

[0046] When a further sufficient force has been applied, the release members 72 shear or
otherwise release, thereby permitting the outer housing 74 to displace upwardly relative to the
outer housing assembly 48, and further decreasing the longitudinal separation between the
outer housing 74 and the outer housing assembly 48. The lower annular seal 28b and lower
anti-extrusion barrier 64b are radially outwardly deformed by passing upwardly over a lower
expansion cone 100 connected to the lower inner sleeve 68c. In this manner, the lower annular
seal 28b and the lower anti-extrusion barrier 64b are expanded radially over the radial
expansion mechanism 66, so that they outwardly overlie and encircle a lower portion of the
radial expansion mechanism.

[0047] When a further sufficient force has been applied, the release members 76 shear or
otherwise release, thereby permitting the inner mandrel assembly 36 and the lower wedge 86
to displace upward relative to the outer housing 74 and the upper wedge 88. In this manner,
the longitudinal separation between the upper and lower wedges 88, 86 decreases, thereby
forcing the slips 84 to displace outward. In this manner, the slips 84 are displaced into gripping
engagement with the inner surface of the wellbore 12 (see FIG. 1). The body lock ring 94
prevents the inner mandrel assembly 36 from displacing downward relative to the upper wedge
88, thereby maintaining the gripping engagement between the slips 84 and the inner surface of
the wellbore 12.

[0048] When a further sufficient force has been applied, the release member 70 shears or
otherwise releases, thereby permitting an upper end of the middle inner sleeve 68b to
telescope into a lower end of the upper inner sleeve 68a. This also allows the radial expansion
mechanism 66 to longitudinally compress and thereby radially outwardly expand the upper and
lower annular seals 28a,b into sealing engagement with the inner surface of the wellbore 12
(see FIG. 1). The upper and lower anti-extrusion barriers 64a,b are also outwardly expanded
by the longitudinal compression of the radial expansion mechanism 66, so that the anti-
extrusion barriers can prevent extrusion of the annular seals due to a pressure differential
across them in the annulus 31 (see FIG. 1).

[0049] Note that an externally ridged or toothed surface 114 at an upper end of the upper
inner sleeve 68a engages a series of internally ridged or toothed flexible collets 116 in the
lower section 48b of the outer housing assembly 48 in the set configuration. As described more
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fully below, this engagement between the surface 114 and the collets 116 ensures that the
upper inner sleeve 68a will displace upward with the lower section 48b of the outer housing
assembly 48 in initial stages of unsetting the well tool 24. Initially, the collets 116 are releasably
secured against displacement relative to the outer housing assembly 48 by release members
118 (such as, shear screws, shear pins, a shear or snap ring, etc.).

[0050] Referring additionally now to FIGS. 4A & B, an example of the radial expansion
mechanism 66 is representatively illustrated in respective radially retracted and radially
expanded configurations. Note that, in the radially retracted configuration, the radial expansion
mechanism 66 is longitudinally extended, and in the radially expanded configuration, the radial
expansion mechanism is longitudinally compressed.

[0051] The FIG. 4A radially retracted configuration of the radial expansion mechanism 66
corresponds to the run-in configuration of the well tool 24 (e.g., as depicted in FIGS. 2A-F).
The FIG. 4B radially expanded configuration of the radial expansion mechanism 66
corresponds to the set configuration of the well tool 24 (e.g., as depicted in FIGS. 3A-D).

[0052] As the segments 66a,b are displaced longitudinally toward each other from the FIG. 4A
configuration to the FIG. 4B configuration, the segments are cooperatively engaged, so that
they deflect each other in a radially outward direction. Conversely, if the segments 66a,b are
displaced longitudinally away from each other from the FIG. 4B configuration to the FIG. 4A
configuration, as described more fully below for unsetting of the well tool 24, the segments are
also cooperatively engaged, so that they deflect each other in a radially inward direction.

[0053] Referring additionally now to FIG. 5, an example of a slip assembly 102 of the anchor
mechanism 30 is representatively illustrated. The slip assembly 102 in this example includes
the slips 84 and the springs 90 described above. In addition, the slip assembly 102 includes
spacers 104 for maintaining appropriate circumferential spacing between the slips 84, and a
retainer 106 for retaining the slip assembly 102 in its configuration about the inner mandrel
assembly 36 (see FIG. 3E).

[0054] In addition, lower ends of longitudinally extending positioning rods or bars 108 extend
into the retainer 106, and upper ends of the positioning bars extend into a recess in the upper
wedge 88 (see FIG. 3D). The positioning bars 108 maintain the slips 84 approximately
"centered" between the lower and upper wedges 86, 88 as the well tool 24 is being conveyed
into the wellbore 12 (see FIG. 2D), and as the well tool is being retrieved from the wellbore
(see FIG. 7D).

[0055] Referring additionally now to FIGS. 6A-D, the well tool 24 is representatively illustrated
in a communicated configuration, prior to retrieval of the well tool. If the well tool 24 is not to be
retrieved, the communicated configuration of FIGS. 6A-D may not be used.

[0056] The communicated configuration provides for equalizing pressure across the well tool
24 prior to retrieving the well tool. To achieve this communicated configuration, a downwardly
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directed force is applied to a retrieval sleeve 110. In this example, the retrieval sleeve 110 has
a tubular fishing neck 112 connected at an upper end thereof for convenient engagement by
an appropriate fishing/jarring tool or other type of retrieval tool well known to those skilled in
the art.

[0057] When a sufficient downwardly directed force is applied to the retrieval sleeve 110, the
release members 46 shear or otherwise release, thereby permitting the valve sleeve 44 to
displace downward with the retrieval sleeve relative to the inner mandrel assembly 36. The
inner mandrel assembly 36 is still prevented from displacing downwardly by the body lock ring
94, and the slips 84 remain grippingly engaged with the inner surface of the wellbore 12, when
the downwardly directed force is applied to the retrieval sleeve 110.

[0058] In this manner, the upper ports 40 in the inner mandrel assembly 36 are unblocked and
fluid flow is permitted between the annulus 31 (see FIG. 1) above the annular seals 28a,b and
the annulus below the annular seals via the flow passage 38. This allows any pressure
differential across the well tool 24 to be relieved prior to unsetting the well tool and retrieving it
from the wellbore 12.

[0059] Referring additionally now to FIGS. 7A-D, the well tool 24 is representatively illustrated
in an unset retrieval configuration, in which the well tool may be retrieved from the wellbore 12.
Note that the annular seals 28a,b and the anti-extrusion barriers 64a,b are radially inwardly
retracted out of engagement with the wellbore 12, and the slips 84 are inwardly retracted out of
engagement with the wellbore. The well tool 24 can now be displaced uphole and through the
restriction 18 (see FIG. 1), if necessary.

[0060] To achieve the FIGS. 7A-D unset retrieval configuration of the well tool 24, a sufficient
upwardly directed force is applied to the retrieval sleeve 110. This upwardly directed force may
be applied by the same fishing/jarring tool engaged with the fishing neck 112 as was previously
used to apply the downwardly directed force to the retrieval sleeve to achieve the
communicated configuration of FIGS. 6A-D.

[0061] When the sufficient upwardly directed force is applied to the retrieval sleeve 110, the
release members 60 shear or otherwise release, thereby permitting the upper section 48a of
the outer housing assembly 48 to displace upward relative to the lower section 48b. This
longitudinally separates the retainer 52 from the body lock ring 50, thereby permitting the outer
housing assembly 48 to displace upward relative to the inner mandrel assembly 36.

[0062] As the outer housing assembly 48 displaces upward relative to the inner mandrel
assembly 36, the body lock ring 54 eventually engages a radially enlarged collar 112 secured
on the inner mandrel assembly. This engagement prevents subsequent downward
displacement of the outer housing assembly 48 relative to the inner mandrel assembly 36.

[0063] Due to the upward displacement of the outer housing assembly 48 relative to the inner
mandrel assembly 36, the radial expansion mechanism 66 is longitudinally extended to its FIG.
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4A radially retracted configuration. This allows the annular seals 28a,b and the anti-extrusion
barriers 64a,b to retract radially inward with the segments 66a,b of the radial expansion
mechanism 66.

[0064] Note that, due to the engagement between the externally toothed surface 114 and the
collets 116, the upper inner sleeve 68a initially displaces upward with the lower section 48b of
the outer housing assembly 48. The upper expansion cone 98 displaces upward with the upper
inner sleeve 68a, thereby also upwardly displacing the upper segments 66a and longitudinally
extending the radial expansion mechanism 66 to its FIG. 4A radially retracted configuration.
When a sufficient upward force is applied due to full longitudinal extension of the radial
expansion mechanism 66, the release members 118 shear or otherwise release, thereby
permitting the outer housing assembly 48 to displace upward relative to the collets 116, and
permitting further upward displacement of the outer housing assembly 48 relative to the radial
expansion mechanism.

[0065] The upper annular seal 28a and the upper anti-extrusion barrier 64a displace upward
with the outer housing assembly 48, so that they no longer outwardly overlie the radial
expansion mechanism 66. Similarly, the lower annular seal 28b and the lower anti-extrusion
barrier 64b no longer outwardly overlie the radial expansion mechanism 66 as it is
longitudinally extended and displaced upward with the outer housing assembly 48.

[0066] After the radial expansion mechanism 66 is radially retracted and the annular seals
28a,b and the anti-extrusion barriers 64a,b no longer encircle the radial expansion mechanism,
a sufficient upwardly directed force applied to the outer housing 74 (via the retrieval sleeve
110, the outer housing assembly 48 and the radial expansion mechanism 66) causes the
release members 92 to shear or otherwise release, thereby permitting the outer housing 74 to
displace upward relative to the upper wedge 88. This longitudinally separates the retainer
sleeve extension 96 from the body lock ring 94, and thereby permits the upper wedge 88 to
displace upward relative to the inner mandrel assembly 36.

[0067] As a result, a longitudinal distance between the upper and lower wedges 88, 86
increases, thereby permitting the springs 90 to retract the slips 84 out of engagement with the
inner surface of the wellbore 12. At this point, the well tool 24 is completely unset and it can be
retrieved from the wellbore 12.

[0068] In the event that any of the annular seals 28a,b or anti-extrusion barriers 64a,b do not
fully retract after having been radially extended, these components can be forced back to their
retracted configurations as the well tool 24 is retrieved upwardly through the restriction 18. This
is possible because the annular seals 28a,b and the anti-extrusion barriers 64a,b are no longer
radially outwardly overlying the radial expansion mechanism 66, but are instead longitudinally
spaced apart from the radial expansion mechanism in the unset retrieval configuration of the
well tool 24.

[0069] In some examples, it may be desirable to not include the lower annular seal 28b or the
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lower anti-extrusion barrier 64b in the well tool 24, if it is determined that they are not needed
for the expected pressure differential across the well tool and their upwardly facing
configuration would possibly present a problem with retrieving the well tool upward through a
tight restriction. Thus, the scope of this disclosure is not limited to use of both of the upper and
lower annular seals 28a,b or both of the upper and lower anti-extrusion barriers 64a,b. In one
example, the lower annular seal 28b could be used without the lower anti-extrusion barrier
64b, even though the upper anti-extrusion barrier 64a is used with the upper annular seal 28a.

[0070] In some situations, retrieval of the well tool 24 may be prevented for any of a variety of
reasons. For such situations, the well tool 24 includes provisions whereby at least an upper
portion of the well tool can be retrieved, separate from a lower portion of the well tool.

[0071] Specifically, upper and lower portions of the outer housing assembly lower section 48a
are releasably connected by means of release members 120 (such as, shear pins or screws, a
shear ring, etc.). In addition, a weakened area 58 (such as, a recess or reduced wall thickness
area) is provided in the inner mandrel assembly 36. If sufficient tensile forces are applied to the
outer housing assembly 48 and the inner mandrel assembly 36 (such as, via a fishing tool), the
release members 120 will shear or otherwise release, and the weakened area 58 will part,
thereby allowing retrieval of an upper portion of the well tool 24 from the well.

[0072] It may now be fully appreciated that the above disclosure provides significant
advancements to the arts of designing, constructing and utilizing well tools (such as, plugs and
packers) for subterranean wells. In examples described above, the well tool 24 can achieve
relatively high radial expansion of the annular seals 28a,b when set, while still permitting the
well tool to be conveyed through a relatively small restriction 18 in the wellbore 12. The well
tool 24 can subsequently be unset and retrieved through the restriction 18, if necessary.

[0073] A well tool 24 for use in a subterranean well is provided to the art by the above
disclosure. The well tool 24 comprises an annular seal 28a,b and a radial expansion
mechanism 66 having radially retracted and radially expanded configurations. The annular seal
28a,b is longitudinally displaceable relative to the radial expansion mechanism 66 in the
radially retracted configuration of the radial expansion mechanism 66.

[0074] In any of the examples described herein, the radial expansion mechanism 66 may be
displaceable to the radially expanded configuration only after the annular seal 28a,b radially
outwardly encircles the radial expansion mechanism 66.

[0075] In any of the examples described herein, the annular seal 28a,b may be longitudinally
displaceable from a first position in which the annular seal 28a,b is longitudinally spaced apart
from the radial expansion mechanism 66 to a second position in which the annular seal 28a,b
overlies the radial expansion mechanism 66.

[0076] In any of the examples described herein, the annular seal 28a,b may displace from the
first position to the second position in response to relative displacement between an inner
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mandrel assembly 36 and a setting sleeve 32 of the well tool 24.

[0077] In any of the examples described herein, the well tool 24 may include an anti-extrusion
barrier 64a,b which is longitudinally displaceable with the annular seal 28a,b.

[0078] In any of the examples described herein, the anti-extrusion barrier 64a,b may expand
radially outward in response to displacement of the annular seal 28a,b and the anti-extrusion
barrier 64a,b relative to the radial expansion mechanism 66.

[0079] The radial expansion mechanism 66 comprises multiple circumferentially distributed
segments 66a,b, and the radial expansion mechanism 66 translates between the radially
retracted and radially expanded configurations in response to relative longitudinal
displacement between first and second sets of the segments 66a,b.

[0080] A method of setting a well tool 24 in a subterranean well is also provided to the art by
the above disclosure. The method comprises: positioning the well tool 24 in the subterranean
well, the well tool 24 comprising an annular seal 28a,b and a radial expansion mechanism 66,
and then longitudinally displacing the annular seal 28a,b to a radially outward position relative
to the radial expansion mechanism 66.

[0081] In any of the examples described herein, the method includes, after the longitudinally
displacing step, radially expanding the radial expansion mechanism 66, thereby radially
outwardly displacing the annular seal 28a,b into sealing contact with a wellbore 12.

[0082] In any of the examples described herein, the radially outwardly displacing step includes
longitudinally displacing a first set of segments 66a of the radial expansion mechanism 66
relative to a second set of segments 66b of the radial expansion mechanism 66.

[0083] In any of the examples described herein, the method may include grippingly engaging
an anchor mechanism 30 of the well tool 24 with the wellbore 12 prior to the radially expanding
step.

[0084] In any of the examples described herein, the method may include radially outwardly
displacing an anti-extrusion barrier 64a,b prior to the radially expanding step and after the
longitudinally displacing step.

[0085] In any of the examples described herein, the method may include longitudinally
displacing an anti-extrusion barrier 64a,b with the annular seal 28a,b relative to the radial
expansion mechanism 66.

[0086] In any of the examples described herein, the longitudinally displacing step may include
longitudinally displacing the annular seal 28a,b from a first position in which the annular seal
28a,b is longitudinally spaced apart from the radial expansion mechanism 66 to a second
position in which the annular seal 28a,b at least partially overlies the radial expansion
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mechanism 66.

[0087] Also described above is a well system 10 for use with a subterranean well. In one
example, the well system 10 can comprise a well tool 24 positioned in a wellbore 12 of the
subterranean well, the well tool 24 comprising an annular seal 28a,b, a radial expansion
mechanism 66, an inner mandrel assembly 36 and a setting sleeve 32. A setting tool 22
produces a relative longitudinal displacement between the setting sleeve 32 and the inner
mandrel assembly 32. The annular seal 28a,b radially outwardly overlies the radial expansion
mechanism 66 in response to the relative longitudinal displacement.

[0088] In any of the examples described herein, the radial expansion mechanism 66 may have
radially retracted and radially expanded configurations, and the annular seal 28a,b may be
longitudinally displaceable relative to the radial expansion mechanism 66 in the radially
retracted configuration.

[0089] In any of the examples described herein, the radial expansion mechanism 66 may be
displaceable to the radially expanded configuration only after the annular seal 28a,b radially
outwardly overlies the radial expansion mechanism 66.

[0090] In any of the examples described herein, the annular seal 28a,b may be longitudinally
displaceable by the setting tool 22 from a first position in which the annular seal 28a,b is
longitudinally spaced apart from the radial expansion mechanism 66 to a second position in
which the annular seal 28a,b radially overlies the radial expansion mechanism 66.

[0091] In any of the examples described herein, the well tool 24 may include an anti-extrusion
barrier 64a,b which is longitudinally displaceable with the annular seal 28a,b.

[0092] In any of the examples described herein, the anti-extrusion barrier 64a,b may expand
radially outward in response to displacement of the annular seal 28a,b and the anti-extrusion
barrier 64a,b relative to the radial expansion mechanism 66.

[0093] Although various examples have been described above, with each example having
certain features, it should be understood that it is not necessary for a particular feature of one
example to be used exclusively with that example. Instead, any of the features described
above and/or depicted in the drawings can be combined with any of the examples, in addition
to or in substitution for any of the other features of those examples. One example's features
are not mutually exclusive to another example's features. Instead, the scope of this disclosure
encompasses any combination of any of the features.

[0094] Although each example described above includes a certain combination of features, it
should be understood that it is not necessary for all features of an example to be used.
Instead, any of the features described above can be used, without any other particular feature
or features also being used.
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[0095] It should be understood that the various embodiments described herein may be utilized
in various orientations, such as inclined, inverted, horizontal, vertical, etc., and in various
configurations, without departing from the principles of this disclosure. The embodiments are
described merely as examples of useful applications of the principles of the disclosure, which is
not limited to any specific details of these embodiments.

[0096] In the above description of the representative examples, directional terms (such as
"above," "below," "upper,” "lower," "upward," "downward," etc.) are used for convenience in
referring to the accompanying drawings. However, it should be clearly understood that the
scope of this disclosure is not limited to any particular directions described herein.

[0097] The terms "including," "includes," "comprising,” "comprises," and similar terms are used
in a non-limiting sense in this specification. For example, if a system, method, apparatus,
device, etc., is described as "including" a certain feature or element, the system, method,
apparatus, device, etc., can include that feature or element, and can also include other
features or elements. Similarly, the term "comprises"” is considered to mean "comprises, but is
not limited to."

[0098] Of course, a person skilled in the art would, upon a careful consideration of the above
description of representative embodiments of the disclosure, readily appreciate that many
modifications, additions, substitutions, deletions, and other changes may be made to the
specific embodiments, and such changes are contemplated by the principles of this disclosure.
For example, structures disclosed as being separately formed can, in other examples, be
integrally formed and vice versa. Accordingly, the foregoing detailed description is to be clearly
understood as being given by way of illustration and example only, the scope of the invention
being defined by the appended claims.
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HOJEK SPANSIONSSBRONDVARKTGT OG TILKNYTTEDE FREMGANGSMADER

PATENTKRAV
1. Brondvarktej (24) til brug i en underjordisk brond, hvilket brondvarktej (24) omfatter:

en ringformet taetning (28a, 28b) og

en radial ckspansionsmekanisme (66), der har radialt tilbagetrukne og radialt ckspanderede
konfigurationer,

hvilken ringformet tatning (28a, 28b) kan forskydes i langsgaende retning i forhold til den radiale
ckspansionsmekanisme (66) 1 den radialt tilbagetrukne konfiguration,

hvor den radiale ekspansionsmekanisme (66) omfatter flere perifert fordelte segmenter (66a, 66b), og
hvor den radiale ckspansionsmekanisme (66) flyttes mellem den radialt tilbagetrukne og den radialt
ekspanderede konfiguration som reaktion pa relativ langsgaende forskydning mellem forste og andet st af
segmenter (66a, 66b).
2. Brondvarktej (24) ifelge krav 1, hvor den radiale ekspansionsmekanisme (66) forst kan forskydes til
den radialt ekspanderede konfiguration, efter at den ringformede taetning (28a, 28b) radialt udefter har
omkranset den radiale ekspansionsmekanisme (66).
3. Brondvearktej (24) ifelge krav 1, hvor den ringformede tetning (28a, 28b) kan forskydes i langsgaende
retning fra en forste position, hvor den ringformede taetning (28a, 28b) er placeret med afstand i langsgaende
retning fra den radiale ekspansionsmekanisme (66), til en anden position, i hvilken den ringformede tetning
(28a, 28b) overlejrer den radiale ekspansionsmekanisme (66).
4, Brondvarktej (24) ifelge krav 3, hvor den ringformede tatning (28a, 28b) forskydes fra den forste
position til den anden position som reaktion pa relativ forskydning mellem en indre dornkonstruktion (36) og
en indstillingsbesning (32) til brondvearktajet (24).
5. Brondvarktej (24) ifelge krav 1 og yderligere omfattende en antickstruderingsbarriere (64a, 64b), der
kan forskydes i langsgaende retning med den ringformede taetning (28a, 28b).
6. Brondvarktej (24) ifelge krav 5, hvor antickstruderingsbarrieren (64a, 64b) ekspanderer radialt udad
som reaktion pa forskydning af den ringformede tatning (28a, 28b) og antickstruderingsbarrieren (64a, 64b)
i forhold til den radiale ekspansionsmekanisme (66).
7. Fremgangsmade til indstilling af et brendvarktej i en underjordisk brond, hvilken fremgangsmade
omfatter:

placering af brondvearktejet (24) i den underjordiske brond, hvilket brondvarktej (24) omfatter en
ringformet t&tning (28a, 28b) og en radial ekspansionsmekanisme (66); og

derefter forskydning af den ringformede tetning (28a, 28b) til en radialt ydre position i forhold til den
radiale ekspansionsmekanisme (66); og

derefter radial ckspansion af den radiale ekspansionsmekanisme (66), hvorved den ringformede
tatning (28a, 28b) forskydes i radialt udefter til teetnende kontakt med en brendboring (12), ved hvilken trinet
til forskydning i radialt udadgaende retning omfatter forskydning af et forste st af segmenter (66a) af den
radiale ckspansionsmekanisme (66) i forhold til et andet sat af segmenter (66b) af den radiale

ckspansionsmekanisme (66).
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8. Fremgangsmade ifelge krav 7 og yderligere omfattende, at en til brondvarktejet (24) herende
forankringsmekanisme (30) gar i gribende indgreb med brondboringen (12) for trinet til radial ekspansion.
9. Fremgangsmade ifelge krav 7 og yderligere omfattende radial forskydning udefter af en
antiekstruderingsbarriere (64a, 64b) for trinet til radial ekspansion og efter trinet til langsgaende forskydning,
10.  Fremgangsmade ifolge krav 7 og yderligere omfattende langsgaende forskydning af en
antickstruderingsbarriere (64a, 64b) med den ringformede tatning (28a, 28b) i forhold til den radiale
ckspansionsmekanisme (66).

11.  Fremgangsmade ifolge krav 7, ved hvilken trinet til langsgaende forskydning omfatter langsgaende
forskydning af den ringformede tatning (28a, 28b) fra en forste position, i hvilken den ringformede tetning
(28a, 28b) placeres med afstand i langsgaende retning fra den radiale ekspansionsmekanisme (66), til en anden
position, i hvilken den ringformede tatning (28a, 28b) i det mindste delvist overlejrer den radiale

ckspansionsmekanisme (66).
12.  Brendsystem (10) til brug i forbindelse med en underjordisk brend, hvilket brendsystem (10) omfatter:
et brondverktej (24) ifelge krav 1 placeret i en brendboring (12) til den underjordiske brond, hvilket
brondvarktej (24) omfatter en indre dornkonstruktion (36) og en indstillingsbesning (32); og
et indstillingsvaerktej (22), der skaber en relativ langsgaende forskydning mellem
indstillingsbesningen (32) og den indre dornkonstruktion (36), hvor den ringformede taetning (28a, 28b)
radialt udefter overlejrer den radiale ekspansionsmekanisme (66) som reaktion pa den relative langsgaende
forskydning.
13.  Brondsystem (10) ifelge krav 12, i hvilket den radiale ckspansionsmekanisme (66) har radialt
tilbagetrukne og radialt ekspanderede konfigurationer, og den ringformede tatning (28a, 28b) kan forskydes
i langsgaende retning i forhold til den radiale ekspansionsmekanisme (66) i den radialt tilbagetrukne
konfiguration, hvor den radiale ekspansionsmekanisme (66) om ensket forst kan forskydes til den radialt
ckspanderede konfiguration, efter at den ringformede tatning (28a, 28b) radialt har overlejret den radiale
ckspansionsmekanisme (66).
14.  Brondsystem (10) ifelge krav 12, i hvilket den ringformede tatning (28a, 28b) ved hjxlp af
indstillingsvarkteojet (22) kan forskydes i langsgaende retning fra en forste position, i hvilken den ringformede
tetning er placeret med afstand i langsgaende retning fra den radiale ekspansionsmekanisme (66), til en anden
position, i hvilken den ringformede tatning (28a, 28b) radialt overlejrer den radiale ekspansionsmekanisme.
15. Brondsystem (10) ifelge krav 12, i hvilket brondvarktejet (24) vyderligere omfatter en
antickstruderingsbarriere (64a, 64b), der kan forskydes i langsgaende retning med den ringformede tatning
(28a, 28b), hvor antickstruderingsbarriecren (64a, 64b) om ensket ekspanderer radialt udefter som reaktion pa
forskydning af den ringformede taetning (28a, 28b) og antickstruderingsbarrieren (64a, 64b) i forhold til den

radiale ekspansionsmekanisme (66).
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