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DOWNHOLE SEALING APPARATUS AND METHOD

FIELD OF THE INVENTION
The present invention relates to a downhole sealing apparatus, and in particular
to a downhole cup seal, and to a method for establishing a downhole seal.

BACKGROUND TO THE INVENTION

Seals, such as packers, are widely used in the oil and gas industry, for example
in the downhole environment for providing isolation within annulus regions, such as for
zonal isolation purposes, facilitating downhole operations, permitting tool actuation and
the like. In many applications packers may be retrievable, in that they may be unset
and withdrawn form a wellbore. In some cases, however, it may be necessary to drill
or mill through set packers, for example during planned wellbore operations, for

contingency purposes or the like.

SUMMARY OF THE INVENTION

Aspects of the present invention relate to a downhole sealing apparatus and to
a method for establishing a downhole seal.

An aspect of the present invention relates to a downhole sealing apparatus
comprising a cup sealing assembly defining a central bore to permit mounting on a
mandrel, wherein at least a portion of the cup sealing assembly is configured to be
rotatably coupled to a mandrel.

In use, the rotatable connection or coupling between at least a portion of the
cup sealing assembly and a mandrel on which the assembly is mounted may assist to
facilitate or permit the sealing apparatus to be millable or otherwise machined by a
rotating apparatus or tool bit, when in situ. As such, aspects of the present invention
may relate to a millable downhole sealing apparatus, such as a millable downhole cup
sealing apparatus.

The sealing apparatus may be mounted on and secured to a mandrel, and
function to provide a seal, or at least a restriction to flow, within an annulus area
surrounding the mandrel, such as between the mandrel and the wall of a drilled bore,
wall of a tubular member, or the like.

The sealing apparatus, for example the cup sealing assembly, may be
configurable to define a first, retracted, configuration and a second, expanded,

configuration. In use, the apparatus may be run into a bore in the first configuration
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and activated or otherwise moved from the first configuration to the second
configuration to urge the cup sealing element into sealing engagement with a bore wall.

At least a portion of the cup sealing assembly may be configured to be sealingly
engaged with a mandrel, such as an outer surface of a mandrel. Such an arrangement
may prevent or restrict flow between the sealing apparatus and a mandrel on which
said apparatus is mounted.

The sealing apparatus may comprise an inner sealing arrangement configured
to be interposed between the sealing assembly and a mandrel. The inner sealing
arrangement may comprise at least one inner sealing member interposed between the
sealing assembly and a mandrel to provide sealing therebetween.

A portion of the cup sealing assembly may be rotatably coupled to a mandrel
via a mechanical interlock therebetween. A radially extending interlock between a
portion of the cup sealing assembly and a mandrel may be provided to provide a
rotatable coupling therebetween. The mechanical interlock may comprise or be
provided via one or more radially extending members, such as keys, screws, pins,
dowels, bolts or the like.

The mechanical interlock may comprise or be provided by a threaded
connection between at least a portion of the cup sealing assembly and a mandrel. For
example, at least a portion of the cup sealing assembly may comprise a female thread
portion configured to threadedly engage a male threaded portion of a mandrel.

A portion of the cup sealing assembly may define a mandrel locking profile to
permit rotational locking of at least a portion of the cup sealing assembly relative to a
mandrel. The mandrel locking profile may be configured or geometrically formed to
engage and rotatably interlock with a complementary locking profile associated with a
mandrel. Such a locking profile may be directly formed on a mandrel. Such a locking
profile may be formed on a separate component, such as a gauge ring or the like which
is in turn secured to the mandrel.

A portion of the cup sealing assembly may comprise a locking projection
configured to be received within a locking slot or recess associated with a mandrel.

Alternatively, or additionally, a portion of the cup sealing assembly may
comprise or define a locking slot or recess configured to receive a locking projection
associated with a mandrel.

Interaction between a locking slot and projection on a portion of the cup sealing
assembly and mandrel may facilitate rotational locking therebetween.
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A locking slot may define a radially extending slot. A locking slot may extend
entirely radially. A locking slot may extend both radially and circumferentially.

A locking projection may define a radially extending projection. A locking
projection may extend entirely radially. A locking projection may extend both radially
and circumferentially.

A portion of the cup sealing assembly may define or comprise a plurality of
locking projections.

A portion of the cup sealing assembly may define or comprise a plurality of
locking slots or recesses.

At least two locking projections and/or at least two locking slots may be
circumferentially arranged and separated from each other on a portion of the cup
sealing assembly.

At least one projection may extend radially from a circumferential surface of a
portion of the cup sealing assembly.

Alternatively, or additionally, at least one slot may extend radially from a
circumferential surface of a portion of the cup sealing assembly.

At least one projection may extend axially from an axially facing surface, such
as an annular surface, of a portion of the cup sealing assembly.

Alternatively, or additionally, at least one slot may extend axially from an axially
facing surface, such as an annular surface, of a portion of the cup sealing assembly.

The mandrel locking profile of a portion of the cup sealing assembly may define
a castellated mandrel locking profile. Such a castellated locking profile may be
provided on an axial end face of a portion of the cup sealing assembly.

A portion of the cup sealing assembly may be configured to be clamped against
an annular structure, such as a gauge ring, provided on a mandrel. Such clamping
may include axial clamping. Such clamping may maintain engagement of a mandrel
locking profile of a portion of the cup sealing assembly with a corresponding locking
profile on a mandrel, such as a gauge ring of a mandrel.

The sealing apparatus may comprise a clamping member configured to clamp,
for example axially clamp a portion of the cup sealing assembly to a mandrel, such as
to a gauge ring of a mandrel. The clamping member may comprise a sleeve. The
clamping member may extend within a portion of the cup sealing assembly. The

clamping member may comprise a spacing can.
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The cup sealing assembly may comprise a unitary structure. In such an
arrangement said unitary structure may be rotatably coupled to a mandrel, for example
via a mandrel locking profile, such as defined above.

The cup sealing assembly may comprise multiple components, wherein at least
one component may be rotatably coupled to a mandrel, for example via a mandrel
locking profile, such as defined above. In some embodiments all components of the
cup sealing assembly may be rotatably coupled relative to a mandrel, either directly or
indirectly.

At least two components of the cup sealing assembly may be rotatably coupled
to a mandrel. At least two components may be independently rotatably coupled to a
mandrel. For example, at least two components may each be rotatably coupled to a
mandrel via respective mechanical interlocks, such as respective mandrel locking
profiles or arrangements. For example, at least two components may each be directly
rotatably coupled to a mandrel.

One component of the cup sealing assembly may be rotatably coupled to a
mandrel via another or separate component of the cup sealing assembly.

The cup sealing assembly may comprise at least first and second components.

In one embodiment at least the first and second components may be rotatably
coupled to a mandrel via respective mechanical interlocks, such as respective mandrel
locking profiles or arrangements.

In one embodiment a first component of the cup sealing assembly may be
rotatably coupled to a mandrel, for example via a mechanical interlock, such as a
mandrel locking profile, such as described above, and a second component of the cup
sealing assembly may be rotatably coupled to the first component. As such, the
second component may be indirectly rotatably coupled to the mandrel via the first
component.

The sealing apparatus may comprise a mechanical interlock between the first
and second components to provide a rotatable coupling therebetween.

The sealing apparatus may comprise a radially extending interlock between the
first and second components to provide a rotatable coupling therebetween.

The mechanical interlock may comprise or be provided via one or more radially
extending members, such as keys, screws, pins, dowels, bolts or the like.

The mechanical interlock may comprise or be provided by a threaded

connection.
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First and second separate components of the cup sealing assembly may be
rotatably secured to each other via complementary locking profiles.

The complementary locking profiles of the first and second components may be
geometrically formed to be rotatably interlocked relative to each other.

One of the first and second components may comprise a locking projection, and
the other of the first and second components may comprise or define a locking slot or
recess to receive the locking projection. Interaction between the locking slot and
projection may facilitate rotational locking between the first and second components.

The locking slot may define a radially extending slot. The locking projection
may define a radially extending projection.

At least one and in some embodiments both of the locking slot and projection
may extend entirely radially.

At least one and in some embodiments both of the locking slot and projection
may extend both radially and circumferentially.

One of the first and second components may define or comprise a plurality of
locking projections. Such a plurality of locking projections may be received within a
single locking slot.

One of the first and second components may comprise a plurality of locking
projections, and the other of the first and second components may comprise or define a
plurality of locking slots, wherein each slot may be configured to receive at least one
projection. In one embodiment each slot may be configured to receive a single
projection.

At least two locking projections may be axially separated from each other.

At least two locking slots may be axially separated from each other.

At least two locking projections may be circumferentially separated from each
other.

At least two locking slots may be circumferentially separated from each other.

In one embodiment at least one of the first and second components may
comprise a circumferential array of locking projections, and the other of the first and
second components may comprise a corresponding circumferential array of locking
slots or recesses for receiving respective locking projections.

In one embodiment at least one of the first and second components may
comprise a plurality of axially spaced circumferential arrays of locking projections. In
such an arrangement the other of the first and second components may comprise a

single circumferential array of locking slots or recesses, where each locking slot is
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configured to receive a plurality of locking projections. In an alternative embodiment
the other of the first and second components may comprise a plurality of
circumferential arrays of locking slots or recesses, wherein each slot is configured to
receive one or more projections.

At least one projection may extend radially from a circumferential surface of one
of the first and second components. At least one slot may extend radially from an
opposing or facing circumferential surface of the other of the first and second
components.

At least one projection may extend axially from an axially facing surface, such
as an annular surface, of one of the first and second components. At least one slot
may extend axially from an opposing axially facing surface, such as an opposing
annular surface, of the other of the first and second components.

The complementary locking profiles may define complimentary castellated seal
locking profiles.

A first component of the cup sealing assembly may define or comprise a seal
support member, such as a base ring. The seal support member may define a central
bore to permit mounting on a mandrel.

A second component of the cup sealing assembly may define or comprise a
cup sealing element mounted relative to the seal support member. The cup sealing
element may define a central bore to accommodate a mandrel therethrough.

The seal support member may be configured to be sealingly engaged with a
mandrel, such as an outer surface of a mandrel. Such an arrangement may prevent or
restrict flow between the sealing apparatus and a mandrel on which said apparatus is
mounted.

The sealing apparatus may comprise an inner sealing arrangement configured
to be interposed between the seal support member and a mandrel. The inner sealing
arrangement may comprise at least one inner sealing member interposed between the
seal support member and a mandrel to provide sealing therebetween.

The inner sealing arrangement may be at least partially defined by the cup
sealing element, such as by an integral part of the cup sealing element.

Alternatively, or additionally, the inner sealing arrangement may be provided
separately from the cup sealing element. The inner sealing arrangement may
comprise an o-ring, or the like. The inner sealing arrangement may be swellable.

The seal support member may define a sealing groove, such as an annular

groove, configured to accommodate an inner sealing arrangement or a portion thereof.
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The seal support member may be rotatably coupled to a mandrel, for example
via a mechanical interlock, such as via a mandrel locking profile, threaded connection,
screws, bolts, pins, dowels or the like, such as described above.

The cup sealing element and the seal support member may be rotatably
secured to each other via a mechanical interlock, such as via complementary locking
profiles, such as defined above, to permit the cup sealing element to be rotatably fixed
to the seal support member.

The cup sealing element may extend axially from the seal support member.
One axial end region, which may be defined as a base or proximal end region, of the
cup sealing element may be mounted on the seal support member. An opposite axial
end region, which may be defined as a distal or free end region, of the cup sealing
element may extend axially from the seal support member. In such an arrangement at
least the distal or free end region of the cup sealing element may be radially
expandable to facilitate sealing, or at least a restriction to flow. Such radial expansion
may be achieved by fluid flow and/or pressure.

In one embodiment the cup sealing element may extend in an axial direction
from the base ring which opposes an operational or in situ flow direction. Such an
arrangement may permit a flow to act on the cup sealing element and radially extend at
least the distal or free end region of the cup sealing element.

The proximal end region of the cup sealing element may comprise or define a
locking profile configured to cooperate with a corresponding locking profile of the seal
support member.

In some embodiments the proximal end region of the cup sealing element may
be mounted externally of the seal support member.

The proximal end region of the cup sealing element may be mounted within the
seal support member, for example within the central bore of the seal support member.
In such an arrangement at least a portion of the seal support member may
circumscribe a region, such as the proximal end region, of the cup sealing element.

At least a portion of the seal support member may be radially expandable. At
least a portion of the seal support member may be radially expandable by fluid
pressure. Such fluid pressure may be pressure contained by the sealing apparatus on
one axial side of the sealing apparatus, when the cup sealing element is expanded to
provide a seal with an outer surface.

At least a portion of the seal support member may be plastically deformable, for

example in a radial direction. Such plastic deformation may be achieved by fluid
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pressure. Such plastic deformation may permit an extended or expanded form of the
seal support member to be at least partially retained following removal of an expansion
force, for example following removal or reduction in pressure.

A portion of the seal support member which circumscribes the cup sealing
element may be radially expandable, for example by fluid pressure contained by the
sealing apparatus.

Such capability of at least a portion of the seal support member to radially
expand, for example in response to fluid pressure, may permit the seal support
member to provide an increased level of axial support to the cup sealing element, for
example to assist in preventing extrusion of the cup sealing element when exposed to
fluid pressure, specifically a fluid pressure differential.

The cup sealing element may be bonded to the seal support member. Such an
arrangement may facilitate sealing between the seal support member and the cup
sealing element. Furthermore, such bonding may assist the rotatable interlock
between the seal support member and cup sealing element.

The seal support member may define a substantially uniform inner diameter.

The seal support member may define a non-uniform or varying inner diameter.

The seal support member may define a first central bore region and a second
central bore region, wherein the first central bore region defines a larger inner diameter
than the second central bore region.

The wall thickness of the seal support member in the region of the first central
bore region may be thinner than the wall thickness of the seal support member in the
region of the second central bore region. The outer surface of the seal support
member may define a substantially uniform outer diameter. In such an arrangement,
the difference in wall thickness along a length of the seal support member may define
the first and second central bore regions.

The first and second central bore regions may be arranged axially adjacent
each other. The first and second central bore regions may be coaxial.

The first central bore region may define a counterbore relative to the second
central bore region.

The cup sealing element, for example the proximal end region of the cup
sealing element, may be mounted within the first central bore region, for example only
within the first central bore region.

The seal support member may define an interface profile between the first and

second central bore regions. The interface profile may define a stepped profile.
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The interface profile may define an annular surface, such as an axially facing
annular surface.

In some embodiments the interface profile may facilitate axial clamping of the
seal support member to a mandrel, such as an annular lip or structure, for example a
gauge ring of a mandrel. Such axial clamping may be provided by a clamping sleeve,
such as may be defined by a spacing can.

The interface profile may be engaged, for example directly engaged, by the cup
sealing element, such as an axial end face, for example a proximal end face, of the cup
sealing element. In such an arrangement the interface profile may axially support the
cup sealing element.

The interface profile may comprise or define a locking profile configured to
cooperate with a corresponding locking profile of the cup sealing element. In one
embodiment the locking profile of the cup sealing element may be provided on an axial
end face, such as a proximal end face, thereof, to cooperate with a corresponding
locking profile on the interface profile.

The cup sealing element may comprise a lip structure, such as an annular lip
structure, at a proximal end region thereof. The lip structure may extend radially
inwardly. The lip structure may facilitate axial clamping of the cup sealing element to
the seal support member, for example to an interface profile of the seal support
member. Such axial clamping may be provided by a clamping sleeve, such as may be
defined by a spacing can. Such axial clamping, for example by a clamping sleeve, may
also function to clamp the seal support member to a mandrel. Such axial clamping
may assist in providing a seal between the cup sealing element and the seal support
member.

The second central bore region may facilitate mounting of the sealing
apparatus on a mandrel. In such an arrangement the inner diameter of the second
central bore region may substantially correspond to the outer diameter of a mandrel. In
such an arrangement a slight degree of tolerance gap may be provided between the
inner diameter of the second central bore region and the outer diameter of the mandrel.
Alternatively, minimal tolerances, for example zero or less than zero tolerances may be
provided. Such an arrangement may facilitate a degree of interference or push fitting
of the seal support member on a mandrel.

The sealing apparatus may comprise an inner sealing arrangement configured
to be interposed between the second central bore region of the seal support member

and a mandrel. The inner sealing arrangement may comprise one or more sealing
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members, such as an o-ring or the like. The second central bore region may define a
recess, such as an annular recess, for accommodating a sealing arrangement to
provide sealing between the seal support member and a mandrel.

The first central bore region of the seal support member may be radially
expandable, for example by fluid pressure contained by the sealing apparatus. In such
an arrangement the first central bore region, in particular a wall of the seal support
member defining the first central bore region may be deformed radially outwardly
relative to the second central bore region. Such deformation may cause the seal
support member at the first central bore region to define a substantially conical
structure. Such a conical structure may be slightly curved, for example to define a
slight concave or dished profile.

Such capability of the first central bore region to radially expand, for example in
response to fluid pressure, may permit the seal support member to provide an
increased level of axial support to the cup sealing element, for example to assist in
preventing extrusion of the cup sealing element when exposed to a fluid pressure
differential.

The seal support member may facilitate mounting of the sealing apparatus on a
mandrel.

The sealing apparatus may comprise a seal back-up assembly. The seal back-
up assembly may form part of the cup sealing assembly.

The seal back-up assembly may be associated with a cup sealing element of
the cup sealing assembly.

The seal back-up assembly may be configured to assist in supporting the cup
sealing element, and in particular to support the cup sealing element when in a sealing
configuration. The seal back-up assembly may be configured to assist in preventing or
mitigating extrusion of the cup sealing element when said sealing element is exposed
to a pressure differential.

The seal back-up assembly may extend at least partially along an outer
surface of the cup sealing element. The seal back-up assembly may extend along an
outer surface of the cup sealing assembly in the region of a seal support member.

The seal back-up arrangement may be radially expandable. Such radial
expansion may be achieved by expansion of the cup sealing element.

The seal back-up assembly may extend into and from a central bore of a seal
support member. In such an arrangement the seal back-up arrangement may be

interposed between the seal support member and the cup sealing element.
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The seal back-up assembly may be rotatably secured to a seal support
member. Such an arrangement may assist to permit the sealing apparatus to be milled
or otherwise machined when in situ.

In some embodiments the seal back-up assembly may be rotatably secured to
a seal support member via complementary rotatable interlocking profiles.

In some embodiments the seal back-up assembly may be welded, fused,
bonded or the like to a seal support member.

The seal back-up assembly may comprise multiple layers, arranged one inside
the other.

The seal back-up assembly may comprise a petal back-up arrangement. In
such an arrangement the seal back-up assembly may comprise a plurality of petals
arranged circumferentially relative to each other and around a cup sealing element.
Multiple layers may each include petals, wherein the petals of at least two layers may
be circumferentially off-set from each other. In such an arrangement individual petals
of one layer may span any separation gaps between adjacent petals of another layer.

At least a portion of the seal back-up assembly may be plastically deformable,
for example in a radial direction. Such plastic deformation may be achieved by fluid
pressure. Such plastic deformation may permit an extended or expanded form of the
seal back-up assembly to be at least partially retained following removal of an
expansion force, for example following removal or reduction in pressure.

At least one component of the cup sealing assembly, such as a seal support
member, seal back-up assembly or the like, may be formed of or comprise a millable
material. At least one component of the cup sealing assembly, such as a seal support
member, seal back-up assembly or the like, may comprise a low yield material. Such
an arrangement may facilitate milling of the sealing apparatus. Further, such an
arrangement may facilitate radial expansion of at least one component, or a portion
thereof, of the cup sealing assembly, for example in response to fluid pressure
contained by the sealing apparatus. At least one component of the cup sealing
assembly may be formed of or comprise aluminium, cast iron or the like. At least one
component of the cup sealing assembly may be formed of or comprise a composite
material.

In some embodiments the sealing apparatus may not comprise any separate
spring arrangement associated with the cup sealing assembly. In this respect, the
sealing arrangement may not require any specific bias force to be applied to the cup

sealing assembly, such as a return bias force to return the cup sealing assembly to a



10

15

20

25

30

WO 2014/162153 PCT/GB2014/051069

12

non-sealing configuration following use. In this respect, the lack of any separate
sealing arrangement may assist in permitting the sealing apparatus to be millable.

In some embodiments the apparatus may comprise one or more spring
arrangements, such as a garter spring or the like. The spring arrangement may be
configured to bias the sealing element towards a retracted configuration. In use, the
spring arrangement may urge the sealing element towards the retracted configuration
until activated and/or may urge the sealing element back to the retracted configuration
folllowing use.

The spring arrangement may comprise a single spring element. Alternatively,
the spring arrangement may comprise a plurality of spring elements. Where a plurality
of spring elements are provided, at least two of the spring elements may be arranged
circumferentially. Alternatively or additionally, where a plurality of spring elements are
provided at least two of the spring elements may be arranged axially.

The spring element may be annular. The spring element may be part-annular.
The spring element, or where there a plurality of spring elements at least one of the
spring elements, may be interposed between the sealing element and the end ring.
The spring element, or where there a plurality of spring elements at least one of the
spring elements, may be integrally formed with or comprise part of the sealing element.
Alternatively, the spring element, or where there a plurality of spring elements at least
one of the spring elements, may comprise a separate component.

The spring arrangement may be constructed from any suitable material. In
particular embodiments, the spring arrangement may comprise a carbon steel spring
element. Beneficially, providing a carbon steel spring element may facilitate and/or
assist in the milling of the sealing apparatus.

At least one component of the cup sealing assembly, such as a cup sealing
element, may comprise a polymer.

At least one component of the cup sealing assembly, such as a cup sealing
element, may comprise an elastomer, such as a rubber, for example nitrile,
polyurethane or the like.

The sealing element may comprise a single or uniform material. In some
embodiments the sealing element may comprise multiple materials.

The sealing element may comprise an elastomeric compound, such as a rubber
compound. The sealing element may comprise a single or uniform elastomeric

compound.
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In some embodiments the sealing element may comprise multiple different
elastomeric compounds. Such compounds may be intimately mixed, for example
during manufacture, such as during moulding, prior to vulcanisation, or the like.

In some embodiments such compounds may be provided in separate layers. A
degree of intimate mixing at an interface region between different layers may be
provided. Alternatively, or additionally, a bond may be provided between different
layers.

At least two compounds may be provided to facilitate or accommodate different
operational conditions. For example, at least one compound may preferentially resist
extrusion forces. At least one compound may preferentially accommodate sealing. At
least one compound may preferentially resist erosion, such as during intimate contact
with a bore wall, for example during deployment of the apparatus

The sealing apparatus may be configured to be mounted on any suitable
mandrel. The mandrel may comprise a tubular, such as casing, liner, drill pipe, drill
collar, production tubing, a tubular tool string or the like. The mandrel may form part of
the sealing apparatus.

The sealing apparatus may be configured for use in a cementing operation.

The sealing apparatus may be configured for use within a downhole cementing
apparatus, such as within a cement shoe. In such an arrangement the sealing
apparatus may be configured to be milled along with any adjacent cement and/or an
associated cementing apparatus.

An aspect of the present invention relates to a method for establishing a
downhole seal, comprising:

locating a mandrel carrying a downhole sealing apparatus within a wellbore,
wherein the sealing apparatus is rotatably connected to the mandrel; and

establishing a seal against a wall of the wellbore.

The method may comprise establishing a temporary downhole seal. In such an
arrangement the method may comprise a subsequent step of machining, for example
milling, the sealing apparatus when in situ. In such an arrangement rotatably locking
the sealing apparatus to the mandrel may permit milling to be achieved.

The method may comprise at least partially surrounding the sealing apparatus
with cement.

The sealing apparatus may be provided in accordance with any other aspect.
For example, the sealing apparatus may comprise a sealing element mounted on or

relative to a seal support member. In such an arrangement the method may comprise
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deforming, for example plastically deforming, at least a portion of the seal support
member, for example by fluid pressure.

An aspect of the present invention relates to a downhole sealing apparatus,
comprising:

a seal support member defining a central bore to permit mounting on a mandrel
and defining a mandrel locking profile to permit rotational locking relative to a mandrel;
and

a cup sealing element mounted relative to the seal support member and
defining a central bore to accommodate a mandrel therethrough.

An aspect of the present invention relates to a downhole sealing apparatus,
comprising:

a seal support member defining a central bore to permit mounting on a mandrel;
and

a cup sealing element mounted on and rotatably connected to the seal support
member and defining a central bore to accommodate a mandrel therethrough.

In use, the rotatable connection between the seal support member and the cup
sealing element may permit the sealing arrangement to be millable or otherwise
machined by a rotating apparatus or tool bit, when in situ. That is, during a milling
operation the components may remain rotatably locked relative to each other, thus
permitting a milling apparatus to appropriately act on the sealing apparatus.

An aspect of the present invention relates to a downhole sealing apparatus,
comprising:

a seal support member defining a central bore to permit mounting on a mandrel;
and

a cup sealing element mounted on the seal support member and defining a
central bore to accommodate a mandrel therethrough,

wherein the cup sealing element and the base ring define complementary seal
locking profiles to permit the cup sealing element to be rotatably fixed to the base ring.

An aspect of the present invention relates to a downhole cementing apparatus
comprising:

a tubular body; and

a sealing apparatus mounted on the tubular body, wherein the sealing
apparatus is rotatably connected to the tubular body.
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The tubular body may define one or more ports configured to permit outflow of
cement from the tubular body, for example into an annulus surrounding the tubular
body.

An aspect of the present invention relates to a downhole sealing apparatus,
comprising:

a seal support member defining a central bore to permit mounting on a mandrel;
and

a sealing element mounted on and rotatably connected to the seal support
member and defining a central bore to accommodate a mandrel therethrough.

The sealing element may comprise an annular sealing element.

The sealing element may comprise a packer element.

The sealing element may comprise a cup sealing element.

The sealing apparatus may comprise first and second seal support members,
wherein the sealing element extends between said first and second seal support
members. In such an arrangement the sealing element may be rotatably secured to
both the first and second seal support members.

An aspect of the present invention relates to a downhole sealing apparatus,
comprising:

a seal support member defining a central bore to permit mounting on a mandrel
and defining a mandrel locking profile to permit rotational locking relative to a mandrel;
and

a sealing element mounted on the seal support member and defining a central
bore to accommodate a mandrel therethrough.

The sealing element may comprise a cup sealing element.

The sealing element may be rotatably fixed to the base ring, for example via an
interlocking profile.

An aspect of the present invention relates to a downhole sealing apparatus,
comprising:

a seal support member defining a central bore to permit mounting on a mandrel;
and

a sealing element mounted on the seal support member and defining a central
bore to accommodate a mandrel therethrough,

wherein at least a portion of the seal support member is radially expandable.

At least a portion of the seal support member may be radially expandable by

fluid pressure.
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At least a portion of the seal support member may be radially expandable by a
fluid pressure differential defined across the sealing apparatus when in use.

At least a portion of the seal support member may be radially expandable by a
fluid pressure differential which is below a maximum pressure differential which may be
accommodated by the sealing apparatus.

At least a portion of the seal support member may be plastically deformable, for
example in a radial direction. Such plastic deformation may permit an extended or
expanded form of the seal support member to be at least partially retained following
removal of an expansion force, for example following removal or reduction in pressure.

The seal support member may be provided as defined in relation to any other
aspect.

It should be understood that the features defined above in accordance with any
aspect of the present invention or below in relation to any specific embodiment of the
invention may be utilised, either alone or in combination with any other defined feature,
in any other aspect or embodiment of the invention. Features defined in relation to one

aspect may be provided in combination with any other aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the present invention will now be described, by way
of example only, with reference to the accompanying drawings, in which:

Figure 1 is a perspective view of a sealing apparatus according to an
embodiment of the present invention;

Figure 2 is a side view of the sealing apparatus of Figure 1;

Figure 3 is a longitudinal cross-section of the sealing apparatus taken through
line 3-3 in Figure 2;

Figure 4 is a cross-section of the sealing apparatus taken through line 4-4 in
Figure 2;

Figure 5 is a diagrammatic illustration of the sealing apparatus being mounted
on a mandrel;

Figure 6 is a diagrammatic illustration of the sealing apparatus (taken through
line 6-6 in Figure 5) mounted on a tubular and located within a well bore;

Figure 7 is a diagrammatic illustration of a portion of the sealing apparatus in a
sealing configuration;

Figure 8 is a diagrammatic illustration of the sealing apparatus being milled in

situ;



10

15

20

25

30

35

WO 2014/162153 PCT/GB2014/051069

17

Figure 9 is a longitudinal cross-section of the sealing apparatus according to an
alternative embodiment of the present invention; and

Figure 10 is a cross-section of the sealing apparatus shown in Figure 9.

DETAILED DESCRIPTION OF THE DRAWINGS

A downhole sealing apparatus according to an exemplary embodiment of the
present invention is illustrated in perspective view in Figure 1, and in side view in
Figure 2. The sealing apparatus, generally identified by reference numeral 10, includes
a seal support member in the form of a base ring 12 and a cup sealing element 14
which is mounted within and extends axially from the base ring 12. The apparatus 10
further comprises a seal back-up assembly 16, specifically a petal back-up assembly,
which is also mounted within the base ring 12 and extends axially therefrom partially
along the outer surface of the cup sealing element 14.

As will be described in detail below, the sealing apparatus 10 may be mounted
on a mandrel (not shown in Figures 1 and 2), such as a tubular mandrel, and deployed
into a wellbore to a desired location. The cup sealing element 14 may then be radially
extended, for example by action of downhole fluid flow and/or pressure, to sealingly
engage a bore wall, and establish a seal in an annulus defined between the mandrel
and bore wall.

The lower axial end face 18 of the base ring 12 includes a plurality of radially
extending slots 20 (four in the embodiment shown), circumferentially arranged (at 90
degrees relative to each other in the embodiment shown) around the axial end face 18.
The slots 20 are each configured to receive a respective protrusion provided on or
associated with a mandrel, to permit the sealing apparatus 10 to be rotatably locked or
fixed to the mandrel. Furthermore, as will be described in further detail below, the base
ring 12, cup sealing element 14 and petal back-up assembly 16 are rotatably
interlocked relative to each other. Accordingly, all components of the sealing
apparatus 10 may be rotatably interlocked relative to a mandrel on which the sealing
apparatus 10 is mounted. Such an arrangement may permit the apparatus 10 to be
milled while in situ. That is, rotatably interlocking the components of the apparatus 10
relative to a mandrel may permit a suitable milling tool to effectively act on the sealing
apparatus, without individual components being simply rotated, which may otherwise
render the milling tool ineffective.

The various components of the apparatus 10 may be manufactured from a

readily millable material. For example, the base ring 12 and/or petal back-up assembly
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16 may comprise aluminium or the like. Further, the cup sealing element may
comprise a rubber material, such as nitrile, polyurethane or the like.

Furthermore, it is notable that in the present embodiment the sealing apparatus
10 does not include any spring arrangements, which are commonly used in known cup-
type seals, typically used to bias the seals towards a retracted configuration. In this
respect the absence of any spring arrangement may further assist in permitting the
apparatus to be millable in situ. However, in some alternative embodiments (such as
described below with respect to Figures 9 and 10) a spring arrangement may be
provided.

Reference is now additionally made to Figures 3 and 4, wherein Figure 3 is a
longitudinal cross-sectional view of the apparatus 10 taken through line 3-3 of Figure 2,
and Figure 4 is a lateral cross-sectional view of the apparatus taken through line 4-4 of
Figure 2.

The base ring 12 defines a central bore 22 which facilitates mounting of the
apparatus 10 on a mandrel. More specifically, the base ring 12 includes a first central
bore region 22a which is defined by a first wall portion 24a, and a second central bore
region 22b of smaller inner diameter and which is defined by a second, thicker wall
portion 24b. The second central bore region 22b includes an annular groove 26 which,
in use, accommodates an o-ring for sealing against an outer surface of a mandrel.

The base ring 12 includes an annular surface 28 which faces generally in an
axial direction and defines a stepped interface profile between the first and second
central bore regions 22a, 22b.

The cup sealing element 14 defines a central bore 30 which in use
accommodates a mandrel therethrough. Further, the cup sealing element 14 includes
a base or proximal region 14a which is received within the base ring 12, and a free or
distal end region 14b which extends axially from one side of the base ring 12. More
specifically, the proximal end region 14a of the cup sealing element 14 is received
within the first central bore region 22a of the base ring 12 with a proximal end face 32
of said sealing element 14 being engaged against the annular surface 28 of the base
ring 12. Accordingly, the annular surface 28 of the base ring may provide axial support
to the cup sealing element 14, and the first wall portion 24a of the base ring may
provide circumferential support to the sealing element 14, specifically the proximal end
region 14a of the sealing element 14.
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The proximal end region 14a of the cup sealing element 14 includes a lip
structure 29 which, as will be described in more detail below, may be engaged by a
clamping sleeve to axially clamp the sealing apparatus 10 against a mandrel structure.

Abutting surfaces of the base ring 12 and sealing element 14 may be bonded to
each other, which may assist in providing a seal therebetween.

The base ring 12 and cup sealing element 14 are rotatably coupled together via
a complementary interengaging profile defined at the interface between the annular
surface 28 of the base ring 12 and the proximal end face 32 of the sealing element 14.
Specifically, in the embodiment shown the annular surface 28 of the base ring 12
includes a plurality of circumferentially arranged radial slots 34, and the proximal end
face 32 of the sealing element 14 includes a corresponding number of radial
protrusions or ribs 36 which are received within the respective slots 34.

One end region 16a of the petal back-up assembly 16 is interposed between
the proximal end region 14a of the cup sealing element 14 and the first wall portion 24a
of the base ring 12. This end region 16a of the petal back-up assembly 16 is also
welded to the base ring 12, and thus rotatably locked to the base ring 12.

An opposite end region 16b of the petal back-up assembly 16 extends axially
from the base ring 12 and partially along the outer surface of the cup sealing element
14. The petal back-up assembly 16 is thus configured and arranged relative to the cup
sealing element 14 to provide mechanical support to said element when in a sealing
configuration, and in particular to prevent or mitigate extrusion of the cup sealing
element 14 when in use.

Reference is now made to Figure 5 which diagrammatically illustrates a lower
portion of the sealing apparatus 10, specifically the lower portion of the base ring 12,
being mounted onto a tubular mandrel 40. The apparatus 10 is slipped onto the
mandrel 40, in the direction of arrow 39, towards a gauge ring 43 provided on the
mandrel 40. The gauge ring 43 includes a plurality (four in the present embodiment) of
circumferentially distributed radial protrusions or ribs 44 extending from the upper face
thereof. Upon abutting engagement of the base ring 12 with the gauge ring 43, the ribs
44 become received within the radial slots 20 in the lower surface or the base ring 12,
thus rotatably locking the sealing apparatus 10 to the mandrel 40.

Reference is now made to Figure 6 in which a sectional view of the sealing
apparatus 10 is shown (taken through line 6-6 in Figure 5), mounted on the tubular
mandrel 40 and deployed into a wellbore 42, wherein the sealing apparatus 10 is

shown in a first, non-sealing configuration. The wellbore 42 may be defined by a drilled
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bore section, or a previously lined bore section. Alternatively, the welloore may be
defined by a tubular structure, such as a production tubing structure or the like.

As described above, the sealing apparatus 10 is mounted on the mandrel 40
such that the base ring 12 axially abuts the gauge ring 43, with the protrusions or ribs
44 of the gauge ring 43 received within the radial slots 20 in the lower end face of the
base ring 12.

A spacing can 45 is mounted on the mandrel 40 and presses against the lip
structure 29 of the cup sealing element 14, and thus functions to axially clamp the
entire apparatus 10 against the gauge ring 42. The spacing can 45 may also facilitate
sealing between the sealing element 14 and the base ring 12. Although not illustrated
in Figure 6, the spacing can may be held in place and provide a clamping force via any
suitable arrangement, such as via a threaded collar, connector, further sealing
apparatus or the like.

When the apparatus 10 is mounted on the mandrel 40 in the manner illustrated
the cup sealing element 14 defines an annular space 48 with the mandrel 40 (or
spacing can 45).

An o-ring 46 is mounted within the recess 26 of the second central bore region
22b of the base ring 12 to facilitate sealing against the mandrel 40.

In the embodiment shown initial activation of the sealing element 14 may be
achieved by a flow of fluid in the direction of arrow 50 within annulus 52 defined
between the mandrel 40 and the wall of the wellbore 42. Fluid drag will cause the
distal or free end region 14b of the sealing element 14 to initially engage the wall of the
wellbore 42, such that fluid pressure may begin to build/act in the annular space 48,
eventually causing substantially the entire length of the distal end region 14b of the
sealing element 14 to become pressed against the bore wall, thus establishing a seal in
the annulus 52, as illustrated in Figure 7, which shows a second, expanded
configuration of the apparatus 10.

It should be noted, however, that in other embodiments the distal or free end
region 14b of the sealing element 14 may define an initial outer diameter which permits
engagement or interference with the wall of the bore wall even during initial
deployment. In such an arrangement initial radial expansion of the sealing element 14,
for example by fluid drag, to achieve initial engagement is not necessary, and pressure
may directly build/act in the annular space 48.

Expansion of the sealing element 14 causes the petal back-up assembly 16 to

become expanded, thus providing mechanical support to the activated sealing element
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14, which may assist to minimise extrusion of the sealing element 14 along the annulus
52 by the contained pressure differential.

Also, the first wall portion 24a of the base ring 12 may become deformed
radially outwardly by action of fluid pressure, and thus may contribute to supporting the
sealing element 14 when in its sealing configuration. Such expansion of the first wall
portion 24a may be facilitated by its wall thickness, in combination with the use of a
lower yield material which is present to permit the base ring 12 to be millable.

In some embodiments the petal back-up assembly 16 and/or the base ring 12,
for example the first wall portion 24a of the base ring 12, may be plastically deformable,
such that at least a portion of the deformation may be retained following removal or
reduction of fluid pressure.

The sealing apparatus may be used for any desired downhole sealing purpose.
In some embodiments the sealing apparatus 10 may be used during cementing
operations within the wellbore 42. For example, the sealing apparatus 10 may be
configured or used to retain a volume of cement within the annulus 52 above the
sealing apparatus 10 (specifically in the annulus 52 on the cup sealing element side of
the apparatus 10). In such an arrangement the sealing apparatus 10 may be provided
as part of or in combination with a cement assembly, such as a cement shoe assembly,
which permits cement to be injected into the annulus 52 at a location above the sealing
apparatus 10, for example via ports (not shown) on the mandrel 40.

In some uses it may be desirable to permanently retain the sealing apparatus
10 in place, in its sealing configuration. However, in some uses it may be desirable to
remove the sealing apparatus. In this respect, as noted above, in the present
embodiment the sealing apparatus 10 is specifically constructed to be millable when in
situ, by permitting all components to be rotatably locked relative to the mandrel 40. An
exemplary milling operation of the sealing apparatus is diagrammatically illustrated in
Figure 8, reference to which is now made.

An operator may deploy a milling apparatus 60, for example on a rotatable work
string 61, through the mandrel 40 to the desired downhole location. Any suitable form
of milling apparatus may be utilised. However, in the exemplary embodiment shown
the milling apparatus 60 includes a plurality of radially extendable cutting members 62.
The cutting members 62 may be retracted into the body 64 of the milling apparatus 60
to facilitate deployment to the desired downhole location. Once at the desired location
the cutting members 62 may be extended and the apparatus 60 rotated and advanced

by the work string 61, to mill the target downhole components, which may include
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portions of the mandrel 40, any surrounding cement and the like, along with the sealing
apparatus 10.

It should be understood that the embodiments described herein are merely
exemplary and that various modifications may be made thereto without departing from
the scope of the invention. For example, the sealing element 14 may be independently
rotatably coupled to the mandrel 40. Further, alternative rotatable coupling may be
utilised, such as by use of pins, dowels, screws, bolts, threaded coupling or the like.

Referring to Figures 9 and 10, there is shown a sealing apparatus 110
according to an alternative embodiment of the present invention. The sealing
apparatus 110 is similar to the sealing apparatus 10 described above and like
components are represented by like numerals incremented by 100.

As shown in Figures 9 and 10, the sealing apparatus 110 includes a seal
support member in the form of a base ring 112 and a cup sealing element 114 which is
mounted within and extends axially from the base ring 112. As in the sealing
apparatus 10, the sealing apparatus 110 may be mounted on a mandrel (such as the
mandrel 40 described above), such as a tubular mandrel, and deployed into a wellbore
to a desired location. The cup sealing element 114 may then be radially extended, for
example by action of downhole fluid flow and/or pressure, to sealingly engage a bore
wall, and establish a seal in an annulus defined between the mandrel and bore wall.

In this embodiment, it is notable that the sealing apparatus 110 includes a
spring arrangement, generally represented by reference numeral 66, which in use
biases the sealing apparatus 110 towards a retracted configuration and that the sealing
apparatus 110 does not include a seal back-up assembly. However, it will be
recognised that alternative embodiments may be provided with both a spring
arrangement, such as the spring arrangement 66, and a back-up assembly, such as
the back-up assembly 16.

As shown in Figure 9, the spring arrangement 66 comprises an annular spring
element 68 which extends around the sealing element 114 and which is interposed
between the sealing element 114 and an upper end face 70 of the base ring 112, which
in the illustrated embodiment is tapered or rounded. While in the illustrated
embodiment, a single annular spring element 68 is provided which extends
circumferentially around the sealing element 114, the spring arrangement 66 may in
alternative embodiments comprise a plurality of annular or part-annular spring

elements arranged axially or circumferentially.
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As in the apparatus 10, the various components of the apparatus 110 may be
manufactured from a readily millable material. For example, the base ring 112 may
comprise aluminium or the like. Further, the cup sealing element 114 may comprise a
rubber material, such as nitrile, polyurethane or the like. Further, in the illustrated
embodiment, the spring element 68 comprises a carbon steel spring element.

A lower axial end face 118 of the base ring 112 includes a plurality of radially
extending slots 120 (four slots 120 are shown in the illustrated embodiment),
circumferentially arranged (at 90 degrees relative to each other in the illustrated
embodiment) around the axial end face 118. The slots 120 are each configured to
receive a respective protrusion provided on or associated with a mandrel (such as the
mandrel 40 described above), to permit the sealing apparatus 110 to be rotatably
locked or fixed to the mandrel. The base ring 112, cup sealing element 114 are
rotatably interlocked relative to each other. Accordingly, all components of the sealing
apparatus 110 may be rotatably interlocked relative to a mandrel on which the sealing
apparatus 110 is mounted. Such an arrangement may permit the apparatus 110 to be
milled while in situ. That is, rotatably interlocking the components of the apparatus 110
relative to a mandrel may permit a suitable milling tool to effectively act on the sealing
apparatus 110, without individual components being simply rotated, which may
otherwise render the milling tool ineffective.

The base ring 112 defines a central bore 122 which facilitates mounting of the
apparatus 110 on a mandrel. More specifically, the base ring 112 includes a first
central bore region 122a which is defined by a first wall portion 124a, and a second
central bore region 122b of smaller inner diameter and which is defined by a second,
thicker wall portion 124b. The second central bore region 122b includes an annular
groove 126 which, in use, accommodates an o-ring for sealing against an outer surface
of a mandrel. The base ring 112 also includes an annular surface 128 which faces
generally in an axial direction and defines a stepped interface profile between the first
and second central bore regions 122a, 122b.

The cup sealing element 114 defines a central bore 130 which in use
accommodates a mandrel therethrough. Further, the cup sealing element 114 includes
a base or proximal region 114a which is received within the base ring 112, and a free
or distal end region 114b which extends axially from one side of the base ring 112.
More specifically, the proximal end region 114a of the cup sealing element 114 is
received within the first central bore region 122a of the base ring 112 with a proximal

end face 132 of said sealing element 114 being engaged against the annular surface
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128 of the base ring 112. Accordingly, the annular surface 128 of the base ring may
provide axial support to the cup sealing element 114, and the first wall portion 124a of
the base ring 112 may provide circumferential support to the sealing element 114,
specifically the proximal end region 114a of the sealing element 114.

Abutting surfaces of the base ring 112 and sealing element 114 may be bonded
to each other, which may assist in providing a seal therebetween.

The base ring 112 and cup sealing element 114 are rotatably coupled together
via a complementary interengaging profile defined at the interface between the annular
surface 128 of the base ring 112 and the proximal end face 132 of the sealing element
114. Specifically, in the embodiment shown the annular surface 128 of the base ring
112 includes a plurality of circumferentially arranged radial slots 134, and the proximal
end face 132 of the sealing element 114 includes a corresponding number of radial
protrusions or ribs 136 which are received within the respective slots 134 (shown most
clearly in Figure 10).

The sealing apparatus 110 is assembled and operated in the same manner as
the sealing apparatus 10 described above and it will be recognised that in each of the
above described embodiments the rotatable connection or coupling between at least a
portion of the cup sealing assembly and a mandrel on which the assembly is mounted
may assist in facilitating or permitting the sealing apparatus to be millable or otherwise
machined by a rotating apparatus or tool bit, when in situ, and in scenarios where
removal of the sealing apparatus may not otherwise be possible in an efficient manner.
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CLAIMS

1. A downhole sealing apparatus comprising a cup sealing assembly defining a
central bore to permit mounting on a mandrel, wherein at least a portion of the cup

sealing assembly is configured to be rotatably coupled to a mandrel.

2. The apparatus according to claim 1, wherein at least a portion of the cup

sealing assembly is configured to be sealingly engaged with a mandrel.

3. The apparatus according to claim 1 or 2, wherein a portion of the cup sealing
assembly is rotatably coupled to a mandrel via a mechanical interlock therebetween.

4, The apparatus according to claim 1, 2 or 3, wherein a portion of the cup sealing
assembly defines a mandrel locking profile to permit rotational locking of at least a

portion of the cup sealing assembly relative to a mandrel.

5. The apparatus according to claim 4, wherein the mandrel locking profile is
geometrically formed to engage and rotatably interlock with a complementary locking

profile associated with a mandrel.

6. The apparatus according to any preceding claim, wherein a portion of the cup
sealing assembly comprises a locking projection to be received within a locking slot or
recess associated with a mandrel.

7. The apparatus according to any preceding claim, wherein a portion of the cup
sealing assembly comprises a locking slot or recess to receive a locking projection
associated with a mandrel.

8. The apparatus according to claim 6 or 7, wherein a locking slot defines a

radially extending slot, and a locking projection defines a radially extending projection.

9. The apparatus according to any preceding claim, wherein a portion of the cup
sealing assembly defines or comprises a plurality of locking projections and/or locking

slots or recesses.
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10. The apparatus according to claim 9, wherein at least two locking projections
and/or at least two locking slots are circumferentially arranged and separated from
each other on a portion of the cup sealing assembly.

11, The apparatus according to any one of claims 6 to 10, wherein at least one
projection extends radially from a circumferential surface of a portion of the cup sealing
assembly.

12. The apparatus according to any one of claims 7 to 11, wherein at least one slot

extends radially from a circumferential surface of a portion of the cup sealing assembly.

13. The apparatus according to any one of claims 6 to 12, wherein at least one
projection extends axially from an axially facing surface of a portion of the cup sealing
assembly.

14, The apparatus according to any one of claims 7 to 13, wherein at least one slot
extends axially from an axially facing surface of a portion of the cup sealing assembly.

15. The apparatus according to any one of claims 4 to 14, wherein the mandrel
locking profile of a portion of the cup sealing assembly defines a castellated mandrel
locking profile.

16. The apparatus according to any preceding claim, comprising a clamping
member configured to clamp a portion of the cup sealing assembly to a mandrel.

17. The apparatus according to any preceding claim, wherein the cup sealing
assembly comprises multiple components, and wherein at least one component is

configured to be rotatably coupled to a mandrel.

18. The apparatus according to claim 17, wherein all components of the cup sealing

assembly are configured to be rotatably coupled relative to a mandrel.

19. The apparatus according to claim 17 or 18, wherein at least two components of
the cup sealing assembly are rotatably coupled to a mandrel, either directly or
indirectly.
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20. The apparatus according to claim 17, 18 or 19, wherein one component of the
cup sealing assembly is rotatably coupled to a mandrel via another or separate
component of the cup sealing assembly.

21. The apparatus according to any preceding claim, wherein the cup sealing
assembly comprises at least first and second components.

22. The apparatus according to claim 21, wherein a first component is rotatably
coupled to a mandrel, and a second component is rotatably coupled to the first

component.

23. The apparatus according to claim 21 or 22, comprising a mechanical interlock
between the first and second components to provide a rotatable coupling
therebetween.

24. The apparatus according to claim 21, 22 or 23, wherein first and second
separate components of the cup sealing assembly are rotatably secured to each other
via complementary locking profiles.

25. The apparatus according to claim 24, wherein the complementary locking
profiles of the first and second components are geometrically formed to be rotatably
interlocked relative to each other.

26. The apparatus according to any one of claims 21 to 25, wherein one of the first
and second components comprises a locking projection, and the other of the first and
second components comprises a locking slot or recess to receive the locking
projection, such that interaction between the locking slot and projection facilitates

rotational locking between the first and second components.

27. The apparatus according to claim 26, wherein the locking slot defines a radially
extending slot, and the locking projection defines a radially extending projection.

28. The apparatus according to any one of claims 21 to 27, wherein one of the first

and second components comprises a plurality of locking projections, and the other of
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the first and second components comprises a plurality of locking slots, wherein each

slot is configured to receive at least one projection.

29. The apparatus according to any one of claims 24 to 28, wherein the
complementary locking profiles define complimentary castellated locking profiles.

30. The apparatus according to any preceding claim, wherein a first component of
the cup sealing assembly defines a seal support member defining a central bore to
permit mounting on a mandrel, and a second component of the cup sealing assembly
defines a cup sealing element mounted relative to the seal support member, wherein
the cup sealing element defines a central bore to accommodate a mandrel

therethrough.

31. The apparatus according to claim 30, wherein the seal support member is
configured to be rotatably coupled to a mandrel.

32. The apparatus according to claim 30 or 31, wherein the cup sealing element
and the seal support member are rotatably secured to each other via a mechanical

interlocking arrangement.

33. The apparatus according to claim 30, 31 or 32, wherein the cup sealing element
and the seal support member are rotatably secured to each other via complementary
locking profiles to permit the cup sealing element to be rotatably fixed to the seal
support member.

34. The apparatus according to any one of claims 30 to 33, wherein a proximal end
region of the cup sealing element is mounted on the seal support member, and an
opposite distal or free end region of the cup sealing element extends axially from the

seal support member.

35. The apparatus according to claim 34, wherein the proximal end region of the
cup sealing element comprises a locking profile configured to cooperate with a
corresponding locking profile of the seal support member.
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36. The apparatus according to claim 34 or 35, wherein the proximal end region of

the cup sealing element is mounted within the central bore of the seal support member.

37. The apparatus according to any one of claims 30 to 36, wherein at least a
portion of the seal support member is radially expandable.

38. The apparatus according to claim 37, wherein a portion of the seal support
member which circumscribes the cup sealing element is radially expandable.

39. The apparatus according to any one of claims 30 to 38, wherein at least a
portion of the seal support member is plastically deformable.

40. The apparatus according to claim 39, wherein at least a portion of the seal
support member is plastically deformable in response to fluid pressure.

41. The apparatus according to any one of claims 30 to 40, wherein the seal
support member defines a first central bore region and a second central bore region,
wherein the first central bore region defines a larger inner diameter than the second
central bore region.

42, The apparatus according to claim 41, wherein the cup sealing element is
mounted within the first central bore region of the seal support member, and the
second central bore region permits mounting of the apparatus on a mandrel.

43. The apparatus according to claim 41 or 42, wherein the seal support member
includes an interface profile between the first and second central bore regions, wherein
the interface profile defines an annular surface.

44. The apparatus according to claim 43, wherein the interface profile is engaged
by an axial end face of the cup sealing element.

45, The apparatus according to claim 43 or 44, wherein the interface profile
comprises a locking profile configured to cooperate with a corresponding locking profile
of the cup sealing element.
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46. The apparatus according to any one of claims 30 to 45, wherein the cup sealing
element comprises a lip structure which facilitates axial clamping of the cup sealing
element to the seal support member.

47. The apparatus according to any one of claims 41 to 46, wherein the first central
bore region of the seal support member is radially expandable, and optionally
plastically deformable.

48. The apparatus according to any preceding claim, comprising a seal back-up
assembly.

49, The apparatus according to claim 48, wherein the seal back-up assembly is
configured to be rotatably coupled relative to a mandrel.

50. The apparatus according to claim 48 or 49, wherein the seal back-up assembly

is rotatably coupled to the cup sealing assembly.

51. The apparatus according to any one of claims 48 to 50, wherein the seal back-

up assembly is radially expandable, and optionally plastically deformable.

52. The apparatus according to any preceding claim, comprising a spring

arrangement.

53. The apparatus according to claim 52, wherein the spring arrangement

configured to bias the sealing element towards a retracted configuration.

54. The apparatus according to claim 52 or 53, wherein the spring arrangement

comprises a spring element.

55. The apparatus according to claim 54, wherein the spring arrangement

comprises a carbon steel spring element.

56. The apparatus according to claim 54 or 55, wherein the spring element is

annular or part-annular.
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57. The apparatus according to claim 54, 55 or 56, wherein the spring element is

interposed between the sealing element and the end ring.

58. The apparatus according to any one of claims 54 to 57, wherein the spring
arrangement comprises a plurality of the spring elements.

59. The apparatus according to claim 58, wherein at least two of the spring

elements are arranged circumferentially.

60. The apparatus according to claim 58 or 59, wherein at least two of the spring

elements are arranged axially.

61. A method for establishing a downhole seal, comprising:
locating a mandrel carrying a downhole sealing apparatus within a wellbore,
wherein the sealing apparatus is rotatably connected to the mandrel; and

establishing a seal against a wall of the wellbore.

62. A downhole cementing apparatus comprising:
a tubular body; and
a sealing apparatus mounted on the tubular body, wherein the sealing

apparatus is rotatably connected to the tubular body.

63. A downhole sealing apparatus, comprising:

a seal support member defining a central bore to permit mounting on a mandrel;
and

a sealing element mounted on the seal support member and defining a central
bore to accommodate a mandrel therethrough,

wherein at least a portion of the seal support member is radially expandable.
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