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BI-DIRECTIONAL SEAL ASSEMBLY
BACKGROUND OF THE INVENTION

The present invention is directed to a bi-directional seal assembly for

sealing the annulus between an inner tubular member and an outer tubular
member. In particular, the invention is directed to a seal assembly which
includes an annular metal seal that in cross section comprises two generally U-
shaped portions which enable the seal to be pressure energized from both above
and below the seal assembly. The seal can be installed as an interference fit
between the tubular members or mechanically energized into sealing
engagement with the tubular members after it is installed.

Packoffs are commonly used in hydrocarbon production wells to seal the
annulus between a wellhead and, e.g., a casing hanger which is landed in the
wellhead. These prior art packoffs often include one or more metal seals which
are supported on a packoff body that is locked in place between the casing
hanger and the wellhead. Either during or after installation of the packoff, the
seals are either mechanically or pressure energized into sealing engagement
with both the wellhead and the casing hanger.

Many prior art packoffs have only one metal seal and are uni-directional,
that is, they are designed to seal in only one direction. This poses difficulties
when it is desired to pressure test the packoff from a port external to the
wellhead. Some packoffs include elastomer seals for purpﬂoses of pressure
testing. However, over time the elastomer can fail and the ability to test the
packoff is consequently lost.

Therefore, a need exists for a packoff seal which is bi-directional, that is,
which is capable of sealing from both above and below. In addition, a need
exists for a bi-directional packoff seal whose pressure reliability in both directions
can be proved by pressure testing the packoff from only one direction.
SUMMARY OF THE INVENTION

In accordance with the present invention, a bi-directional seal assembly is
provided for sealing between an inner tubular member and an outer tubular
member. The seal assembly comprises an annular seal which is positioned in
the annulus and which in cross section includes a generally U-shaped first portion
which comprises a radially inner first leg and a radially outer second leg, the first

and second legs defining a first cavity; and a generally U-shaped second portion
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which comprises a radially inner third leg and a radially outer fourth leg, the third
and fourth legs defining a second cavity. The second and third legs are joined
together between the first and fourth legs. Also, the first leg engages the inner
tubular member and the fourth leg engages the outer tubular member to thereby
sealingly divide the annulus into first and second parts.

In accordance with one embodiment of the invention, the second and third
legs are joined together such that the first cavity faces the first part of the annulus
and the second cavity faces the second part of the annulus. In this embodiment,
the seal assembly may also comprise a first support ring which is positioned in
the first cavity and a second support ring which is positioned in the second cavity.
The first support ring causes the first leg to remain engaged with the inner tubular
member under the influence of pressure in the second part of the annulus and
the second support ring causes the fourth leg to remain engaged with the outer
tubular member under the influence of pressure in the first part of the annulus.
Also, pressure in the first part of the annulus urges the first leg into sealing
engagement with the inner tubular member and forces the second leg radially
outwardly to thereby urge the fourth leg into sealing engagement with the outer
tubular member. In addition, pressure in the second part of the annulus urges
the fourth leg into sealing engagement with the outer tubular member and forces
the third leg radially inwardly to thereby urge the first leg into sealing engagement
with the inner tubular member.

In accordance with another embodiment of the invention, when the seal is
in a relaxed condition the first support ring forms an interference fit with the first
cavity such that, when the first support ring is inserted into the first cavity, the first
support ring will urge the first leg into sealing engagement with the inner tubular
member. In addition, when the seal is in a relaxed condition the second support
ring forms an interference fit with the second cavity such that, when the second
support ring is inserted into the second cavity, the second support ring will urge
the fourth leg into sealing engagement with the outer tubular member.

In accordance with yet another embodiment of the invention, the second
and third legs are joined together such that both the first and second cavities face
the first part of the annulus and the second and third legs define a third cavity
which faces the second part of the annulus. In this embodiment, the seal

assembly may also comprise a first support ring which is positioned in the first
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cavity and a second support ring which is positioned in the second cavity. The
first support ring causes the first leg to remain engaged with the inner tubular
member under the influence of pressure in the second part of the annulus and
the second support ring causes the fourth leg to remain engaged with the outer
tubular member under the influence of pressure in the second part of the
annulus. Also, pressure in the second part of the annulus forces the second leg
radially inwardly to thereby urge the first leg into sealing engagement with the
inner tubular member and forces the third leg radially outwardly to thereby urge
the fourth leg into sealing engagement with the outer tubular member.

In accordance with yet another embodiment of the invention, the seal
assembly further comprises a third support ring which is positioned in the third
cavity. The third support ring causes the first and fourth legs to remain engaged
with the inner and outer tubular members, respectively, under the influence of
pressure in the first part of the annulus.

In accordance with a further embodiment of the invention, when the seal is
in a relaxed condition the third support ring forms an interference fit with the third
cavity such that, when the third support ring is inserted into the third cavity, the
third support ring will force the second and third legs toward the inner and outer
tubular members, respectively, to thereby urge the first and fourth legs info
sealing engagement with the inner and outer tubular members, respectively.

The present invention is also directed to a packoff which is positioned in
an annulus between a wellhead and a tubular hanger which is landed in the
wellhead. The packoff comprises an upper packoff body; a first seal which is
positioned below the upper packoff body; and a lower packoff body which is
positioned below the first seal and which is supported on one of the tubular
hanger or the wellhead. In cross section, the first seal includes a generally U-
shaped first portion which comprises a radially inner first leg and a radially outer
second leg, the first and second legs defining a first cavity; and a generally U-
shaped second portion which comprises a radially inner third leg and a radially
outer fourth leg, the third and fourth legs defining a second cavity. The second
and third legs are joined together between the first and fourth legs. Also, the first
leg engages the tubular hanger and the fourth leg engages the wellhead to
thereby sealingly divide the annulus into a first part located above the first seal

and a second part located below the first seal.
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In accordance with another embodiment of the packoff of the present
invention, the second and third legs are joined together such that the first cavity
faces the first part of the annulus and the second cavity faces the second part of
the annulus. In addition, the packoff may comprise a first support ring which is
positioned in the first cavity and a second support ring which is positioned in the
second cavity. The first support ring causes the first leg to remain engaged with
the tubular hanger under the influence of pressure in the second part of the
annulus and the second support ring causes the fourth leg to remain engaged
with the wellhead under the influence of pressure in the first part of the annulus.
Also, pressure in the first part of the annulus urges the first leg into sealing
engagement with the tubular hanger and forces the second leg radially outwardly
to thereby urge the fourth leg into sealing engagement with the wellhead. In
addition, pressure in the second part of the annulus urges the fourth leg into
sealing engagement with the wellhead and forces the third leg radially inwardly to
thereby urge the first leg into sealing engagement with the tubular hanger.

In accordance with yet another embodiment of the packoff of the present
invention, when the first seal is in a relaxed condition the first support ring forms
an interference fit with the first cavity such that, when the first support ring is
inserted into the first cavity, the first support ring will urge the first leg into sealin'g
engagement with the tubular hanger. In addition, when the first sealis in a
relaxed condition the second support ring forms an interference fit with the
second cavity such that, when the second support ring is inserted into the second
cavity, the second support ring will urge the fourth leg into sealing engagement
with the wellhead.

In accordance with still another embodiment of the packoff of the present
invention, the packoff also comprises a second seal which is positioned between
the first seal and the lower packoff body and which in cross section comprises a
generally U-shaped third portion which comprises a radially inner fifth leg and a
radially outer sixth leg, the fifth and sixth legs defining a third cavity; and a
generally U-shaped fourth portion which comprises a radially inner seventh leg
and a radially outer eighth leg, the seventh and eight legs defining a fourth cavity.
The sixth and seventh legs are joined together between the fifth and eight legs.
Also, the fifth leg engages the tubular hanger and the eighth leg engages the

wellhead to thereby seal the annulus.
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Thus, the present invention provides a bi-directional seal assembly which
effectively seals from both above and below. Consequently, additional seals do
not need to be employed in conjunction with the seal assembly. In addition,
pressure testing of the seal assembly from one direction will establish that the
seal assembly is cable of effectively sealing from both directions.

These and other objects and advantages of the present invention will be
made apparent from the following detailed description, with reference to the
accompanying drawings. In the drawings, the same reference numbers may be
used to denote similar components in the various embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross sectional representation of one embodiment of the seal
assembly of the present invention showing the seal component of the invention
prior to being energized by an exemplary support ring;

Figure 2 is a cross sectional representation of the seal component shown
in Figure 1,

Figure 3 is a cross sectional representation of the seal assembly of Figure
1 showing the seal component after being energized by the support ring;

Figure 4 is a cross sectional representation of a second embodiment of the
seal assembly of the present invention;

Figure 5 is a cross sectional representation of a third embodiment of the
seal assembly of the present invention;

.Figure 6 is a cross sectional representation of a fourth embodiment of the
seal assembly of the present invention showing the seal component of the
invention prior to being energized by another exemplary support ring;

Figure 7 is a cross sectional representation of the seal component shown
in Figure 6;

Figure 8 is a cross sectional representation of an embodiment of the seal
assembly of the present invention being used as an annulus packoff;

Figure 9 is a cross sectional representation of a second embodiment of the
seal assembly of the present invention shown being used as an annulus packoff,

Figure 10 is a cross sectional representation of a third embodiment of the
seal assembly of the present invention shown being used as an annulus packoff;

Figure 11 is a cross sectional representation of a fourth embodiment of the

seal assembly of the present invention shown being used as an annulus packoff,
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and

Figure 12 is a cross sectional representation of a fifth embodiment of the
seal assembly of the present invention shown being used as an annulus packoff.
DETAILED DESCRIPTION OF THE INVENTION

Referring to Figures 1 and 2, one embodiment of the seal assembly of the
present invention, which is indicated generally by reference number 10, is shown
positioned in the annulus between an inner tubular member 12 and an outer
tubular member 14. The inner and outer tubular members 12, 14 may comprise
any type of fluid handling pipes or conduits. When engaged between the inner
and outer tubular members 12, 14, the seal assembly 10 sealingly divides the
annulus into a first part 16 located below the seal assembly and a second part 18
located above the seal assembly.

The seal assembly 10 includes an annular metal seal 20 which in cross
section includes a radially inner, generally U-shaped first portion 22 and a radially
outer, generally U-shaped second portion 24. The first por{ion 22 comprises a
radially inner first leg 26 and a radially outer second leg 28 which together define
a first cavity 30. Similarly, the second portion 24 comprises a radially inner third
leg 32 and a radially outer fourth leg 34 which together define a second cavity 36.
When positioned in the annulus, the first leg 26 engages the inner tubular
member 12 and the fourth leg 34 engages the outer tubular member 14. The
seal 20 may be installed as an interference fit between the inner and outer
tubular members 12, 14 or mechanically energized into engagement with the
inner and outer tubular members by a separate member.

In the embodiment of the invention shown in Figures 1 and 2, the first and
second portions 22, 24 are oriented in opposite directions and the second and
third legs 28, 32 are joined together at a point 38 which is located radially
between the first and fourth legs 26, 34. In this orientation, the first cavity 30
faces the first part 16 of the annulus and the second cavity 36 faces the second
part 18 of the annulus.

Referring also to Figure 3, the seal assembly 10 may also comprise first
and second support rings 40, 42 to help support the seal 20 within the annulus
and to facilitate either the mechanical or pressure energization of the first and
fourth legs 26, 34. In the embodiment of the invention shown in Figures 1 and 3,

for example, the first and second support rings 40, 42 are used to mechanically
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energize the first and fourth legs 26, 34 into sealing engagement with the inner
and outer tubular members 12, 14. In these figures, the first support ring 40 is
shown in phantom for purposes of clarity.

For the purpose of mechanically energizing the first and fourth legs 26, 34,
the first support ring 40 and preferably also the seal 20 are supported on a seat
ring 44 which in turn is supported on one of the inner or outer tubular members
12, 14. Also, each support ring 40, 42 ideally comprises a cross section which is
configured to form an interference fit with its corresponding cavity 30, 36 when
the seal 20 is in its relaxed or un-energized state. Thus, when the second
support ring 42 is forced down against the seal 20 by, e.g., an energizing mandrel
46, the first support ring 40 will enter the first cavity 30 and force the first leg 26
radially inwardly into sealing engagement with the inner tubular member 12, and
the second support ring 42 will enter the second cavity 36 and force the fourth leg
34 radially outwardly into sealing engagement with the outer tubular member 14.

In an alternative embodiment of the invention, the first and fourth legs 26,
34 are pressure-energized into sealing engagement with the inner and outer
tubular members 12, 14. In this embodiment, pressure in the first part 16 of the
annulus, which is represented by the many small arrows in Figure 3, will urge the
first leg 26 into sealing engagement with the inner tubular member 12 and force
the second and third legs 28, 32 radially outwardly to thereby urge the fourth leg
34 into sealing engagement with the outer tubular member 14. Similarly,
pressure in the second part 18 of the annulus will urge the fourth leg 34 into
sealing engagement with the outer tubular member 14 and bias the second and
third legs 28, 32 radially inwardly to thereby urge the first leg 26 into sealing
engagement with the inner tubular member.

Although not required, the first and second support rings 40, 42 may be
used to facilitate the pressure energization of the first and fourth legs 26, 34. As
shown in Figure 3, pressure in the first part 16 of the annulus, which is
represented by the many small arrows, pushes radially inwardly on the fourth leg
34. However, because the second support ring 42 occupies the second cavity
36, the forces resulting from the pressure acting on the third and fourth legs 32,
34 cancel each other out. Consequently, the only force acting on the fourth leg
34 results from the pressure acting on the second leg, and this force acts radially

outwardly to urge the fourth leg into sealing engagement with the outer tubular
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member 14. The first support ring 40 plays a similar role in urging the first leg 26
into sealing engagement with the inner tubular member 12 under the influence of
pressure in the second part 18 of the annulus. In this embodiment, the support
rings 40, 42 need not form an interference fit with their respective cavities 30, 36.

Referring again to Figure 2, the seal 20 may also comprise an inner
sealing bump 48 which is formed on the distal end of the first leg 26 and an outer
bump 50 which is formed on the distal end of the fourth leg 34. The bumps 48,
50 serve to concentrate the sealing forces of the first and fourth legs 26, 34
against the inner and outer tubular members 12, 14, which provides for a more
effective seal between the seal 20 and these members.

Referring to Figure 4, another embodiment of the seal assembly of the
present invention comprises an annular seal, generally 52, which in cross section
includes a radially inner, generally U-shaped first portion 22 and a radially outer,
generally U-shaped second portion 24. The first portion 22 comprises a radially
inner first leg 26 and a radially outer second leg 28 which together define a first
cavity 30. Similarly, the second portion 24 comprises a radially inner third leg 32
and a radially outer fourth leg 34 which together define a second cavity 36. The
first and second portions 22, 24 are oriented in opposite directions and the
second and third legs 28, 32 are joined together at a point 38 which is located
radially between the first and fourth legs 26, 34.

In this embodiment, the first portion 22 comprises a generally flat first apex
54 which extends radially between approximately the inner edge of the first leg 26
and the outer edge of the second leg 28. Likewise, the second portion 24
comprises a generally flat second apex 56 which extends radially between
approximately the inner edge of the third leg 32 and the outer edge of the fourth
leg 34. The first and fourth legs 26, 34 are oriented generally axially, and the
distal end of the first leg is generally aligned with the second apex 56 while the
distal end of the fourth leg is generally aligned with the first apex 54.

The seal 52 may be installed as an interference fit between the inner and
outer tubular members and does not require support rings to aid in its mechanical
or pressure energization. In addition, the seal 52 may comprise an inner sealing
bump 48 which is formed on the first leg 26 and an outer sealing bump 50 which
is formed on the fourth leg 34.

A further embodiment of the seal assembly of the present invention is
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shown in Figure 5. The seal assembly of this embodiment is comprised of an
non-metallic seal, generally 58, which is positioned between upper and lower
endcaps 60, 62 that are made of a material which is more rigid than the seal
material. As in the previous embodiments, the seal 58 includes a radially inner,
generally U-shaped first portion 22 and a radially outer, generally U-shaped
second portion 24. The first portion 22 comprises a radially inner first leg 26 and
a radially outer second leg 28 which together define a first cavity 30. Similarly,
the second portion 24 comprises a radially inner third leg 32 and a radially outer
fourth leg 34 which together define a second cavity 36. The first and second
portions 22, 24 are oriented in opposite directions and the second and third legs
28, 32 are joined together at a point 38 which is located radially between the first
and fourth legs 26, 34.

The upper and lower endcaps 60, 62 are configured to conform to the
shape of the seal 58. In addition, the first leg 26 comprises a radially inner
sealing face 64 which is located between the radially inner ends of the upper and
lower endcaps, and the fourth leg 34 comprises a radially outer sealing face 66
which is located between the radially outer ends of the upper and lower endcaps.
As with the seal 52, the seal 58 may be installed as an interference fit between
the inner and outer tubular members and does not require support rings to aid in
its mechanical or pressure energizatioﬁ.

Another embodiment of the seal assembly of the present invention is
shown in Figures 6 and 7. The seal assembly of this embodiment, generally 100,
comprises an annular seal 102 which in cross section includes a radially inner,
generally U-shaped first portion 104, a radially intermediate, generally U-shaped
second portion 106 and a radially outer, generally U-shaped third portion 108.
The first portion 104 comprises a radially inner first leg 110 and a radially outer
second leg 112 which together define a first cavity 114. Similarly, the second
portion 106 comprises a radially inner third leg 116 and a radially outer fourth leg
118 which together define a second cavity 120, and the third portion 108
comprises a radially inner fifth leg 122 and a radially outer sixth leg 124 which
together define a third cavity 126. When the seal 102 is positioned in the annulus
between the inner and outer tubular members 12, 14, the first leg 110 engages
the inner tubular member and the sixth leg 124 engages the outer tubular

member. As with the seal 20, the seal 102 may be installed as an interference fit
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between the inner and outer tubular members 12, 14 or mechanically energized
into engagement with the inner and outer tubular merhbers by a separate
member. _

In this embodiment of the invention, the first and second portions 104, 106
are oriented in opposite directions and the second and third portions 106, 108 are
oriented in opposite directions. In this orientation, both the first and third cavities
114, 126 face the first part 16 of the annulus and the second cavity 120 faces the
second part 18 of the annulus.

As with the seal assembly 10, the seal assembly 100 may comprise a
number of optional support rings to help support the seal 102 within the annulus
and to facilitate either the mechanical or pressure energization of the first and
sixth legs 110, 124 into sealing engagement with the inner and outer tubular
members 12, 14. For instance, a first support ring 128 may be positioned in the
first cavity 114, a second support ring 130 may be positioned in the second cavity
120 and a third support ring 132 may be positioned in the third cavity 126.

In the embodiment of the invention shown in Figure 6, the second support
ring 130 is used to mechanically energize the first and sixth legs 110, 124 into
sealing engagement with the inner and outer tubular members 12, 14. In this
embodiment, the seal 102 is supported on a seat ring 134 which in turn is
supported on one of the inner or outer tubular members 12, 14. Also, the second
support ring 130 comprises a cross section which is configured to form an
interference fit with the third cavity 120 when the seal 102 is in its relaxed or un-
energized condition. Thus, when the second support ring 130 is forced down
against the seal 102 by, e.g., an energizing mandrel 136, the third support ring
130 will enter the second cavity 120 and force the second leg 112 radially
inwardly and the fifth leg 122 radially outwardly to thereby urge the first ieg 110
into sealing engagement with the inner tubular member 12 and the sixth leg 124
into sealing engagement with the outer tubular member 14.

In this embodiment, the first and third support rings 128, 132 may be used
to maintain the proper spacing between the first and second legs 110, 112 and
between the fifth and sixth legs 122, 124, respectively. Alternatively, the first and
third support rings 128, 132 may be used to mechanically energize the first and
sixth legs 110, 124, in which event the first and third supports rings are |

configured to form an interference fit with their respective cavities 114, 126 and
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the second support ring 130 is optionally used to maintain the proper spacing
between the second and fifth legs 112, 122. Alternatively, all three support rings
may be used to mechanically energize the first and sixth legs 110, 124, in which
event the support rings would be designed to form an interference fit with their
respective cavities.

In an alternative embodiment of the invention, the first and sixth legs 110,
124 are pressure-energized into sealing engagement with the inner and outer
tubular members 12, 14. In this example, pressure in the first part 16 of the
annulus will urge the first and sixth legs 110, 124 into sealing engagement with
the inner and outer tubular members 12, 14. Also, pressure in the second part 18
of the annulus will force the second leg 112 radially inwardly and the fifth leg 122
radially outwardly to thereby urge the first and sixth legs 110, 124 into sealing
engagement with the inner and outer tubular members 12, 14.

Although not required, the first and third support rings 128, 132 may be
used to facilitate the pressure energization of the first and sixth legs 110, 124. In
this regard, pressure in the second part 18 of the annulus pushes radially
outwardly on the first leg 110 and radially inwardly on the sixth leg 124.
However, the first support ring 128 will cause the resultant forces acting on the
first and second legs 110, 112 to cancel each other out. Similarly, the third
support ring 132 will cause the resultant forces acting on the fifth and sixth legs
122, 124 to cancel each other out. As é result, the only forces acting on the first
and sixth legs 110, 124 will be those resulting from the pressure acting on the
third and fourth legs 116, 118, and these forces will urge the first and sixth legs
into sealing engagement with the inner and outer tubular members 12, 14.

The second support ring 130 may also be used to facilitate the pressure
energization of the first and sixth legs 110, 124. In this regard, the second
support ring 130 may be positioned in the second cavity 120 to prevent pressure
in the first part 16 of the annulus from pushing the third and fourth legs 116, 118
together and consequently pulling the first and sixth legs 110, 124 out of
engagement with the inner and outer tubular members 12, 14. In this
embodiment, the support rings 128, 130, 132 need not form an interference fit
with their respective cavities 114, 120, 126.

Another embodiment of the seal assembly of the present invention is

shown in Figure 8. The seal assembly of this embodiment is configured as a
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packoff, generally 200, which by way of example is shown installed in the annulus
between a typical wellhead 202 and a representative tubular hanger 204, such as
a tubing or casing hanger. The packoff 200 includes a pair of upper and lower
seal assemblies 206, 208 which are positioned between an upper packoff body
210 and a lower packoff body 212, the latter of which is supported on an annular
seat 214 that is formed on the outer diameter surface of the tubular hanger 202.

Each seal assembly 206, 208 is similar to the seal assembly 10 described
above. Thus, each seal assembly 206, 208 includes an annular seal 216, 218
which comprises the general cross sectional configuration of the seal 20.
Accordingly, the same reference numbers which were used to describe the seal
20 will be used to describe seals 216, 218.

When the packoff 200 is installed in the annulus between the wellhead 202
and the tubular hanger 204, the first legs 26 of the upper and lower seals 216,
218 will sealingly engage the tubular hanger and the fourth legs 34 of the upper
and lower seals will sealingly engage the wellhead 202. In addition, the upper
seal 216 is oriented such that the first cavity 30 between the first and second legs
26, 28 faces upward and the second cavity 36 between the third and fourth legs
32, 34 faces downward. Also, the lower seal 218 is oriented such that the first
cavity 30 between the first and second legs 26, 28 faces downward and the
second cavity 36 between the third and fourth legs 32, 34 faces upward.

The upper and lower seal assemblies 206, 208, the upper packoff body
210 and the lower packoff body 212 are preferably secured together by suitable
means. In the embodiment of the invention shown in Figure 8, for example, the
upper seal 216 includes a first flange 220 which extends downwardly from the
apex of the first generally U-shaped portion 22 and a second flange 222 which
extends upwardly from the apex of the second generally U-shaped portion 24.
Similarly, the lower seal 218 includes a third flange 224 which extends upwardly
from the first U-shaped portion 22 and a fourth flange 226 which extends
downwardly from the apex of the second U-shaped portion 24. The second
flange 222 is connected to the upper packoff body 210 by a first retainer strip
228, the fourth flange 226 is connected to the lower packoff body 212 by a
second retainer strip 230, and the first and third flanges 220, 224 are connected
together by a third retainer strip 232.

The upper and lower packoff bodies 210, 212 may be recessed
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respectively at 234 and 236 to accommodate the flanges 222 and 226, and the
flanges and the packoff bodies are mutually grooved to accommodate the
retainer strips 228, 230, 232. In addition, the groove in one of the flanges 220,
224 is ideally elongated in the axial direction to allow the upper and lower seals
216 and 218 to displace toward each other during setting of the packoff 200.

Each of the upper and lower seal assemblies 206, 208 may also include
first and second support rings 40, 42 which are positioned in the first and second
cavities 30, 36, respectively. In this regard, the upper packoff body 210 ideally
includes a lower shoulder portion 238 which engages the first support ring 40 of
the upper seal assembly 206, and the lower packoff body 212 ideally includes an
upper seat portion 240 which engages the first support ring 40 of the lower seal
assembly 208. In addition, the packoff 200 preferably includes a spacer ring 242
which is positioned between the second support ring 42 of the upper seal
assembly 206 and the second support ring 42 of the lower seal assembly 208.
The spacer ring 242 may include an annular lip 244 which is engaged by the
bottom of the first flange 220 of the upper seal assembly 206 during setting of the
packoff 200.

In use, the packoff 200 is installed using an appropriate tool and is locked
into place in the annulus using a convention lockdown mechanism connected to
the upper packoff body 210. Once installed and optionally energized, the seal
assemblies 206, 208 will function in a manner similar to the seal assembly 10 to
provide a bi-directional seal against pressure acting from above the packoff 200
and pressure acting from below the packoff. In addition, the seal assemblies
206, 208 will contain the pressure introduced through a test port 246 in the
wellhead 202 during pressure testing of the packoff 200.

A second embodiment of a packoff which is based on the seal assembly of
the present invention is shown in Figure 9. The packoff of this embodiment,
generally 300, includes an upper annular seal 216 which is nested within a lower
annular seal 218. In other words, the first portion 22 of the lower seal 218 is
positioned at least partially within the first cavity 30 of the upper seal 216 and the
second portion 24 of the upper seal is positioned at least partially within the
second cavity 36 of the lower seal. In addition, the first portion 22 of the lower
seal 218 is preferably configured to form a sliding fit with the first cavity 30 of the
upper seal 216, and the second portion 24 of the upper seal is preferably

13
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configured to form a sliding fit with the second cavity 36 of the lower seal.

The lower seal 218 is supported on a lower packoff body or seat ring 212
which in turn is supported on the tubular hanger 202. The seat ring 212 includes
an upper flange 302 which is preferably configured to form a sliding fit with the
first cavity 30 of the lower seal. The lower seal 218 includes an integral support
ring 304 which is connected to the seat ring 212 through a cam and groove
arrangement 306. In addition, the upper seal 216 is connected to the lower seal
218 through a cam and groove arrangement 308.

‘ During installation of the packoff 300, the seat ring 212 and the upper and
lower seals 216, 218 are assembled and lowered as a unit into the annulus
between the tubular hanger 202 and the wellhead 204. This action may be
facilitated by the use of a suitable tool (not shown) which engages a setting
mandrel 310 that is connected to or formed integrally with the upper seal 216. An
upper packoff body or energizing mandrel 312 which is configured to form an
interference fit with the second cavity 36 of the upper seal 216 is then forced
down into the second cavity. This action forces the first legs 26 of the first and
second seals 216, 218 into sealing engagement with the tubular hanger 202 and
the fourth legs 34 of the first and second seals into sealing engagement with the
wellhead 204 to thereby seal the annulus.

Another embodiment of a packoff which is based on the seal assembly of
the present invention is shown in Figure 10. The packoff of this embodiment,
generally 400, is similar to the packoff 300 described above. In this embodiment,
however, the first portion 22 of the lower seal 218 is preferably configured to form
an interference fit with the first cavity 30 of the upper seal 216, and the second
portion 24 of the upper seal is preferably configured to form an interference fit
with the second cavity 36 of the lower seal. In addition, the upper seal 216 is
connected to an upper packoff body or energizing mandrel 402 through a cam
and groove arrangement 404 and to the lower seal 218 through a cam and
groove arrangement 406. The lower seal 218 in turn is connected to a lower
packoff body or seat ring 212 through a cam and groove arrangement 408.

During installation of the packoff 400, the assembly of the seat ring 212,
the lower seal 218, the upper seal 216 and the energizing mandrel 402 is lowered
into the annulus between the tubular hanger 202 and the wellhead 204 until the

seat ring comes to rest on a seat 410 which is formed on the outer surface of the
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tubular hanger. The energizing mandrel 402 is then forced down against the
upper seal 216. This action forces the second portion 24 of the upper seal 216
into the second cavity 36 of the lower seal 218, which in turn forces the first and
fourth legs 26, 34 of the lower seal into sealing engagement with the tubular
hanger 202 and the wellhead 204, respectively. Further downward movement of
the energizing mandrel 402 forces the energizing mandrel into the second cavity
36 of the upper seal 216, which in turn forces the first and fourth legs of the upper
seal into sealing engagement with the tubular hanger 202 and the wellhead 204,
respectively.

Yet another embodiment of a packoff which incorporates the seal
assembly of the present invention is shown in Figure 11. The packoff of this
embodiment, generally 500, illustrates a particular feature of the present
invention, namely, that the first and second generally U-shaped portions of the
annular seal do not need to be formed integrally or connected together.

As shown in Figure 11, the packoff 500 includes an upper seal 502 and a
lower seal 502’. The upper seal 502 includes a radially inner, generally U-shaped
first portion 22 and a radially outer, generally U-shaped second portion 24. The
first portion 22 comprises part of an upper packoff body or energizing mandrel
504 while the second portion 24 comprises a distinct seal ring. As in the previous
embodiments, the first portion 22 includes a radially inner first leg 26 and a
radially outer second leg 28 which together define a first cavity 30, and the
second portion 24 comprises a radially inner third leg 32 and a radially outer
fourth leg 34 which together define a second cavity 36. However, the second and
third legs 28, 32 are not joined together. Rather, the second and third legs 28, 32
are positioned side by side and are sealed against each other at a point which is
located radially between the first and fourth legs 26, 34.

The second portion 24 is ideally configured to form an interference fit
between the first portion 22 and the wellhead 204 after the packoff 500 is set. In
addition, the second portion 24 may comprise radially inner and outer seal bumps
48, 50 which are formed on the third and fourth legs 32, 34, respectively. Thus,
after the packoff 500 is set the second and third legs 28, 32 will be sealed against
each other at the inner seal bump 48.

Similar to the upper seal 502, the lower seal 502’ includes a radially inner,
generally U-shaped first portion 22’ and a radially outer, generally U-shaped
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second portion 24’. The first portion 22’ comprises a part of the upper packoff
body 504 located below the first portion 22, while the second portion 24’
comprises a distinct seal ring. The first portion 22’ includes a radially inner first
leg 26" and a radially outer second leg 28’ which together define a first cavity 30’
and the second portion 24’ comprises a radially inner third leg 32’ and a radially
outer fourth leg 34’ which together define a second cavity 36'. The second and
third legs 28’, 32’ are positioned side by side and are sealed against each other
at a point which is located radially between the first and fourth legs 26’, 34’

As with the second portion 24 of the upper seal 502, the second portion
24’ of the lower seal 502’ is ideally configured to form an interference fit between
the first portion 22’ and the wellhead 204 after the packoff 500 is set. In addition,
the second portion 22’ may comprise radially inner and outer seal bumps 48, 50’
which are formed on the third and fourth legs 32’, 34’, respectively. In this
manner, after the packoff 500 is set the second and third legs 28, 32" will be
sealed against each other at the inner seal bump 48’

The lower seal 502’ is supported on a lower packoff body or seat ring 506
which in turn is supported on the tubular hanger 202 or the wellhead 204.
Furthermore, the upper packoff body 504 includes an annular hook ring 508
which depends downwardly from the second leg 28’ of the lower seal 502’ and
which, prior to installation of the packoff 500, engages a stop ring 510 on the
lower packoff body 506 to thereby link the upper packoff body to the lower
packoff body.

During installation of the packoff 500, the assembly of the upper packoff
body 504, the upper and lower seals 502, 502’ and the lower packoff body 506 is
lowered and landed in the annulus between the tubular hanger 202 and the
wellhead 204. The upper packoff body 504 is then forced downward until it lands
on the second portion 24 of the upper packoff body. This action energizes the
packoff 500 into sealing engagement with the tubular hanger 202 and the
wellhead 204. In particular, as the first portion 22 of the upper seal 502 moves to
a position adjacent the second portion 24 of the upper seal, the first leg 26 is
urged into sealing engagement with the tubular hanger 202, the fourth leg 34 is
urged into sealing engagement with the wellhead 204 and the second and third
legs 28, 32 are urged into sealing engagement against each other. Similarly, as

the as the first portion 22’ of the lower seal 502’ moves to a position adjacent the
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second portion 24’ of the lower seal, the first leg 26’ is urged into sealing
engagement with the tubular hanger 202, the fourth leg 34’ is urged into sealing
engagement with the wellhead 204 and the second and third legs 28’, 32’ are
urged into sealing engagement against each other.

Another embodiment of a packoff which incorporates the seal assembly of
the present invention is shown in Figure 12. The packoff of this embodiment,
generally 600, is similar to the packoff 500 described above. However, in the
packoff 600 the upper seal 502 comprises a third generally U-shaped portion 602
which is located radially inwardly of the first portion 22 and the lower seal 502’
comprises a third generally U-shaped portion 602’ which is located radially
inwardly of the first portion 22’. As with the packoff 500, the third portions 602,
602’ comprise distinct seal rings.

The third portion 602 of the upper seal 502 forms an interference fit
between the first portion 22 and the tubular hanger 202 when the packoff 600 is
set. Similarly, the third portion 602’ of the lower seal 502’ forms an interference
fit between the first portion 22’ and the tubular hanger 202 when the packoff 600
is set. Thus, when the upper packoff body or energizing mandrel 502 is moved
downward toward the lower packoff body or seat 506, the upper and lower seals
502, 502’ will be energized into sealing engagement with the tubular hanger 202
and the wellhead 204.

It should be recognized that, while the present invention has been
described in relation to the preferred embodiments thereof, those skilled in the art
may develop a wide variation of structural and operational details without
departing from the principles of the invention. For example, the various elements
shown in the different embodiments may be combined in a manner not illustrated
above. Therefore, the appended claims are to be construed to cover all

equivalents falling within the true scope and spirit of the invention.
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What is Claimed is:

1. A seal assembly for sealing an annulus between an inner tubular

member and an outer tubular member, the seal assembly comprising:
an annular first seal which sealingly divides the annulus into first
and second parts and which in cross section includes:

a generally U-shaped first portion which comprises a radially
inner first leg and a radially outer second leg, the first and second legs
defining a first cavity;

a generally U-shaped second portion which is located
radially outwardly of the first portion and which comprises a radially inner
third leg and a radially outer fourth leg, the third and fourth legs defining a
second cavity;

wherein the second and third legs are joined together
between the first and fourth legs such that the first cavity faces the first
part of the annulus and the second cavity faces the second part of the
annulus.

2. The seal assembly of claim 1, wherein the first leg engages the
inner tubular member and the fourth leg engages the outer tubular member.

3. The seal assembly of claim 2, further comprising a first support ring
which is positioned in the first cavity and a second support ring which is
positioned in the second cavity.

4, The seal assembly of claim 3, wherein the first support ring causes
the first leg to remain engaged with the inner tubular member under the influence
of pressure in the second part of the annulus and the second support ring causes
the fourth leg to remain engaged with the outer tubular member under the
influence of pressure in the first part of the annulus.

5. The seal assembly of claim 3, wherein pressure in the first part of
the annulus urges the first leg into sealing engagement with the inner tubular
member and forces the second leg radially outwardly to thereby urge the fourth
leg into sealing engagement with the outer tubular member.

6. The seal assembly of claim 5, wherein pressure in the second part
of the annulus urges the fourth leg into sealing engagement with the outer tubular
member and forces the third leg radially inwardly to thereby urge the first leg into

sealing engagement with the inner tubular member.
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7. The seal assembly of claim 3, wherein when the seal is in a relaxed
condition, the first support ring forms an interference fit with the first cavity such
that, when the first support ring is inserted into the first cavity, the first support
ring will urge the first leg into sealing engagement with the inner tubular member.

8. The seal assembly of claim 7, wherein when the seal is in a relaxed
condition, the second support ring forms an interference fit with the second cavity
such that, when the second support ring is inserted into the second cavity, the
second support ring will urge the fourth leg into sealing engagement with the
outer tubular member.

9. The seal assembly of claim 1, further comprising:

a generally U-shaped third portion which is located radially
outwardly of the second portion and which comprises a radially inner fifth leg and
a radially outer sixth leg, the fifth and sixth legs defining a third cavity;

wherein the fourth and fifth legs are joined together between the
third and sixth legs such that the third cavity faces the first part of the annulus;
and

wherein the first leg engages the inner tubular member and the
sixth leg engages the outer tubular member.

10.  The seal assembly of claim 9, further comprising a first support ring
which is positioned in the first cavity, a second support ring which is positioned in
the second cavity and a third support ring which is positidned in the third cavity.

11.  The seal assembly of claim 10, wherein the first support ring causes
the first leg to remain engaged with the inner tubular member under the influence
of pressure in the second part of the annulus and the third support ring causes
the sixth leg to remain engaged with the outer tubular member under the
influence of pressure in the second part of the annulus.

12.  The seal assembly of claim 10, wherein pressure in the second part
of the annulus forces the second leg radially inwardly to thereby urge the first leg
into sealing engagement with the inner tubular member and forces the fifth leg
radially outwardly to thereby urge the sixth leg into sealing engagement with the
outer tubular member.

13.  The seal assembly of claim 10, wherein the second support ring
causes the first and sixth legs to remain engaged with the inner and outer tubular

members, respectively, under the influence of pressure in the first part of the

19



10

15

20

25

WO 2011/119211 PCT/US2011/000516

annulus.

14.  The seal assembly of claim 13, wherein when the seal is in a
relaxed condition, the second support ring forms an interference fit with the
second cavity such that, when the second support ring is inserted into the second
cavity, the second support ring will force the second and fifth legs toward the
inner and outer tubular members, respectively, to thereby urge the first and sixth
legs into sealing engagement with the inner and outer tubular members,
respectively.

15.  The seal assembly of claim 1, wherein the first and fourth legs are
oriented generally axially.

16. The seal assembly of claim 15, wherein the first portion comprises a
generally flat first apex which extends radially between approximately the inner
edge of the first leg and the outer edge of the second leg and the second portion
comprises a generally flat second apex which extends radially between
approximately the inner edge of the third leg and the outer edge of the fourth leg.

17.  The seal assembly of claim 16, wherein the distal end of the first leg

is generally aligned with the second apex and the distal end of the fourth leg is

‘generally aligned with the first apex.

18. The seal assembly of claim 1, wherein the seal is comprised of a
non-metallic material.

19.  The seal assembly of claim 18, wherein the seal is positioned
between upper and lower endcaps which are configured to conform to the shape
of the seal.

20. The seal assembly of claim 19, wherein the first leg comprises a
radially inner sealing face which is located between the radially inner ends of the
first and second endcaps and the fourth leg comprises a radially outer sealing
face which is located between the radially outer ends of the first and second
endcaps.

21.  The seal assembly of claim 1, wherein the first seal is part of a
packoff which also includes a lower packoff body which is located in the first part
of the annulus and an upper packoff body which is located in the second part of
the annulus.

22. The seal assembly of claim 21, further comprising a second seal

which is positioned between the first seal and the lower packoff body and which
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in cross section comprises:
a generally U-shaped third portion which comprises a radially
inner fifth leg and a radially outer sixth leg, the fifth and sixth legs defining

a third cavity;

a generally U-shaped fourth portion which is located radially
outwardly of the first portion and which comprises a radially inner seventh

leg and a radially outer eighth leg, the seventh and eight legs defining a

fourth cavity;

wherein the sixth and seventh legs are joined together
between the fifth and eight legs.

23. The seal assembly of claim 22, wherein the first and second seals
are oriented such that the first and third cavities face in opposite directions and
the second and third cavities face each other.

24.  The seal assembly of claim 22, wherein the second portion is
positioned at least partially within the fourth cavity and the third portion is
positioned at least partially within the first cavity.

25.  The seal assembly of claim 24, wherein the second portion forms a
sliding fit with the fourth cavity and the third portion forms a sliding fit with the first
cavity.

26. The seal assembly of claim 25, wherein at least a portion of the
upper packoff body forms an interference fit with the second cavity such that,
when the upper packoff body is forced toward the first seal, the portion of the
upper packoff body enters the second cavity and thereby urges the first and fifth
legs into sealing engagement with the inner tubular member and the fourth and
eighth legs into sealing engagement with the outer tubular member.

27.  The seal assembly of claim 24, wherein the second portion forms
an interference fit with the fourth cavity.

28. The seal assembly of claim 27, wherein at least a portion of the
upper packoff body forms an interference fit with the second cavity such that,
when the upper packoff body is forced toward the first seal, the upper packoff
body forces the second portion into the fourth cavity to thereby urge the fifth leg
into sealing engagement with the inner tubular member and the eighth leg into
sealing engagement with the outer tubular member, and then the portion of the

upper packoff body enters the second cavity to thereby urge the first leg into
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sealing engagement with the inner tubular member and the fourth leg into sealing
engagement with the outer tubular member.
29. A seal assembly for sealing an annulus between an inner tubular
member and an outer tubular member, the seal assembly comprising:
an annular first seal which is positioned in the annulus and which in
cross section includes:

a generally U-shaped first portion which comprises a radially
inner first leg and a radially outer second leg, the first and second legs
defining a first cavity;

a generally U-shaped second portion which is located
radially outwardly of the first portion and which comprises a radially inner
third leg and a radially outer fourth leg, the third and fourth legs defining a
second cavity;

wherein the first and second portions are separate members
and are oriented such that the first and second cavities face in opposite
directions; and

wherein the second and third legs are sealed against each
other between the first and fourth legs.

30. The seal assembly of claim 29, further comprising:
an annular second seal which is positioned in the annulus axially
adjacent the first seal and which in cross section includes:

a generally U-shaped third portion which comprises a radially
inner fifth leg and a radially outer sixth leg, the fifth and sixth legs defining
a third cavity;

a generally U-shaped fourth portion which is positioned
radially outwardly of the third portion and which comprises a radially inner
seventh leg and a radially outer eighth leg, the seventh and eighth legs
defining a fourth cavity;

wherein the third and fourth portions are separate members
and are oriented such that the third and fourth cavities face in opposite
directions; and

wherein the sixth and seventh legs are sealed against each
other between the fifth and eighth legs.

31.  The seal assembly of claim 30, wherein the second portion forms
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an interference fit between the first portion and the outer tubular member and the
fourth portion forms an interference fit between the third portion and the outer
tubular member.

32. The seal assembly of claim 31, wherein the first and second seals
form part of a packoff which also includes a lower packoff body on which the
fourth portion is supported.

33. The seal assembly of claim 32, wherein the first and third portions
form part of an upper packoff body which during installation of the packoff
energizes the third leg into sealing engagement with the second leg, the seventh
leg into sealing engagement with the sixth leg and the fourth and eight legs into
sealing engagement with the outer tubular member.

34. The seal assembly of claim 30, wherein the first seal comprises a
generally U-shaped fifth portion which is positioned radially inwardly of the first
portion and which comprises a radially inner ninth leg and a radially outer tenth
leg which together define a fifth cavity that faces in a direction opposite the first
cavity, the first and fifth portions being separate members which are sealed
together between the first and ninth legs.

35. The seal assembly of claim 34, wherein the second seal comprises
a generally U-shaped sixth portion which is positioned radially inwardly of the
third portion and which comprises a radially inner eleventh leg and a radially
outer twelfth leg which together define a sixth cavity that faces in a direction
opposite the third cavity, the third and sixth portions being separate members

which are sealed together between the fifth and twelfth legs.
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