WELLHEAD ASSEMBLY HAVING SEAL ASSEMBLY WITH
AXIAL RESTRAINT

BACKGROUND

{00011 The invention relates generally to seal assemblies for use in sealing
components of oil and gas wells. In particular, the invention relates to a seal assembly
for a casing hanger or a tubing hanger of a wellhead, the seal assembly having a
system for axially restraining the seal assembly within the wellhead and a method for

installing the seal assembly in the wellhead.

[0002] Casing 1s strong steel pipe that is used in an oil and gas well to ensure a
pressure-tight connection from the surface to the oil and/or gas reservoir. Casing
serves many purposes in the well. It can protect the wellbore from caving in or being
washed out. It can also confine production to the wellbore, so that water does not
intrude into the wellbore or drilling mud intrude into the surrounding formations. It
can also provide an anchor for the components of the well. Production tubing, such as

coiled tubing, typically is used to transport oil to the surface.

[0003] Several sections of casing joined together end-to-end are known as a “casing
string.” Because casing serves several different purposes, it is typical to install more
than one casing string in a well. Casing strings typically are run in a concentric
arrangement, similar to an upside-down wedding cake, which extends downward into
the ground from a wellhead located at the surface. For example, the casing string with
the greatest diameter is the shortest, followed by smaller diameter casing string which
goes deeper than the first casing string, followed by an even smaller diameter casing

string that is run even deeper than the second casing siring.

-

[0004] A casing hanger is a device that is used to support a casing string from a
wellhead or other structure within the well. In addition, the casing hanger serves to
ensure that the casing is properly located in the well. When the casing string has been

run into the wellbore, the casing string is hung, or suspended, in the well by the casing
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hanger. Typically, the casing hanger rests on a landing shoulder inside the wellhead.

Multiple casing hangers may be supported within a single wellhead.

[0005] Seals are used to seal the annulus between the casing hanger and the wellhead
to 1solate fluids in different casing strings from each other and fo prevent production
fluid from being diverted from its desired path. However, forces in the well may be
produced that urge the seals upward, potentially causing the seals to leak. This also
may lead to the seal unseating and moving relative to the casing hanger or tubing
hanger. For example, fluid pressure in the annulus may urge the seal upward or
downward. Similarly, thermal conditions in the annulus may exert forces that urge

the seal upward.

[0006] One method that has been attempted to restrain axial movement of the casing
hanger seal and casing hanger is by installing a latch ring on the casing hanger. The
latch ring extends between the casing hanger and wellhead. The latch ring is
activated by the installation of the seal. Unfortunately, a latch ring that is installed on
a casing hanger will restrict the flow of fluid in the annulus surrounding the casing
hanger during cementing operations. The casing string is cemented in position within
the wellbore of the well. Cement is poured down the interior of the casing string and
flows out the bottom of the casing string into the annulus between the casing string
and its nearest concentric drill string. Fluid in the annulus is displaced upward

through the annulus. The casing hanger latch ring interferes with the flow of this

fluid.,

[0007] Another method that has been used to restrain axial movement of the casing
hanger and casng hanger seal is the use of wickers. Wickers are located on the outer
surface of the casing hanger and inner surface of the casing hanger seal. Similar
wickers are locaied on the outer surface of the casing hanger seal and the inner
surface of the wellhead. The seal material is softer than the wellhead and casing
hanger materials. When the seal is activated, the softer material of the seal is driven
into the wickers of the casing hanger and wellhead. The engagement between the
various wickers limits axial movement of the casing hanger and casing hanger seal

relative to the wellhead. However, there are physical limits to the pressures and



wy

thermal conditions that this wicker configuration can be used to provide axial restraint.
These physical limits may be exceeded with the higher pressures and temperatures associated

with deepwater subsea wells.

[0008]  Sill another method that may be used is to provide a separate lockdown sub
dedicated to providing axial restraint for the casing hanger seal and casing hanger. However,
the installation of a lockdown sub requires an additional trip of the drill string into and out of
the well, a considerable expense. In addition, the lockdown sub occupies space, which is
limited in a wellhead. Finally, the lockdown sub does not provide the axial restriant

immediately upon installation of the casing hanger and casing hanger seal.

[0009]  Therefore, an improved technique for preventing axial movement of a casing
hanger and casing hanger seal within a wellhead is needed. In particular, a technique is
needed to prevent axial movement of a casing hanger or tubing hanger seal within a wellhead
immediately upon installation of the casing hanger and casing hanger seal, without interfering
with the flow of fluids in the annulus surrounding the casing hanger during cementing
operations, without occupying additional space in the wellhead, or requiring additional trips

into the well.

BRIEF DESCRIPTION

[0009a] According to one aspect, there is provided a wellhead assembly, comprising: a
housing, comprising an inner bore and an inner profile disposed around a portion of the inner
bore of the housing; and a seal assembly adapted to form a seal between a tubular member
and the housing, the seal assembly, comprising: a seal member; an energizing ring adapted to
be driven into the seal member to expand the seal member into sealing engagement with an
inner surface of the housing and an outer surface of the tubular member; a latch ring secured
to and carried by the seal member and axially movable relative to the seal member and the
tubular member, wherein the latéh ring is adapted to be driven outward into the inner profile
of the housing, whereupon axial mo{fement of the seal assembly is restricted by abutment
between the latch ring and the inner profile of the housing; and wherein the tubular member
comprises a tapefed shoulder and the latch ring comprises a first tapered surface, the tapered

shoulder of the tubular member and the first tapered surface of the latch ring being adapted to
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cooperate to drive the latch ring outward when the seal assembly and the tubular member

abut.

[0009b] According to another aspect, there is provided a wellhead assembly, comprising: a
housing, comprising an inner bore and an inner profile disposed around a portion of the inner
bore of the housing; a seal assembly adapted to form a seal betWeen a tubular member and
the housing, the seal assembly comprising: a seal member; an energizing ring adaﬁted to be
driven into the seal member to expand the seal member into sealing engagement with an
inner surface of the housing and an outer surface of the tubular member; and a latch ring
secured to the seal member and axially movable relative to the seal member, wherein the
latch ring is adapted to be driven outward into the inner profile of the housing, whereupon
axial movement of the seal assembly is restricted by abutment between the latch ring and the
inner profile of the housii}g; wherein the tubular member comprises a tapered shoulder and
the latch ring comprises a first tapered surface, the tapered shoulder of the tubular member
and the first tapered surface of the latch ring being adapted to cooperate to drive the latch ring
outward when the seal assembly and the tubular member abut; wherein the seal assembly
comprises a nose ring having a tapered surface and the latch ring comprises a second tapered
surface, the tapered surface of the nose ring and the second tapered surface of the latch ring
being adapted to cooperate to drive the latch ring outward when the seal assembly is abutted
against the tubular member; and wherein the latch ring comprises a first catch surface and the
nose ring comprises a second catch surface, the first catch surface and second catch surface
being adapted to cooperate to lift the latch ring when the nose ring is lifted from the housing
during removal of the seal assembly.

[0010]  Herein disclosed is a wellhead system comprising a seal with a movable restraining
member adapted to cooperate with a housing to restrict axial movement of the seal. The seal
is adapted to form a seal between the housing, such as a high pressure wellhead, and a tubular
member, such as a casing hanger. The restraining member may be a ring thaf is expanded -
outward as the seal is installed within the welthead. The ring may have a split to facilitate the
expansion of the ring outward. In addition, the ring may be adapted with a tapered surface
that slidingly engages a corresponding tapered surface on the hanger as the seal is installed
within the wellhead. The sliding engagement of the tapered surfaces cooperates to urge the
restraining member outward. In addition, the corresponding tapered surface may be a

shoulder of the tubular member. The seal
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may have an additional ring with a tapered surface that is adapted to cooperate with a
second tapered surface of the restraining member to provide additional mechanical

advantage to expand the restraining member outward when the seal is installed in the
wellhead.

[0011] The restraining member and the housing may be adapted so that a portion of
the seal is received by at least one recess in the inner profile of the housing when the
restraining member is expanded outward. The portion of the seal that is received in
the at least one recess may be one or more projections extending from the ring. The
projections may engage the at least one recessed in the housing upon installation.
Alternatively, the projections may engage the at least one recess in the housing after
axially traveling a distance, enabling the seal to have some axial movement relative to
the wellhead.

DRAWINGS

{0012] These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherem:

[0013] F1G. 1 is a cross-sectional view of a wellhead assembly, in accordance with an

exemplary embodiment of the present technique;

[0014] FIG. 2 is a detailed view of a first casing hanger seal of the wellhead assembly

of FIG. 1, in accordance with an exemplary embodiment of the present technique;

[0015] FIG. 3 is a perspective view of the first casing hanger seal, in accordance with

an exemplary embodiment of the present technique;

[0016] FIG. 4 is an elevation view of the first casing hanger seal of FIG. 3, in

accordance with an exemplary embodiment of the present technique:
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[0017] FIG. 5 is a cross-sectional view of the first casing hanger seal assembly of

FIG. 4, in accordance with an exemplary embodiment of the present technique;

[0018] FIG. 6 is a bottom view of the latch ring of the first casing hanger seal

assembly of FIG. 4, in accordance with an exemplary embodiment of the present

technique;

[0019] FIG. 7 is a detailed view of an additional casing hanger seal of the wellhead
assembly of FIG. 1, in accordance with an exemplary embodiment of the present

technique;

[0020] FIG. 8 is a partial cross-sectional view of the high pressure wellhead, first
casing hanger, first casing hanger seal, and a setting tool for installing the casing
hanger and casing hanger seal during the running of the casing hanger and casing

hanger seal into the well, in accordance with an exemplary embodiment of the present

technique;

[0021] FIG. 9 is a detailed view of the wellhead, casing hanger, and casing hanger

seal of FIG. 8, in accordance with an exemplary embodiment of the present technigue:

[0022] FIG. 10 is a partial cross-sectional view of the high pressure wellhead, first
casing hanger, first casing hanger seal, and the setting tool during the casing hanger
seal installation with the latch ring of the casing hanger seal landed on a shoulder of

the casing hanger, in accordance with an exemplary embodiment of the present

technique;

[0023] FIG. 11 is a detailed view of the wellhead, casing hanger, and casing hanger
seal of FIG. 10, in accordance with an exemplary embodiment of the present

technique;

[0024] FI1G. 12 1s a partial cross-sectional view of the high pressure wellhead, first
casing hanger, first casing hanger seal, and the setting tool during the casing hanger
seal installation with the latch ring of the casing hanger seal driven outward into the

wellhead, in accordance with an exemplary embodiment of the present technique;
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[0025] FIG. 13 is a detailed view of the wellhead, casing hanger, and casing hanger

seal of FIG. 12, in accordance with an exemplary embodiment of the present

technique;

[0026] FIG. 14 is a partial cross-sectional view of the high pressure wellhead, first
casing hanger, first casing hanger seal, and the setting tool during the casing hanger
seal installation with the energizing ring of the casing hanger seal driven into the seal
ring of the casing hanger seal to activate the casing hanger seal to seal the annulus
between the casing hanger and high pressure wellhead, in accordance with an

exemplary embodiment of the present technique; and

[0027] FIG. 15 is a detailed view of the wellhead, casing hanger. and casing hanger

seal of FIG. 14, in accordance with an exemplary embodiment of the present

technique.

DETAILED DESCRIPTION

[0028] Referring now to FIG. 1, the present invention will be described as it might be
applied in conjunction with an exemplary technique, in this case a wellhead assembly
for directing oil and/or gas from a well to transmission pipelines or a storage facility,

as represented generally by reference numeral (20).

[0029] The wellhead assembly (20} comprises a low pressure welthead 22 and a high
pressure wellhead (24). In the illustrated embodiment, the high pressure wellhead
(24) supports three casing hangers: a first casing hanger (26), a second casing hanger
(28), and a third casing hanger (30) within an inner bore (32) of the wellhead (24).
However, the high pressure wellhead (24) may be used to support a greater or lesser
number of casing hangers. The first casing hanger (26), second casing hanger (28),

and third casing hanger (30) support casing strings (34, 36, and 38), respectively.

f0030] The annulus between the first casing hanger (26) and the high pressure
wellhead (24) is sealed by a first casing hanger seal (40). Similarly, the annulus

between the wellhead (24) and the second casing hanger (28) is sealed by a second
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casing hanger seal (42). Finally, the annulus between the third casing hanger (30) and
the high pressure wellhead (24) is sealed by a third casing hanger seal (44). In the
illustrated embodiment, the first casing hanger seal (40) and second casing hanger
seal (42) are identical. However, the third casing hanger seal (44) differs from the

first and second casing hanger seals (40), (42).

{00311 As will be discussed in more detail below, the high pressure wellhead (24) and
each of the casing hanger seals are adapted 1o cooperate 1o restrict axial movement of
the casing hanger seals and the casing hangers within the high pressure wellbead (24).
In particular, each of the casing hanger seals is adapted with a latch ring that is
expanded outward into a corresponding profile in the inner bore (32) of the high
pressure wellhead (24). Forces that urge a casing hanger seal upward or downward
are opposed by engagement between the latch ring of the casing hanger seal and the

high pressure wellhead (24).

[0032] Referring generally to FIG. 2, the first casing hanger seal (40) comprises a seal
ring (46), an energizing ring (48), a nose ring (50), and a latch ring (52). The
energizing ring (48) is used to drive the seal ring (46) outward into sealing
engagement with the high pressure wellhead (24) and the first casing hanger (26).
The energizing ring (48) has a lower portion (54) that is driven into a siot 56 in the
seal ring (46) to activate the seal. As the lower portion (54) of the energizing ring
(48) is driven into the slot 56 in the seal ring, it elastically deforms an inner leg (58)
of the seal ring (46) inward into engagement with the first casing hanger (26) and an

outer leg 60 of the seal ring (46) outward into engagement with the wellhead (24).

[0033] In the illustrated embodiment, the casing hanger seal (40) has a series of
wickers (62) that engage corresponding wickers (64) on the first casing hanger (26) to
form a seal between the first casing hanger (26) and the first casing hanger seal (40).
In the illustrated embodiment, the material of the first casing hanger seal (40) is softer
than the material of the first casing hanger (26) so that the casing hanger seal wickers
(62) deform into the wickers (64) of the first casing hanger (26), enhancing the seal
between the first casing hanger (26) and the first casing hanger seal (40). In addition,

the engagement of the wickers (62), (64) restricts axial movement of the first casing
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hanger (26) relative to the first casing hanger seal (40). In the illustrated embodiment,
the outer leg (60) of the seal ring (46) has inlays (66) that are driven against the
wellhead (24) to form a seal between the first casing hanger seal (40) and the
wellhead (24). The inlays (66) are adapted to maintain a seal between the first casing
hanger seal (40) and the wellhead (24) even if there is some axial movement of the

first casing hanger seal (40) relative to the wellhead (24).

[0034] As will be discussed in more detail below, the first casing hanger (26) and the
first casing hanger seal (40) are installed in the wellhead (24) by a setting too! (not
shown). In addition, the setting tool is used to drive the energizing ring 48 downward

into the seal ring (46) to activate the first casing hanger seal (40) in the wellhead (24).

f0035] The illustrated embodiments of the first casing hanger seal (40) and the
wellhead (24) restrict axial movement of the first casing hanger seal (40) to a small
amount relative to the wellhead (24). The restriction of the axial movement of the
first casing hanger seal (40) relative to the wellthead (24) is achieved by the
engagement of the latch ring (52) of the first casing hanger seal (40) with the inner
profile of the wellhead (24). As will be discussed in more detail below, the latch ring
(52) 1s split, or may have a notch to allow the latch ring (52) to split during
installation. The latch ring (52) of the first casing hanger seal (40) is biased inward to
maintain the latch ring (52) as a closed ring during installation. However, as will be
discussed in detail below, the latch ring (52) is driven outward into recesses in the
wellhead (24) as the first casing hanger seal (40) is installed in the wellhead (24). The

latch ring (52) thereby becomes a C-ring.

[0036] The axial movement of the first casing hanger seal (40) relative to the
wellhead (24) is restricted by engagement between a first projection 68 and a second
projection (70) of the seal (40) with a first recess (72) and a second recess (74),
respectively, in the profile of the inner bore (32) of the wellhead (24). In the
illustrated embodiment, there is a gap (76) between the first projection 68 of the seal
(40) and an upper edge (78) of the first recess (72}. Similarly, there is a gap (80)
between the second projection (70) of the seal (40) and the upper edge (82) of the
second recess (74) in the wellhead (24). The gaps (76), (80) between the laich ring
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(52) and the upper edges (78), (82) of the recesses (72), (74) of the wellhead allow
some upper axial movement of the seal (40) relative to the wellhead (24). However,
upward axial movement of the first casing hanger seal (40) is limited by engagement
between the first projection (68) of the seal (40) and the upper edge (78) of the first
recess (72) of the wellhead (24). In addition, upward axial movement of the seal (40)
is restricted by engagement between the second projection (70) of the seal (40) and
the upper edge (82) of the second recess (74) of the wellhead (24). Similar gaps are
present below the projections (68, 70). Downward axial movement of the seal (40) is
limited by engagement between the projections (68, 70) of the seal (40) and the lower

edges of the recesses (72), (74) of the wellhead (24).

[0037] The first projection (68) and second projection (70) of the latch ring (52) are
driven into the first recess (72) and second recess (74) of the wellhead (24) during the
installation of the first casing hanger seal (40) into the wellhead (24). As the latch
ring (52) of the first casing hanger seal (40) 1s lowered into the wellhead (24), a
downward-facing tapered surface (84) of the seal (40) engages an upward-facing
tapered shoulder (86) of the first casing hanger (26). The engagement between the
downward-facing tapered surface (84) of the laich ring (52) of the seal (40) and the
upward-facing tapered shoulder (86) of the first casing hanger (26) as the seal (40) is
lowered further into the wellhead (24) drives the latch ring (52) outward. In addition,
the latch ring (52) has an inward-facing tapered surface (88) that engages an outward—
facing tapered surface (90) of the nose ring (50). The engagement of the inward-
facing tapered surface (88) of the latch ring (52) with the outward-facing tapered
surface (90) of the nose ring (50) provides additional mechanical advantage to
overcome the inward bias of the latch ring (52) and drive the latch ring (52) outward.
The outward movement of the latch ring (52) 1s limited by engagement between a stop
portion (92) of the latch ring (52) and a corresponding stop portion (94) of the
wellhead (24). The engagement of the stop portion (92) of the latch ring (52) with the
stop portion (94) of the wellhead (24) position the projections 68, 70 of the latch ring
(52) at a desired position within the recessed profiles (72), (74) of the wellhead (24).
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[0038] The latch ring (52) of the first casing hanger seal (40) is removed with the seal
(40) when the seal is removed from the wellhead (24). The energizing ring 48 of the
seal (40) is withdrawn from the seal ring 46 of the seal (40) to enable the inner leg 58
and the outer leg (6)0 of the seal ring (46) to relax and withdraw to their original
shape, disengaging the seal ring (46) from the first casing hanger (26) and the
wellhead (24), respectively. The latch ring (52) has a first catch surface (96) that
extends over a corresponding second catch surface (98) of the nose ring (50). During
removal of the first casing hanger seal (40), the second catch surface (98) of the nose
ring (50) engages the first catch surface (96) of the latch ring (52), lifting the latch
ring (52) upward. Thus, the axial restraint for the first casing hanger seal (40) is
removed on the same trip as the first casing hanger seal (40) is removed. Therefore,
removal of the axial restraining member of the casing hanger and/or seal does not
require an additional trip into the well to remove. In addition, the cooperation of the

first catch surface (96) and second catch surface (98) secures the latch ring (52) to the

nose ring (50).

[0039] Referring generally to FIGS. 3-5, various views of the first casing hanger seal
(40) are presented. As discussed above, the seal ring (46) is activated by driving the
energizing ring 48 into the seal ring (46). An upper ring (99) is threaded to the seal
ring (46). The upper ring (99) has a first pair of notches (100) and the energizing ring
48 has a second pair of notches (102) that are used by the setting tool to engage the
energizing ring 48 and the seal ring (46). As best illustrated in FIG 3, the upper ring

(99) and the seal ring (46) have threaded portions (104, 106,) respectively.

[0040]1 As best seen in FIGS. 4 and 5, the seal ring (46) has a port 108 and the
energizing ring 48 has a channel 110 that enable pressure to equalize within the seal
(40), preventing hydraulic lock when the energizing ring 48 is driven into the seal ring
(46). Prior to installation, the slot 56 in the seal ring (46) may be filled with grease.
The port 108 and channel 110 enable the grease, and any other fluids, within the siot
56 to equalize between the inside of the seal (40) and ﬂfie outside of the seal (40) as

the lower portion (54) of the energizing ring 48 is driven into the slot 56 of the seal



11

ring (46). As a result, there is no build-up of pressure in the slot 56 or the outside of
the seal (40).

[0041] Referring generally to FIGS. 5 and 6, the illustrated embodiment of the latch
ring (52) has a split (112) that enables the latch ring (52) to expand as it is driven
outward during installation. Alternatively, the latch ring (52) may be notched so that
there is a weakened region in the latch ring (52) that splits as the latch ring (52) is

urged outward upon engagement with the shoulder of the casing hanger.

[0042] Referring generally to FIG. 7, the third casing hanger (30) and third casing
hanger seal (44) are presented. In contrast to the first casing hanger seal (40), the
third casing hanger seal (44) has inlays (1 14) on its inner leg (116) and wickers (118)
on its outer leg (120). Corresponding wickers (122) on the wellhead (24) are
provided to engage the wickers (118) on the third casing hanger seal (44). The inlays
(114) enable relative movement between the third casing hanger (30) and the third
casing hanger seal (44). The engagement of the wickers (118), (122) forms a seal
between the third casing hanger seal (44) and the wellhead (24), as well as restricting

axjal movement of the third casing hanger seal (44) relative to the wellhead (24).

{00431 In the illustrated embodiment, the third casing hanger seal (44) has an
aliernative embodiment of a latch ring (1(24)). The latch ring (1(24)) has a series of
teeth (126) that are driven into a corresponding toothed profile (128) in the inner bore
(32) of the wellhead (24). Here, the teeth 1(26) are driven into engagement with the
toothed profile (128) in the wellhead (24), preloading the latch ring (1(24)) with the
wellhead (24). Any upward or downward force on the third casing hanger seal (44) is
opposed by engagement between the latch ring (1(24)) and the wellhead (24).
Installation and removal of the third casing hanger (30) and third casing hanger seal

(44) is the same as for the first casing hanger (26) and first casing hanger seal (40).

[0044] Referring generally to FIGS. 8-15, the process of installing a casing hanger
and casing hanger seal is presented. The casing hanger and casing hanger seal are
installed within the wellhead (24) as a pair by a setting tool (130). The setting tool

(130) has a connector (132) for connecting the setting tool (130) to a drill string. In
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addition, the setting tool (130) has a casing hanger handling member (134) that is
used to install the casing hanger and a casing hanger seal handling member (136) that
is used to install the casing hanger seal. The casing hanger handling member (134)
and casing hanger seal handling member (136) are configured to enable relative

movement between them.

[0045] Referring generally to FIGS. 8 and 9, the setting tool (130) positions the first
casing hanger seal (40) above the first casing hanger (26) as the two are lowered into
the wellhead (24). The first casing hanger (26) may be landed on a shoulder of the
wellhead (24) or another casing hanger. Once the first casing hanger (26) is in a
desired position within the wellhead (24), the first casing string (34) is cemented into
place. Cement is pumped down through the center of the first casing string (34) and
flows upward in the annulus between the first casing string (34) and an adjacent outer

casing string (not shown).

[0046] As best illustrated in FIG. 9. there is a free flow path 138 for cement and other
well fluids to flow upward from below the first casing hanger (26) through the
annulus between the first casing hanger seal (40) and the first casing hanger (26)
during the cementing operations because the axial restraint for the first casing hanger
(26) and first casing hanger seal (40) is provided on the first casing hanger seal (40).
rather than on the first casing hanger (26). If the axial restraint was provided by a
restraining member disposed between the first casing hanger (26) and the wellhead
(24), the restraining member would interfere with the flow of fluids flowing up the

wellbore from below the first casing hanger (26).

[0047] Referring generally to FIGS. 10 and 11, the drill string is used to lower the
setting tool (130) still further into the wellhead (24), as represented generally by
arrow (140), to install the first casing hanger seal (40) in the desired position within
the wellhead (24). The casing hanger handling member (134), which is secured to the
first casing hanger (26), remains stationary while the casing hanger seal handling

member 136 of the setting tool (130) is lowered with the first casing hanger seal (40).
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[0048] In the view presented in FIG. 11, the downward-facing tapered surface 84 of
the latch ring (52) has just contacted the shoulder 86 of the first casing hanger (26)
during the process of installing the first casing hanger seal (40). The latch ring (52)
has not vet been driven outward at this point of the casing hanger seal installation
process. In addition, this view enables the releasable dogs (142 of the setting tool
(130) to be seen. The releasable dogs (142) are used to secure the casing hanger
handling member (134) to the first casing hanger (26), as well as the second and third

casing hangers (28, 30).

{0049] Referring generally to FIGS. 12 and 13, the continued downward movement
of the drill string lowers the casing hanger seal handling member 136 of the setting
tool (130) further into the wellhead (24), as represented generally by arrow 144, This
downward movement drives the latch ring (52) of the first casing hanger seal (40)
outward. as represented by arrow (146), into the recessed profiles (72), (74) of the
wellhead (24). As noted above, the stop portion {92) of the latch ring (52} abuts the
stop portion (94) of the wellhead (24) to end the outward movement of the latch ring
(52). This positions the projecting members (68, 70) of the latch ring (52) at the
desired depth within the recessed portions (72), (74) of the wellhead (24).

[0050] Referring generally to FIGS. 14 and 15, the setting tool (130) is then used to
drive the energizing ring (48) downward relative to the seal ring (46) to activate the
seal ring (46), as represented by arrow (148), forming a seal between the first casing
hanger (26) and the wellhead (24). The lower portion (54) of the energizing ring (48)
is driven into the slot (56) of the seal ring (46). The inner leg (58) of the seal ring
(46) is driven against the first casing hanger (26) and the outer leg (60) is driven
against the wellhead (24), sealing the annulus between the first casing hanger (26) and

the wellhead (24).

[0051] The process is reversed to remove the first casing hanger (26) and the first
casing hanger seal (40). The setting tool (10) or another tool is used to apply a force

to withdraw the energizing ring (48)
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[0052] from the seal ring (46). The first casing hanger seal (40) is then lifted. The
latch ring (52) is lifted with the other portions of the first casing hanger seal (40) as
the seal (40) is lifted from the wellhead (24). In addition, the latch ring (52) 1s
withdrawn from the recessed profiles (72), (74) as the latch ring (52) is lifted.

[0053] While only certain features of the invention have been illustrated and
described herein, many modifications and changes will occur to those skilled in the
art. It is, therefore, to be understood that the appended claims are intended to cover

all such modifications and changes as fall within the true spirit of the invention.
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The invention claimed is;

1. A wellthead assembly, comprising:

a housing, comprising an inner bore and an inner profile disposed around a portion of
the inner bore of the housing; and

a seal assembly adapted to form a seal between a tubular member and the housing, the
seal assembly, comprising:

a seal member;

an energizing ring adapted to be driven into the seal member to expand the seal
member into sealing engagement with an inner surface of the housing and an outer surface of
the tubular member;

a latch ring secured to and carried by the seal member and axially movable relative to
the seal member and the tubular member, wherein the latch ring is adapted to be driven
outward into the inner profile of the housing, whereupon axial movement of the seal assembly is
restricted by abutment between the latch ring and the inner profile of the housing; and

wherein the tubular member comprises a tapered shoulder and the latch ring comprises
a first tapered surface, the tapered shoulder of the tubular member and the first tapered surface
of the latch ring being adapted to cooperate to drive the latch ring outward when the seal
assembly and the tubular member abut.

2. The wellhead assembly as recited in claim 1, wherein the latch ring is a split ring.

3. The wellhead assembly as recited in claim 1, wherein the seal assembly comprises a
nose ring having a tapered surface and the latch ring comprises a second tapered surface, the
tapered surface of the nose ring and the second tapered surface of the latch ring being adapted
to cooperate to drive the laich ring outward when the seal assembly is abutted against the
tubular member.

4. The wellhead assembly as recited in claim 3, wherein the latch ring comprises a first
catch surface and the nose ring comprises a second catch surface, the first catch surface and
second caich surface being adapted to cooperate to lift the latch ring when the nose ring is lifted

from the housing during removal of the seal assembly.
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5. The wellhead assembly as recited in claim 1, wherein the tapered shoulder comprises

an upward-facing tapered surface.

6. The wellhead assembly as recited in claim 5, wherein the first tapered surface of the

latch ring comprises a downward-facing tapered surface.

7. The wellhead assembly as recited in claim 1, wherein the seal assembly comprises a
first series of wickers and the tubular member comprises a second series of wickers, the first
series of wickers being urged against the second series of wickers when the seal member
engages the tubular member.

8. A wellhead assembly, comprising:

a housing, comprising an inner bore and an inner profile disposed around a portion of
the inner bore of the housing;

a seal assembly adapted to form a seal between a tubular member and the housing, the
seal assembly comprising:

a seal member;

an energizing ring adapted to be driven into the seal member to expand the seal
member into sealing engagement with an inner surface of the housing and an outer surface of
the tubular member; and

a latch ring secured to the seal member and axially movabile relative to the seal member,
wherein the latch ring is adapted to be driven outward into the inner profile of the housing,
whereupon axial movement of the seal assembly is restricted by abutment between the laich
ring and the inner profile of the housing;

wherein the tubuiar member comprises a tapered shoulder and the latch ring comprises
a first tapered surface, the tapered shoulder of the tubular member and the first taperedlsurface
of the latch ring being adapted to cooperate to drive the latch ring outward when the seal
assembly and the tubular member abut;

wherein the seal assembly comprises a nose ring having a tapered surface and the latch
ring comprises a second tapered surface, the tapered surface of the nose ring and the second
tapered surface of the laich ring being adapted to cooperate fo drive the latch ring outward
when the seal assembly is abutted against the tubular member; and

wherein the lfatch ring comprises a first catch surface and the nose ring comprises a
second catch surface, the first caich surface and second catch surface being adapted to
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cooperate to lift the latch ring when the nose ring is lifted from the housing during removal of the

seal assembly.
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WELLHEAD ASSEMBLY HAVING SEAL ASSEMBLY WITH AXIAL
RESTRAINT

ABSTRACT

A wellhead system (20) comprising a seal (40) with a restraining member (52, 124)
adapted to cooperate with a housing (24) to restrict axial movement of the seal (40).
The seal (40) is adapted to form a seal between the housing (24), such as a wellhead,
and a tubular member (26), such as a casing hanger. The seal (40) has a latch ring
(52, 124) that is expanded outward as the seal (40) is installed within the wellhead.
Axial movement of the seal (40) is restricted by engagement between the expanded
latch ring (52, 124) and the inner profile (32) of the housing (24). The seal (40) and
housing (26) may be adapted so that a portion of the seal is received by a recess (72.

74, 128) in the inner profile (32) of the housing (24).

Fig. 1



