
METAL-TO-METAL SEAL FOR SMOOTH BORE Field of the invention        This
invention relates in general to subsea oil and gas well production, and in
particular to a metal-lo-metal seal for use in a tieback connector.
Background, of the Invention        Metal-to-metal sealing is commonly used
in subsea hydrocarbon production assemblies. For example, subsea wells
typically have a subsea wellhead assembly at the seatloor with a subsea
production tree mounted on the wellhead assembly. The tree has valves
connected to tlowlines for controlling flow from the well. In another type,
of installation, a string of tieback conduit extends from the subsea
wellhead assembly to a platfoon. at the surface. A surface. tree is mounted
on the upper end of the tieback conduit. Some riser systems have inner and
outer tieback conduits, each of which is run separately and connected by a
tieback connector. The inner and outer tieback conduits make up the tieback
riser in that type of system.       The inner tieback conduit /8 installed
by connecting a tieback connector to the lower end of the conduit and.
lowering it into the bore of the subsea wellhead housing assembly. The
tieback connector has a locking member that locks to the subsea wellhead
housing or to the tapered stress joint at the bottom of the outer tieback
conduit. The inner tieback connector also includes a seal between where the
tieback connector lands onto the subsea wellhead assembly. The seal is
preferably a metal-to-metal seal, and it seals to an internal component of
the subsea wellhead housing assembly. Metal-to-metal seals have a variety
of configurations. While many work well, improvements are desired. Summary
of the invention        The seal assembly includes a tubular member having
a longitudinal axis and. a tubular member seal profile. .A metal seal ring
having a proximal base and a distal end has a seal ring seal profile
between the proximal base and distal. end that contacts the tubular member
seal  



profile. A distal annular recess is in one of the seal profiles, the distal
annular recess being spaced axially from the distal end of the seal ring,
defining a primary seal surface between the distal end of the sea; ring and
the distal annular recess. The seal surflice engages a seal surface of the
tubular member seal profile. The contacting portions of the seal surfaces
than a primary metal-to-metal seal area.       A proximal annular recess is
in one of the seal profiles and spaced axially from the distal annular
recess, defining a support area axially spaced from the metal-to-metal seal
area. The distal annular recess has an axial extent. length that exceeds an
axial exten.t length of the metal-to-metal seat area, measured along the
axis of the tubular member.       Preferably, the proximal annular recess
has an axial extent length, measured along the axi.s of the tubular member,
that exceeds the axial extent length of the metal-to-metal seal area. In
the preferred embodiment, when viewed in an axial cross-section, each of
the annular recesses forms a continuous curve from one edge to an opposite
edge.       The support area on one of the seal profiles is in contact with
part of the other of the seal profiles when exposed to a selected level, of
fluid pressure, but less compressive force exists between this part and the
support area than at the metal-to-metal seal area. The support area contact
does not necessarily form a metal-to-metal seal, particularly at lower
pressure levels.       The distal annular recess may be in the seal. ring
seal profile or it may be in the tubular member profile. The proximal
annular recess may be in the seal ring seal profile or in the tubular
member seal profile. If the proximal annular recess is in the tubular
member seal profile, an additional. proximal annular recess may be funned
in the seal ring seal profile opposite the proximal annular recess in the
tubular member seal. profile.       in one embodiment, the distal and
proximal annular recesses are in the tubular member seal profile. The seal
ring seal profile comprises a conical surface that is substantially
straight from the metal-to-metal sealing area to the proximal annular
recess in the tubular member seal profile. Brief Description of the
Drawings       Figure 1 is a sectional view illustrating a tieback
connector, having a seal assembly, landing on a wellhead assembly. 



igure, 2 is a sectional view illustrating the tieback connector of Figure 1
in a landed position. Figure 3 is an enlarged sectional view of the seal
assembly of Figure I.  Figure 4 is an enlarged sectional view of the seal
assembly of Figure 2. Figure 5 is a sectional view of an alternate
embodiment of the seal assembly oire 4.       Figure 6 is a sectional view
of another alternate embodiment of the seal assembly of Figure 4.
Figure 7 is an enlarged sectional view of the mandrel portion of the seal
assembly of Figure 6. 



Detailed Description of the Invention       Referring to Figure 1, a
tieback connector 20 for a subsea wellhead is illustrated in side
cross-sectional view landing to a wellhead housing (not shown). The tieback
connector 20 comprises a tubular mandrel 22, an actuator sleeve 34
circumscribing the mandrel 22 lower portion, a sleeve 32 formed around both
the upper portion of the actuator sleeve 34 and the mandrel 22, and a
casing hanger lockdosvrt Member 28 coaxiaily circling the sleeve 32.
Opposing mating surfaces of the mandrel 22 and the sleeve 32 respectively
include a mandrel groove 23 and a sleeve groove 33. As shown, these grooves
23, 33 are aligned with a split ring 30 extending into both the mandrel
groove 23 and the sleeve groove 33. The mandrel 22 and the sleeve 32 are
coa,rially coupled by the presence of the split ring 30 within the grooves
23, 33.       The tieback connector 20 ti.trtimi includes a seal assembly
50 affixed to the lower end of the mandrel 22. Figures 1 and 3 illustrate
seal 50 prior to energizing the seat 50. Figures 2 and 4 depict seal SO in
engagement with a casing hanger 38, With reference now to Figure 3, an
enlarged side cross-sectional view of the seal assembly 50 is illustrated.
The seal assembly 50 comprises a metal seal member that May have an annular
rib, base or web 54 on its outer side extending radially outward from its
mid. section and an upper leg 56 extending from the midsection
substantially perpendicular to the web 54. Optionally included is a lower
leg 58 extending in an opposite direction from the upper leg 56. An outer
surface of the upper leg 56 has portions in. sealing contact With a lower
terminal end of the mandrel 22. Although the mandrel 22 is shown as a part
of the tieback connection 20, the seal assembly 50 can be coupled with any
annular member and used for sealing there between.       Mandrel 22
preferably has a lower cylindrical sealing surface 29a, a central
cylindrical or slightly conical support surface 29b and an upper conical
sealing surface 29c. Lower cylindrical, sealing surface 29a has a diameter
larger than central cylindrical support  surface 29b and is separate by a
conical transition area. Upper conical seating surftee 29c has a. maximum
diameter at its junction with support surface 2%.       Seal 50 is an
annular member circumscribing a longitudinal axis of mandrel 22. An upper
leg seal groove 72 is optionally formed on a cylindrical lower portion of
the upper leg outer surface proximate to the web 54. An estonteric seal 74,
located in seal gtriov-e 72, is shown in cross-section and elastically
&footled when pressed against lower cylindrical scaling portion 29a of the
opposing sealing surface 29 of the mandrel 22. An undercut or annular
recess 68 is formed into the Impel leg outer surface beginning a short
distance above groove 74. Recess 68 begins at a portion of seal 50 that may
be considered 10 be part of a base of first leg 56, thus may be referred to
as proximal recess 68. When viewed in the axial cross-sectional view or
Figures 3 and 4, the recess 68 preferably has a continuously curved profile
from its lower edge to its upper edge. In this example, the curved profile
is formed at a single radius. The upper edge of proximal recess .68
terminates at a support area 66; which may be cylindrical and has a finite
axially dimension or thickness. Support area 66 may contact but does not
necessarily seal to mandrel central support surface 29b. If in contact
after initial assembly, support area 66 would exert: less force against
upper tubular member 22 than sealing area 62. Support are 66 would contact
pentral support surface 29h when fluid pressure at the maximum level, but
the contact would not. be sufficient to form a metal-to-- metal seal at the
specified fluid pressure. The support area 66 axial extent or thickness is
less than the axial extent or length of the undercut: 68. The axial length
is measured along the axis of mandrel 22.       A second upper leg undercut
or annular recess 64 is "brined in the upper leg 56 and since it is closer
to the upper end of upper log 56, it. may be referred to as a distal
recess. Undercut 64 begins at support area 66 and terminates at art upper
leg outer sealing area 62. The seating area 62 is formed proximate the tip
of the upper leg 56, and as will be described below, provides a prim:dry
point of sealing contact between the seal assembly SO and the mandrel 22
upper conical. sealing area 29e. Undercut 64 is shown as having a larger
radius and axial length than undercut 68, but variations are possible.
In the embodiment of Figure 3, sealing area 62 has a curved generally
conical cross-section, but other configurations are feasible. The diameter
of the seating are.a 62 is less than the support area 66 diameter. The
axial dimension, or length of undercut 64 is greater than the contacting
portion of upper seal 62. The axial length of sealing area 62, which is the
portion that contacts and seals against mandrel surface 29e, ranges from
about 10% to about 50% of the that recess axial length. 



Upper leg 56 deflects elastically when being installed on mandrel 22, with
sealing area 62 deflecting radially inward slightly to hum a metal-to-metal
seat with sealing surface 29c. Support area 66 preferably deflects a very
small amount compared to the deflection of sealing area 62. Prior to being
installed on mandrel 22, a line 69 tangent to seal area 62 and support area
66 would be a small positive angle Ta relative to a vertical line 70
parallel with the axis of mandrel 22. After installation the taper angle Ta
between lines 69 and 70 increases slightly. Prior to installation, taper
angle Ta may be from about 8" to about: 15.       The embodiment of the
lower leg 58 of Figure 3 is similar to the upper leg 56 but some
differences do exist in the embodiments shown. Lower leg 58 will sealingly
engage a sealing surface in casing hanger 38. As shown in Figure 4, the
sealing area in casing hanger 38 includes a lower cylindrical surface 38a,
a conical transition area 39b and an upper cylindrical surface 39c. Upper
cylindrical surface 39e is larger in diameter than lower cylindrical
surface 39a. Upper cylindrical surface 39c and lower cylindrical surface
38a could be slightly conical, if desired.       The lower leg 58
optionally includes a cylindrical portion on its outer surface with a base
portion having a seal groove 90 and an. el:agog-net-le 0-ring seal 92 that
seals to upper cylindrical surface 39e. 'The lower leg 58 also includes
third and fourth recesses or undercuts 82, 86 separated by a support area
89. Recess 86 begins at what may be considered to be part of the base of
second leg 58. Support area 84 may contact but does not necessarily seal to
lower cylindrical surface 39a. Support area 84 exerts less force against
casing hanger 38 than second sealing area 80. In this example, the lower
undercut 82 and the upper undercut 84 have about the same axial. lengths
and radii, but the lower undercut 82 is shallower. Sealing area 80 on the
lower leg 58 is proximate to the lower leg tip and optionally may have a
rounded cross-section. Sealing area 80 sealingly engages casing hanger
cylindrical surface 39a. The axial length of each undercut 82, 84 is
greater than the axial thickness of support section 84 and the axial length
of the contacting portion of sealing area 80.       One of the differences
between the lower leg 58 and the upper leg 56 is the difference between the
initial upper taper angle Ta and a tower taper angle Th. Lower taper angle
Tb is the initial angle, prior to installation, between a tangent line 8 l
and vertical line 70, which is parallel with the axis of casing hanger 38.
The tangent line 8 J. is tangent to support area 84 and lower sealin.g area
80. Lower taper angle Tb is a reverse taper relative to vertical line 70
from upper taper angle Tar, Sealing area 80 has an outer diameter slightly
greater than the diameter of casing hanger cylindrical surface 39a, When
sealing area 80 is forced against casing hanger cylindrical surface 39a,
lower leg 58 elastically deflects inward, thereby  decreasing taper angle
Th. Angle Tb decreases during installation,installation is preferably no
geater than about 2 degrees.       The web 54 has a generally
frusto-conical. cross section, its width decreasing from the body 52 mid
section to the web 54 crown 55. The crown 55 outer surface is profiled to
form a ridge 57 along the en:1WD% 55 outer circumference in this example.
In Ibis embodiment, the web 54 upper surface 67 and lower surface 65 are
not parallel. These surfaces 65, 67 may have the same angle with respect to
the axis of seal 50, or can have different tingles as shown. In another
embodiment, the surfaces 65, 67 May be generally parallel with each other,
resulting in a near Win:MI thickness of rib 54. A retainer assembly 59
engages the ridge 57 for retaining the seal assembly 50 on the lower end of
the mandrel 72 The retainer assembly 59 comprises a clip 61 having an
elongated body with an inwardly protruding lip 71 on its lower end. The lip
71 mates with the ridge 57 and supports the seal assembly 50 on the mandrel
22. At this stage the seal assembly 50 is only partially in sealing
engagement with the mandrel 22, thus a gap 31 remains between the mandrel
22 lower terminal surface 27 and the web 54 upper surface 67. The upper end
of the clip 61 includes a base 53 wedged into a channel 25 foliated on the
mandrel 22 outer radial surface. An annular ring 63 circumscribes the outer
portion of the base 53 for slidingly retaining it within the channel 25.
Other retainers are feasible. 



With reference now to Figure 2, the 'tieback connector 20 is shown landed
on the wellhead housing andin contact with inner or second oasis! hangar
38. The seal assembly 50 is wedged between the lower terminal end 27 (Fig.
4) of the mandrel 22 and the upper terminal end 41 of the second casing
hangar 38. in this embodiment the mandrel 22 has been uncoupled from the
sleeve 32 and traveled downward with. respect to the sleeve 32. Uncoupling
the sleeve 32 from the mandrel 22 involves using the activation sleeve 34
to urge the split ring 30 into an open space at the back end of the recess
33. The activation sleeve 34 upper end engages a profiled portion on the
split ring 30 lower end to slide it out of the mandrel groove 23
perrnitting axial sliding of the mandrel 22 with respect to the sleeve 32.
Alternatively, mandrel 22 could have a threaded engagement with sleeve 32
that causes it to move between the portion of Figure 1 and the portion of
Figure 2 by rotation of the mandrel 22.       An enlarged view of the seal
assembly 50 wedged between the mandrel 22 and the easing hangar 38 is
provided in a oross-sectional view in Figure 4. During landing, lower seal
leg 58 will stab into casing hanger cylindrical portion 38a with straight
downward movement. Seal area 80 ela.stieally deflects and forms a sealing
engagement with cylindrical  portion 38a. Then, in this example, the
operator rotates mandrel 22, which will rotate relative to seal 50. The
rotation causes mandrel 22 to advance downward slightly relative to seal
50, causing gap 31 to close as mandrel lower surface 27 contacts web 54
upper surface 67. The downward movement of mandrel 22 also engages the
upper leg sealing area 62 with mandrel sealing surface 2%. This engagement
bends the upper leg 56 elastically toward. the axis, thereby forming a
stress area between the seal area 62 and the sealing surface 29e to
energize the seal assembly 50.       Internal pressure acts against seal 50
to apply an internal force on seal areas 62 and 80, which is reacted by
casing hanger seal surface 39a and mandrel sealing surface 29e, Internal
pressure may also cause support areas 66 and 84 to contact mandrel surface
29b and casing surface 39a, respectively. This contact is not necessarily a
sealing contact, however, and the contacting force under pressure is less
than the forces imposed by the sealing areas. if the pressure is high
enough., the contact may result in sealing, but this is not necessary.
Strategically positioning the support area 66 on the sealing surface, in
combination with the curved undercuts 64, 68, provides a means for
controlling the sealing stress value between the sealing area 62 and the
sealing surface 29e when energizing the seal assembly 50. A significant
increase in sealing stress is achievable using the control means, wherein
the maximum sealing stress is mainiained below the yield point of the
respective materials of the mandrel 22 and the seal 50. Additionally,
controlling the stress at the sealing area 62 also insures other high
stress points in the seal 50 will not exceed their respective yield values.
The support areas 66 and 84 provide stiffening of legs 56, 68 against
internal pressure loads. It is well within the capabilities of those
skilled in the art to form seal lens having appropriately dimensioned
undercuts, supports, and seal areas to achieve the desired results
described herein.       The angled upper and lower surfaces 67, 65 of the
web 54 comprise an additional feature of the seal assembly 50. The
corresponding lower terminal. end 27 of the mandrel 22 and the upper
teiminal end 41 of the casing hangar 38 are correspondingly angled to match
the upper and lower surface contours. A lateral force exerted to the
exterior of either the mandrel 22 or the casing hangar 38 is traits fel zed
to the other annular member via the wedge shaped web 54, This force
transfer effectively couples the members together, thereby resisting
lateral movement of one member with respect to the other.       A second
embodiment of a seal assembly is illustrated. in Figure 5. A tubular member
94, which may he similar to mandrel 22 or casing hanger 38 of the first
embodiment or another tubular member, has a seal profile 96 on its inner
diameter. Seal profile 96 has a  primary seal area 98 that in this
embodiment is a conical surface at the upper end of seal profile 96. In
this example, a cylindrical surface 100 extends downward from primary seal.
area 98. An annular recess 102, referred to herein as a proximal recess, is
formed at the lower end of cylindrical surface 100. Proximal recess 102 is
preferably formed as a continuous curve when viewed in the axial
cross-section shown in Figure 5. A cylindrical surface 104 extends downward
from proximal recess 102. Cylindrical recess 104 is slightly larger in
inner diameter than cylindrical surface 100. Cylindrical surfaces 100 and
101 could alternately be conical 81111aCCS. 



A seal ring 106 has a base 108, a distal -end 110, and a seal profile 109
extending between base 108 and distal end 110. In this example, base 108
could be an end of seal ring 106 opposite distal cad 110, Alternately, base
108 could comprise a mid-section between two distal ends if the seal ring
had two legs, such as the seal ring shown in the first embodiment. A web,
such as web 54 of the first embodiment, could extend laterally from base
108. Distal end 110 is shown above base 108 in the example of Figure 5, but
it would be located below base 108 if seal 106 were inverted. The terms
"upper" and "lower" are used merely for convenience. The terms "proximal"
and "distal" are used to describe features located closer to or farther
from base 108.       Seal ring 106 has a seal ring sealing profile 109 on
its outer diameter that engages tubular member seal profile 96. A distal
recess 112 has its upper edge spaced a selected distance below distal end
110, defining a primary seal area 114. Distal recess 112 is preferably in
the configuration of a continuous single curve from its upper edge to its
lower edge. Primary seal area 114 engages tubular member primary seal. area
98 to form a primary metal-to-metal seal.. The overlapped portion shown in
Figure 5 of primary seal area :114 and primary seal area 98 illustrates how
much deflection or preload is required of seat ring 106 when it is
installed. Seal profile 109 deflects to the left as shown in Figure 5 when
it is installed by an amount equal to the overlapped lines shown in Figure
5. In this embodiment, seal primary seal area 114 is slightly rounded but
it could have other shapes.       A seal proximal recess 116 is spaced a
distance below seal distal recess 112, resulting in an annular support area
118 between them., In this embodiment, annular support area. 118 is a
cylindrical surface, but it could be tapered. Seal proximal recess 116 has
approximately the same curved configuration as seal distal recess 112 and
is located directly opposite tubular member proximal recess 102, Seal
proximal recess 116 is located closer to base 108 than seal distal recess
112.        When seal ring 106 is initially installed, in tubular member
94, optionally, a portion of support area 118 will contact a portion of
tubular member cylindrical surface 100. The overlapped lines in Figure 5
illustrate that some deflection may take place of support area I !8 when
seal ring 106 is initially installed. However, this deflection, if it
occurs, is not necessarily sufficient to form a metal-to-metal seal, unlike
primary seal area 114. There would be less preload compressive force
initially between support area 118 and cylindrical surface 100 than
ptirnary seal areas 114 and 98. If there is no initial contact between
support area 118 and cylindrical surface LOU. when later exposed to the
specified pressure within tubular member 94, seal ring 106 may deflect
further, causing support area 118 to contact cylindrical surface 100, but
the contact force between support area 118 and cylindrical surface 100 will
be less than the contact forces between primary seal. areas 98 and 114.
A cylindrical surface 120 extends from proximal recess 116 into base 108,
Cylindrical surface 120 could alternately be conical. An optional seal
groove 122 is formed in. cylindrical. surface 120 in this example. An
elastornetic seal 124 locates within seal groove 122 and seals against
tubular member cylindrical surface 104. Elastorneric seal 124 serves as a
backup seal to the ,meial-to-metal seal formed by seal areas 98 and 114,
Contacting portions of primary seal areas 98 and 114 have an axial extent
or length 126 measured along a longitudinal axis of seal ring 106 and
tubular member 94. Distal recess 112 has an. axial extent 128 that is
greater than axial extent 126. Support area 118 has an axial extent 130
that is less than primary seal axial extent 126 in this example. Proximal
recesses 102 and 116 have an axial extent 132 that in this example is about
the same as axial extent 128 and greater than axial extents 126 and 130,
When seal ring 106 is installed in tubular member 94, liquid would be
present if it is a tieback seal arrangement as in the first emboditnent.
Liquid would tend to be trapped in distal recess 112 and proximal recesses
102 and 116 as seal ring 106 and tubular member 94 move axially relative to
each other. Proximal recess 102 reduces the possibility of hydraulic lock
occurring as elastomeric seal 124 and metal-to-metal seal areas 98 and 114
slide into engagement with each other,       Figures ( and 7 illustrate
another alternate embodiment of a seal assembly. Referring more
particularly to Figure 7, tubular member 134 could be either mandrel 22 or
casing hanger 38 of the first embodiment or a tubular member for other
purposes. Tubular member 134 has a seal profile 136 on its inner diameter
that includes a conical surface 138 at the upper end of tubular seal
profile 136. Alternately, conical surface 138 could be cylindrical. A
distal recess 140 is formed in scat profile 136 at the lower edge of
conical surface 138. As  



in the other embodiments, distal recess 140 is annular and preferably a.
continuous curve from its upper edge to its lower edge. A proximal recess
142 is located in seal profile 136 a selected axial distance below distal
recess 140. Proximal recess 142 has approximately the same configuration
and axial extent as distal recess 140. An annular support area 144 is
located between distal recess 140 and proximal recess 142. Support area 144
may be cylindrical or slightly conical. The axial extent of support area
144 is less than either of the recesses 140 or 142. A cylindrical surface
146 extends downward from proximal recess 142. Cylindrical surface 146
could alternately he slightly conical.        Referring to Figure 6, seal
ring 148 has a base 150 and a distal end 152. Seal ring 148 has a seal
profile 154 on its outer surface that engages seal profile 136 Of tubular
member 134. In this embodiment, seal profile 154 is a smooth surface, free
of any recesses except for an optional seal groove that contains an
elastomeric seal ring 156. The portion of seal profile 154 containing
elastomeric seal ring 156 may be cylindrical or slightly conical. The
portion of seal profile 154 beginning at the lower end of proximal recess
142 to approximately distal end 152 is a straight conical surface when
viewed in the axial cross-section shown in Figure 6. The overlapped lines
in Figure 6 illustratethat the primary metal-to-metal seal surface will
exist at conical surface 138, Support area 144 may be contacted. by a
portion of seal profile 154. As in the other embodiments, support area 144
does not necessarily form a metakometal seal       While the invention has
been shown in a few forms, it should be apparent to those skilled in the
art that it is not so limited but susceptible to various changes without
departing from. the scope of the invention. For example, the lower seal leg
could be mounted to a seal ring having a considerably different upper seal
leg than shown, and vice-versa. Also, in the first embodiment, the upper
seal lek is configured to allow rotation between the mandrel and the upper
seal leg prior to full setting, but this not need be the case. A seal with
only a single seal leg and no rib or web is also feasible, particularly if
the seal is formed as a lip on a sleeve. The clip for retaining the seal
member during deployment could be replaced with. a ihreaded fastener.
Claims  1. A seal assembly for sealing to a tubular member, comprising: an
annular metal seal body having a leg with a base and a tip; a sealing area
on an outer surface of the leg proximate to the tip for sealing engagement
with a tubular member; a support area on the outer surface between the base
and the sealing area, the support area configured to contact the tubular
member but exert less force against the tubular member than the sealing
area exerts against the tubular member; a first recess formed on the outer
surface of the leg and extending from the support area to the sealing area;



a cylindrical portion on the outer surface of the leg proximate the base
and having a seal groove containing an elastomeric seal ring; and a second
recess formed on the outer surface of the leg between the cylindrical
portion and the support area, wherein the first recess has a length,
measured along an axis of the seal body, that exceeds a length of the
sealing area.  2. The seal assembly of claim 1, wherein the second recess
has a length that exceeds the length of the sealing area.  3. The seal
assembly of claim 1, wherein the sealing area on the leg has a taper angle
measured between a line tangent to the sealing area and the support area
relative to a line parallel to the axis of the seal that is from about 8'
to about 15'.  4. The seal assembly of claim 3 further comprisin a second
leg extending from the base in an opposite direction to the first leg and
having a tip with a sealing area on an outer surface proximate the tip of
the second leg for sealing engagement with a second tubular member; a
support area on the outer surface of the second leg between the base and
the sealing area of the second leg for contact with the second tubular
member, the support area of the second leg configured to contact the second
tubular member but exert less force against the second tubular member than
the sealing area of the second leg exerts against the second tubular
member; a third recess on the outer surface of the second leg and extending
from the base to the support area on the second leg; and a fourth recess on
the outer surface of the second leg and extending from the support area on
the second leg to the sealing area on the second leg. 



5. The seal assembly of claim 4, wherein the sealing area on the second leg
has a taper angle measured between a line tangent to the sealing area and
the support area on the second leg relative  to a line parallel to the axis
of e seal that is not greater than 2 and is in reverse to the taper angle
of the first leg.  6. The seal assembly of claim 1, wherein the sealing
area is curved. 7. A seal assembly comprising: an annular metal seal
circumscribing an axis, the seal having a middle portion and first and
second legs extending in opposite directions from the middle portion; and a
web member extending from the middle portion perpendicular to the axis, the
web member terminating at a web tip and having upper and lower sides,
wherein the sides are disposed oblique to the axis and converge towards one
another with distance away from the middle portion; a sealing area
proximate to a tip of the first leg; and a support area on the first leg
outer surface between the middle portion and the sealing area. 



8. The seal assembly of claim 7, wherein the angle between the upper side
and the axis differs from the angle between the lower side and the axis.
9. The seal assembly of claim 7 further comprising a first recess formed on
the first leg outer surface from the support area to the sealing area.  10.
In a subsea well apparatus having first and second tubular members, each
having a bore, the first and second tubular members being in end-to-end
abutment, an improved seal assembly that seals between the first and second
tubular members, comprising: an annular metal seal body having a middle
portion and first and second legs extending in opposite directions from the
middle portion, the seal body circumscribing an axis; a first sealing area
on an outer surface of the first leg proximate to a tip of the first leg -
id in sealing engagement with a conical portion of the bore of the first
tubular member; a second sealing area on an outer surface of the second leg
proximate to a tip of the second leg and in sealing engagement with a
cylindrical portion of the bore of the second tubular member; a first
support area on the first leg outer surface between the middle portion and
the first leg sealing area arid in contact with the bore of the first
tubular member, the first support area exerting less force against the
first tubular member than the first sealing area; a second support area on
the second leg outer surface between the middle portion and the second leg
sealing area and in contact with the bore of the second tubular member, the
second support area exerting less force against the second tubular member
than the second sealing area; a first recess formed on the first leg outer
surface from the first support area to the first sealing area; 



a second recess formed on the first leg outer surface from the support area
to the middle portion, wherein the first recess has an axial length,
measured along the axis of the seal body, that exceeds an axial length of a
contact area of the first sealing area;  a third recess formed on the
second leg outer surface from the second support area to the second sealing
area; and a fourth recess formed on the second leg outer surface from the
second support area to the middle portion, wherein the fourth recess has an
axial length, measured along the axis of the seal body, that exceeds an
axial length of a contact area of the second sealing area.  11. The subsea
well apparatus of claim 10, further comprising a web extending radially
outward from the middle portion of the seal body, the web having a first
side that is engaged by an end of the first tubular member and a second
side that is engaged by an end of the second tubular member, and wherein
the first and second sides are disposed oblique to the axis.  12. The
subsea well apparatus of claim 10, wherein the first recess and the second
recess each has an axial length that exceeds an axial length of the first
support area.  13. The subsea well apparatus of claim 10 further
comprising: wherein the third recess and the fourth recess each has an
axial length that exceeds an axial length of the second support area.  14.
The subsea well apparatus of claim 10, wherein 



the sealing area on the first leg has a taper angle measured between a line
tangent to the sealing area and the support area on the first leg relative
to a line parallel to the axis of the seal body; the sealing area on the
second leg has a taper angle measured between a line tangent to the sealing
area and support area on the second leg relative to a line parallel to the
axis of the seal that is in reverse to the taper angle on the first leg.;
and the amount of the taper angle of the second leg is less than the amount
of the taper angle of the first leg,  15. The subsea well apparatus of
claim 10, wherein the first tubular member is rotatable relative to the
seal assembly after engaging the lower tubular member and while energizing
the seal. 


