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DUAL METAL SEAL FOR WELLHEAD HOUSI NG FI ELD OF THE | NVENTI ON Thi s

“invention relates generally to well head housings and connectors, and in
particular to seal assenblies that provide sealing even if the well head

housing primary sealing 5yhfaGerA3CSFRE FORRVELLAEAD HOUSING
FIELD OF THE INVENTION
This invention relates generally to wellhead housings and connectors, and in particular
to seal assemblies that provide sealing even if the wellhead housing primary sealing surface

becomes damaged.

BACKGROUND OF THE INVENTION

Metal-to-metal sealing surfaces have been proposed to seal junctions between tubular
members such as: blowout preventers, production trees, side outlet valves and wellhead
housings. Metal-to-metal seals must be precisely manufactured to enable a seal upon contact
of the polished sealing surfaces.

Metal-to-metal seals will not effectively seal if one of the sealing surfaces becomes
damaged. This is particularly problematic for inaccessible applications, such as subsea
wellheads, where the seal surface cannot be easily removed to refinish the damaged seal
surface. Thus, secondary sealing surfaces have been developed for use when a primary
surface becomes damaged, for example, see U.S. Patent No. 5,039,140 and U.S. Patent No.
5,103,915, both of which are incorporated herein by reference.

However, such proposals are difficult to implement due to the difficulty in maintaining
a tolerance in locating the secondary seal surface or in energization of the secondary seal.
Further, no prior secondary seal for such an application has provided for a dual metal-to-metal
seal, which is desirable for safety reasons. It is an object of the present invention to reduce or

eliminate the above-mentioned problems.

SUMMARY OF THE INVENTION

According to one aspect of the invention, there is provided a system for sealing a
wellhead. -According to one embodiment, a system comprises: a wellhead housing for
Eonnecting to a well string casing, the wellhead housing being annularly disposed about a
central axis comprising: a primary sealing surface ‘disposed within the wellhead housing, a
reference surface extending below the primary sealing surface, and a secondary sealing surface
extending below the reference surface; a wellhead connector annularly disposed about the
central axis having disposed therein a connector sealing surface; and a secondary seal ring

annularly disposed about the central axis and compnsmg a ring seal surface for sealing
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the central axis and having disposed therein a connector sealing surface; and a secondary seal
ring annularly disposed about the central axis and comprising: a ring seal surface for sealing
contact with the connector sealing surface, a sealing land for sealing contact with the wellhead
housing, and a lever contact point for engagement with the lever point about which
compressive forces imposed by the wellhead housing and the wellhead connector generate a
moment which energizes the sealing land.

According to still a further embodiment, the system comprises: a wellhead housing
annularly disposed about a central axis comprising a primary sealing surface disposed within

’ the wellhead housing and a secondary sealing surface extending below the primary sealing
surface; a wellhead connector annularly disposed about the central axis and having disposed
thereon a connector sealing surface; and a secondary seal ring annularly disposed about the
central axis comprising: a ring seal surface for sealing contact with the connector sealing
surface, a first seal surface for sealing contact with the conical primary sealing surface, and a
second seal surface for sealing contact with the secondary seal surface.

According to a further aspect of the invention, a method for making a wellhead
housing is provided, the method comprising: forming a wellhead housing, machining a
reference surface; machining a primary sealing surface using the reference surface as a guide;
machining a secondary sealing surface using the reference surface as a guide.

| According to a further aspect of the invention, there is provided a wellhead housing
f)'roduced by: forming a wellhead housing, machining a reference surface;, machining a
primary sealing surface using the reference surface as a guide; machining a secondary sealing

surface using the reference surface as a guide.

BRIEF DESCRIPTION OF THE DRAWING
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_Further, no prior secondary seal for such an application has provided for a
“dual netal -to-netal seal, which is desirable for safety reasons. It is an
obj ect of the present invention to reduce or elimnate the above-nentioned
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invention, there is provided a systemfor sealing a wellhead. According to
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surface, and a secondary sealing surface extending bel ow the reference
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havi ng di spose erein a-cannector .sealing.surface; and a secondary seal
ring annul arl y%aﬁgsz’BQé’EPsé'B%P“ H’choéﬁtppﬁ}ong’%g"e@??agﬁmwp’éi ng: a ri %g seal

surface for segiGNPis a cross-sectional view of a portion of a seal ring;

FIG. 4 is a cross-sectional view of a wellhead housing, a wellhead connector, and a
secondary seal ring wherein they are assembled; |

FIG. 5 is a cross-sectional view of a wellhead housing, a wellhead connector, and a
secondary seal ring wherein they are éssembled;

FIG. 6 is a cross-sectional view of a wellhead housing, a wellhead connector, and a
secondary seal ring wherein they are assembled; and

FIG. 7 is a cross-sectional view of a wellhead housing, a welthead connector, and a
secondary seal ring wherein they are assembled.

It is to be noted, however, that the appended drawings illustrate only typical
embodiments of the invention and are therefore not to be considered a limitation of the scope

of the invention which includes other equally effective embodiments.

DETAILED DESCRIPTION OF THE INVENTION

Referring to Figure 1, a cross-section view of a portion of a wellhead housing (11) is
depicted. The wellhead housing (11) is an annular stm&ure having a central axis (26). There
is an upward fécing shoulder (10) at the top. A pnmary sealing surface (12) extends
downward and inward from the upward facing shoulder (10), whereby it forms a conical
surface. Below the primary sealing surface (12) there is a cylindrical reference surface (14)
which is used during production of the wellhead housing as a reference for machining the
seahng surfaces. Further below, there is a conical surface (16) that extends downward and
radially inward from the cylindrical reference surface (14). Next, there is a cylindrical sealing
surface (18) that extends downwardly from the conical surface (16). Finally, transition
surface (20) connects cylindrical sealing surface (18) to the wellhead bore (defined by the
wellhead bore central axis (26)).
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2 contact with the connector sealing surface and an extension extendi ng
" bel ow t he connector sealing surface and having di sposed thereon a sealing
| and extending froma | ower portion of

The cylindrical reference surface (14) provides a reference point from which to
machine both the primary sealing surface (12) and a secondary sealing surface. In separate
embodiments, the secondary sealing surface is either conical (16) or cylindrical (18).

Referring to Figure 2, there is shown a cross-sectional view of a portion of a wellhead
connector (21). Like the wellhead housing (11), the wellhead connector (21) is an annular
structure having a central axis (26). The wellhead connector (21) has a downward facing
shoulder (32) for engagement with the upward facing shoulder (10) of the wellhead housing
(11) (see Fig. 1). Also, there is a connector sealing surface (36) that extends upward and
radially inward. A recess (34) is positioned between the downward facing shoulder (32) and
the connector sealing surface (36). |

Referring to Figure 3, there is depicted a cross-sectional view of a portion of a
secondary seal ring (15). The secondary seal ring (15) is also an annular structure having a
central axis (26). it has a flange (15d) on its outer periphery that is insertable into the recess
(34) of the wellhead conneétor (21) (see Fig. 2). A ring seal surface (15€) extends upward
and radially inward from the flange (15d). A surface (15¢) extends downward and radially
inward from the flange (15d). Below the surface (15c) there is an extension (15b) that
extends downward. At the end of the extension (15b) there is a sealing land (15a) that
extends downward from the extension (15b). The interior surface (15f) of the secondary seal
ring (15) faces the central axis (26).

Referring to Figure 4, there is depicted a cross-sectional view of the wellhead housing
(11), the wellhead connector (21), and the secondary seal ring (15) wherein they are
assembled. In this embodiment of the invention, upward facing shoulder (10) and downward
facing shoulder (32) abut against each other. The flange (15d) of the secondary seal ring (15)
is inserted into the recess (34) of the wellhead connector (21). Connector sealing surface (36)
forms a metal-to-metal seal with ring seal surface (15e) and sealing land (15a) forms a metal-
to-metal seal with cylindrical sealing surface (18).

: Also, in this embodiment, surface (15¢) does not contact primary sealing surface (12).
Extension (15b) is spaced near the reference surface (14) and conical surface (16) such that
the extension (15b) does not contact any of these surfaces.

Referring to Figure 5, there is shown a cross-sectional view of an embodiment of the
present invention wherein the wellhead housing (11), the welthead connector (21), and the
secondary seal ring (15) are assembled. As before, upward facing shoulder (10) and

i
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t he extension for sealing contact with the wellhead housi ng.

"According to a further enbodinent of the invention, the systemconprises: a
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Refernng to Figure 6, there is depicted a cross-sectional view of the welthead housing
(11), the wellhead connector (21), and the secondary seal ring (15) wherein they are
assembled. In this embodiment of the invention, upward facing shoulder (10) and downward
facing shoulder (32) abut against each other. The flange (15d) of the secondary seal ring (15)
is inserted into the recess (34) of the wellhead connector (21). Connector sealing surface (36)
forms a metal-to-metal seal with ring seal surface (15€). In this embodiment, surface (15¢)
does not contact primary sealing surface (12). Also, conical surface (16) is machined and
forms a metal-to-metal seal with the sealing land (15a).

Referring to Figure 7, there is depicted a cross-sectional view of the wellhead housing
(11), the wellhead connector (21), and the secondary seal ring (15) wherein they are
assembled. In this embodiment of the invention, upward facing shoulder (10) and downward
facing shoulder (32) abut against each other. The flange (15d) of the secondary seal ring (15)
is inserted into the recess (34) of the wellhead connector (21). Connector sealing surface (36)
forms a metal-to-metal seal with ring seal surface (15¢) and sealing land (15a) forms a metal-
to-metal seal with conical surface (16). In this embodiment, surface (15c) contacts conical
primary sealing surface (12). If the primary sealing surface (12) has not become previously
damaged, then an effective metal-to-metal seal may be obtained. Thus, there may be two
metal-to-metal seals between the secondary seal ring (15) and the wellhead housing (11).
i—Iowever, even if a seal is not obtained, the contact still energizes the secondary seal surface.

Another aspect of the present invention is the generation of a moment in the
secondary seal ring (15). The moment is generated by vertical forces exerted by the wellhead
connector (21) and the wellhead housing (11). There is a downward vertical force
component in the contact between the connector sealing surface (36) and the ring seal surface

{(15e). Similarly, there is an upward vertical force component in the contact between the
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surface; a well head connector annul arly di sposed about the central axis and
* havi ng di sposed thereon a connector sealing surface; and a secondary seal
ring annul arly di sposed about the central axis conprising: a ring seal
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housing (11) and the secondary seal ring (15) is not important so long as the sum of the forces

exerted on the secondary seal ring (15) is sufficient to generate a moment. Thus, even if the

conical primary sealing surface (12) has become damaged, it may still serve as a lever point to

generate a moment in the secondary seal ring (15).
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1. A system for sealing a wellhead, the system comprising:
a wellhead housing for connecting to a well string casing, said welthead housing being
annularly disposed about a central axis comprising:
a primary sealing surface disposed within the wellhead housing;
a reference surface extending below said primary sealing surface; and
a secondary sealing surface extending below said reference surface;
a wellhead connector annularly disposed about the central axis having disposed
therein a connector sealing surface; and
a secondary seal ring annularly disposed about the central axis and comprising;
a ring seal surface for sealing contact with said connector sealing surface; and
an extension extending below said ring seal surface and having disposed
thereon a sealing land extending from a lower portion of said extension for

sealing contact with said wellhead housing,

2. A system as in claim 1, wherein said secondary sealing surface is conical and said
sealing land sealingly contacts said secondary sealing surface.

3. A system as in claim 1, wherein said secondary sealing surface is cylindrical and said
sealing land sealingly contacts said secondary sealing surface.

4. A system as in claim 1, wherein said secondary seal ring further comprises a seal

surface which contacts said primary sealing surface.

5. A system as in claim 4, wherein said seal surface sealingly contacts said primary
sealing surface.

6. A system as in claim 1, further comprising a lever point disposed within said wellhead
housing and a lever contact point on said secondary seal ring for contacting said lever point,
wherein compressive forces imposed by said wellhead housing and said wellhead connector

generate a moment in said secondary seal ring which energizes said sealing land.
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The present invention is better understood by reading themmumuguug(ullll
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description of nonlimtative enbodi nents with reference

dr awi ngs,

wherein |like parts in each of the several flgures are identified

by the same refERRaLGHBERFS, %&herenlpa Gt oﬁrueai«éex SQ& %bé&?ﬁr@@e drfdlshig Vs
FIG 1 is a cross-sectional view of a portion of ead housi ng;

FIG 2 is canexs seaiag tsurfixal is \positionzt], selgmive ttd ale oéntml mk,ldkmdtlmnrsaﬂclbmr;

FIG 3 is a cross-sectional view of a portion of a seal ring; FIG 4
i s a cros$OBBeAHkal view of a wel | head housing, a wellhead connector, and
a secondary seal ring wherein they are assenbl ed; FIG 5is a
cross-sectional view of a well head housing, a well head connector, and a
secondary 8eal Aspgmfoesealing 4 Wellhead, ﬂnmﬁeﬂhbmﬁmsmg FIG 6 is a
cross-sectional view of a well head, housing, a well head connector, and a

secondary seal aWelljeagrhougingaqnylayly dispossd ahavhp eeptrabaxis comprising:

a primary sealing surface disposed within said wellhead housing;
a secondary sealing surface extending below said primary sealing surface; and
a lever point; and
a welthead connector annularly disposed about the central axis and having disposed
therein a connector sealing surface; and
a secondary seal ring annularly disposed about the central axis and comprising:
a ring seal surface for sealing contact with said connector sealing surface;
a sealing land for sealing contact with said wellhead housing; and
a lever contact point for engagement with said lever point about which
compressive forces imposed by said wellhead housing and said wellhead

connector generate a moment which energizes said sealing land.

9. A system as in claim 8, wherein said secondary sealing surface of said wellhead

bousing is conical and said sealing land sealingly contacts said secondary sealing surface.

10. A system as in claim 8, wherein said secondary sealing surface of said wellhead
housing is cylindrical and said sealing land sealingly contacts said secondary sealing surface.

11. A system as in claim 8, wherein said secondary seal ring further comprises a sealing

surface for contact with said primary sealing surface of said wellhead housing.

12. A system as in claim 11, wherein said sealing surface sealingly contacts said primary
sealing surface.

13. A system as in claim 8, further comprising a reference surface extending below said

primary sealing surface.
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FIG 7 is a cross-sectional view of a well head housi ng, E‘[m ghead

* connector, and a secondary seal ring wherein they are a ﬁ!“’ﬂ

is to be noted, however, that the appended drawings illu ”“"cal
enbodi ments of the invention and are therefore not to be consideredsa *
limtation of the scope of the invention which includes other equally
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Referring to Figure 1, a cross-section view of a portion of a well head
housi ng ( Ipymsctor deplingt surfaceTisepositibdde aelative isi the c¢ntte) akis, closeniranl said keveruct ur e
havi ng a cenfaﬁlal ggm s (26). There is an upward facing shoulder (10) at the
top. A pr| 1ing surface (12) extends downward and i nward fromthe
upwar d facing shoul der (10), whereby it forns a conical surface. Bel ow the
primary sealing surface (12) there is a cylindrical reference surface (14)
whi ch is used dAirsystem psoulelaim @ vdiereih saidveéaling deahd henergizes) ousvaadly af errediale f or

machi ni n he. } ) .
g &n‘ectlon relative to said central axis.

16. A system as in claim 8, wherein said sealing land energizes in a vertical direction

relative to said central axis.

17. A system for sealing a wellhead, the system comprising:
a wellhead housing annularly disposed about a central axis comprising:
a primary sealing surface disposed within said wellhead housing; and
a secondary sealing surface extending below said primary sealing surface; and
a wellhead connector annularly disposed about the central axis and having disposed
therein a connector sealing surface; and |
a secondary seal ring annularly disposed about the central axis comprising:
a ring seal surface for sealing contact with said connector sealing surface;
a first seal surface for sealing contact with said primary sealing surface; and
a second seal surface for sealing contact with said secondary sealing surface.

18. A system as in claim 17, wherein said secondary sealing surface is conical and said

second seal surface sealingly contacts said secondary sealing surface.

19. A system as in claim 17, wherein said secondary sealing surface is cylindrical and said

second seal surface sealingly contacts said secondary sealing surface.

20. A system as in claim 17, further comprising a lever point disposed within said
wellhead housing and a lever contact point on said secondary seal ring for contacting said
lever point, wherein compressive forces imposed by said wellhead housing and said wellhead

connector generate a moment in said secondary seal ring which energizes said sealing land.
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sealing surfaces. Further below, there is a coni cal surface h16) t hat

‘extends downward and radially inward fromthe mnlﬂﬂnmﬁ“m\& ﬁrence surface
(14). Next, there is a cylindrical sealing su xt ends

downwardly fromthe conical surface (16). Finally' t tansi tS on surface (20)
connects lindrical sealing surface (18) to the wellhead bore (defined by
t he wel | he’éd boh eystem@s il claimi 20, @hedeln a contact point between said ring seal surface and

4 said connector sealing surface is positioned closer to the central axis than said lever contact

point.

22. A system for sealing a wellhead, the system comprising:
a wellhead housing annularly disposed about a central axis comprising;
a primary sealing surface disposed within the wellhead housing;
a reference surface extending below said primary sealing surface; and
a secondary sealing surface extending below said reference surface; and
a wellhead connector annularly disposed about the central axis having disposed
therein a connector sealing surface; and
a primary seal ring annularly disposed about the central axis comprising;
a ring seal surface for sealing contact with said connector sealing surface;
a surface extending below said ring seal surface and having disposed thereon a
sealing land extending from a lower portion of said surface for sealing contact
with said primary sealing surface.

23. A method for making a wellhead housing, the method comprising;
forming a wellhead housing;
machining a reference surface;
machining a primary sealing surface using the reference surface as a guide;
machining a secondary sealing surface using the reference surface as a guide.

24. A wellhead housing produced by:
forming a wellhead housing;
-machining a reference surface;
machining a primary sealing surface using the reference surface as a guide;

machining a secondary sealing surface using the reference surface as a guide.

Sheet Has Been Repiaced

T

10




The cylindrical reference surface (14) provides a reference point from
‘which to machine both the primary sealing surface (12) and a secondary
sealing surface. In separate enbodi ments, the secondary sealing surface is
ei ther conical (16) or cylindrical (18). Referring to Figure 2,
there is shown a cross-sectional view of a portion of a wellhead connector
(21). Like the well head housing (11), the well head connector (21) is an
annul ar structure haV|ng a central axis (26). The well head connector (21)
has a dowMBPERAL ng shoul der (32) for engagement with the upward facing

th ,
connect or sebl i g RePiE AR alitedd st i of pulhhpi it e A
recess (34onh&tiR®ed bival eﬁm%eé%ﬁgnﬂkhﬁellﬁmﬁiﬂ g b} %@Qgﬁlh.yseﬁmtand the
ce

connect or sealln surfa Referring t Fi gu ereis

depi ct ed ape@ﬁr@lsaglswwn@rml ammseMgomrface)dlspﬁsechmtbmcthd avellhcad dbudingng (15) .

The s econdaf ence. s%lrface xgengimg)belowt égr?m% se%ﬂrrxlg é aceS ta.rrl g gelétr)r?dapyasvelalrllngg sgrface
extending below the reference surface; a wellhead connector annularly disposed about the
central axis having disposed therein a connector sealing surface; and a secondary seal ring
annularly disposed about the central axis and comprising: a ring seal surface for sealing
contact with the connector sealing surface; and an extension extending below the ring seal
surface and having disposed thereon a sealing land extending from a lower portion of the
extension for sealing contact with the wellhead housing. A system for sealing a wellhead, the
system comprising: a wellhead housing annularly disposed about a central axis comprising; a
primary sezﬂing surface disposed within the wellhead housing; a secondary sealing surface
extending below the primary sealing surface; and a lever point; and a wellhead connector
annularly disposed about the central axis and having disposed therein a connector sealing
surface; and a secondary seal ring annularly disposed about the central axis and comprising: a
ring seal surface for sealing contact with the connector seahng surface; a sealing land for
sealing contact with the wellhead housing; and a lever contact point for engagement with the

lever point about which compressive forces imposed by the welihead housing and the

wellhead connector generate a moment which energizes the sealing land.
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_@éﬁﬂ%e axis (26). It has a flange (15d) on its outer periphery that is

i nsertable into the recess (34) of the well head connector (21) (see Fig.

2). Aring seal surface (15e) extends upward and radially inward fromthe
flange (15d). A surface (15c) extends downward and radially inward fromthe
flange (15d). Below the surface (15c) tthese is an extension (15b) that

ext ends downward. At the end of the extension (15b) there is a sealing | and
(15a) that $ftends downward.fromthe extension (I15b). The interior surface
(15f) of the sedQndary sgea Oring (15) faces the central axis (26).
Referring to Fi guNg ? ! iZted a crEss-sectionaI vi ew of the

wel | head housing ( ://‘ gad connect or | , and the secondary seal
»/

ring (15) wherein t ,/ . 4nthisle di rent of the invention,
upward faci ng shoul o ﬁ'y ; \;\!a d facipg shoul der (32) abut agai nst
each other. The fla % Y dq@ndary, seal ring (15) is inserted
Into the recess (34) e A0H coargctoq (21). Connector sealing
surface (36) forns 1, sedlOW th: ri ng seal surface (15e) and
sealing land (15a) fprap rret2b selal with cylindrical sealing
surface (18). !
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.Kﬁéﬂ,sqsn this enbodi ment, surface (15c) does not contact primary sealing
surface (12). Extension (15b) is spaced near the reference surface (14) and
coni cal surface (16) such that the extension (15b) does not contact any of
t hese surfaces. Referring to Figure 5, there is shown a
cross-sectional view of an enbodi nent @f;&he present invention wherein the
wel | head housing (11), the well head connector (21), and the secondary seal
ring (15) are assenbled. As before, upward facing shoul der (10) and

'\\' 15e .
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25-11888wnwar d faci ng shoul der (32) abut agai nst each other. The flange (15d)
*of the secondary seal ring (15) is inserted into the recess (34) of the
wel | head connector (21). The connector sealing surface (36) fornms a

nmetal -to-netal seal with ring seal surface (15e) and sealing |and (15a)
forns a metal -to-netal seal with cylingfscal sealing surface (18).

However, in this enbodi nent, surface (15c) contacts primry sealing surface
(12). If the primary sealing surface (12) has not becone previously
damaged, then an effective netal- to-netal seal may be obtai ned. Thus,
there may be two netal-to-netal seals between the secondary seal ring (15)
and the wel | head housing (11). Referring to Figure 6, there is
depicted a cross-sectional view of the well head housing (11), the well head
connector (21), and the secondary seal ring (15) wherein they are
assenbl ed. In this enbodi nent of the invention, upward facing shoul der (10)
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#2d1Bg6shoul der (32) abut against each other. The flange (15d) ofthe
secondary seal ring (15) is inserted into the recess (34) of the well head
connector (21). Connector sealing surface (36) forns a netal -to-netal seal
with ring seal surface (15e). In this enbodi nent, surface (15c) does not
contact primary sealing surface (12). Alygp, conical surface (16) is

machi ned and forns a netal-to-netal seal with the sealing |and (15a).
Referring to Figure 7, there is depicted a cross-sectional view of the
wel | head housing (11), the well head connector (21), and the secondary seal
ring (15) wherein they are assenbled. In this enbodi rent of the invention,
upward faci ng shoul der (10) and downward facing shoul der (32) abut agai nst
each other. The flange (15d) of the secondary seal ring (15) is inserted
into the recess (34) of the well head connector (21). Connector sealing
surface (36) forns a netal-to-netal seal with ring seal surface (15e) and
sealing land (15a) forns a netal- to-nmetal seal with conical surface (16).
In this enbodi ment, surface (15c) contacts conical prinmary sealing surface
(12). If the primary seal | ace (12) has ot become previously
darmaged, then an effectiv \IEL S --““h’ﬂ§§obtained. Thus, there
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aﬁ%&lﬂ&§53-netal seal s between the secondary seal ring (15) and the well head
housing (11). However, even if a seal is not obtained, the contact stil
energi zes the secondary seal surface. Anot her aspect of the present
i nvention is the generation of a nonent in the secondary seal ring (15).
The nonent is generated by vertical forges exerted by the well head
connector (21) and the well head housing (11). There is a downward verti cal
force conponent in the contact between the connector sealing surface (36)
and the ring seal surface (15e). Simlarly, there is an upward verti cal
force conponent in the contact between the
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6 | upwar d faeing shoulsder (10) and the flange (J,,Bd) or between fhe
“primary seallng .surface (12).and the surface (15c) Wher e 't he dovmward

DA St B v

‘A

vertlxeal.,_-.. Qr\(;e cqnpenent J.$..¢l oser : to the central ‘axis (26) t han i he upvvar;}
vertlcal., of.ce, cc)npenent a’ errent enerated i, the secondary Seal  ri ng:
(15) . ,The rmneﬁt |s o’f,.fset by a,_force an inward radial directibn

rel ati've to t he central axis (26)  This radial force is exerted by the
wel | head. housi ng.:wherever-i-t:-is-coht acted by thé sealing I'and (15aﬁ/2:'a7hd .....

energi zes the netal -t o-pEhdl ML BEARPORIWEILIFEADHOWSINGL154) "and™ el thér
the conical sealing surface (16) or the cylindrical sealing surface (18).
The part i EBI®P OR E&EMEMTIQNe contact points between the well head

connector (21).,.the well ead hou and t he ,secondar eal ng (15)
oot mpor APk BSeriER seS B ke R S0 SERROR, Ind'R Bardclid
to seal assemblies that provide sealing even if the wellhead housing primary sealing surface

" becomes damaged.

BACKGROUND OF THE INVENTION

Metal-to-metal sealing surfaces have been proposed to seal junctions between tubular
members such as: blowout preventers, production trees, side outlet valves and wellhead
housings. Metal-to-metal seals must be precisely manufactured to enable a seal upon contact
of the polished sealing surfaces.

Metal-to-metal seals will not effectively seal if one of the sealing surfaces becomes
damaged. This is particularly problematic for inaccessible applications, such as subsea
wellheads, where the seal surface cannot be easily removed to refinish the damaged seal

 surface, Thus, secondary sealing surfaces have been developed for use when a primary

surface becomes damaged, for example, see U.S. Patent No. 5,039,140 and U.S. Patent No.
5,103,915, both of which are incorporated herein by reference.

. However, such proposals are difficult to implement due to the difficulty in maintaining

a tolerance in locating the secondary seal surface or in energization of the secondary seal.

Further, no prior secondary seal for such an application has provided for a dual metal-to-metal

seal, which is desirable for safety reasons. It is'an object of the present invention to reduce or

eliminate the above-mentioned problems.

SUMMARY OF THE INVENTION
According to one aspect of the invention, there is provided a system for sealing a
wellhead. According to one embodiment, a system comprises: a wellhead housing for
connecting to a well string casing, the wellhead housing being annularly disposed about a
central axis comprising: a primary sealing surface disposed within the wellhead housing, a
reference surface extending below the primary sealing surface, and a secondary sealing surface
* extending below the reference surface; a wellhead connector annularly disposed about the
central axis having disposed therein a connector sealing surface; and a secondary seal ring

annularly disposed about the central axis and comprising: a ring seal surface for sealing
This is the replacement sheet
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exerted on the secondary seal ring (15) is sufficient to generate a nonent.
Thus, even if the conical primary sealing surface (12) has become danmeged,
it may still serve as a |ever point to generate a nonment in the secondary

seal ring (15). 5 7

——

contact with the connector sealing surface and an extension extending below the connector
sealing surface and having disposed thereon a sealing land extending from a lower portion of
the extension for sealing contact with the wellhead housing.

According to a further embodiment of the invention, the system comprises: a
wellhead housing annularly disposed about a central axis comprising: a primary sealing
surface disposed within the wellhead housing, a secondary sealing surface extending below -
the primary sealing surface, and a lever point; a wellhead connector annularly disposed about
the central axis and having disposed therein a connector sealing surface; and a secondary seal
ring annularly disposed about the central axis and comprising: a ring seal surface for sealing

'~ contact with the connector sealing surface, a sealing land for sealing contact with the wellhead
housing, and a lever contact point for engagement with the lever point about which
compressive forces imposed by the wellhead housing and the wellhead connector generate a
moment which energizes the sealing land.

According to still a further embodiment, the system comprises: a wellhead housing
annularly disposed about a central axis comprising a primary sealing surface disposed within

' the wellhead housing and a secondary sealing surface extending below the primary sealing
surface; a wellhead connector annularly disposed about the central axis and having disposed
thereon a connector sealing surface; and a secondary seal ring annularly disposed about the
central axis comprising: a ring seal surface for sealing contact with the connector sealing
surface, a first seal surface for sealing contact with the conical primary sealing surface, and a
second seal surface for sealing contact with the secondary seal surface.

According to a further aspect of the invention, a method for making a wellhead
housing is provided, the method 60mpn'sing: forming a wellhead housing; machining a
reference surface; machining a primary sealing surface using the reference surface as a guide;
machining a secondary sealing surface using the reference surface as a guide.

According to a further aspect of the invention, there is provided a wellhead housing
produced by: forming a wellhead housing; machining a reference surface; machining a
primary sealing surface using the reference surface as a guide; machining a secondary sealing

surface using the reference surface as a guide.

BRIEF DESCRIPTION OF THE DRAWING
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W claim 1. A system for sealing a well head, the system conpri sing:

*a wel | head housing for connecting to a well string casing, said well head

housi ng bei ng annul arly di sposed about a central axis conpri sing:

a primary sealing surface disposed within the well head housi ng;

a reference surface extending bel ow satd primary sealing surface; and

a secondary sealing surface extending bel ow said reference surface;

a wel | head connector annularly di sposed about the central axis having

di sposed therein a conngg%or seal i surf.ace; segondary
o

d . .
seal ring annuil8§ P{esent JPEEERN BRSHE: pagder _ aTea‘é\‘% @%ﬁ’ﬂ°w&1ﬂeﬁﬁp_ﬁ%‘.‘
a ring Seg%:gﬁrﬂ{a{i\?ecé?nﬁcoﬁﬁneﬁ?s%{Mfe&%é Cthe WidcReS@atlingS WHerdiPike3RRS i ch

surf ace;
of the several figures are identified by the same reference character, which are briefly

described as follows:

FIG. 1 is a cross-sectional view of a portion of a wellhead housing;

FIG. 2 is a cross-sectional view of a portion of a wellhead connector;

FIG. 3 is a cross-sectional view of a portion of a seal ring;

FIG. 4 is a cross-sectional view of a welthead housing, a wellhead connector, and a
secondary seal ring wherein they are assembled,

FIG. 5 is a cross-sectional view of a wellhead housing, a wellhead connector, and a
secondary seal ring wherein they are éssembled;

FIG. 6 is a cross-sectional view of a wellhead housing, a wellhead connector, and a
secondary seal ring wherein they are assembled; and

FIG. 7 is a cross-sectional view of a wellhead housing, a wellhead connector, and a
secondary seal ring wherein they are assembled.

It is to be noted, however, that the appended drawings illustrate only typical
embodiments of the invention and are therefore not to be considered a limitation of the scope

of the invention which includes other equally effective embodiments.

DETAILED DESCRIPTION OF THE INVENTION

Referring to Figure 1, a cross-section view of a portion of a wellhead housing (11) is
depicted. The wellhead housing (11) is an annular stru@re having a central axis (26). There
is an upward fécing shoulder (10) at the top. A pnmary sealing surface (12) extends
downward and inward from the upward facing shoulder (10), whereby it forms a conical
surface. Below the primary sealing surface (12) there is a cylindrical reference surface (14)
which is used during production of the wellhead housing as a reference for machining the.
sealing surfaces. Further below, there is a conical surface (16) that extends downwar& and
radially inward from the cylindrical reference surface (14). Next, there is a cylindrical sealing
surface (18) that extends downwardly from the conical surface (16). Finally, transition
surface (20) connects cylindrical sealing surface (18) to the wellhead bore (d,eﬁned by the

wellhead bore central axis (26)).
This is the replacement sheet
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an extension extending below said ring seal surface and having di sposed
<thereon a sealing | and extending froma |ower portion of said extension for

sealing contact with said well head housi ng. 2. A systemas in claim
1, wherein said secondary sealing surface is conical and said sealing | and
seallngly contacts said secondary seald ng surface. 3. A systemas in
claim1, wherein said secondary sealing surface is cylindrical and said

sealing |l and sealingly contacts said secondary sealing surface. 4. A

system as i n clThé rylindricdl eeforancs aurdacs o 9 geovides @ateferency paintt frem weloelpto ses a
seal machine both the primary sealing surface (12) and a secondary sealing surface. In separate
embodiments, the secondary sealing surface is either conical (16) or cylindrical (18).

Referring to Figure 2, there is shown a cross-sectional view of a portion of a wellthead
connector (21). Like the wellhead housing (11), the wellhead connector (21) is an annular
structure having a central axis (26). The wellhead connector (21) has 2 downward facing
shoulder (32) for engagement with the upward facing shoulder (10) of the wellhead housing
(11) (see Fig. 1). Also, there is a connector sealing surface (36) that extends upward and
radially inward. A recess (34) is positioned between the downward facing shoulder (32) and
the connector sealing surface (36). ’

Referring to Figure 3, there is depicted a cross-sectional view of a portion of a
secondary seal ring (15). The secondary seal ring (15) is also an annular structure having a
central axis (26). It has a flange (15d) on its outer periphery that is insertable into the recess
(34) of the wellhead connector (21) (see Fig. 2). A ring seal surface (15¢) extends upward
and radially inward from the flange (15d). A surface (15¢) extends downward and radially
inward from the flange (15d). Below the surface (15¢) there is an extension (15b) that
extends downward. At the end of the extension (15b) there is a sealing land (15a) that
extends downward from the extension (15b). The interior surface (15f) of the secondary seal
ring (15) faces the central axis (26).

Referring to Figure 4, there is depicted a cross-sectional view of the wellhead housing
(11), the wellhead connector (21), and the secondary seal ring (15) wherein they are
assembled. In this embodiment of the invention, upward facing shoulder (10) and downward
facing shoulder (32) abut against each other. The flange (15d) of the secondary seal ring (15)
is inserted into the recess (34) of the wellhead connector (21). Connector sealing surface (36)
forms a metal-to-metal seal with ring seal surface (1 Se) and sealing land (15a) forms a metal-
to-metal seal with cylindrical sealing surface (18).

Also, in this embodiment, surface (15¢) does not contact primary sealing surface (12).
Extension (15b) is spaced near the reference surface (14) and conical surface (16) such that
the extension (15b) does not contact any of these surfaces.

Referring to Figure 5, there is shown a cross-sectional view of an embpdiment of the
present invention wherein the welthead housing (11), the wellhead connector (21), and the
secondary seal ring (15) are assembled. As before, upward facing shoulder (10) and

This is ths replacement sheet

- 4 FEB 1997

T P
LG,



surface which contacts said primary sealing surface. 5. A systemas in
‘claim4, wherein said seal surface sealingly contacts said primary sealing
surface. 6. A systemas in claiml, further conprising a |l ever point

di sposed within said well head housing and a | ever contact point on said
secondary seal ring for contacting saLﬁ_Iever poi nt, wherein conpressive
forces inposed by said well head housing and said wel | head connect or
generate a nonment in said secondary seal ring which energizes said sealing
| and. downward facing shoulder (32) abut against each other. The flange (15d) of the secondary

seal ring (15) is inserted into the recess (34) of the wellhead connector (21). The connector
sealing surface (36) forms a metal-to-metal seal with ring seal surface (15¢) and sealing land
(152) forms a metal-to-metal seal with cylindrical sealing surface (18).

However, in this embodiment, surface (15¢) contacts primary sealing surface (12). If
the primary sealing surface (12) has not become previously damaged, then an effective metal-
to-metal seal may be obtained. Thus, there may be two metal-to-metal seals between the
secondary seal ring (15) and the wellhead housing (11).

Referring to Figure 6, there is depicted a cross-sectional view of the wellhead housing
(11), the wellhead connector (21), and the secondary seal ring (15) wherein they are
assembled. In this embodiment of the invention, upward facing shoulder (10) and downward
facing shoulder (32) abut against each other. The flange (15d) of the secondary seal ring (15)
is inserted into the recess (34) of the wellhead connector (21). Connector sealing surface (36)
forms a metal-to-metal seal with ring seal surface (15¢). In this embodiment, surface (15¢c)
does not contact primary sealing surface (12). Also, conical surface (16) is machined and
forms a metal-to-metal seal with the sealing land (152).

Referring to Figure 7, there is depicted a cross-sectional view of the wellhead housing
(11), the wellhead connector (21), and the secondary seal ring (15) wherein they are
assembled. In this embodkneﬁt of the invention, upward facing shoulder (10) and downward

' facing shoulder (32) abut against each other. The flange (15d) of the secondary seal ring (15)
is inserted into the recess (34) of the wellhead connector (21). Connector sealing surface (36)
forms a metal-to-metal seal with ring seal surface (15¢) and sealing land (15a) forms a metal-
to-metal seal with conical surface (16). In this embodiment, surface (15¢) contacts conical
primary sealing surface (12). If the primary sealing surface (12) has not become previously
damaged, then an effective metal-to-metal seal may be obtained. Thus, there may be two
metal-to-metal seals between the secondary seal ring (15) and the wellhead housing (11).
However, even if a seal is not obtained, the contact still energizes the secondary seal surface.

Another aspect of the present invention is the generation of a moment in the
secondary seal ring (15). The moment is generated by vertical forces exerted by the wellhead
connector (21) and the wellhead housing (11). There is a downward vertical force
component in the contact between the connector sealing surface (36) and the ring seal surface

. .(15¢). Similarly, there is an upward vertical force component in the contact between the
This is the replacement sheet
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8 7. A systemas in claim6, wherein a contact point between said
‘ring seal surface and said connector sealing surface is positioned,
relative to the central axis, closer than said | ever contact point.

8. A system for sealing'amellhead,Gthe system conpri si ng:

——

upward facing shoulder (10) and the flange (15d) or between the primary sealing surface (12)
and the surface (15c). Where the downward vertical force component is closer to the central
axis (26) than the upward vertical force component, a moment is generated in the secondary
seal ring (15). The moment is offset by a force in an inward radial direction relative to the
central axis (26). This radial force is exerted by the wellthead housing wherever it is contacted
by the sealing land (152) and energizes the metal-to-metal seal between the sealing land (15a)
and either the conical sealing surface (16) or the cylindrical sealing surface (18). The
particular placement of the contact points between the wellhead connector (21), the welthead
housing (11) and the secondary seal ring (15) is not important so long as the sum of the forces
exerted on the secondary seal ring (15) is sufficient to generate a moment. Thus, even if the
conical primary sealing surface (12) has become damaged, it may still serve as a lever point to

generate a moment in the secondary seal ring (15).
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a wel | head housing annul arly di sposed about a central axis conprising:
a primary sealing surface disposed within said well head housi ng;
a secondary sealing surface extending below said primary sealing surface;

and a lever point; and a wel | head connect or
annul arly di sposed about the central a%is and havi ng di sposed
therein a connector sealing surface; and a secondary seal ring

annul arly di sposed about the central axis and conpri sing:

a ring seal surface for sealing contact wth said connector sealing
surface; We claim: a sealing land for sealing contact with said
wel | head housi ng; and a |l ever contact point for engagenent

with saidjlevep s?ﬂérﬂ?ox%@é}h% a\WHlIRddd, the system comprising; CONPressive forces
i nposed by said wel |l head housi ng and said well head
connect or genee atebhead hosingtfonduinoértiog ty yvelb strisgcading esald wigjlhbarbusing being
annularly disposed about a central axis comprising: '
a primary sealing surface disposed within the weilhead housing;
a reference surface extending below said primary sealing surface; and
a secondary sealing surface extending below said reference surface;
a wellhead connector annularly disposed about the central axis having disposed
therein a connector sealing surface; and
a secondary seal ring annularly disposed about the central axis and comprising:
a ring seal surface for sealing contact with said connector sealing surface; and
an extension extending below said ring seal surface and having disposed

thereon a sealing land extending from a lower portion of said extension for

sealing contact with said wellhead housing.

2. A system as in claim 1, wherein said secondary Sealing surface is conical and said
sealing land sealingly contacts said secondary sealing surface.

3. A system as in claim 1, wherein said secondary sealing surface is cylindrical and said

sealing land sealingly contacts said secondary sealing surface.

4, A system as in claim 1, wherein said secondary seal ring further comprises a seal

surface which contacts said primary sealing surface.

5. A system as in claim 4, wherein said seal surface sealingly contacts said primary
sealing surface. "
6. ~ A system as in claim 1, further comprising a lever point disposed within said wellhead

housing and a lever contact point on said secondary seal ring for contacting said lever point,
wherein compressive forces imposed by said welthead housing and said wellhead connector

generate a moment in said secondary seal ring which energizes said sealing land.
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9. A systemas in claim8, wherein said secondary sealing surface of
"sai d wel | head housing is conical and said sealing |and sealingly contacts
sai d secondary sealing surface. 10. A systemas in claim@8, wherein
sai d secondary sealing surface of said well head housing is cylindrical
and said sealing |land sealingly contacds said secondary sealing surface.

11. A systemas in claim8, wherein said secondary seal ring further
conprises a sealing surface for contact with said primary sealing surface
of sai d wél | heAdystemss inglaim 6, whérein a cantaytgtogbetsveemsagd wrigsed furfach endsard sai d

seal i ng s%r];n%gtgr ge%ﬂxl'xgl rs]lgrlf%e ?so Sct)s?tfotngd,sr%lagvéj {c! tq%r eéntralsagc?sl, Ic{agerst'ljxeru]; ?a?g lever

contact point.

8. A system for sealing a wellhead, the system comprising:
. a wellhead housing annularly disposed about a central axis comprising;

a primary sealing surface disposed within said wellhead housing;
a secondary sealing surface extending below said primary sealing surface; and
a lever point; and

a wellhead connector annularly disposed about the central axis and having disposed

therein a connector sealing surface; and

a secondary seal ring annularly disposed about the central axis and comprising:
a ring seal surface for sealing contact with said connector sealing surface;
a sealing land for sealing contact with said wellhead housing; and
a lever contact point for engagement with said lever point about which
compressive forces imposed by sgid wellhead housing and said wellhead

connector generate a moment which energizes said sealing land.

9. A system as in claim 8, wherein said secondary sealing surface of said wellhead
housing is conical and said sealing land sealingly contacts said secondary sealing surface.

10. A system as in claim 8, wherein said secondary sealing surface of said wellhead
housing is cylindrical and said sealing land sealingly contacts said secondary sealing surface.

11. A system as in claim 8, wherein said secondary seal ring further comprises a sealing

surface for contact with said primary sealing surface of said wellhead housing.

12. A system as in claim 11, wherein said sealing surface sealingly contacts said primary
sealing surface.

13. A system as in claim 8, further comprising a reference surface extending below said

rimary sealing surface. This i '
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13. A systemas in claim8, further conprising a reference surface
‘ext endi ng bel ow sai d primary sealing surface.
9

14. A system as in claim 8, wherein a contact point between said ring seal surface and said
connector sealing surface is positioned, relative to the central axis, closer than said lever

contact point.

15. A system as in claim 8, wherein said sealing land energizes outwardly in a radial

direction relative to said central axis.

16. A system as in claim 8, wherein said sealing land energizes in a vertlcal direction

relative to said central axis.

17. A system for sealing a welthead, the system comprising;
a wellhead housing annularly disposed about a central axis comprising;
a primary sealing surface disposed within said wellhead housing; and
a secondary sealing surface extending below said primary sealing surface; and
a wellhead connector annularly disposed about the central axis and having disposed
therein a connector sealing surface; and |
a secondary seal ring annularly disposed about the central axis comprising:
a ring seal surface for sealing contact with said connector sealing surface;
a first seal surface for sealing contact with said primary sealing surface; and
a second seal surface for sealing contact with said secondary sealing surface.

18. A system as in claim 17, wherein said secondary sealing surface is conical and said
second seal surface sealingly contacts said secondary sealing surface.

19. A system as in claim 17, wherein said secondary sealing surface is cylindrical and said
second seal surface sealingly contacts said secondary sealing surface.

20. A system as in claim 17, further compﬁsing a lever point disposed within said
wellhead housing and a lever contact point on said secondary seal ring for contacting said
 lever point, wherein compressive forces imposed by said wellhead housing and said wellhead

connector generate a moment in said secondary seal ring which energizes said sealing land.
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14. A systemas in claim8, wherein a contact point between said ring
seal surface and said connector sealing surface is positioned, relative to

the central axis, closer than said | ever contact point. 15. A system as
in claim8, wherein said sealing | and energi zes outwardly in a radi al
direction relative to said central axi® 16. A systemas in claimS8,

——

wherein said sealing | and energizes in a vertical direction relative to
said central axis.

21. A system as in claim 20, wherein a contact point between said ring seal surface and
said connector sealing surface is positioned closer to the central axis than said lever contact

point.

22, A system for sealing a wellhead, the system comprising:
a wellhead housing annularly disposed about a central axis comprising:
a primary sealing surface disposed within the wellhead housing;
a reference surface extending below said primary sealing surface; and
a secondary sealing surface extending below said reference surface; and
a wellhead connector annularly disposed about the central axis having disposed
therein a connector sealing surface; and
a primary seal ring annularly disposed about the central axis comprising:
a ring seal surface for sealing contact with said connector sealing surface;
a surface extending below said ring seal surface and having disposed thereon a
sealing land extending from a lower portion of said surface for sealing contact
with said primary sealing surface.

23. A method for making a wellhead housing, the method comprising:
forming a wellhead housing;
machining a reference surface;
machining a primary sealing surface using the reference surface as a guide;
machining a secondary sealing surface using the reference surface as a guide.

24. A wellhead housing produced by:
forming a wellhead housing;
.machining a reference surface;
machining a primary sealing surface using the reference surface as a guide;

machining a secondary sealing surface using the reference surface as a guide.

* [# L M ) *
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17. A systemfor sealing a well head, the system conpri sing: a
wel | head housi ng annul arly di sposed about a central axis conprising:

a primary sealing surface disposed within said well head housi ng; and

a secondary sealing surface extending below said primary sealing surface;

and a wel | head connect or annuLédiy di sposed about the central axis
and havi ng di sposed therein a connector sealing surface; and

a secondary seal ring u LSPO €; | axis conprising:
a ring seal surface ﬂD%aE &h¥ A 52 Gl r sealing
surface; a first seal surface for sealing contact with said
primary sealing surface; and a second seal surface for

seal i ng coABSTRACTh sai d secondary sealing surface. 18. A systemas in

claimi7, wher eknsygt%}ndfoi esg '”g %r \%ellsh%gﬁ,itgg s;sli:jern]; %gr%ptiissing?Ogivsgﬁhea%ngouzigig C1‘or
- connecting to a well string casing, the wellhead housing being annularly disposed about a
central axis comprising: a primary sealing surface disposed within the wellhead housing; a
reference surface extending below the primary sealing surface; and a secondary sealing surface
extending below the reference surface; a wellhead connector annularly disposed about the
central axis having disposed therein a connector sealing surface; and a secondary seal ring
annularly disposed about the central axis and comprising: a ring seal surface for sealing
contact with the connector sealing surface; and an extension extending below the ring seal
surface and having disposed thereon a sealing land extending from a lower portion of the
extension for sealing contact with the wellhead housing. A system for sealing a wellhead, the
system comprising: a wellhead housing annularly disposed about a central axis comprising: a
primary sealmg surface disposed within the wellhead housing; a secondary sealing surface
extending below the primary sealing surface; and a lever point; and a wellhead connector
annularly disposed about the central axis and having disposed therein a connector sealing
surface; and a secondary seal ring annularly disposed about the central axis and comprising: a
ring seal surface for sealing contact with the connector sealing surface; a sealing land for
sealing contact with the wellhead housing; and a lever contact point for engagement with the
lever point about which compressive forces imposed by the wellhead housing and the

wellhead connector generate a moment which energizes the sealing land.
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second seal surface sealingly contacts said secondary sealing surface.

19. A systemas in claim17, wherein said secondary sealing surface is
cylindrical and said second seal surface sealingly contacts said secondary
seal i ng surf.ace. 20. A systemas in claim 17, further conprising a

| ever point disposed within said well head housing and a | ever contact point
on said secondary seal ring for contactimg said | ever point, wherein
conpressive forces inposed by said well head housing and said wel | head
connect or erate a nonment_in said secondary seal ring which energizes
said sealin d. 1
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10 21. A systemas in claim20, wherein a contact point between said
ring seal surface and said connector sealing surface is positioned closer
to the central axis than said |ever contact point.
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22. A system for sealing a well head, the system conpri sing: a
wel | head housing annul arly di sposed about a central axis conprising:

a primary sealing surface disposed within the well head housi ng;

a reference surface extendi ng below said primary sealing surface; and

a secondary sealing surface extending bel ow said reference surface; and

a wel | head connector annularly di sposed /apout the central axis having

di sposed therein a connector sealing surface; and a primary
seal ring annularly di sposed about the central axis conprising:

a ring seal surface for sealing contact with said connector sealing

surface; a surface extending below said ring seal surface
and havi ng di sposed thereon a sealing | and extending froma
| ower portion of said surface for sealing contact with said

primary sealing surface.
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23. A met hod for making a well head housing, the nmethod conpri sing:
‘form ng a well head housi ng; machi ni ng a reference surface;
machining a prinmary sealing surface using the reference surface as a guide;
machi ni ng a secondary sealing surface using the reference surface as a

gui de. * 24. A wel | head housi ng produced by: formng a wel | head
housi ng; machi ning a reference4ggrface; machi ning a primary
seal ing surface using the reference surface as a guide; machi ni ng a

secondary sealing surface using the reference surface as a gui de.
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DUAL METAL SEAL FOR WELLHEAD HOUSING

ABSTRACT

A system for sealing a wellhead, the system comprising: a wellhead housing for
connecting to a well string casing, the wellhead housing being annularly disposed about a
central axis comprising: a primary sealing surface disposed within the wellhead housing; a
reference surface extending below the primary sealing surface; and a secondary sealing surface
extending below the reference surface; a wellhead connector annularly disposed about the
central axis having disposed therein a connector sealing surface; and a secondary seal ring
annularly disposed about the central axis and comprising: a ring seal surface for sealing
contact with the connector sealing surface; and an extension extending below the ring seal
surface and having disposed thereon a sealing land extending from a lower portiori of the
extension for sealing contact with the wellhead housing. A system for sealing a wellhead, the
system comprising: a wellhead housing annularly disposed about a central axis comprising: a
primary seéling surface disposed'within the vs}euhead hpusihg; a secondary sealing surface
extending below the primary sealing surface; and a levér point; and a wellhead connector
annularly disposed about the central axis and having diséosed therein a connector sealing
surface; and a secondary seal ring annularly disposed about the central axis and comprising: a
ring seal surface for sealing contact with the connector sealing surface; a sealing land for
sealing contact with the wellhead housing; and a lever contact point for engagement with the
lever point about which compressive forces imposed by the wellhead housing and the

wellhead connector generate a moment which energizes the sealing land.

FIG. 4




